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Abstract

Kniphofig, a genus of approximately 71 species, is almostentAfrican with
two species occurring in Madagascar and one in Yier@@mmonly known as
‘red hot pokers’ they are popular among horticustist The genus is also well
known for its complex alpha taxonomy. To date, halies have examined the
phylogenetic relationships among species or thdu&woary history of the
genus, and little work has been done on their lmgggphy. The main focus of
this study was (i) to review the alpha taxonomy), @ assess diversity and
endemism irKniphofig (iii) to use DNA sequence data to reconstrugbecees-
level phylogeny to understand intra-generic speciedationships and
evolutionary processes (iv) to use phylogeogrampproaches to study the
biogeography and evaluate biogeographical pattamss(v) to assess anatomical
variation and determine if anatomical charactere aseful for species

delimitation.

It was found that the genus has six centres ofrsiitye five of which are centres
of endemism. The South African Centre is the mpstic®se and is also the
largest centre of endemisrKniphofia shows a strong Afromontane grassland
affinity in Tropical and East Africa. In South Ada, it is found from high
altitudes to coastal habitats, with the most sgeciegions being Afromontane
grasslands. It is thus not considered to be anmdrdane element, but rather an

Afromontane associate.

Five major evolutionary lineages were identifiedngscpDNA sequence data
(trnT-L spacer), four of which are southern African. Thi&hflineage is

represented by material from Madagascar, East ampical Africa. The nuclear
ITS region failed to provide resolution, as many segesrwere identical. The
five lineages recovered using cpDNA showed somgmance with geographic

origin rather than the taxonomic arrangement basednorphology. All of the



species with multiple samples were non-monophylefiais could be due to

hybridisation and/or incomplete lineage sorting.

The nested clade analysis, although preliminarng, rdit completely agree with
the phylogenetic analyses. One of the three tlevell nested clades appears to
show fragmentation between the Cape Region, KwaKalial and northern parts
of southern Africa. Furthermore, another nestededarecovered suggest a range
expansion and radiation from the Drakensberg ih® adjacent Drakensberg-

Maputoland-Pondoland transition.

Morphological species ofKkniphofia exhibited substantial leaf anatomical
variation and anatomical characters do not clussamples into their
morphological species. The anatomical results ddihany geographic pattern,
nor do they correspond to the lineages recovered) usolecular markers or the
nested clades. Leaf anatomical variation does pptar to be influenced by
geographical or environmental factors. However,riadygation may play a role

but was not tested in this study.

In light of the above findings it is proposed thdte evolutionary and
biogeographic history oKniphofia is strongly linked to tectonic events, and
Quaternary climatic cycles and vegetation changestonic events (viz. uplifts)
may have resulted in vicariance events that maywdcfor the five cpDNA
lineages recovered in phylogenetic analyses, wQiaternary climatic cycles
and vegetation changes may have had a more reogaici on evolution and
biogeography. It is hypothesised that the anceated forKniphofiawas much
more widespread when Afromontane grasslands weree raptensive during
cooler and drier glacial episodésniphofia on the high mountains of Tropical
and East Africa would have tracked Afromontane gjeagls as they expanded
their ranges in cooler periods. While during wettgard warmer interglacial
periodsKniphofiawould have retreated into refugia on the mountaifrBropical

and East Africa, with no gene flow possible betwdleese refugia. In South



Africa, where latitude compensates for altitudeiphofiamay have maintained a

distribution that extended into the lowlands evarirdy interglacials.

A cyclic climate change hypothesis implies that ydapons of Kniphofia (at
different phases of the climatic cycle) would haseperienced periods of
contractions and fragmentation followed by periaifsrange expansion and
coalescence or secondary contact. Altitudinal islgfts proposed to be the most
likely mechanism for fragmentation and range exjmmsand would would
possibly promoted hybridisation. Within the fivediages there is evidence for
recent differentiation as the branch lengths amtslthere are numerous non-
monophyletic species and numerous identical hapésty(copDNA andITS)
which collectively indicate a recent radiation iouthern Africa. A recent
radiation would also account for the taxonomic csidn and difficulty in
differentiating morpho-species. These climatic ésenay also account for the

substantial anatomical variation in southern Afni€aiphofia species.
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Chapter 1: Introduction

1.1. The genuKniphofia Moench (Asphodelaceae)

The genuKniphofia Moench, commonly known as ‘red hot pokers’, cong®is
approximately 71 speciekniphofiais an asphodelaceous genus characterised by
a perennial, rhizomatous, usually acaulescent ambaceous habit. Leaves are
rosulate, linear and usually keeled. Infloresceraressubspicate racemes with a
bract at the base of pedicels. Flowers are tutaridrrange from white, yellow to
various shades of red which are more conspicuoughat apex of the
inflorescence producing a bicolourous appearant@wefs are three-merous,
with six tepals and a hypogynous three chamberadilseovary. Fruits are

globose to ovoid capsules that house seeds thasaadly flattened.

The genus is almost entirely African with two sgscirom Madagascar and one
from Yemen.Kniphofia is chiefly distributed in southern and easternicsfy
preferring temperate mountainous grassland andtralstats (Ramdharit al,
2006). In South Africa (SA) 48 species are curgengicognised (Codd, 2005).
The centreof diversity is the Drakensberg region of the KwhiZNatal and
Eastern Cape provinces of South Africa. The gesuknbwn for its complex

alpha-taxonomy and contains several species coeplgodd, 1968, 2005).

Kniphofia has considerable horticultural appeal becausdefcharismatic and
conspicuous inflorescences of many members (Flg) and the ease with which
taxa hybridise in cultivation (Taylor, 1985; Baitha 2004). It is a frequent
subject in popular horticultural and botanical peditions (McMaster, 1999; Van
Jaarsveld, 2003; Baijnath, 2004; Dold and McMas@005). Despite the
popularity of the genus, phylogenetic relationskapsongst the different species
within Kniphofia have not been explored previously. The complexhalp

taxonomy and poorly understood phylogenetic retetigps within Kniphofia



Fig. 1.1. Some representativesKiiiphofia A. K. caulescengN.P. Barker 1821, Sani
Pass). BK. acraea(T. Dold 4626, Mount Zebra National Park). K. fibrosa (P.B.
Phillipson 5579, Dohne Hill). DK. pauciflora (clone from Natal National Botanical
Garden). EK. splendida(SR 548, Haentersberg; photo by E.A. Kellogg)KFuvaria
(SR 471, Dimbiza). K. schimperi(SR 391, Bale Mountains). K. typhoidedormerly
placed inNotosceptrunjportrait from www.smgrowers.com]. K. linearifolia (T. Dold
4638, Satans Nek).



1.2. Previous systematics studies Kniphofia

The pre- and post-Linnean taxonomic history ofdeaus was discussed in great
detail by Codd (1968), who gave an excellent owewbf taxonomic work prior
to his revision and it would be pointless to repéaterein. The salient
publications which have a direct bearing on thes@né study are dealt with

below.

Bentham and Hooker (1883) described the segregatestjotosceptrunBenth.
based on floral characters. Characters used toretepdotosceptrumfrom
Kniphofia were very long slender inflorescences bearing mauseascending or
patent flowers and a short, subcampanulate periavtitch is relatively deeply
lobed inNotosceptrunfCodd, 1967).

Berger (1908) monographéthiphofig recognising 67 species with 13 varieties.
He upheldNotosceptrumwith five species. Berger divideldniphofia into 14
formal sections. This monograph brought togetheritiiormation on the genus
available at the time including a comprehensivé ¢ hybrids and garden
cultivars. According to Codd (1968), Berger's wosdduffers two main
weaknesses. Firstly, the nomenclature was not #aioep according to the
International Code of Botanical Nomenclature, déigism that is not completely
justified as Berger's work was published at a tiwigen the Code was still in
early developmental stages. The second weaknesgha@Berger did not study
the plants in the field, which made his treatmemtealistic in several respects.
Codd (1968, p. 387) noted that Berger showed “nasmrof geographical
distribution of species and little concept of treiation, which occurs within a
taxonomic group, resulting in too many ‘speciesh@mgst those known to him)

being upheld on unreliable ‘differences.

Subsequent to Berger's (1908) monograph there wksge accumulation of

collections in South Africa. However, little workas done until after the Second



World War. In 1947 Miss Eileen Bruce started a s@n on the genus in South
Africa. She worked actively on the genus betwee#71® 1952. She recognised
three new species namdtyiphofia splendideE.A. Bruce,Kniphofia rigidifolia
E.A. Bruce and Kniphofia coraligemma E.A. Bruce (Bruce, 1955).
Unfortunately, her career was cut short by hertdeafl955 (Codd, 1968).

During the 1950’s and 1960’s, Dr. L.E. Codd of thational Herbarium (PRE)
contributed significantly to the taxonomy of thenge describing numerous
species and resolved taxonomic problems such asgicttpn and correct
identification (Codd, 1959, 1961, 1963, 1964, 19650dd (1967) re-examined
the status oNotosceptrumand found that the floral characters used to separ
Notosceptrumand Kniphofia break down when all the known species (at that
time) were considered. He thus merggdtosceptruminto Kniphofia Codd’s
work on the genus culminated in a revision of thatB African species in 1968.
He recognised 45 species and eight subspecies.pdated revision of Codd
(1968) was published posthumously in 2005 whichudwented 48 species and
six subspecies from southern Africa. Codd passedyaim 1999 but had
completed the manuscript of the second revisiothénlate 1980’s. By this time
Codd was a very experienced taxonomist who had edrn a number of
diverse plant groups. Codd’s approach was nottlsti@rbarium based. He did
extensive field work with numerous collections dratl an excellent knowledge
of Kniphofia Despite Codd’s (1968, 2005) revisionary efforsre still remain
many taxonomic problems which require further inigedgion and his works are

testament to the complex taxonomy and evolutioh&tpry of this genus.

Codd’s (1968, 2005) revisions are of vital impodanas these were used as the
taxonomic framework in this study and his speciekmtations were followed

for southern African representativeskafiphofia



1.2.1. Problems encountered by Codd

1.2.1.1. ThekKniphofia uvaria(L.) Oken complex

Codd (1968) did not resolvK. uvaria and its allies Kniphofia rooperi (T.
Moore) Lem, Kniphofia tysoniiBaker, Kniphofia citrina Baker andKniphofia
linearifolia Baker] completely. This complex is widespread avatiable.
Nevertheless, he delimited five speciés (varig K. rooperi K. tysonii K.
citrina and K. linearifolia) on the basis of inflorescence shape and perianth
length. This group varies in size and degree ofabdity of inflorescences and
species delimitations are not clear cut, but areelil by intermediates. However,
each group had a fairly well-defined geographiceitridbution range (Codd,
1968).

Codd (2005) retained the species in this complek fmovided additional
information. Overlap in distribution and intergréida of characters betwedf
uvaria and other species of the complex (exdéptysonsi) in the Eastern Cape
(especially in the King Williams Town and Albanyea) were notedK. tysonii
shows no intergradation witk. uvariabut does intergrade witK. linearifolia.
Codd (2005) also postulated th&t linearifolia is possibly the ‘parent’ form of
the complex. The evidence above suggests exterfspeidisation in the
evolutionary history of the complex. Furthermore, specimen from the
Bouwershoekberge (Graff-Reinet, Bayliss 3917) hasmes unusual
morphological features which requires further inigegion to better understand
its placement (Codd, 2005).

K. uvariasensu stricto
K. uvaria sensu strictbias a wide distribution from the Cape Region, rditeg
as far north as the Kamiesberg, east towards thanl district and inland into
the foothills of the Drakensberg. Four forms weoted by Codd (2005), with

slightly different morphologies and each with arlfadistinct distribution with



some overlap and intergradation. No formal rank wasrded to these forms
(Codd, 2005).

K. rooperi
Poor material of this species can be confused Witldrepanophyllaand K.
littoralis. Several collections between Komga and Knysna, iatehd (King
Williams Town and Stutterheim) appear to be intetiae betweerK. rooperi
andK. uvaria Also specimens from Albany, Port Elizabeth anartdasdorp link
K. rooperiwith K. citrina (Codd, 2005).

K. citrina
K. citrina has a distribution that overlaps wit. uvaria and intermediate
collections have been reported (Codd, 2005). Despitdd’s (2005) opinion that
‘separate species rank fét. citrina is scarcely justified’ he retained it as a

separate species.

K. linearifolia
This is the most widespre&hiphofia species in southern Africa. Specimens that
are small in stature are not easily distinguishedhfKniphofia baurii Baker.K.
linearifolia, K. rooperi and K. uvaria are closely related and intermediate
specimens have been reported in sympatric disioibsit Intermediate collections
have also been reported fiér linearifolia andK. tysonii Racemes oKniphofia
praecox Baker show close resemblance Ko linearifolia and it has been

implicated in the hybrid ancestry Kf praecox(Codd, 2005).

K. tysonii
Codd (1968, 2005) recognised two subspecieK.ofysonii Kniphofia tysonii
Baker subsptysoniiCoddis related td. linearifolia. Intermediate specimens are
also known that are difficult to place with certgin Some specimens of
Kniphofia tysoniiBaker subsplebobomboensi€odd are difficult to separate

from K. tysoniisubsp.tysoniiin the herbarium, although the two subspecies do



not overlap in distribution (Codd, 2005). Codd (2DP8peculated thd. tysonii
subsp.lebobomboensisvas derived fronK. linearifolia rather tharnK. tysonii
subsp.tysonii. This implies a closer relation to a separate sgether than it
sister subspecies i.&. tysoniiis not monophyletic. Intermediates between
tysonii subsp.lebobomboensisaind K. linearifolia have been reported (Codd,
2005).

The above situation in thi€. uvaria complex andK. uvaria sensu strictposes
complications for workers not familiar with the pta and can easily result in
erroneous identifications. Thus, an intensive stadytheK. uvaria complex is
required before a satisfactory classification isi@eed. This will entail extensive
field work, identification of additional taxonomicharacters and further

exploration with multiple approaches.

1.2.1.2 Kniphofia bauriiBaker

Codd (1968, 2005) found that the typical formKofbaurii may be confused in
the herbarium withKniphofia drepanophyllaBaker. K. baurii occurs in two
disjunct areas. One form is from Engcobo towardgtsern KwaZulu-Natal. The
other form occurs in northern KwaZulu-Natal (Dundedand towards the
foothills of the Drakensberg and northwards towakéiskkerstroom) and is more
robust.

Codd (1968) included irK. baurii a group of specimens that deviated from
typical K. baurii. These specimens originate mainly from the EasBape and
East Griqualand. This group was characterised |atea flowering time (which is
spring flowering for typicaK. baurii) and greenish flowers with dull red buds.
Apart from these differences, the plants compareell with K. baurii
morphologically (Codd, 1968). Codd (2005) considett@s group to belong to

K. linaerifolia.



During this study difficulty was experienced at éisnin keying ouK. baurii and
K. uvariaas the two taxa are similar in many respects. irght indicate thak.

baurii should be treated as part of theuvariacomplex.

1.2.1.3.Kniphofia praecoxBaker

The species concept &f. praecoxis in doubt. TheK. uvaria and K. praecox
complexes have largely contributed to the cultvatof ‘red hot pokers’ in
Europe. The early history of the genus is confubgdthe application and
misinterpretation of species names within theseispecomplexes (Codd, 1968).
Until 1800 apparently onlK. uvaria was known to botanists in Europe. The
typification of this species is not in doubBt. uvariawas easily available to early
collectors. As botanical exploration proceededherteastwards in South Africa,
more robust Kniphofias were collected and mader thely to Europe (Codd,
1968).

In the early 1800’s robust hybrids #fiphofia started to appear in Europe
(Codd, 1968, 2005). Jacquin (1809) included arstitation of aKniphofiaunder
the nameVeltheimia uvariaWilld. The identity of the plant in this illustratn
was uncertain until Codd (1968) matched it withunalty occurring plants with
restricted distributions in the Komga and Knysnaaar [now recognised as
Kniphofia bruceae(Codd) Codd, see below]. It has narrow, long-acamen
bracts that make it clearly different from membefsthe K. uvaria complex,
which has ovate-oblong, obtuse to rounded brattsedms probable that these
plants (i.e K. bruceag were widely available in Europe during the ear800’s

and superficially resembled members of Kheivariacomplex.

Baker (1870) tentatively describéd praecox He separate. praecoxirom K.
uvaria mainly on the earlier flowering time oK. praecox However, in
subsequent revisions he includedpraecoxunderK. uvaria. Codd (1968) found

that the type oK. praecoxpreserved in Kew Herbarium was allied to the plant



illustrated by Jacquin (1809), but was not an exaetch with known wild
populations associated with the plant in Jacquitéde (i.e.K. bruceag. At the
time he found it appropriate to include the wilamis K. brucea¢ under the
broad concept oK. praecox Codd (1968) also questioned whether the type
might be of hybrid origin, as it did not match ethaevith any known plants from
the wild. One must take into account the histontto$ type, which was from
garden material cultivated by W. W. Saunders. Hmesgedly obtained the plants
from Thomas Cooper. Although Cooper made herbargpacimens of the
material he collected from the wild, Codd did naice or examine this material.
Codd also suspected that the type specimdf praecoxwas possibly obtained
from another source. Despite this confusion connogrihe typeof K. praecox
Codd (1968) maintaineld. praecoxas a separate species with two subspecies.
Kniphofia praecoXBaker subspbruceaeCodd was erected based on its affinity
with and possible parentage Kf praecox He noted that the two subspecies
could be separated on several characters, notdigy narrower and more
acuminate bracts, longer pedicels, the shorteraptlrj which tends to be
constricted above the ovary, and the well-exsestathens irK. praecoxsubsp.
bruceae Codd (1987) raise&. praecoxsubsp.bruceaeto species rank (¥.
bruceag for specimens from the Komga area. He also censdlthe specimens
from the Knysna-Willowmore area to belong kK bruceae although they
differed amongst themselves. Codd (1987) coultlrstil locate plants in the wild
that matched to the type Bf praecox He further found that narrow bracts were
recorded from three small disjunct areas (near Karbgtween Plettenberg Bay

and Knysna, and near Kouga).

According to Codd (2005) the species conceptKofpraecoxappears to be
derived fromK. bruceaecrossed with another showy species (posdfblyvaria

or K. linearifolia) along the lines of his earlier work. These hybrroduced
several derivatives, which became widely accepteduitivation under epithets
such aK. uvaria The trueK. uvariawas either lost or regarded as inferior to the

above mentioned hybrids. Plants of this mixed ratare still grown in gardens



today but have become modified to varying degraes t a long history of
cultivation in Europe. It is evident that hybridise with other additional species
in cultivation has produced numerous horticultuaad ornamental forms (C.

Whitehouse, pers. comm.).

The bract shape is the only character that canrapthese hybrids frorK.

linearifolia. Many illustrations published over the years canm® confidently
placed as bract characters are not depicted. Tdrgsptescribed as. praecox
appears to be one of these hybrids as no matedigicted in the wild thus far
match the type oK. praecox Despite the dubious and complicated historiK of

praecox Codd (2005) retained this species.

Furthermore, the namK. praecoxstill appears to be used for the Knysna-
Willowmore specimens an. bruceaeexclusively for the Komga populations.
The concept oK. praecox sens@odd in the wild is unresolved, if such plants do
exist. Although Codd (1987) regarded the KnysnalWimore specimens as
belonging toK. bruceae the nameK. praecoxpersists and is being applied to
material from the Knysna-Willowmore area (e.g. Gabddt and Manning, 2000).
It seems that this broad conceptkaf praecoxhas been a dumping ground for
material that does not key out well or fails to ket to members of th¢. uvaria
complex (taxa with superficially similar morpholeg), but fits the geographical
distribution and flowering time based on Codd’'s §892005) concept oK.
praecox At this point in time it is uncertain if theseldviplants of so-called.
praecoxrepresent a mixture of different forms. More miatewill have to be
gathered and critically compared. A detailed stwili/help resolve the problems
in delimiting K. praecoxor validate its inclusion with the presently adeep
concept oK. bruceaesensu strictol have not attempted to solve this problem in

this study due to time constraints and limiteddfigelork done in the Cape Region.

1.2.1.4.Kniphofia brachystachy&ahlbr.) Codd

10



An intermediate collection (Nicholsorsn) from Karkloof between K.
brachystachyandKniphofia buchananiBakerwas noted by Codd (2005). Codd
(2005) treated it as a form &f. brachystachyauntil more material becomes
available. This may represent a hybrid betwdé€n brachystachyaand K.
buchananii

1.2.1.5 Kniphofia buchananiBaker

K. buchananiiis closely related t&niphofia brevifloraHarv. ex Baker. There are
occasional intermediates suggesting tkatbuchananiishould be treated as a
subspecies oK. breviflora (Codd, 2005). However, these intermediates may

represent hybrids.

1.2.1.6.Kniphofia brevifloraHarv. ex Baker

Two colour forms associated with distribution haween recorded by Codd
(2005). As mentioned above brevifloraandK. buchananiiare closely related.

K. brevifloraalso shows a close relationship withalbescen€odd (see below).

1.2.1.7 Kniphofia albescen€odd

Codd (1968, 2005) noted thiét albescenandK. brevifloraoverlap in northern
KwaZulu-Natal and it is sometimes difficult to disguish them with certainty.
albescenss a more robust plant usually growing in clusterth longer flowers

and bracts.

1.2.1.8.Kniphofia evansiBaker

A specimen oK. evansii(Trauseld 741) from Giants Castle Game Reservahas
combination of characters &. evansiiand Kniphofia porphyranthaBaker. It

may represent a hybrid and requires further ingaitin (Codd, 1968, 2005).

11



1.2.1.9.Kniphofia ichopensi8aker ex Schinz

Codd (1968) recognised this species with no infreedfic taxa. Codd (1986)
described a variety df. ichopensisviz. Kniphofia ichopensifaker ex Schinz
var. aciformis Codd. It is identical in perianth and bract chéee toKniphofia
ichopensiBaker ex Schinz vaichopensiCodd and was therefore considered to
be a variety oK. ichopensisHowever, it does have unique leaves which require
further investigation and may represent a sepafeies (Codd, 2005). The two
varieties overlap in distribution but no intermedi& have been found (Codd,
2005).

1.2.1.10Kniphofia fibrosaBaker

Hybrid swarms presumably derived fraf fibrosa and Kniphofia triangularis
Kunth subsp.triangularis Codd have been reported from the Bushmans Nek,
Upper Pholela Cave, Siponweni, Ndloveni (Hilliarshda Burtt, 1987) and
Mahwaga Mountain (Anne Rennie, pers. comm.), whieeeputative parents are
found (Codd, 1986, 2005). Both species also flomteghe same time in sympatric
situations on the Sunset Farm part of the Mahwaqauri¥hin (personal

observation).

Hilliard and Burtt (1987) also noted thidhiphofia angustifolia(Baker) Codd (=
K. rufa Baker) forms hybrids withK. fibrosaandK. triangularis K. angustifolia

may have also contributed to the range of variatidf. fibrosa(Codd, 2005).

1.2.1.11 Kniphofia laxifloraKunth

Codd (1968, 2005) found th#t. laxiflora was a variable species with a wide
distribution from Port St. Johns inland into theakensberg and as far north as
southern Mpumalanga. He recognised three main fqffosms A, B and C).
Each form has a somewhat distinct geographicaliloligion but it is difficult to
separate these forms in the herbarium (Codd, 200%)s, Codd did not award
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these separate formal taxonomic rank. In southesaZulu-NatalK. laxiflora
tends to grade witK. gracilis (especially in perianth length) making placement
difficult (Codd, 2005). Codd (1968, 2005) foundeavfspecimens with bracts of
intermediate shape betwe#n laxiflora and other lax-flowering species el.

ichopensisThese may represent hybrids.

1.2.1.12 Kniphofia gracilisBaker

Codd (1968, 2005) noted that variation withih gracilis required further
investigation. This includes examination of chagegtsuch as length and density
of the inflorescences, and degree of constrictiothe perianth above the ovary.
In typical K. gracilis the inflorescence is short and flowers relativédynse with
the perianth 14-20 mm long and more or less pasilied, expanding at the
mouth. Other plants considered to belongKtogracilis have lax, elongated
inflorescences with the perianth 11-16 mm long,stacted above the ovary and
expanding at about the midpoint, and varying inoaolfrom white to yellow.
Codd (1968) found several herbarium specimens dahatintermediate in these
inflorescence and perianth characters, making possible to separate the

material satisfactorily into infra-specific grouipsthe herbarium.

In southern KwaZulu-NatalK. laxiflora tends to intergrade witlK. gracilis
(especially in perianth length) (Codd, 2005). C¢t@68) found specimens &t
gracilis with perianths about 20 mm long, which he regardedntermediate
betweenK. gracilis and K. laxiflora (perianth usually 24-32 mm long). This
renders the distinction betwe&h gracilis andK. laxiflora somewhat arbitrary
and merging the two species would create a hetesmges assemblage of
material, which Codd considered unfavourable. ThGsdd (1968, 2005)
maintained the two species. These problematic smaE may possibly be
hybrids.

1.2.1.13Kniphofia angustifoligBaker) Codd

13



The type ofKniphofia rufaBaker is a plant of uncertain origin. Furthermate,
could not be exactly matched with any material extibd in the wild by Codd
(1968) and may be of hybrid origin, but the evideneas inconclusive (Codd,
1968). Based on the above Codd (1968) considessdudiing the namk. rufa,

but found it necessary at the time to reluctanglizald the name.

Codd (1968) found thaf. rufa varies in colour from white to yellow or coral-
red. However, colours cannot be discerned in mesgbdrium specimens. Thus,
no attempt was made to subdivide the species mtetes. Some specimens of
the ‘coral-red’ flowering form have inflorescencgmt are more compact than
usual and are difficult to distinguish from the Aldorm ofK. triangularis subsp.
triangularis. Codd speculated thKt triangularis might have played a part in the
evolution of the lax, coral-red inflorescences. Heer, colour is not easily
observed in herbarium specimens, whereas delimitatan be made on relative

inflorescence density. Thus, he included thesetplasi a colour form df. rufa.

Subsequently, Codd (1986) could not find a goodcmaif the type oK. rufa
with wild material and proposed thdt. rufa should be considered as an
insufficiently known entity until matching materitbm the wild was found. All
the other entities that did not match the typeeguly but fell under the name.
rufa sensuCodd (1968) were placed iK. angustifolia. Furthermore, Codd
(1968) mentioned plants with longer flowers whiale aoral-red to orange-red
may be due to hybridisation witl. triangularis (see above notes with regard to
K. rufa). Thus, Codd (2005) consider&drufato be of doubtful application.

Codd (2005) noted thd&. angustifoliaexhibits some localised variation which
was attributed to hybrid swarms with possiKlytriangularis subsptriangularis.
Hilliard and Burtt (1987) also noted thkt augustifolia(K. rufa) forms hyrids
with K. fibrosaandK. triangularis Some specimens may also be confused with

K. ichopensiwar.ichopensisdut can be separated by leaf width.
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1.2.1.14 Kniphofia ensifoliaBaker

Codd (1968) recognised two subspecies based orefiiogy time Kniphofia
ensifolia Baker subsp.ensifolia Codd andKniphofia ensifolia Baker subsp.
autumnalisCodd). It appears that in the eastern Free Statknearifolia forms

hybrids withK. ensifoliasubspecieautumnalis(Codd, 2005).

1.2.1.15Kniphofia coralligemmde.A. Bruce

Codd (1968) recorded three forms, which differedntyan inflorescence colour
and geographical distribution. More research isiiregl before a decision can be
reached regarding the status of these forms. C2afabj still recognised the three

forms without formal rank being awarded.

1.2.1.16 Kniphofia northiaeBaker

Codd (1968) noted that there were two colour foand two leaf forms. In the
typical form from the Eastern Cape, Lesotho and Dinakensberg the leaves
lacked a distinct keel and were crescentiform amdwerse section. In the second
form (from Bergville, Estcourt and Lesotho) theves were broadly V-shaped
with a distinct mid-rib. Codd (1968) suggested finather studies should be done
in order to determine whether this species shoeldliiided into separate taxa.
Baijnath (1987) subsequently describ&aiphofia albomontanaBaijnath to
accommodate taxa d€. northiae with V-shaped leaves using anatomical data
(Baijnath, 1980) to support his decision. He alsted thatk. albomontanavas

closely related t&. caulescens

1.2.1.17 Kniphofia galpiniiBaker

Codd (1968) noted the strong similarities betwi€egalpinii andK. triangularis
He considered treating. galpinii as a subspecies & triangularis However,

many small differences justified retaining it aseparate species. Mention is
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made of specimens that needed further investigdtmm Jessievale Plantation
(Carolina) and the Pasture Station (Ermelo) thatatcentirely matchK. galpinii.
Although Codd (1968) excluded these specimens fikongalpinii, he thought
that they were closely related Ko galpinii and suggested that further data was
needed to determine their taxonomic status. Alsmesspecimens cited from
KwaZulu-Natal differed slightly from typicaK. galpinii, but these differences
were insufficient to warrant a separate status.dCd®68) considered these to
represent a form that required further investigati®oor specimens oK.

linearifolia may be confused witK. galpinii (Codd, 2005).

1.2.1.18 Kniphofia thodeBaker

Herbarium specimens &. thodeimay be confused witkniphofia prophyrantha
Baker orK. triangularis but in fresh material the floral colour Kf thodei(buds
are coral red to dull red often tipped with whitehile open flowers are white)

helps to easily identify this species (Codd, 1968).

1.2.1.19Kniphofia triangularisKunth

Reference has already been madg.tériangularis subsp triangularis underK.
angustifolia(and K. rufa). It may have contributed to the evolution of 1ag,
coral-red inflorescences in the latter species. él@n, at times the distinction
between lax and dense inflorescences are not cl#gaand specimens may be
difficult to place. Codd (1968) found that collests of Kniphofia triangularis
Kunth subspobtusilobaBerger (Codd) are not clearly distinct frdn galpinii,
which also occurs in Mpumalanga. Hybrid swarms ymesbly derived fronK.
triangularis subsptriangularis andK. fibrosahave been reported above unier
fibrosa (Codd, 1986, 2005). In the herbarium, specimen. dfiangularis may
be confused witlK. porphyrantha(Codd, 2005).

1.2.1.20Kniphofia porphyranthd@aker
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In the herbarium it is not always easy to distisbubetween specimens Kf
porphyranthaand certain allied species with acute to acumibedets. However,
with fresh materiaK. porphyranthacan easily be separated fradntriangularis
subsp.obtusiloba K. galpinii, K. thodeiand Kniphofia fluviatilis Codd (Codd,
1968, 2005). Also, the closely relat&d fluviatilis resemble. porphyranthain

some respects.

1.2.1.21 Kniphofia littoralis Codd

This species has characteristically large fruitheW capsules are presekht,

littoralis can be distinguished from all other species ofgbeus (Codd, 1968,
2005). In general appearance it resemlesaurii, Kniphofia drepanophylla
Baker and forms oK. rooperi Smaller and depauperate specimenk oboperi

may easily be confused wit. littoralis if fruits are lacking, but Codd (1968)
enumerated several morphological differences. Atiogr to Codd (1968)
intermediate specimens may give the impressioneaigohybrids, but are best

considered variants &f. rooperi

1.2.1.22 Kniphofia drepanophyll®@aker

As noted above, the typical form Kf baurii may be confused in the herbarium
with K. drepanophyllgCodd, 1968, 2005). Codd (2005) reported an inggliate
betweenK. baurii and K. drepanophylla(Killick and Marais 2014) from Weza

which needs further investigation.

1.2.2. Codd’s Key

The artificial keys to species &hiphofiathat Codd (1968, 2005) constructed are
problematic. Apart from the problems associatedh Wit taxa discussed above, it

is highly ambiguous at many dichotomies. Thereadreast 13 taxa that key out
in more than a single couplet in the latest keyd@@®005). Furthermore, Codd
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(2005) made extensive use of flowering times, whatthough useful, can be
problematic as flowering periods fluctuate depegdion weather patterns,
especially rainfallK. linearifolia is not in Codd’s (2005) key which appears to be
a typographical errorKniphofia leucocephalaaijnath described by Baijnath

(1992a) is wrongly placed in ‘couplet 61b’ whicleses to best fiK. linearifolia.

1.2.3. Other systematic studies iKniphofia

Cufodontis (1971) describdfl hildebrandtiiCufod. He also changed the invalid
nameKniphofia elegan€oddto Kniphofia coddianaCufod.

Marais (1973) revised the remaining tropical Africapecies recognising 22
species which include:

1. Kniphofia thomsoniBaker
Kniphofia schimperBaker
Kniphofia hildebrandtiiCufod.
Kniphofia princeagBerger) Marais
Kniphofia pumila(Ait.) Kunth
Kniphofia foliosaHochst.

Kniphofia splendidd&.A. Bruce
Kniphofia dubiaDe Wild.
Kniphofia bequaertiDe Wild.

© © N o g bk~ wDd

10.Kniphofia linearifoliaBaker
11.Kniphofia kirkii Baker
12.Kniphofia grantiiBaker
13.Kniphofia nanaMarais
14.Kniphofia isoetifoliaHochst.
15. Kniphofia insignisRendle

16. Kniphofia reynoldsiiCodd
17.Kniphofia benguellensiBaker
18.Kniphofia reflexaCodd
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19.Kniphofia pallidifioraBaker
20.Kniphofia ankaratrensi8aker
21.Kniphofia sumaradeflers
22.Kniphofia nubigenavildbr.

Marais (1973) did not group taxa into infrageneséctions. Marais (1973), like
Codd (1968, 2005), found difficulty with some taxée recognised two varieties
of K. thomsonii Marais considere®. ankaratrensifyMadagascar) to be related
to K. splendida(southern Africa and Malawi) and may represent saene
species. He also noted thKt sumaraefrom Yemen was an excellent link
between taxa placed Motosceptrumand African species such Ks pumilaand

K. foliosa

Blackmore (1981a, 1981b) describéhiphofia mulanjeanaBlackmore and
Kniphofia monticolaBlackmore from Malawi. Lavranos (1983) noted thKt
sumarae from Yemen was closely affiliated t&niphofia acraeaCodd, K.
brachystachyaKniphofia typhoidesCodd andK. umbrinafrom southern Africa.
He also supported Marais’ view thKt sumaraeis a good link between taxa
placed inNotosceptrumand African species such &s pumilaandK. foliosa
Codd (1985) lectotypified the type speciesNmitosceptrumThis was done to
ensure that if at a later date the geNogosceptrunwas restored, a generic name
and type species would be available. This exen@g®es doubt over his earlier

decision to lumgNotosceptruninto Kniphofia

Kativu (1996) treated eight species for théora Zambesiacaarea. These
includedK. benguellensisK. reynoldsij K. dubig K. grantii, K. mulanjeanaK.
princeae K. linearifolia and K. splendida However, he failed to includg.
monticolain this treatment. Demissew and Nordal (1997)té@aeven species
for the Flora of Ethiopia and Eritrea vik. pumilg K. foliosg K. hildebrandtii
K. isoetifoliag K. insignis K. schimperiand K. thomsonii Whitehouse (2002a)

recorded eight species Ikhiphofiafrom the Flora of Tropical East Africa region.
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His treatment included&. thomsonii Kniphofia goetzeiEngl., K. princeae K.
pumila, K. grantii, K. bequaertii Kniphofia paludosd&ngl. andK. reynoldsii He
maintainedK. goetzei which Marais (1973) sunk undK&r thomsonii and noted
that there were taxonomic problems between thesespecies. Furthermore,
Whitehouse (2002a) maintainéd paludosa which Marais (1973) considered a
synonym ofK. kirkii. Whitehouse (2002a) relegated the nafndirkii to nomen

dubium

Thus the genu&niphofia as conceived at present, contains approximatély 7
species (Table 1.1.), of which 48 are southern cafri
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Table 1.1. Currently recognis&hiphofia species with distributions. Southern African taxe assigned to their provisional species grouppgsed by Codd
(1968). Author citations follow Codd (2005) for shern African representatives, and Whitehouse (ap@fd Marais (1973) for representatives from Toapi
Africa, Yemen and Madagascar. Abbreviations: DR@riocratic Republic of Congo.

Taxon Distribution Informal species group
recognised by Codd (1968)

1. Kniphofia acraeaCodd South Africa 2

2. Kniphofia albescen€odd South Africa 3

3. Kniphofia albomontan8aijnath South Africa 5

4. Kniphofia angustifoligBaker) Codd South Africa 4

5. Kniphofia ankaratrensiBaker Madagascar

6. Kniphofia bauriiBaker South Africa 9

7. Kniphofia benguellensBaker Angola, Zambia

8. Kniphofia bequaertiDe Wild. DRC, Tanzania, Burundi, Rwanda, Uganda

9. Kniphofia brachystachyéZahlbr.) Codd South Africa, Lesotho 2

10. Kniphofia brevifloraBaker South Africa, Swaziland 3

11. Kniphofia bruceagCodd) Codd South Africa

12. Kniphofia buchananiBaker South Africa 3

13. Kniphofia caulescenBaker ex Hook. f. South Africa, Lesotho 5
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Table 1.1. continued

Taxon

Distribution

Informal  species group
recognised by Codd (1968)

14. Kniphofia citrinaBaker

South Africa

10

15. Kniphofia coddianaCufod. South Africa 9
16. Kniphofia coralligemmdE.A. Bruce South Africa 5
17.Kniphofia crassifoliaBaker South Africa 3
18. Kniphofia drepanophyllBaker South Africa 5
19. Kniphofia dubiaDe Wild. DRC, Tanzania, Zambia, Angola

20. Kniphofia ensifoliaBaker South Africa 5
21 Kniphofia evansiBaker South Africa 7
22.Kniphofia fibrosaBaker South Africa 3
23. Kniphofia flammulaCodd South Africa 3
24. Kniphofia fluviatilisCodd South Africa 8
25. Kniphofia foliosaHochst. Ethiopia

26.Kniphofia galpiniiBaker South Africa, Swaziland 8
27.Kniphofia goetzekEng|. Tanzania

28. Kniphofia gracilisHarv. ex Baker South Africa 4
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Table 1.1. continued

Taxon Distribution Informal  species group
recognised by Codd (1968)
29.Kniphofia grantiiBaker DRC, Rwanda, Burundi, Tanzania, Malawi, Beamn
Uganda
30. Kniphofia hildebrandtiiCufod. Ethiopia
31.Kniphofia hirsutaCodd South Africa, Lesotho 5
32.Kniphofia ichopensiBaker ex Schinz South Africa 4
33. Kniphofia isoetifoliaHochst. Ethiopia
34. Kniphofia insignisRendle Ethiopia
35. Kniphofia latifoliaCodd South Africa 10
36. Kniphofia laxifloraKunth South Africa 4
37.Kniphofia leucocephalBaijnath South Africa 3
38. Kniphofia linearifoliaBaker South  Africa, Malawi, Swaziland, Zimbabwe,0
Mozambique
39. Kniphofia littoralisCodd South Africa 9
40. Kniphofia monticol&Blackmore Malawi
41.Kniphofia mulanjean®lackmore Malawi
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Table 1.1. continued

Taxon

Distribution

Informal  species group
recognised by Codd (1968)

42. Kniphofia multifioraJ.M. Wood & M.S. Evans

South Africa, Swaziland

1

43. Kniphofia nhanaMarais

DRC

44. Kniphofia northiaeBaker South Africa, Lesotho 6
45. Kniphofia nubigenaildbr. Sudan

46. Kniphofia pallidiflora Baker Madagascar

47.Kniphofia paludosd&ngl. (=K. kirkii Baker) Tanzania

48. Kniphofia parvifloraKunth South Africa

49. Kniphofia paucifloraBaker South Africa 4
50. Kniphofia porphyranth&aker South Africa, Swaziland, Lesotho 8
51.Kniphofia praecoBaker South Africa 5
52.Kniphofia princea€Berger) Marais DRC, Tanzania, Malawi, Rwanda

53. Kniphofia pumila(Ait.) Kunth DRC, Ethiopia, Sudan, Uganda, Kengagdan, Eritrea

54. Kniphofia reflexaCodd Cameroon

55. Kniphofia reynoldsiiCodd Tanzania, Malawi, Zambia

56. Kniphofia rigidifolia E.A. Bruce South Africa 10
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Table 1.1. continued

Taxon

Distribution

Informal  species group
recognised by Codd (1968)

57.Kniphofia ritualisCodd

South Africa, Lesotho

5

58. Kniphofia rooperi(T. Moore) Lem. South Africa 10
59. Kniphofia sarmentos@Andrews) Kunth South Africa 5
60. Kniphofia schimperBaker Ethiopia, Eritrea

61. Kniphofia splendid&.A. Bruce South Africa, Swaziland, Zimbabwe, Malawi 5
62. Kniphofia strictaCodd South Africa, Lesotho 6
63. Kniphofia sumara®eflers Yemen

64. Kniphofia tabularisMarloth South Africa 4
65. Kniphofia thodeBaker South Africa, Lesotho 8
66. Kniphofia thomsoniBaker DRC, Kenya, Tanzania, Uganda, Ethiopia

67.Kniphofia triangulariskunth South Africa, Lesotho 7
68. Kniphofia typhoide€odd South Africa 2
69. Kniphofia tysoniiBaker South Africa, Swaziland 10
70. Kniphofia umbrinaCodd Swaziland 2
71.Kniphofia uvaria(L.) Oken South Africa 10
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1.2.4. Attempts at Infra-generic Classification

Berger (1908) dividedKniphofia into 14 sections and maintained the genus
NotosceptrumThese sections were based on floral, leaf, iefloence and bract
morphology as well as caulescence and geography $ectionArabicaefor K.
sumarag. Codd (1968) grouped southern African taxa imo informal infra-
generic groups of no formal rank based on probatfieity. These sections were
based on leaf, floral, inflorescence and bract moiqgy, stature and flowering
times. He saw no advantage in Berger's (1908) @estialthough he viewed
them as sound, and did not supplNKtosceptrumas a separate genus. Codd

(2005) made no mention of infra-generic groupings.

1.2.5. Anatomy

Baijnath (1980) investigated the leaf anatomy ofKiphofia species to assess
the taxonomic value of leaf anatomical charactdesfound that leaf surface and
internal anatomy (vascular bundles and crystalsygu to be useful characters.
Anatomical data did not suppddiptosceptrumas a separate genus. However, in
most cases multiple samples of a single specieg wet examined to assess

intra-specific anatomical variation.

1.2.6. Ethnobotany

The Basutos usK. ritualis to prepare a decoction to cure shoulder pains It
also used by women when girls undergo sacred tioitiaites, hence the epithet
‘ritualis’. K. caulescenss frequently planted around Basuto huts as anchar
against lightning (Codd, 1968). Several taxa areduBy the Zulus but have
limited medicinal value. Infusions made from rhizsnof K. laxiflora and K.
rooperi are used to treat chest aliments, while crushetsrand rhizomes .

uvaria are included in enemas administered for painfuhstreiation. Also,
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infusions of K. buchananiiand K. parviflora are used as snake deterrents
(Hutchings et al, 1996). The tough fibrous leaves of some spe(aeg. K.
albescensare used as twine (Baijnath, 2004). Infusion¥Kofuvaria are taken
orally by Xhosa women to treat infertility (Matzii and Barker, 2001). Xhosa
mothers use pieces of dried rhizomeKofrooperiin necklaces to bring good
fortune to their children (Baijnath, 2004).

1.2.7. Conservation

Many Kniphofia species are in need of conservation. A high nunabeBouth
African species (25) are included in the Red Datd af Hilton-Taylor (1996).
Scott-Shaw (1999) documented Kidiphofia taxa considered to be under threat
in KwaZulu-Natal and neighbouring regions. Taxaemtthreat are listed in Table
1.2. Witkowskiet al (2001) examined the conservation biologykofumbrina

and found it to be critically endangered.

1.3. Systematic position oKniphofia within Asphodelaceae

Asphodelaceae was placed in the order AsparagaRG,(1998) and considered
a family of the lower asparagoids, which are charésed by simultaneous
microsporogenesis (Chaseal, 1995; Rudalkt al, 1997, Fayet al, 2000). The
Angiosperm Phylogeny Group (APG, 2003) in an apmpasdfort to simplify
Asparagales classification, have proposed that édplaceae and
Hemerocallidaceae be included in Xanthorrhoeasssesu lato This proposal
was partly put forward to facilitate and simplifgaiching asparagoid families as
there are difficulties experienced by non-spedmlia the group (APG, 2003;
Peter Stevens, pers. comm.). In this scenario Asglaoeae would fall into
Xanthorrhoeaceae and would have to be awarded @dinbte rank. The APG
classification is in a state of continual refinememnd future changes are
anticipated judging from the uncertainties and clexipy in the classification of

Asparagales.
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Table 1.2. List oKniphofiaspecies under threat in southern African.

Taxon Conservation Status Source

1. K. acraea Rare Hilton-Taylor (1996)

2. K. angustifolia Not threatened; Lower risk (Least concern)  H#faylor (1996); Scott-Shaw (1999)
3. K. brachystachya Lower risk (Least concern) Scott-Shaw (1999)

4. K. breviflora Lower risk (Least concern) Scott-Shaw (1999)

5. K. bruceae Rare Hilton-Taylor (1996)

6. K. buchananii Lower risk (Least concern) Scott-Shaw (1999)

7. K. citrina Indeterminate Hilton-Taylor (1996)

8. K. coddiana Rare; Lower risk (Near threatened) Hilton-Taylb®96); Scott-Shaw (1999)
9. K. coralligemma Rare Hilton-Taylor (1996)

10. K. crassifolia Indeterminate Hilton-Taylor (1996)

11.K. drepanophylla Insufficiently known; Vulnerable Hilton-Taylor 9B6); Scott-Shaw (1999)

12.K

. ensifoliasubspautumnalis

Rare

Hilton-Taylor (1996)

13.K. evansii Rare; Lower risk (Near threatened) Hilton-Tay[b®96); Scott-Shaw (1999)
14.K. fibrosa Not threatened Hilton-Taylor (1996)

15.K. flammula Vulnerable Hilton-Taylor (1996); Scott-Shaw (1999)
16. K. hirsuta Vulnerable Hilton-Taylor (1996)
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Table 1.2. continued

Taxon

Conservation Status

Source

17.K. ichopensis

Lower risk (Least concern)

Scott-Shaw (1999)

18. K. latifolia

Endangered

Hilton-Taylor (1996); Scott-Shaw (1999)

19.K. leucocephala

Endangered; Critically endangered

Hilton-Tayt®46); Scott-Shaw (1999)

20. K. littoralis

Not threatened; Lower risk (Ne

threatened)

aHilton-Taylor (1996); Scott-Shaw (1999)

21.K. northiae

Lower risk (Least concern)

Scott-Shaw (1999)

22.K. pauciflora

Extinct; Extinct in wild

Hilton-Taylor (1996); $¢tt-Shaw (1999)

23. K. rigidifolia

Rare

Hilton-Taylor (1996)

24. K. rooperi

Not threatened; Lower risk (Least concerr

) Hificaylor (1996); Scott-Shaw (1999)

25. K. sarmentosa

Rare

Hilton-Taylor (1996)

26.K. thodei

Not threatened

Hilton-Taylor (1996)

27.K. triangularissubspobtusiloba

Rare

Hilton-Taylor (1996)

28.K. typhoides

Insufficiently known

Hilton-Taylor (1996)

29. K. tysoniisubsplebomboensis

Not threatened; Data deficient

Hilton-Taylor (639Scott-Shaw (1999)

30. K. umbrina

Endangered; Critically endangered

Hilton-Taylorgag Witkowskiet al. (1999)
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The above proposal to recognise Xanthorrhoeasgg@ncluding Asphodelaceae
and Hemerocallidaceae) has not gained wide acasptgt. Thus, | have taken a

conservative approach and retain Asphodelaceae.

Chase et al. (2000) using chloroplast DNA sequence data fouhdt t
AsphodelaceasensuDahlgrenet al. (1985) is monophyletic, and more closely
related to Hemerocallidaceae and Xanthorrhoeadeae the morphologically
similar Anthericaceae. McPhersen al. (2004) found that an intron from the 3’
rpsl12locus is absent in all Asphodelaceae examined ame sepresentatives of
the closely related Hemerocallidaceae. This loss lsa treated as a strong
molecular marker for the monophyly of Asphodelaceae

Asphodelaceae is separated from other lilioid mohogroups by the
combination of the following characters: generatsgnce of anthraquinones,
lack of saponins, simultaneous microsporogenesygical ovular morphology
and the presences of an aril. Each of these oatwther asparagoid groups but
the above combinational features distinctively niefAsphodelaceae (Chase
al., 2000). Additionally several combinational sedthracters that might be
useful in distinguishing Asphodelaceae include gmes of an aril, an endosperm
with lipids and aleurone instead of starch, anctaubryo that is three-quarter of
the length of the endosperm. However, all the abokaracters except the

presence of an aril are not useful for field idicdtions.

Morphologically, Asphodelaceae is divided into twoore or less clearly
delimited subfamilies, Alooideae and Asphodeloided@eoideae has a distinct
southern African centre of radiation with outliens Saudi Arabia, Madagascar
and the Mascarene Islands. Asphodeloideae has dorpneantly Eurasian
distribution with significant outliers in Africa, dstralia and New Zealand
(Treutleinet al, 2003). Currently, the most accepted morpholodiedtment of
Asphodelaceae is the framework of Dahlgren al. (1985). Although this
treatment is widely accepted, there have beenngugnd different views on the

relationships of the genera in Asphodelaceae. Desparious attempts to
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stabilise classification of Asphodelaceae, geni&tionships remain unresolved
(Treutleinet al, 2003).

Kniphofia represents a monophyletic lineage within the Asleteceae.
However, its subfamilial affinity has been disput&bme workers have placed
Kniphofia within Alooideae based on floral morphology andlarescence
structure (Cronquist, 1981, 1988). However, oth&rdies using different
approaches have shown thEniphofia is best placed in Asphodeloideae,
supporting the Dahlgreet al. (1985) classification. Van Staden and Drewes
(1994) and Van-Wylket al (1995) found phytochemical evidence for a close
relationship betweekniphofia and other Asphodeloideae genera (Brlbine
Wolf and Bulbinella Kunth). Chaseet al. (2000) investigated generic
relationships in Asphodelaceae using chloroplasAOBpDNA) sequence data
and found thakniphofiais better placed in the subfamily Asphodeloidesih(
Bulbinella Kunth, Bulbine Wolf, Jodrellia Baijnath, Trachyandra Kunth,
EremurusM. Beib., AsphodelineReichenb. and\sphodelud..). These workers
support the basic framework of Dahlgretnal. (1985). However, support for two
separate subfamilies is lacking. Alooideae appéarbe monophyletic, while

Asphodeloideae is paraphyletic (Fig. 1.2.).

Molecular studies using cpDNA sequences by Traultet al. (2003)
concentrated on subfamily Alooideae. Increased §agpf Alooideae revealed
that Aloe and Haworthia are non-monophyletic (Treulteiet al, 2003). Like
Chaseet al (2000), Treulteiret al. (2003), found Alooideae to monophyletic
while Asphodeloideae was paraphyletic. Both studi€haseet al, 2000;
Treulteinet al, 2003) revealed th&ulbinewas sister tdodrellia supporting the
separation of the latter frofBulbine The segregation was originally proposed
based on floral morphology by Baijnath (1976). TBbine-Jodrelliaclade is
sister to the Alooideae clade (Fig. 1.2.). Inmesliasister to the above clades is
a lineage composed dfniphofia and Bulbinella i.e. Bulbinella is sister to
Kniphofia (Chaseet al, 2000; Treulteiret al, 2003) (Fig. 1.2.).

31



Aloe bakeri
Aloe vera
Lomatophyllum
Astroloba Alooideae
HE Poellnitzia
I 85 _ﬁ Gasteria
95| 55 Haworthia —
Bulbine semibarbata
ﬁ[ Bulbine succulenta
Bulbine wiesei
Jodrellia

—E Ez:zg’oe;”: Asphodeloideae
& r— Eremurus
65 L2 Trachyandra

25 |ﬂ Asphodeline
100 <L Asphodelus

26 - -
99 432> Hemerocallis Hemerocallidaceae

L 30 > Simethis =
14 Xanthorrhoea resinosa

100 ‘32—4 Xanthorrhoea minor Xanthorrhoeaceae

Tecophilaea  —]
Zephyra .
Cyanastrum Tecophilaeaceae
Walleria
Ixiolirion Ixioliriaceae

Doryanthes  _ poryanthaceae
Iris

52]00 Aristea
33 . e
24] 95|28 Witsenia Irid
90 100127 Nivenia riaaceae

Patersonia
Isophysis

15
83

23/95

Fig. 1.2. Phylogenetic tree showing relationshiptween Asphodelaceae and
closely related asparagoid families based on cplast DNA (bcL andtrnL-F)
(from Chaseet al, 2000).
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This is a surprising result as one would expepiphofia to be more closely
placed to the morphologically similar Alooideae aBdlbinella to be more
closely placed to other morphologically similar Aspeloideae genera e.g.
Bulbine Further research may explain the close relatipnsetweerkniphofia

andBulbinella

1.4. The present study

Even with the vast taxonomic background that culyeexists for the genus, a
contemporary and cohesive revision for the enteaug does not exist. The

monographic work of Berger (1908) is outdated.

Most past workers examined the genus in parts baseedgional limits e.g. Codd

(2005). The number of specimens collected has asem considerably, and some
previously poorly collected areas have receivedemattention over the past few
decades (e.g. Tanzania). This has not only meanktiowledge of species limits

has improved, but also a number of new species lhees discovered and

additional distributional data has accumulated iKat 1996; Demissew and

Nordal, 1997; Whitehouse, 2002a).

A revision of the entire genus is thus a very diffi undertaking. It will require
extensive field work (on a continental scale) talenstand the biology of these
plants in their natural habitats. Due to limits mspd by time and resources a
revision of the entire genus was not attemptedhia study.Kniphofia has a
complicated taxonomic history, with numerous taxaiwproblems that remain
unresolved. The complex taxonomic history and pmwoiatic morphological

delimitation of many taxa makes additional researetessary.
In past studies of the genus limited attempts weaele to examine evolutionary

relationships or produce a phylogenetic classificat Thus, phylogenetic

relationships withinKniphofia (and many other genera of Asphodelaceae) are
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still unsettled and continue to be disputed. Furttoge, no work has been done

on the biogeography or phylogeography of the genus.

1.5. Aims of the present study

There are four main aims of the present study:

1.

To undertake a genus level, Africa-wide, assessnwndiversity and

endemism in the genus (Chapter 2).

To use DNA sequence data from chloroplast and auclearkers to

reconstruct a species-level phylogeny for the gefmiphofia in order to

better understand intra-generic species relatipsshand evolutionary
processes (Chapter 3).

To use the phylogenies and nested clades (a phydogehic approach)
generated from DNA sequence data to study the bgrgphy and evaluate
the biogeographical patterns in the genus (Cha@pter

To assess anatomical variation and determine ifoameal characters are
useful for species delimitation (Chapter 5).

synthesis of this study and conclusions are pmtesk in Chapter 6.
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Chapter 2: Chorology and Centres of Diversity

2.1. Introduction

Despite its horticultural popularity oKniphofia no general account of its
biogeography is available. Geographic patterns @oesbwith molecular data
can provide important insights into evolutionarggesses (e.g. McKinnaet al,
1999; Schaal and Olsen, 2000) Kniphofiaknowledge of geographic patterns is
essential in understanding its evolution and terjet the DNA sequence data

results. Thus, it is necessary to review the bigggghical patterns iKniphofia.

2.1.1.Kniphofia in African plant biogeography

According to White (1978Kniphofiais one of several genera that are centred in
southern Africa and is essentially Afromontane. &sh include Alepidea
F.Delaroche(Apiaceae),Bowkeria Harvey (Scrophulariaceae),otononis (DC)
Eckl. & Zeyh. (= Buchenroeder&ckl. & Zeyh., FabaceaegtyppeiochloaDe
Winter (= Crinipes Hochst., Poaceae)Viacowania Oliv. (Asteraceae) and
RendliaChiov. (Poaceae). Of thesBtyppeiochloaKniphofia Macowaniaand
Rendliaare more or less exclusively Afromontane northithef Limpopo River
(White, 1978). Furthermoréniphofiais centered in the eastern part of southern
Africa and decreases northwards on the African rtaings into south-western
Arabia (Yemen) with two species from Madagascahe®tgenera that have a
similar distribution pattern amlepidia FreesiaKlatt (= Anomathecaer Gawl,
Iridaceae),Dierama K.Koch (Iridaceae),Dietes Salisb. ex Klatt(Iridaceae),
Knowltonia Salisb. (Ranunculaceaeand Merxmuellera Conert (Poaceae)
(Goldblatt, 1978). Beyond these general trends,regearch has focused on
biogeographic aspects khiphofia

The findings above indicate thihiphofiais not an Afromontane elemesgnsu

stricto. It does show a strong association with the Afrotane Region but
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extends beyond the boundaries of this vegetatigmea@ally in southern Africa.

Consequently it is worth examining the Afromonté&tegion briefly.

2.1.2. The Afromontane Region: a brief overview

The Afromontane Region is an archipelago-like reglocentre of endemism,
consisting of c. 4 000 species with 75% endemisrhi(®y/1978, 1981, 1983) and
is a hot spot of diversity (Burgoyret al, 2005). White’s figures are probably an
under estimate since Hilliard and Burtt (1987) foun 1 261 species from the
southern KwaZulu-Natal Drakensberg alone. Althoughny species are local
endemics, the majority, especially the dominants, widely distributed within
the Afromontane Region (White, 1981).

Relationships to other phytochoria are considexedé complex and White
(1981) considered the flora to be more complexigim and evolutionary history
than any other in the world. The ‘islands’ thatk@aup the Afromontane
archipelago are widely distributed over Africa. $heislands extend from the
Lome Mountains and Tingi Hills (Sierra Leone) irettvest to the Alh Mescat
Mountains (Somalia) to the east, the Red Sea kblithe north and the Cape
Region (South Africa) in the south (White, 1978,83P The region is very
diverse in lithology and physiography. Some islanfls/olcanic origin are of
different laval ages (White, 1983). Seven regiomabuntain systems are
recognised (White, 1978, 1983):

1. West African
Ethiopian
Kivu-Ruwenzori
Imatongs-Usambara
Uluguru-Mulanje
Chimanimani

N o g M DN

Drakensberg
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The West African system is the most isolated amdesof the mountains within it
are more isolated from each other than are mostntams in other systems
(White, 1978, 1983). Despite the complexity andevdistances separating the
islands of the archipelago, the collective floratludé region exhibits remarkable
continuity, uniformity and internal cohesivenessaking it distinct enough to
separate from other adjacent phytochoria (WhiteB19P81, 1983). This high
degree of homogeneity across the distributionajeast the Afromontane Region
is reflected ecologically and phytogeographicallyinder, 1990). The
Afromontane Region was not recovered by Linder 813& a homogeneous unit
in his study testing Frank White’s phytochoria, be importance of the
Afromontane Region in contributing to species riegs and endemism was
demonstrated. Linder (2001) examined plant diveraind endemism in sub-
Saharan Tropical Africa. He did not recover an Afomtane centre or centres
per se because of the coarse sampling approach buterefer to the

Afromontane Region is made in several instances.

On most African mountains the vegetation diminisheestature from the lower
slopes to the summit but is often modified by loeatures of aspect, exposure,
frost, soil depth and local climatic patterns whare determined by the size and
configuration of the mountain in relation to thestdnce from the sea or other
sources of moisture (White, 1978, 1983). Climatetfe region is variable. The
mean rainfall in the Forest Belt is usually morartii 000 mm per year. Rainfall
is lower in the drier types transitional to the lamds. In the Afroalpine Belt
above the forests, some mountains have much less thO0O0 mm per year.

Cloud is a feature of most mountains and frostegaconsiderably (White, 1983).

Each massif has a unique ecology (White, 1981)a®ngiven mountain there is
a wide range of vegetation types with a correspandihange in floristic

composition (White, 1983). The vegetation may hi@ve species in common but
all the types are connected by complex seriestefnmediates (White, 1981). The

floristic differences between the extreme vegetatigpes on a single mountain
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are usually greater than the differences betwee\fromontane assemblages as
a whole on the mountain and the assemblage founchemnby or distant
mountains (White, 1981, 1983). On most of the dfathe vegetation consists
almost predominantly of Afromontane endemic or nerademic species, but in

some areas the Afromontane Region is diluted bydod/species (White, 1981).

In general the African mountains show ecological altitudinal zonation. Three
broad belts are widely recognised: the Alpine Be#le Subalpine (Ericaceous)
Belts and the Forest Belt (e.g. Hedberg, 1970; ¥/Hi®83; Linder, 1990). The
mountains of Africa have large spatial separatiath Watitudinal influence on
zonation (Linder, 1990) and each massif with itsi\geculiarities (White, 1978).
The recognition of distinct zones is often arbir@White, 1978). In the tropics
these belts are more or less well demarcated, Ustitefr south altitudinal belts
become confusing and difficult to interpret (Linddi990). Zonation is more
defined in the mountains of East Africa where teeBt and Ericaceous belts are
reasonably distinct (White, 1978). Beneath the &oielt there is usually a
transition zone connecting the Afromontane and topleytochoria. In Malawi,
Zimbabwe and Mozambique most of the mountains ithiwthe Forest Belt and
in these countries the mountains are surroundea $§a of Miombo woodland,
generally with no intermingling of vegetation (W#itL978).

Extensive transitional conditions occur only in 8owAfrica, where latitude
compensates for altitude. The Afromontane vegetatianscends to almost sea
level and relationships with surrounding phytochare complex (White, 1978).
This is also because of the rich surrounding fltina, great diversity of biomes
and climatic provinces (summer and winter rainfddt the Afromontane Region
transects. In the equatorial regions the Alping Belrts between 3 300-4 000 m.
In the Drakensberg it is between 2 800 m to thersiirt8 484 m). In the Cape
Region the Alpine Belt is reported to be above @ i#Q but is ‘scarcely known’
(Linder, 1990). The Subalpine (Ericaceous) Bels ltween the upper reaches

of the forest margin and the transitional to thg@iAé Belt. In the tropics the
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Ericaceous Belt penetrates into the forest with chear altitudinal zonation
(Linder, 1990). The Forests Belt begin at c. 2 60 Tropical Africa, c. 800 m
in Zimbabwe and reaches sea level in South Afridader, 1990). There is a
significant amount of mixing with the surroundingwler vegetation (Linder,
1990) and the Forest Belt is a dynamic mosaic @shs and grassland (Meadows
and Linder, 1993).

Data on the distribution dkniphofia obtained from previous revisions (Codd,
1968, 2005; Marais, 1973; Kativu, 1996; Whitehoud@02a; Demissew and
Nordal, 1997), the Pretoria Computerised Informati®ystem (PRECIS)
database and collections made during this studgated the following patterns:
in East and Tropical Africa,Kniphofia is predominantly found in the
Afromontane Region supporting White’'s (1978) oba&pbn. Furthermore,
Kniphofia exhibits a strong Afromontane Grassland affinitging found
predominantly but not exclusively in Afromontaneasglands. It also
occasionally occurs in lower surrounding vegetathmat has a grassland element
(e.g. Miombo woodland) and in higher Subalpine vatjien e.g. Bale Mountains,

Ethiopia (personal observation).

Kniphofia is confined mostly to the Afromontane Region irodical and East
Africa especially the Afromontane grasslands butasmnally occurs at lower
altitudes. White (1978) noted that Afromontane ggewhich descend into lower
phytochoria are marginal intruders or do so asadtssatellite populations. The
distribution of Kniphofia beyond the Forest Belt in Tropical and East Afriga
considered to be a marginal intrusion. This is etg@ when the complexity of

zonation on these mountains are taken into account.

The Afromontane Region in southern Africa is cesdiein Lesotho and the
Drakensberg Region (Cowling and Hilton-Taylor, 1p97he Drakensberg forms
part of the great escarpment at the eastern peyipbfethe southern Africa

plateau, extending from the central Eastern Capek({d East) in the south to the
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Wolkberg (south-east Northern Province) in the mofthis spans a distance of c.
1 050 km with an estimated c. 2 200 angiosperntkéarcore of the regiorsénsu
van Wyk and Smith, 2001). The Afromontane Regionsauthern Africa is
unique as latitude compensates for altitude and Afremontane vegetation
descends to almost sea level with intermingling arahsitional conditions
between Afromontane and surrounding vegetation (®Y/Hi978). In the Cape
Region enclaves of forests are found close to ez [White, 1978, 1983). The
compensation effects of latitude results in mangoAfontane species descend to
sea level and the lower level of the AfromontangiBe becomes blurred (Moll
and White, 1978).

A few Kniphofia species are found in the Subalpine Belt &gporphyrantha
and three specie& ( caulescen. northiaeandK. ritualis) were noted from the
Alpine Belt in the Drakensberg (Killick, 1978). 8outh Africa,Kniphofiaoccurs
from the Alpine Belt in the Drakensberg and desesetodthe coastal regions. It
appears that the compensational effects of latifiedealtitude has resulted in

Kniphofiaspreading to lower altitudes in southern Africa.

A high number ofKniphofia species (18 species; 38% hiphofia species in
SA, 25% for the entire genus) prefer high altitudésnore than 1 500 m (Codd,
1968, 2005). An altitude of 1500 m in this caseised as a conservative lower
altitudinal limit value for the Afromontane vegetat, considering the
intermingling of vegetation in southern Africa atltht the Forest Belt mostly
ranges from 1 280-1 830 m in the Drakensberg (WHi8¥8). Thirty species
(63% of Kniphofia species in SA, 42% for the entrie genus) occunfi1 500
m i.e. a substantial number #fiphofia species occur in the Drakensberg-
Maputoland-Pondoland transition. Additionally sigesies (13% ofKniphofia
species in SA, 9% for the entire genus) are gyricthastal endemics (i.e.
Maputoland-Pondoland coastal endemics). The sistab&ndemics includg.
littoralis, K. pauciflora K. coddiana K. drepanophylla K. rooperi and K.
leucocephala
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The Afromontane (Drakensberg) and Tongoland (i.@ptoland)-Pondoland
(Drakensberg-Maputoland-Pondoland) transition igjue in that it is the only
region in Africa where the Afromontane and lowlamcies intermingle over an
extensive area (White, 1978). The Maputoland-PardblRegion is a mosaic
that displays great physiographic diversity witeegt climatic gradients. It is a
mosaic of forest, thicket, savanna, grassland,dgrdnd swamp vegetation (Moll
and White, 1978). It interfingers with elements tbe Afromontane Region
(Goldblatt, 1978) especially along river valleyso(@ing and Hilton-Taylor,
1997). The borders of this region are difficultdeemarcate as it includes tropical,
subtropical and afromontane elements. It is comsitas an artifical rather than a
natural floristic unit (van Wyk and Smith, 2001).

2.1.2.1. Afromontane Grasslands: a brief overview

Kniphofia shows a strong association with Afromontane grasislaThus it is

worth examining these grasslands in more detai flost extensive vegetation
in the Afromontane Region is fire-maintained grasdl consisting predominantly
of species which are also abundant in the lowlg\dsite, 1978). The grasslands
are perennial tussock grasslands subject to reduiaring and are associated
with a rich herbaceous flora. Afromontane grassaset more extensive on the

drier mountains with frequent fire (Meadows andden 1993).

Evidence suggests that Afromontane grasslands atraecent (Elleryet al,
1991; Meadows and Linder, 1993), contradictingieastiews of White (1978)
and Acocks (1953) who believed that these grasslarete of recent origin due
to anthropogenic activity. There is a growing corssss that the current
distribution of grasslands predates intensive fagmby thousands of years
(Ellery and Mentis, 1992; Meadows and Linder, 1998yh levels of endemism

amongst herbaceous flora of grasslands (espedeliyphytes) also indicates a
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long history for this component in the AfromontaRegion (Meadows and
Linder, 1993; O’Connor and Bredenkamp, 1997; Burgmst al.,2005).

In Tropical and East Africa most Afromontane vegjetaoccurs above 2 000 m
(White, 1983). At high altitudes Afromontane spscibecome increasingly
numerous and lowland forest gives way to transdticiorest and, ultimately
where massifs are high enough, to montane for&&t# and White, 1978). The
secondary grasslands of the Afroalpine Belt diffem those of the Forest Belt in
both composition and chorological relationship. $3es of the Afroalpine belts

are usually confined to the high mountains (WHit7/8).

The most extensive vegetation of the Forest BelSauth Africa isThemeda
triandra grassland. This grassland consists predominafeBpecies which are
also abundant in the lowlands (White, 1978). In tBoAfrica patterns are
obscured because ‘temperate’ grasses descend owehdnd the most abundant
tropical grass {remeda triandra ascends relatively high (White, 1983). In the
Afromontane regions of southern Africa most of émelemics are associated with
grasslands (Hilliard and Burtt, 1987; Meadows amadér, 1993; Cowling and
Hilton-Taylor, 1997).

SinceKniphofia has a strong Afromontane grassland affinity, fectofluencing
grassland distributions are presumed to influeheedistribution oKniphofiato
some degree. The distribution of grasslands isekelt of the subtle interplay of
climate, topology, fire, and grazing. The overadflemt of grasslands seems to be
strongly determined by climatic variables, whilerefiand grazing exert
considerable influence on the boundaries of thembio(O’Connor and
Bredenkamp, 1997). Ellenget al. (1991) demonstrated that climate is the
overriding determinant of grassland biome distitutas a whole in southern
Africa. A number of grassland and savanna sites hthe potential to support
forest but are prevented from doing so by fire @ane other disturbance. As the

degree of seasonality of rainfall increases, veiggtas susceptible to burning
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due to the prolonged or intense dry period. Elienal (1991) have suggested
that climate contributes to the maintenance of giamsls by promoting a
disturbance regime that excludes woody plants. e&adnd Linder (1993) have
found that for afromontane grasslands seasonality maot total rainfall is

important in the shift towards grassland from fares

Bond et al. (2003) believe that the vegetation of South Afrczauld be very
different if fires were infrequent. The easternflodlthe country could be covered
with trees in the absence of fire. It appears thast of the higher rainfall south-
western and eastern parts of the country owe therent vegetation to high fire
frequencies (Bondt al, 2003).

The aim of this chapter was to study the choroloiginiphofiaand to determine
centres of diversity and endemism foniphofia Several approaches were used
to determine diversity and endemism. An Africa-widl®rological assessment
was done for the entire genus. These were useglitaiticentres of diversity and
endemism. Subsequently, southern African was ddudie greater detail. A
chorological assessment was done for southern &frito delimit areas of
diversity and endemism. A numerical analysis wasedo find areas of diversity.
Additionally endemism in southern Africa was asedssising a parsimony

analysis of endemicity approach and mapping ofeaegtricted taxa.

2.2. Materials and Methods

Chorology in a broad sense is the study of theidigion of taxa and floristic
regions and their history (see van Wyk and Smif®01}. In a more restricted
botanical sense it applies to the study of theridigion of a specific group of
plants (e.g. a family or genus). A basic tenetuafhsa study is to determine the
number of species and distribution thereof withigigen area. These in turn

assists in delimiting areas of diversity and endemi
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Numerical analyses can also be used to determinieseof diversity. Species
richness and diversity per unit area (e.g. quategree grids) provides a rapid
assessment of species rich areas. This data isubeh to determine areas of
diversity. In this approach areas with similar seecomposition are located by a
clustering method (e.g. Linder and Mann, 1998). s@ts/groups of areas
(typically grids) are then delimited and these goware mapped to determine

areas of diversity.

Areas of endemism can be located using a parsinao@ysis of endemicity
approach (Morrone, 1994) by subjecting distribugiomlata to a parsimony
analysis. The results are then used to determieasaof endemism. Areas of
endemism can also be located by plotting the Oistion of range restricted
species. The distribution outlines for these taxeamapped and areas of overlap

are used to delimit areas of endemism (e.g. LiaderMann, 1998).

2.2.1. Africa-wide chorological assessment fatniphofia

Distribution data were obtained from previous rmns (Codd, 1968, 2005;
Marais, 1973; Kativu, 1996; Whitehouse, 2002a; Dx=ew and Nordal, 1997),
the PRECIS database and collections made durisgsthdy. These were plotted
onto maps of Africa. Based on these distributiottgpas several more or less
geographically isolated distribution areas werendgigdd for Africa, Madagascar
and Yemen. Distribution patterns were then usepr¢aluce a chorological map
of Africa and Madagascar which depicted specietingss by means of
isochores. Centres of endemism, overlap region®atiigrs were determined for
these regions by comparing species lists of thesasaollowing the method of
Linder (1983). Centres of diversity were also dmieed from these lists.
Centres of endemism are defined as regions havimig rthan 30% endemism,
outliers are areas with less than 30% endemismwdrate the majority of the
species are held in common with a nearby centrevémlap regions endemism is

less than 30% and the non-endemic species areirhelmmon with two other
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centres (Linder, 1983). Subcentres (within centmesje also determined for
diversity and endemism. Subcentres of diversityewaggtermined from species
lists and areas with more than four species welenided as subcentres. The
requirement of a minimum of four species to deftnsubcentre is subjective.
However, it is the most convenient way of definisigocentres foKniphofia

especially in Tropical Africa were species richnéssot as high as southern
Africa. Subcentres of endemism were defined assatest have-30% endemism

for that centre.

2.2.2. Studies in Southern Africa

A more detailed phytogeographic analysis was damesduthern Africa (South
Africa, Swaziland and Lesotho) because of the largeunt of distributional data
accumulated for the region. The PRECIS data wasiged in 1/18' degree
square (i.e. quarter degree) grids for 46 of thea&@. The two exceptions were
K. crassifolia and K. praecox K. crassifolia is only known from the type
collection with vague locality details. This specimost likely falls within the
guarter degree grid 2329DD (Houtbosch, Limpopo P, Pieter Winter, pers.
comm.). All collections oK. praecoxwere placed undé{. bruceaein PRECIS,
viz. collections from the Western Cape. The prolslessociated witK. praecox
were outlined in Chapter 1. Codd (2005) in hisdatevision uphel&. praecox
which is followed in this study. The necessary &ddiand modifications were

done forK. crassifoliaandK. praecoxrespectively.
2.2.2.1. Numerical analysis of distribution datalédermine areas of diversity
Quarter degree grid (QDG) diversity or speciesnmags which is the number of

species per QDG was obtained from the PRECIS dath callections made

during this study to determine species rich areas.
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The data above was used to create a matrix fohsgutAfricanKniphofia taxa
with species as characters and QDGs as termina (Appendix 1). Areas with
similar species composition were located by usimg method of Linder and
Mann (1998). The data set was analysed using NT-8&iSion 2.0. (Rohlf,
1998). A similarity matrix was generated using theecard similarity (J) co-
efficient and clustering of grids was performedngsUPGMA (Unweighted Pair
Group Method, Arithmetic Average) clustering methdtde Jaccard co-efficient
disregards shared absences and is therefore suitabibiogeographical analysis
where absences may either be due to ‘real’ abseoces result of under
collection. Grids with a single species (singlejosBow either 0% or 100%
similarity to other grids, thus accentuating errarsl distorting results (Linder
and Mann, 1998). Consequently, these grids wer@vethprior to the analysis.
Clusters/groups of grids were arbitrarily delimitbg a phenon line and these
groups were mapped to determine areas of diver$itis approach was also
advocated at the half degree grid (HDG) scale. ddta set showingniphofia
species as characters and HDGs as terminal untts gimgleton HDGs removed)
is given in Appendix 2.

2.2.2.2. Parsimony analysis of endemicity (PAE)

Areas of endemism i.e. those grids which have agtlsome species resticted to
them were located using a parsimony approach (Merr@994). The QDG data
set (Appendix 1) was subjected to a parsimony amalyonducted using PAUP*
4.0b10 (Swofford, 2002). Uninformative characters. (species) were excluded
and all characters were equally weighted and umeddéA randon input analysis
was performed to determine if there were multigiands of equally most
parsimonious trees (Maddison, 1991). A full helzisearch was conducted on
the trees found by this method with TBR branch siragp and MAXTREES set
at 1 000. A strict consensus tree was constructed &ll the most parsimonious
trees. Groups of grids were mapped and those whaele at least two species

unique to them are regarded as areas of endemtsendi$tribution boundaries of
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these endemic species are mapped to delineate dimedéries of each area
(Morrone, 1994; Morrone and Crisci, 1995). Thishi@ique was also applied at
the HDG scale.

2.2.2.3. Areas of endemism based on mapping okreegjricted species

Areas of endemism were located by plotting therithistion of range restricted
species which are defined as species with a digioib area of ten QDGs or less
(Linder and Mann, 1998). The distribution outlirfes these taxa are overlaid on
a map and areas of overlap are used to delimiteiof endemism (Linder and
Mann, 1998).

2.3. Results and Discussion

2.3.1. Africa-wide chorological assessment fatniphofia

Six centres of diversity were delimited from theoadiogical analysis (Fig. 2.1.).
These are Madagascar, Cameroon, Rift Valley, Soetftral Africa, Zimbabwe
and South Africa (including Lesotho and Swazilant)ese areas are based on
geographic limits and species assemblages ratherphblitical boundaries. The
Rift Valley Centre includes species from Yemen, &ycEthiopia, Kenya, North-
eastern parts of the Democratic Republic of Corl@RE), Uganda, Burundi,
Rwanda and northern Tanzania. The South-centraicafr Centre includes
species from Angola, South-eastern parts of the DR&mbia, Malawi,
Mozambique and south-central Tanzania. The Zimbabemre includes species
from Zimbabwe and a species from Mozambique. ThealSAfrica (SA) Centre
includes species from Lesotho, Swaziland and a lesingpecies from
Mozambique. The number of species within theseresnwere represented by
means of isochores (Fig. 2.1.).
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The most diverse centres in descending order avathSAfrica (48 species),

South-central Africa (14 species), Rift Valley (kpecies), Zimbabwe and

Madagascar (both with two species) and Camerooa é§pecies). South Africa

represents the centre of diversity for the genusufmary of the results for

species diversity, endemism and patterns of ovenagpresented in Table 2.1.

Table 2.1. Species richness, levels of endemismpaitteérns of overlap among

the centres of diversity fd¢niphofia

Madagascan Cameroagn Rift | South-central | Zimbabwe| South
Valley | Africa Africa

Madagascar 2
Cameroon 0 1
Rift Valley 0 0 11
South-central | 0 0 5 14
Africa
Zimbabwe 0 0 2 2
South Africa 0 0 2 2 48
Percentage of3 1.5 16 18 3 68
species in genus
No. of endemics 2 (100) 1 (100) 7(64) | 7 (50) 0 (0) 46 (96)
(% endemics)

Five of the six centres are considered to representres of diversity and

endemism foiKniphofia The exception is the Zimbabwe Centre which has no

endemics. The two specieK. (linearifolia and K. splendida of this centre are
found in the South Africa Centre and the South+egtfrica Centre. Zimbabwe

is best treated as a region of overlap. Linder 8)98Iso found a lack of

endemism in the Chimanimani Mountains for Disinad eegarded Zimbabwe to

be an overlap region.
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The centres of diversity and endemism Kmniphofia have a strong Afromontane

affinity. A comparison of the centres of diversifgr Kniphofia with the

Afromontane centres of White (1978) and the centrfediversity for Disinae

recovered by Linder (1983) is given in Table 2.2.

Table 2.2. Comparisons between the centres of sityefior Kniphofia with the

Afromontane centres of White (1978) and the centfediversity for Disinae
recovered by Linder (1983).

Kniphofia: centres

of divesity

Afromontane centres of White
(1978) (RMS= regional mountain

system)

Disinae: centres of diversity
(Linder, 1983)

South Africa

Drakensberg RMS found withi
SA Centre foKniphofia

nCape and
Centres of Linder (1983) withi

SA Centre foKniphofia

Natal-Transva

al

=)

Zimbabwe

corresponds to Chimanimani RMS

correspond®  Zimbabwe

Centre of Linder (1983)

South-cental Africa

includes entire Uluguru-Mula
RMS and part of Kivu-Ruwenzo
RMS

njmostly  within
riAfrica Centre of Linder (1983)

South-centra

Rift Valley includes part of Kivu-Ruwenzoficorresponds mostly to Linder
RMS, and entire Imatong${1983) East Africa Centre
Usambara and Ethiopian RMS

Cameroon found within part of West Africafiound within Linder's (1983
RMS West Africa Centre

Madagascar mountains of Madagascar |round within Linder's (1983

considered as an island of t

Afromontane archipelago

h®adagascar Centre
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2.3.2. Subcentres of diversity and endemism

A summary of species richness and levels of endanfis subcentres within

designated centres of diversity and endemism (ugiagchorological approach)

are presented in Table 2.3. Eight subcentres aofrsity (Fig. 2.2.) and two

subcentres of endemism are proposed within the ceimtres of diversity.

Subcentres for southern Africa are not discussedetail in this section. It is

more appropriate to discuss the subcentres fom$#&ction 2.3.3. (Studies in the

South African Centre). Other subcentres are digtlbglow.

Table 2.3. Species richness and levels of endeffsissubcentres dkniphofia

Centre: Subcentre

Total no. of species

No. of endemig

s Percentageraisin

(*= subcentre of
endemism)
Rift Valley 11 7 64%
Ruwenzori 5 0 0
Ethiopia 7 5 46*
South Central Africa 14 7 50%
Mulanje 5 2 14
Nyika 4 0 0
South-central Tanzania 2 14
South Africa 48 46 96%
Cape-Karoo 8 3 6
Extended Drakensberg 40 26 54*
Northern South Africa 15 5 10
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2.3.2.1. Subcentres in the Rift Valley Centre

Two areas were delimited as subcentres of diversitg Ruwenzori and Ethiopia
subcentres. The Ruwenzori Subcentre correspondsheo Kivu-Ruwenzori

regional mountain system of White (1978).

The Ruwenzori Subcentre includes the boundary nsgiof the following
countries: DRC, Burundi, Rwanda, Uganda and Sudane of the species found
in this subcentre are endemics as all spetegr@antii, K. pumilg K. thomsonii

K. princeaeand K. bequaerti) are found in the South-central Centre and this
region is considered as an area of overlap. Moshisfsubcentre is in the Lake
Victoria Regional Mosaic. This mosaic is a junctiohfive distinct floras viz.
Guinea-Congolian, Sudanian, Zambezian, Somali-Masdi Afromontane. The
vegetation is a mosaic of improvised variants & finst four floras, in some
cases with an admixture of Afromontane species ®Yh1983). This may

account for its overlap status.

The Ethiopia Subcentre corresponds to the Ethiomaional mountain system
of White (1978). It is also a subcentre for endemi&6% endemism) for
Kniphofia Only one other subcentre of endemism (the Exiridiekensberg
Subcentre) was recovered tniphofia The geology of Ethiopia is varied. It is a
tectonically active area with the Rift Valley traesing through. About 50.4% of
land above 2 000 m and 79.9% landmass above 3 0Q® Africa occurs in
Ethiopia (Yalden, 1983). According to Brenan (19%&) size of Ethiopia (c. 1
200 000 km) and the topodiversity accounts for the rich enidesfement of the
flora. The tectonics of the region may also plasoke. These factors may also

explain the regional diversity and endemismHKaiphofiain Ethiopia
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2.3.2.2. Subcentres in South-central Africa

Three areas were delimited as subcentres of diyeMulanje, the Nyika Plateau
and the South-central Tanzania Subcentres (Fig. ZI2 Mulanje Subcentre
represents Mount Mulanje (southern Malawi). Thigaais not considered a
subcentre of endemism (14% endemism). Most of dmeendemics are found in
the in the nearby Nyika Plateau Subcentre. FurtbesniK. linearifolia and K.

splendidaare found in the South Africa and Zimbabwe, anel idgion is best
treated as a region of overlap. None of the specfiethe Nyika Plateau are
endemics and most of the species are found in ahlecentres of the South-

central Africa Centre, therefore, it is considetethe a region of overlap.

The South-central Tanzania Subcentre representth-seatral Tanzania, the
northern tip of Malawi and part of northern Zambihis area is not considered a
subcentre of endemism (14% endemism). Some sp@Ciggantii, K. thomsonii
and K. princeag@ are found in the East Africa Centre, while otlpecies K.
renoldsii K. grantii andK. princea¢ are found in other subcentres of the South-
central Africa Centre. Additionall. dubiais widespread in Zambia, in areas
that do not fall into a designated subcentre. thiss best to consider this region

as an area of overlap.

2.3.3. Studies in the South African Centre

2.3.3.1. Subcentres of diversity and endemism baseaxhorology

Three areas were subjectively delimited as subeemtf diversity in SA based on
distribution patterns of species viz. the Cape-kKathe Extended Drakensberg
and the Northern South Africa subcentres (Table Eig. 2.2.). The Cape-Karoo

Subcentre did not show much QDG diversity i.e. ndsgghad more than three

species. Despite this lack of diversity, the entirea was analysed to assess
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endemism oKniphofiawithin this region. This was done for two reasdrisstly
the Fynbos and karooid biomes are unique withincAfrand secondly numerous
workers have found links between the Cape Regiontlag Afromontane Region
(discussed later). When the entire Cape-Karoo Sukeds considered, eight
species in total are distributed within the areavbich three are endemic. It does
not represent a subcentre of endemism (6% endentistdather an outlier as
most of the non-endemics are found in the in therlme Extended Drakensberg
Subcentre. It is found within the Cape Floristid &ucculent Karoo regions and
extends eastwards into the Albany Censenwan Wyk and Smith, 2001). It is
also interesting to note that whiniphofiais not widespread in the Fynbos and
karooid biomes other Asphodelaceae genefdoe( Haworthia Bulbine,
Bulbinella, Trachyandrpare common in these regions. Also, the Disinaaast
speciose in the Cape Region whiaiphofia has poor representation for this

region.

Two Afromontane regions have been noted as hossSpdbA: the Drakensberg
and its associated uplands falls into the Eastewourithin Centre, and the
Wolkberg Centre (Cowling and Hilton-Taylor, 1997Jhe two other SA
subcentres foKniphofia broadly correspond to these regions. The Extended
Drakensberg Subcentre represents the Drakensbeigeatended areas in
Lesotho, Free State (FS), Eastern Cape (EC) andZHlwaNatal (KZN). This
extended area represents the major diversity ofj¢ineis and is better treated as a
single unit. It is also a subcentre for endemisAtfendemism) foKniphofia It
mostly corresponds to the Eastern Mountain Ce@mv(ing and Hilton-Taylor,
1997). It covers almost the entire Drakensberg dpCentre and most of the
Maputoland-Pondoland Region of van Wyk and Smitb0@. It also extends
into the Albany Centre (van Wyk and Smith, 2001dhie south.

The Northern South Africa Subcentre representsatiea that covers the former

Transvaal Province of SA, Swaziland and the southgr of Mozambique.

Additionally several endemikniphofia species are from this area. This area is
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not considered a subcentre of endemism (10% endemiglost of the non-
endemics are found in the nearby Extended DrakegsBabcentre with two
species K. linearifolia and K. splendida extending north to the Zimbabwe
Centre and the South-central Africa Centre (Malawt)is therefore considered
to be a region of overlap. This includes the enWvelkberg Centre gensu
Cowling and Hilton-Taylor, 1997). This region indies the entire Soutpansberg
Centre, Wolkberg Centre, Sekhukhuneland Centre,bdton Centre and
northern parts of the Maputoland-Pondoland Regibrvam Wyk and Smith
(2001).

2.3.3.2. Areas of diversity using numerical anasyse

Grid diversity and species richness were baseth@muarter degree scale for the

SA region and is shown in Fig. 2.3.
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Fig. 2.3. Quarter degree grid species richnes&raphofia within the South
Africa Centre @& = 1-3 speciese= 4-6 speciesm= 7-9 speciest= 10-12 species,
0= 13 species).
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The 12 most species rich QDGs in descending order a

 Champagne Castle (2929AB): n= 13

* Bushmans Nek (2929CC): n=11

* Van Reenen (2829AD): n= 10

* Sani Pass (2929CB), Ntabamhlope (2929BA) and Véitsiek (2828DB):
n=9

* Naudes Nek (3028CA), Estcourt (2929BB) and CatHedraak
(2829CC): n=18

Weza (3029DA), Nottingham Road (2929BC) and Kamk@&@R9BC):
n="7

The QDG data set (excluding singleton QDGSs) usedHhe numerical analysis
using the Jaccard similarity (J) co-efficient and@&MA clustering contained 191
QDGs and 48 taxa. The phenogram generated is n@tnshs the patterns were
difficult to interpret. A half degree grid approaelas explored to determine if
patterns were more evident at this scale. The HBta det (excluding singleton
HDGs) used for the numerical analysis using thecakac similarity (J) co-
efficient and UPGMA clustering contained 121 HDGsl 48 taxa.

The overall patterns recovered by the QDG and HD@&yais revealed similar
patterns. However, distinct patterns especiallyhwitthe main clusters were
recovered for the HDG analysis. A possible reasoritis result is that the large
amount of QDG grids are too small in geographiaalec and contain a fewer
number of species. This results in too many QDG#h vdimilar species

composition and clustering of grids that do not essarily reflect close

proximity. At this scale there was a high degreegebgraphical scattering of
clusters which in turn appears to reflect much gaplgical overlap.

Consequently, this makes patterns difficult tolinfehe HDG approach takes into
account species in four neighbouring QDGs. Increpsine spatial area is more
likely to increase the number of taxa in a HDG altwb increased the likelihood
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that the species composition of grids in close pnity are similar. At this scale
scattering and overlap are reducded as the gripsaap to reflect similar species
compositions in close proximity. The HDG approadifempogram generated is
shown in Fig. 2.4. Four clusters (A-D) were deleditand mapped (Fig. 2.5.).
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Fig. 2.5. Map showing the distribution of main ¢krs of the phenogram derived
from the Jaccard analysis of the data set exclusimgleton HDGs. Main clusters
are color coded: Cluster A= blue, Cluster B= retlis@r C= green and Cluster

D= grey (see text for details).

Cluster A has a distinct Cape-Karoo distributionisl found within the Cape
Floristic and Succulent Karoo regions and exterastveards into the Albany
Centre §éenswan Wyk and Smith, 2001).

Cluster B has a distribution that covers much ofthrern, eastern and partly
central SA, and extends into the Cape-Karoo Reigidhe south were it overlaps
with Cluster A. An outlier of Cluster B is found ithe Cape-Karoo Region.

Cluster B is divided into four sub clusters (Fig5.2.).
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B1 (red), B2 (yellow), B3 (orange) and B4 (pink). Bluster C with sub clusters C1

(bright green) and C2 (dark green).
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Cluster B1 is found mostly with the Maputoland-Polaghd Region of van Wyk
and Smith (2001). It also extends into the Albamnte (van Wyk and Smith,
2001) in the south. The outlier of Cluster B foundhe Cape-Karoo Region is
also from this sub cluster (B1). It extends fromiv@sa south east to the De
Doorns region. It is found within the Cape Flodstind Succulent Karoo regions
of van Wyk and Smith (2001). This may represent n@nts an ancestral
escarpment track fd€niphofia and/or the Afromontane vegetation. Cluster B2 is
found mostly with the Drakensberg Alpine Centrevah Wyk and Smith (2001).
Most of western distribution of Cluster B3 is in megions or centres of
endemism as defined by van Wyk and Smith (2001jhénnorth and north east
of its distribution, it extends partly into the Vkberg and Sekhukhuneland
centres of van Wyk and Smith (2001). In the souid aouth east it is found
partly in the Barberton Centre and the Maputolande®land Region of van
Wyk and Smith (2001). Most of the entire distriloutiof Cluster B4 is in no
regions or centres of endemism as defined by vahk &gl Smith (2001). In the
north east of the distribution of this sub clusierextends only partly into the
Wolkberg and Sekhukhuneland centres of van WykSmdh (2001).

Cluster C has an eastern coast distribution wisingle outlier in the Winterton
region. It extends south and abuts Cluster A. Thiet&#on outlier has two
species in the HDGK( brachystachyandK. gracilis) and may be an artifact of
under collecting. Cluster C is divided into two sclosters (Fig. 2.6.B.). The
entire distribution of Cluster C is found in the Maoland-Pondoland Region of
van Wyk and Smith (2001). Only two HDGs (in the Mizati region) of C1 are
strictly in the Pondoland Centre of van Wyk and tBn{2001). Also only the two
northern most HDGs (in the Richards Bay area) of @@ strictly in the
Maputoland Centre. All the others regions of Clusieare in the Maputoland-
Pondoland Region of van Wyk and Smith (2001).
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Cluster D has a distinct extreme northern SA distion. Cluster D transects
through the Soutpansberg Centre of van Wyk and Sr2001). It also
marginally penetrates into the Wolkberg and Sekhuokland centres of van
Wyk and Smith (2001) in the south.

2.3.3.3. Areas of endemism using parsimony anabfssmdemicity (PAE)

A PAE approach was attempted for South Afri¢aniphofia species. The HDG
PAE analysis did not recover any areas of enderastie consensus tree was a
single large polytomy (not shown). Thus the dismusdelow concentrates on
the QDG analysis. The data matix included 419 QR2@Gd 48 species. Four
species were found to be parsimony uninformative Ki acraea K. crassifolig

K. flammula and K. leucocephalaand excluded from the analysis. A strict
consensus tree based on the distributioKraphofia at the quarter degree scale
is presented in Fig. 2.7. which is also a large/feohy. Three small clades were
delimited and mapped (Fig. 2.8.). Clade A has ae@égroo distribution (from
Calvinia in the north extending south to Ceres, &ndh Citrusdal in the west
towards the Sutherland region in the east). Clades Blistributed from the
Underberg region northwards to Frere. Clade Csgiduted from Iswepe south-
east to the Wakkerstroom-Vredehof region.

Clades A and B had only one unique species andyu3hkE excludes these
regions. Clade C had six unique speciesKizalbescensK. baurii, K. fluvialitis,

K. linearifolia, K. multiflora and K. porphyrantha The distribution of these
species were then mapped within the distributiothefclade to delimit an area
of endemism (C in Fig. 2.8.) and is termed the [sv@&/akkerstroom-Vredehof
area of endemism. The Iswepe-Wakkerstroom-Vredated of endemism does
not fall into any major regions or centres deliditey van Wyk and Smith

(2001). It lies outside the western boundary of Mafand-Pondoland Region. It
is also in close proximity to the Barberton Centtgch is to the north. This area
is within the Northern SA Subcentre (of the chogital approach).
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Fig. 2.7. Stict consensus tree of 1 000 most pamsious tree based on
distribution ofKniphofiaspecies at the quarter degree scale. The actuls gre
not shown for each terminal as it was not posdibeisually depict them in the
above tree. Main clades are labeled A-C.
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Fig. 2.8. Map showing the distribution of main aadof stict consensus tree
based on distribution dkniphofia species at the QDG scale. Main clades are

labeled A-C (see text for details).

The PAE approach has major disadvantages as iude<l!highly localised
endemics confined to a single QDG that may notesttds grid with other nearby
endemics and/or conspecifics. These taxa are awto@phies which are not
parsimony informative and are thus excluded from #malysis. This could

potentially under estimate endemism.

K. baurii andK. linearifolia have wide distributions in SA, whilg. fluvialitis
and K. porphyranthaare also considered to be wides with a more obstti
distribution. Thus these four species are not ‘treledemics to the Iswepe-
Wakkerstroom-Vredehof area of endemism. Howewer, multiflora and K.
albescensre confined to the northern parts of SA. If ttreesconsensus tree (as

above) is not well resolved then many areas ri@mitiemics are excluded.
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Linder and Mann (1998) also found that PAE excludsglons rich in endemism.
QDGs were used as infomation units and depend esepce data only. Under
collection may result in grids being excluded fremdemic areas (Linder and
Mann, 1998). Additionally scale may be an importeattor to consider. In this
study the HDG PAE analysis did not recover any aigfaendemism. The HDG
scale may be too coarse to detect areas of endemimruse of larger areas (e.g.
whole degree grids) may reduce the noise causeddny smaller empty units

and also reduces resolution (Linder and Mann, 1998)

2.3.3.4. Areas of endemism found by mapping of eamgtricted species

Twenty-one Kniphofia species are found in ten or less QDGs and were

considered to be range restricted (Table 2.4).

Table 2.4Kniphofiaspecies occurring in ten or less QDGs.

Number of | Kniphofia species
1 K. acreae, K. crassifolia, K. leucocephala, K. flama
2 K. bruceae, K. drepanophylla, K. evansii, K.

pauciflora, K. umbrin

K. hirsuta, K. latifolia

K. coddiana

K. praecox, K. tabularis

K. brachystachya, K. breviflora, K. rigidifolia
K. albomontana, K. angustifolia, K. sarment
C K. fibrose

PO 00(NO1 D>

The mapped distribution of these range restricpeties are shown in Fig. 2.9.A.
Areas of endemism were determined from this mapaaedefined by contours

of overlapping distributions (Fig. 2.9.B.).
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Fig. 2.9. A. Map showing the outlines of distritmuti of range restricted
Kniphofia species. B. The dense black out lines show areasndémism (A-E)
which are defined by the overlapping distributiaigange restrictedniphofia
species (see text for details).
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Five areas of endemism (Fig. 2.9.B.) were detegnhimsing this method viz.:
A. Cape area of endemism (defined Ky sarmentosaand K. tabularig:
extends from Calvinia to Groenfontein in the south.
B. Albany area of endemism (defined KyfibrosaandK. bruceag: centred
in the Kei Road-Komga region.
C. Pondoland Coast area of endemism (definedKbyoddianaand K.
drepanophylly centred in the Mkambati-Kanyayo region.
D. Northern KZN area of endemism (defined KyfibrosaandK. latifolia):
distributed in the Nkandla-Bobanango region.
E. Drakensberg-Maputoland-Pondoland area of endenfdefined byK.
drepanophyllaK. hirsutg K. fibrosg K. alboomontanaK. brachystachyaK.
angustifolig K. brevifloraandK. evansi is the largest area. It extends from
the southern Free Sate into the Eastern Cape dingyparts of Lesotho) in a

southern direction, and eastwards into KZN andgastern Cape.

The Cape area of endemism is found within the (pestic and Succulent
Karoo regions of van Wyk and Smith (2001) and doetsfall into any areas of
diversity and endemism found by Linder and Mann9@)9or Thamnochortus
The Albany area of endemism falls into a very srpalt of the Albany Centre of
van Wyk and Smith (2001). The Pondoland Coast afemdemism represents a
small portion of the Pondoland Centre of van Wyld @mith (2001). The
Northern KZN area of endemism represents a veryl sirea of the Maputoland-
Pondoland Region of van Wyk and Smith (2001). Thakensberg-Maputoland-
Pondoland area of endemism covers a large parhefDrakensberg Alpine
Centre and the Maputoland-Pondoland Region of vgk &vd Smith (2001).

This approach also has disadvantages. Range tedtgpecies are considered to
be taxa within ten or less QDGs. Under collectingymesult in a taxon to be
considered range restricted. Range restricted sstatay not be due to ‘real’

absences but a result of under collection. Higblyalised range restricted taxa
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that are not sympatric in QDGs with other rangdriced species are also not
taken into account as overlapping of range restiispecies defines this method.
Eight species K. acreae K. crassifolia K. flammula K. latifolia, K.
leucocephalaK. pauciflorg K. praecoxandK. rigidifolia) with restricted ranges
do not have distributions that overlap with oth@nge restricted taxa and were
not used to define areas of endemism. Furthernaoa within ten or less QDGs
may have a wide distribution and are not a ‘traeige restricted species. In this
study,K. fibrosawhich is present in ten QDGs has a range fromheontKZN to
the Albany region. Excluding this species resuitsnly three areas of endemism
(Cape, Pondoland Coast and Drakensberg-Maputolandefand).

2.3.3.5. Comparison of areas of diversity and ensi@nin the South African
Centre

Several approaches were explored to determine afedigersity and endemism
in SA. Areas of diversity were found by plottingstlibutions of species and then
subjectively delimiting subcentres of diversity @ecblogical approach). A
numerical analysis was also done to find areaswarsity. Delimiting areas of

diversity in the SA region presented a formidaltiaellenge.

The Cape-Karoo Region was recovered as an arageskiy in both approaches
viz. Cluster A of the numerical analysis and theg&&aroo of the chorological
approach. Furthemore an outlier of Cluster B (Bljaund in the Cape-Karoo
Region.

A Northern SA area of diversity was also recovergdboth approaches. The area
delimited by the numerical approach (Cluster D) feassmaller in geographical
cover and at the extreme north when compared wighchorological approach
(Northern SA Centre). The rest of the Northern S&ntee is represented by two
sub clusters from Cluster B (B3 and B4) which aoetin of the 28S latitude.
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This is very interesting as the °ZB latitude is also the approximate southern

boundary of the Northern SA Centre (chorologicairapch).

The Extended Drakensberg Subcentre (chorologigadoagh) is represented by
Cluster C and two sub clusters of Cluster B (viz. &d B2) of the numerical
approach. Cluster B1 (excluding the Cape-Karooientlfits a Maputoland-

Pondoland Region distribution but extends intoAltgany Centre (van Wyk and
Smith, 2001) in the south. Cluster B2 fits a Dradtmrg Alpine Centre

distribution of van Wyk and Smith (2001). While Gter C (excluding the

Winterton outlier) is found in the coastal regiarfsthe Maputoland-Pondoland
Region of van Wyk and Smith (2001).

It is difficult to delimit clear cut and distincteas of diversity as there is a high
degree of overlap using the two approaches (abdve).transitional nature of
southern African grasslands, the many ecotonesaéiitddinal transgression of
Afromontane Grassland may be responsible for largmber of overlapping

Kniphofia distributions. These factors (especially in theager Afromontane and

Maputoland-Pondoland regions) may account for tieva results.

Endemism was determined by three methods. In thedpproach the subcentres
of diversity from the chorological approach werealgsed for levels of
endemism. Using this approach only the Extendedkd@rsberg Subcentre (with
54% endemism within SA) was recognised as a suteaitendemism. The
second approach using PAE recovered only one dreademism. The Iswepe-
Wakkerstroom-Vredehof area of endemism is defingdsik species i.e. 13%
endemism within SA. The third approach entailed piagp range restricted
species and using overlapping distributions tordetee areas of endemism. This
approach recovered five areas of endemism viz. peCAlbany, Pondoland
Coast, Northern KZN and a Drakensberg-MaputolanddBland area. The Cape,
Albany, Pondoland Coast and Northern KZN areas rafemism were each

defined by two endemics i.e. each has 4% endemisthinvSA. The
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Drakensberg-Maputoland-Pondoland area of endemismm defined by eight

endemics i.e. 17% endemism within SA.

The PAE approach recovered the Iswepe-Wakkerstidmdehof area of
endemism which is within the Northern SA Subcenfoé the chorlogical
approach). The mapping of range restricted approactvered a Cape area of
endemism falls in a small part of the Cape-Karodceatre found in the
chorological approach. Additionally the Albany, Botand Coast, Northern
KZN and Drakensberg-Maputoland-Pondoland areas nofemism are found
within the boundaries of the Extended Drakensbergcg&ntre recovered in the

chorological approach.

The PAE and mapping of range restricted speciesoappes did not recover
exactly the same centres but some interesting rpattere worth noting. The
Cape, Albany and Pondoland Coast areas of endearsitoo far south and with
a different suite of species for a detailed congmari with the Iswepe-
Wakkerstroom-Vredehof area of endemism i.e. onle tBrakensberg-
Maputoland-Pondoland and Northern KZN areas of emsl@ are worth

considering with the Iswepe-Wakkerstroom-Vredehehaof endemism.

The Drakensberg-Maputoland-Pondoland area of erster{obtained using the
mapping of range restricted species method) idaitgest of the three areas and
covers a large part of the Drakensberg Alpine @emtnd the Maputoland-
Pondoland Region of van Wyk and Smith (2001). Tretiern KZN area of
endemism (mapping of range restricted species rdetlepresents a very small
area of the Maputoland-Pondoland Region of van \Afy#t Smith (2001) and is
the smallest of the three areas of endemism unolesideration. The Iswepe-
Wakkerstroom-Vredehof area of endemism (PAE apprpdies outside the
extreme inland (western) boundary of the MaputolBoddoland Region and the
Barberton Centre is in close proximity to the norfthe boundaries of the
Barberton Centre have not been mapped in detail \Wgk and Smith, 2001) and

71



the possibility that the Iswepe-Wakkerstroom-Vreafehrea of endemism is
within this centre cannot be ruled out. The BamrerCentre has a strong
afromontane affinity in terms of the vegetation dlwta (van Wyk and Smith,

2001) and has been treated as part of the Drakgmtegional Mountain System
by White (1978). Floristically the Barberton Cenisepart of the Afromontane
Region and mountainous areas in the Barberton €anfty have served as
afromontane refugia (van Wyk and Smith, 2001). Tswepe-Wakkerstroom-

Vredehof area of endemism appears to reflect thisrontane affinity.

The Drakensberg-Maputoland-Pondoland area of ersmhenis defined byK.
drepanophylla K. hirsutga K. fibrosg K. albomontana K. brachystachyakK.
angustifolig K. brevifloraandK. evansii The Northern KZN area of endemism
is defined byK. fibrosa and K. latifolia. The Iswepe-Wakkerstroom-Vredehof
area is defined byK. albescensK. baurii, K. fluvialitis, K. linearifolia, K.
multiflora andK. porphyrantha Suprisingly not a single species is shared by all
three regions of endemism. OnkK. fibrosa is shared by the Drakensberg-
Maputoland-Pondoland and the Northern KZN areasnofemism. Also none of
the areas of endemism recovered by PAE and mapgdingnge-restricted taxa

show any degree of overlap. These patterns aredhdery hard to comprehend.

It is difficult to assess the above findings inradder context as no studies exist
that have defined areas of diversity endemism ie rakensberg, the
Maputoland-Pondoland  Region, the Drakensberg-MaputsPondoland
transition and northern parts of SA. Also no stadeould be found on a
particular plant group that has examined areasivarsity and endemism on a
fine scale (as above) for these particular regioDglimiting areas of diversity
and endemism foKniphofia in SA presents an arduous task as shown above.
Perhaps it may be more convenient to express afafigersity and endemism in
terms of a core area, regions of overlap and autiigions. In this scenario the

Drakensberg-Maputoland-Pondoland region will beglesed as the core area of
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diversity and endemism, with the Northern SA andpé€&Karoo regions as

outliers and the regions in between treated asmegf overlap.

2.4. Conclusions

Kniphofia has a strong Afromontane Grassland affinity inplcal and East
Africa but occasionally extends beyond the boundafythe Afromontane
vegetation. In South Africa it is found from highitades to coastal habitats but
the most speciose regions fémiphofia are Afromontane grasslands. The
compensation of latitude for altitude may largekplain this pattern in southern
Africa. It is thus not considered to be an Afroneom@ element, but rather an
Afromontane associate. Other factors such as fig dimate which influence
grassland distribution in southern Africa may ailstluence the distribution of
Kniphofia In the Drakensberg-Maputoland-Pondoland transitisoil and
geology may be more important factors to understdisttibution patterns in
Kniphofia However, this will entail a detailed study oflsand lithology that are

required for the different specieskiiphofia

Kniphofia has six centres of diversity, five of these anmeti@s of endemism. The
South African Centre is the most diverse, spedids and the largest centre of
endemism foKniphofia Delimitation of areas of diversity and endemisithim
these centres is more challenging as demonstrgtadrore detailed study of the
SA region. However, eight subcentres of diversity proposed of which only
two are considered subcentres of endemism (thenBe&tk Drakensberg and
Ethiopia subcentres) at this stage. A more comms&iie study for the entire
genus will require the loan of material from southéAfrica, African and
international herbaria to verify identificationsdalocality data. This could not be
done in this study due to time limitations. Thue tlata presented here should be
regarded as preliminary attempt to better undedstia@ biogeographical patterns

for the entire genus.
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The different approaches used to study diversity emdemism oKniphofiain
SA produced varying results. PRECIS data is knawhave a 10% error factor.
Specimen identifications and locality data were ctegcked and verified for the
PRECIS data. Hence the data and results preseatedimy have some degree
of error and may partly account for the resultsaoted. Another major issue in
these studies, especially endemism, is collectitenisity. The PRECIS data may
not include collections from smaller regional her@ahat may have a higher
localised collecting intensity and more lod&hiphofia collections. Also there
may be over collecting in accessible areas and mgpertantly under collecting
in areas that are inaccessible for which data iscalty needed. This is of
particular importance iKniphofia Although the genus has a wide distribution in
SA, endemic species frequently occurs in mountaneurain in areas that are
not well collected. The lack of appropropraite datay partly account for the
differing results.
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Chapter 3: Phylogenetic Reconstruction

3.1. Introduction

Phylogeny reconstruction using DNA sequence dataiges plant systematists
with unrivaled scope for investigating relationghignd evolutionary processes.
Since the 1980's the molecular phylogenetic apgrodas re-shaped and
revolutionised our understanding of relationshipd avolution at all taxonomic
levels in plants (Crawford, 2000; Soltis and Sol#600a; Borsclet al, 2005).
Initial molecular systematic studies focussed osoireng higher level (supra-
generic) relationships (e.g. Chasteal, 1993). However, more recently species-
level molecular phylogenies of plants have becomaremcommon in the
literature as DNA regions suitably variable at species level have been found
for various groups (e.g. van der Nettal, 2005; Archibalcet. al, 2005).

DNA sequence data can be obtained from three seumteangiosperms:
chloroplast DNA (cpDNA), nuclear DNA (nDNA) and mdhondrial DNA
(mtDNA). These sources each have advantages araitlvdistages for the
taxonomic level of study and the nature of the etrohary problem (Soltis and
Soltis, 1998). Numerous regions of the chloroplast nuclear genomes are
routinely used for phylogenetic inference in plantditochondrial DNA
sequences are also now being used more frequétibtét al, 2004; Bakkeet
al., 2005; Guo and Ge, 2005). Plant molecular sydietadave relied heavily on
the chloroplast genome. Chloroplast markers alletlséi primary source of data
for inferring phylogenies followed by the nucle#vasomal internal transcribed
spacer TS region (Shavet al, 2005).

Genomes are composed of different segments of DieAds, introns, spacers).
These regions mutate at different rates due totifmal constraints and each
region generally has a typical taxonomic rangepgfiaation. However, rates of

evolution for a specific marker may vary betweeougs (Doebleyet al, 1990;
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Bousquett al, 1992) and the range of application may varylydstm group to
group (Soltis and Soltis, 1998). Thus, the mode temdpo of DNA sequence
evolution varies for different markers.

3.1.1. The Chloroplast Genome

The chloroplast genome is circular, ranging in $iben 120-217 kilobase pairs
(Kbp) (Palmer, 1987; Dowlingt al, 1990). The chloroplast genome contains
(with few exceptions) two duplicate regions in nesee orientation, called the
inverted repeats (IR). The inverted repeats ramge f12-25 Kbp in length, is
structurally conserved and accounts for lengthatem between different groups
(Kim and Lee, 2005). The occurence of insertionsdetetions (indels) of
nucleotides which results in length mutations acenmon in cpDNA. The
majority of these length mutations are extremelprst{1-10 bp) and occur
mostly in non-coding regions (Palmer, 1987). The tR regions separate the
remainder of the molecule into the large singleyc@BC) and the small single
copy (SSC) regions (Kim and Lee, 2005).

The chloroplast genome shows a high degree of cemisen in size, structure,
gene content and linear order of genes (PalmefZ;198wnie and Palmer, 1992;
Kim and Lee, 2005). Despite the general assumpkiahthe chloroplast genome
is conservative, some studies have shown thabitgosition is not static. It can
lose segments over time by gene deletion and intams. For example
McPhersonet al. (2004) have found that an intron from therfs12 locus is
absent in all Asphodelaceae examined (includikgiphofidd and some
representatives of the closely related Hemeroealéde. This loss can be treated
as a marker supporting the monophyly for Asphodslac and these

Hemerocallidaceae representatives.

The abundance of cpDNA in leaf cells, its abilitylde isolated easily, its small

size and the highly conserved mode of cpDNA evotuthave made cpDNA
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useful for systematic comparisons (Palmer, 198fg fEchnical ease of working
with cpDNA is another advantage and many molecpitgtogenies for plants are
still based solely on chloroplast markers (e.g.e8clet al, 2004). Consequently,
this has created a bias towards the use of cpDNAdlkecular systematic studies
(Harrison, 1991; Morton, 2000). The extensive usthe chloroplast genome has
led to the construction of many primers for botldiog and non-coding regions
of this genome (e.g. Taberlet al, 1991; Sangt al, 1997; Shawvet al., 2005),

which has greatly facilitated phylogenetic studies.

The chloroplast genome evolves slowly at the nuideosequence level and
generally evolves more slowly than nuclear DNA.slime cases the rates of
substitution are so slow that data from multiplgisaes have to be combined to
gain phylogenetic insights at lower levels (Goldidd al, 2002; Butterworth and
Wallace, 2004; Barfusst al, 2005; Shavet al, 2005).

Different parts of the chloroplast genome evolvditierent rates (Palmer, 1987).
As a result, a wide range of possibilities exist flesolving relationships using
data from the chloroplast genome, from the levespdcies to family, and even
higher levels (Soltis and Soltis, 1998). The covative nature of the chloroplast
genome limits applicability, potentially excludingfudies of closely related
species and intra-specific populations. Howeveryvesd studies have
successfully used cpDNA variation to examine pojatelevel relationships and
evolutionary processes within species (e.g. Satin2002; Huanget al, 2002;
Honjoet al, 2004; Zhanget al, 2005).

The genetic data present in cpDNA is of great @gerin phylogeny and
population genetics mainly because of the non-merdenode of inheritance of
the genome. Chloroplasts are usually maternallyentdd in angiosperms
(Palmer, 1987; Harris and Ingram, 1991; Korpelajn@004). Uniparental
transmission of cpDNA provides information unavhiéa from the nuclear

genome, which is bi-parentally inherited.
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Hybridisation is an important phenomenon in angiosp evolution and
speciation (Vriesendorp and Bakker, 2005). Hybatian has played a vital role
in the evolution of many plant lineages throughtheir histories (Church and
Taylor, 2005; Okuyamaet al, 2005) and it is becoming more apparent that
reticulate evolution is more frequent than previpukought (Ainoucheet al,
2003). As the chloroplast genome is uniparentatigerited and haploid, it
reveals only half the parentage in angiosperméyhfridisation is followed by
introgression and subsequent fixation of alien cpDRkhen the phylogeny will
resolve the maternal lineage (Small al., 2004). A central assumption in
phylogenetics is that terminal taxa are the prodfidtifurcating lineage splitting
events, rather than the products of reticulatidme Tiniparental, usually maternal
inheritance of the chloroplast genome is bifuraatiather than reticulate. The
chloroplast genome is also haploid with no intrdihndual allelic variation
(Smallet al.,2004).

If chloroplast capture (the movement of a chlorepgenome from one species to
another by introgression) is undetected it willsbylogenetic estimates. It can
lead to erroneous phylogenetic conclusions, as omdy maternal lineage is
reconstructed (Rieseberg and Soltis, 1991; Crehnal, 2002), but when
recognised it can be very informative about evohary processes (Soltis and
Soltis, 1998). At higher taxonomic levels, wherebtigisation is unlikely,
organellar and nuclear phylogenies should be calacdr(Palmer, 1987). Thus,
any conclusions drawn from cpDNA phylogenies hawebé preliminary and

tentative until they are compared with nuclear d@@nnet al, 2002).

3.1.1.1. Non-coding regions in the chloroplast geeo

In general non-coding DNA regions [introns and igenic spacerdGS)] have

been viewed as more variable than coding regiors tdufewer functional

constraints (Taberledt al, 1991; Gielly and Taberlet, 1994). Non-codingioag

78



tend to evolve more rapidly than coding regionsth®yaccumulation of indels at
a rate equal to that for nucleotide substitutiod have become very useful below
the family level (Gielly and Taberlet, 1994). Gjekind Taberlet (1994) found
that non-coding cpDNAt{nL-F region) evolved faster than coding cpDNA
(rbcL). Studies of coding and non-coding regions shoat the variable sites in
rbcL change faster than those of the non-coding-trnF region, however, the
trnL-trnF region has more variable sites thabocL (Chaseet al, 2000;
Richardsoret al., 2000). Reevest al (2001) found that protein coding regions
(rbcL andrps4) had fewer variable sites overall but those presbanged more
frequently than the more numerous variable siteshentrnL-F region. These
results may be explained by non-coding regionsgeonstrained by their own

secondary structures (Asmussen and Chase, 2001).

However, in some cases non-coding regions do ne¢ eaough variation and
have to be combined with coding regions to prowdsired resolution (Goldblatt
et al, 2002; Butterworth and Wallace, 2004; Barfassal, 2005). Also Sauquet
et al. (2003) reported that codingdhF and matK regions were as or more
variable than non-coding regions in Magnoliales Bhydisticaceae. Third codon
positions in coding regions likdacL have been shown to be under less functional
constraint as they change more often than first s@econd codon positions
(Kellog and Juliano, 1998).

Despite all the research on non-coding cpDNA evaiutwe still know very little
(Bremer et al., 2002). Non-coding cpDNA regions have been thoughbe
unsuitable for resolving deep level phylogeniesabse of high mutational and
evolutionary rates (Nickrerdt al, 2004). The fast rate of evolution has lead to
the notion that most of the sites in non-coding DN/ be saturated when used
at higher levels in phylogenetic reconstruction rié@h et al, 2003). However,
Bremeret al. (2002) have shown that non-coding regions are dlm®good as

coding regions in higher ranks of the asterids.sBloet al. (2003) demonstrated
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that a large number of variable sites change ongbean non-coding regions and
these regions could be used at higher levels terifdfasal angiosperm
relationships. Non-coding DNA can have secondamyctires, regulating regions
and different functions that constrain DNA. It cmts of independently and
randomly evolving parts as well as constrained spgBremeret al., 2002).

Knowledge of these features could optimise phyletjerreconstruction.

Choosing an appropriate non-coding region for diqdar taxonomic level is
essential for maximising its utility as a phylogga¢ool (Kelchner, 2000). Shaw
et al. (2005) compared relative rates of evolution amowg-coding regions
between broad taxonomic groups. The phylogenetigyubf different non-
coding cpDNA regions within a group can vary trea@umsly (Shawet al,
2005). In some plant groups that have undergonente@diation it may be
difficult to generate sufficient phylogenetic si¢ame to the relatively slow rate
at which mutations accumulate, even for rapidly@gng non-coding regions
(Smallet al, 1998).

In non-coding cpDNA microstructural changes of fdarsix nucleotides are
frequent (Kelchner, 2000; Borsckt al, 2003). Many of these are simple
sequence repeats (SSR). In some positions thesgehaan occur repeatedly,
completely or partly. These require attention imlotbgy assessment (Borseh
al., 2005). Slipped-stranded mispairing, stem-loopgordary structures and
mutational triggers should be recognised. Kim ard (2005) have reported the
widespread presence of many small inversions iraoaling regions of cpDNA
of many land plants. These should also be recodnise phylogenetic
reconstruction (Kim and Lee, 2005). Presently, pbghetic approaches do not
routinely take these factors into account even ghothese phenomena could
enhance the phylogenetic utility and accuracy ofh-ooding cpDNA data
(Kelchner, 2000).

80



Despite these drawbacks, Shatval (2005) found that since 1995 studies using
non-coding cpDNA are increasing every year, with tontinued reliance on a
few selective regions. Most of these studies hampl@yed some portion of the
trnL-F region or thetrnK-matK region despite these markers having fewer
potentially informative characters than other opgioVery few investigators are
using other non-coding cpDNA regions from the nuwoer possibilities that
exist. Shawet al. (2005) attributes this trend to the lack of knadge of the

relative evolutionary rates of different non-codocgpPNA regions.

3.1.2. The Nuclear Genome

Plants have nuclear genomes that are complex. daémme has extensive
structural variation in size, chromosome numbemliper and arrangement of
genes and number of genome copies per nucleusofigetind Bennetzen, 2004).
Nuclear DNA other than ribosomal DNA (rDNA) existsther as high copy
repetitive DNA or low to moderate copy DNA elemeniistinguishing
sequences related by descent (orthologues) fronassine pool of related but
non-orthologous sequences is challenging. Low copiNA typically evolves
independently of paralogous sequences and tenel stable in position and copy
number facilitating identification and isolation ofthologous sequences (Small
et al.,2004).

In land plants rRNA genes are organised into tvabirtit tandem arrays. One is
composed of 5S rRNA genes and intergenic spacetanglem arrays at one or
more chromosomal loci. The second is the 18S-5@SfPDNA cistron (Smalét
al., 2004). This marker is by far the most frequenilsed nuclear marker
(Alvarez and Wendel, 2003; Smadt al 2004). Recently more studies are
beginning to use low copy nuclear genes becauieegiroblems and limitations
imposed by cpDNA and nDNA (Mort and Crawford, 20@&mall et al, 2004).
Low copy nuclear genes are limitless and genemlylve faster than cpDNA

andITS sequences (Smadit al, 1998; Cronret al, 2002). Faster evolutionary
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rates result in greater reward for sequencing effermore variation is found per
unit sequence than in organellar genes. In numestugies low copy nuclear
genes have proven to be more useful than chloropltadorITS sequence data
(Baumel,et al.2002; Ingram and Doyle, 2003; Lewéhal, 2005).

Nuclear genes also provide numerous independemtkexl loci for comparative
phylogenetic inference with cpDNA markers. The combon of maternally
inherited cytoplasmic markers with biparentally ented nuclear markers
provides a more precise and accurate determinafiparentage (Ainouchet al,
2003). This can assist with inference of hybrid@atintrogression and lineage
sorting (Doyleet al, 2003; Smalet al, 2004).

However, even at this early stage of usage, sevVienghtions of nDNA have
been noted (see Smadit al, 2004 for review). These included complex
architecture and dynamics. Genes have a tendenexist as a family, which

leads to difficulty in identifying and isolatingtbologous genes.

Plants hybridise and undergo polyploidy procesbes are frequent modes of
evolution in plants (Baumegt al. 2002, Ainoucheet al, 2003, Soltist al. 2003;
Doyle et al. 2003). It is well known that hybridisation can uksn polyploidy.
Polyploidy is common in plants with estimates raggifrom 30-80% of
angiosperms being polyploid (Hegarty and Hiscod03). Polyploidisation can
have major effects on genome structure and func¢tattis et al, 2003; Adams
and Wendel, 2005). It can also have major effentshe evolution and ecology
of taxa involved (Solti®t al, 2003). The results from nuclear markers may be
more complex than those of chloroplast markersases of polyploidy because
nuclear markers can reflect multiple donors to lggloid taxon (Mason-Gramer,
2004). The complex architecture and dynamics ofrthelear genome coupled
with factors such as hybridisation and polyploiduld make identification and

isolation of orthologous genes difficult.
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Other issues (that to varying degrees may be congealiby hybridisation and/or
polyploidy) include concerted evolution, paralog@esjuences and the presence
of intra-specific, intra-populational and intra-imdual variation
(heterozygosity). Moverover, the target nDNA ocduarselatively low quantities,

consequently the amplification of single-copy gec&s be problematic.

3.1.3. Regions of DNA employed in this study

It is often necessary to use multiple independexta cets to gain insights on
phylogenetic relationships (Cronet al, 2002). Independent sources of data
improve the tracking of species rather than gengogkenies. This approach
allows for phylogenies generated from independait& dources to be compared
and to test for congruency. Comparing phylogenidsveer taxonomic levels can
be invaluable to explain evolutionary processes ¢hanot be achieved by either
genome alone (Baumet al, 2002; Cronret al, 2002; Doyleet al. 2003; Ingram
and Doyle, 2003). DNA sequence data from both thieroplast and nuclear
genome were utilised for this study. It was alscessary to ensure that gene

regions sampled had adequate variation, to prouhficemative phylogenies.

Choosing an appropriate marker for molecular phgtagics is of fundamental
importance (Knoop, 2005)A priori selection of appropriate markers for
phylogenetic studies is often difficult (Gielly afichberlet, 1994; Pelsat al,
2003, Knoop, 2005). There is a paucity of informaton the relative tempo of
evolution among different regions (Shat al, 2005) and the phylogenetic
resolution of different markers is highly dependem the taxonomic group
(Nickrent et al, 2004). Furthermore, it is difficult to predictom character
variability or sequence divergence what or how mselquence data will be
adequate for any given phylogenetic problem (B@@4) as variability alone
does not always constitute phylogenetic usefulnéss. the purposes of this

study, four non-coding chloroplast regiortsnT-L spacer,trnL intron, rps16
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intron andpsbA-trnH spacer) and one nuclear regidilS) were screened for

phylogenetic usefulness.

3.1.3.1. TharnT-trnF (trnT-F) region

Among the first non-coding regions to be exploifed lower level systematic
studies was th&nT-F region. ThetrnT-F region is located in the large single
copy region of the cp genome, about eight Kbp doreasn fromrbclL. Three
highly conserved transfer RNA (tRNA) genes are tbumthis region: threonine
(UGU), leucine (UAA) and phenylalanine (GAA). Thegenes are separated by
intergenic spacers of several hundred base paatsefletet al, 1991). The entire
trnT-F region is composed of seven units (Tabetedl, 1991):

0] a small portion of the 3’ end of the threonine (UGjgne

(i) thetrnT-L intergenic spacet©S)

(i)  the 5’ exon ofrnL

(iv)  thetrnL intron

(v) the 3’ exon ofrnL

(viy  thetrnL-F IGS

(vii) asmall portion of the phenylalanine (GAA) gene

The primers designed by Tabertal. (1991) were situated in conserved regions
and demonstrated amplification in diverse land fslaanging from mosses (e.qg.
Stech, 2004) to angiosperms. The non-coding partewa thernL intron, as well

as two intergenic spacers betwee T -L andtrnL-F.

ThetrnL intron andirnL-F spacer have become the most popular and widety use
non-coding cpDNA markers in plant systematics (Stedval, 2005; Kim and
Lee, 2005). Initial comparisons suggest that thegéons evolve at rates similar
to rbcL, but can evolve at rates up to three times fabtanrbcL, depending on
the study group (Soltis and Soltis, 1998).
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Bakker et al. (2000) found that nucleotide substitutions in tineL intron
accumulated in a more uniform pattern than tiim&-F spacer in angiosperms,
suggesting differing functional constraints betwdba two regions. ThérnL
intron showed sequence conservation in the redlanking thetrnL exons while
the central part was variable. Bakletral. (2000) assumed that since tinelL-F
spacer had no secondary structural elementstrheintron andtrnL-F spacer
where probably co-transcribed. Bakletral. (2000) concluded that in thenL-F
region there was neutrality in substitutions itee trnL intron andtrnL-F spacer
evolve neutrally. The spacers of tneT-F region are not required for processing
of tRNA and thetrnL gene maintains secondary structure and sequeaceels
critical for self-splicing from precursor RNAs. Nwomoter elements were found
in thetrnT-L andtrnL-F spacer regions in Gnetales (Won and Renner, 2008).
absence of conserved promoter elements for tRNAegidrom these spacer
regions suggests that these spacers are not uodetiohal constraint. This
contradicts Bakkeet al. (2000) suggestions that thenlL-F spacer (but not the
trnT-L spacer) is under differing functional constramton and Renner (2005)
suggested that the absence of promoter elementeagsof the genes relieves
the spacers from functional constraint that woutteovise be necessary if
promoters were present. Release from the tRNA ptiogrprocessing
mechanism may explain why the spacers are lesepo@tswith many indels and
point mutations (Won and Renner, 2005). No studiethis nature were found

for angiosperms where a similar scenario may apply.

Usually these regions are used in studies of glosshted species or genera.
However, Bremeet al. (2002) and Borsclet al. (2003) demonstrated that the
trnT-F region could infer relationships at higher levétayet al. (2000) used a
combined analysis of four plastid regiombal, atpB, trnL intron andtrnL-trnF
spacer) to resolve relationships in the Order Ampales. Renner and
Chanderbali (2000) used thenT-L region in a combined approach to resolve

relationships in Hernandiaceae, Lauraceae and Maoeae (Order Laurales).
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Sauquetet al. (2003) examined relationships in Magnoliales usmgltiple
cpDNA regions including thenT-F region.

This region has also been found to be informativine family level. Bayer and
Starr (1998) used th&nL intron and thetrnL-F intergenic spacer to resolve
relationships among tribes of Asteraceae. Bageral. (2000) usedtrnL-F
sequences to reconstruct the phylogenetic reldtipas in Gnaphalieae
(Asteraceae). Chaseet al. (2000) investigated generic relationships in
Asphodelaceae using chloroplast DNAdL and trnL-trnF) sequence data.
These authors found th&hL-F region only marginally out-performetcL. In a
comparative study of coding and non-coding regionpalms, Asmussen and
Chase (2001) found thatnL-F sequences were almost as useful asrplé6
intron sequences in phylogenetic inferences. Thidysfocussed on subfamilial

and tribal delimitations in Arecaceae.

The presence of many small inversions appears ta t@mmon feature of the
trnT-F region, which may account for a large number ojuseice differences. A
single inversion (i.e. a single evolutionary evemyy be interpreted as many
point mutations. This could lead to erroneous pigfeetic reconstruction (Kim
and Lee, 2005). Indels, which are characteristioari-coding regions, are also
common in this region (Bakkest al, 2000; Borschet al, 2003). These are
derived from either deletion or duplication of amjat sequences or occur in non-
repetitive regions of the spacer (Goldenbetal, 1993). Borsctet al. (2003)
examined numerous basal angiosperm families anddidt assess the primary
homology of indels. Thereafter substitutions indlsdand overlapping indels

were treated.

3.1.3.1.1. ThernT-L spacer

The trnT-L spacer is not as frequently used astthe-F regions (Perre¢t al,
2003; Shawet al, 2005), although it is the most variable of theee markers
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(Smallet al, 1998, Neve®t al, 2005), with thernL-F spacer generally more
variable than thérnL intron (e.g. Bayer and Starr, 1998; Bagéeal, 2000). The
trnT-L spacer varies in plants from c. 400 to 1 500 bpe Unpopularity of the
trnT-L spacer is due to difficulties associated with afigaltion. It also
frequently has large AT rich regions that may bi#iadilt to align (Shawet al,
2005).

Despite the limited application of tienT-L spacer, it was found to be variable in
Kniphofia and is thus reviewed in detail here. In many stsidhis spacer has
been used in combination with sequences from otbeDNA regions
(particularly adjacentrnL-F sequences) to infer phylogenetic relationships at
various levels. The high variability of the spahas resulted in the application of
this region to inferring relationships at the specand genus level. However, it
has been used at higher levels in several combmedtistudies (Bremeet al,
2002; Borschet al; 2003; Fayet al, 2000; Renner and Chanderbali, 2000;
Sauquett al, 2003).

ThetrnT-L spacer has also proven useful at various infrakf@nevels (generic,
tribal and subtribal limits) in Apocynaceae (Lie@801; Liede and Tauber, 2002;
Liede et al, 2002; Liede and Kunze, 2002; Meve and Liede 4200/eve and
Liede, 2004b; Liede-Schumae al, 2005), Cactaceae (Applequist and Wallace,
2002), Cyperaceae (Roalsen al, 2001), Atherospermataceae (Renaeml,
2000), Gesneriaceae (Peredtal, 2003); Rubiaceae (Razafimandimbison and
Bremer, 2002; Lantz and Bremer, 2004; Alejanétoal, 2005; Lantz and
Bremer, 2005) and Scrophulariaceae (Kornall anarigre 2004).

It has been used in many species level studieaitoigsights into phylogenetic

relationships at the species level. Some of thesewammarised in Table 3.1.

It has also proven in some instances to be variablmtra-specific level e.g.

Cyclobalanopsis glaucfFagaceae, Huangt al. (2002)], Phragmites australis
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[Poaceae, Saltonstall (2002)] aRdimula sieboldii[Primulaceae, Honjet al.
(2004)]. Mason-Gamer (2004) used the&T-F region (along with other markers)
to examine the evolutionary history Blymus repengPoaceae). Zhanet al.
(2005) found thetrnT-F region useful in inferring the phylogeography of

Juniperus przewalsk{iCupressaceae).

Nickrentet al. (2004) could not obtain sequencedriml-F regions (regions not
specified) for many taxa irArceuthobium This problem was attributed to
sequence divergence at the primer binding sitesechby either substitutional
mutations or deletions. Thus, these workers havestquned the universal

applicability of the primers of Taberlet al.(1991).
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Table 3.1. Examples of phylogenetic studies thaehailised thernT-L spacer at the species level.

Study Genus Makers used Comments
studied
Bohle et al.| Echium ITS trnT-L, trnL, trnL- | ITS most divergentirnT-F treated as a single unit, combined analysis useihfts
(1996) F relationships
Small et al. | Gossypium Seven cpDNA markersAdh most informative, only two cpDNA markersr(T-L & rpl16) with informative
(1998) & Adh characters
Fukuda et al.| Lycium matK, trnT-L, trnL, | trnL-F most informative, butrnT-L evolving more rapidly, combined analysis used
(2001) trnL-F infer relationships
Mummenhoff et | Lepidium trnT-L, trnL, trnL-F trnT-L most informative
al. (2001)
Baumel et al.| Spartina ITS trnT-L, waxy waxymost informativetrnT-L least informative
(2002)
Mast and| Banksia & | trT-L, trnL, trnL-F, | Not all data for markers given btinT-L appears to be one of the more informat
Givnish (2002) | Dryandra rpsl16 psbA-trnH markers
Yang et al|Brassica & |tnT-L, trnL, trnL-F, | trnD-T most informative
(2002) Raphanus trD-T
Patterson  ang Calochortus | trnT-L, trnL, trnL-F, | Data for markers not given, combined analysis tisadfer relationships

Givnish (2003)

rpl16, psbA-trnH
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Table 3.1. continued

dent

Study Genus Makers used Comments
studied

Valcarcel et al.| Hedera ITS trnT-L ITS more informative, butrnT-L with enough resolution to serve as an indepen
(2003) source to infer ancestry
Bohs (2004) Solanum ITS trnT-L, trnL, trnL- | trnT-L with greatest resolving power

F
Gravendeel et| Pleione ITS trnT-L, trnL, trnL- | ITSmost informativeirnT-F morevariable thammatK trnT-F treated as a single unit
al. (2004) F, matK
Nickrent et al.| Arceuthobium| ITS trnT-L, trnL, trnL- | ITSmost informativetrnT-F treated as a single unit
(2004) F
Mast et al.| Dodecatheon | matK rpll6, rpsl6 | matKmost informative, combined analysis used to inédatronships
(2004) & Primula trnT-L, trnL, trnL-F
Levin et al. | Solanum ITS trnT-L, trnL, trnL- | waxymost informativetirnT-F treated as a single unit
(2005) F, waxy
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ThetrnT-L spacer can be problematic in terms of amplificagspecially the 5’
end (Lantz and Bremer, 2004). Renner and Chand€@t#0) found that the 5’
end is highly variable and had to be excluded bszaof ambiguity and
alignment problems. It appears that this regiopédemlly the 5" end ofrnT-L
spacer, viz. the priming site for Taberlet's primat is problematic in many
different plant groups (Shaet al, 2005). Cronret al. (2002) found it necessary
to design a new primer. In several studies intepniahers had to be designed to
amplify and sequence this region (Razafimandimbisod Bremer, 2002;
Fukudaet al, 2001; Valcéarcett al, 2003).

The region is prone to large AT rich hotspots (Semtgt al. 2003; Perreet al,
2003; Mast and Givnish, 2002; Mummenheffal, 2001), poly-T regions (Perret
et al, 2003) and poly-A chains (Liedet al, 2002; Liede and Tauber, 2002).
Stech (2004) found small indels of 1-4 bp withie tmT-L spacer. These short
indels were mostly simple sequence repeats (A, A,, W, AT, ATTT) situated

in poly A/poly T stretches. Borsat al. (2003) showed that high length sequence
variability is confined to mutational hotspots mettrnT-F region, which were
common. Most other microstructural changes preserhe intergenic spacers

were simple repeat motifs (4-6 bp).

These nucleotide repeats result in indels of dubibomology, length variation
and ambiguous alignments. These segments haveftedaently excluded from

analyses (Sauquet al, 2003; Perreet al, 2003; Liedeet al, 2002; Liede and

Téuber, 2002; Liede and Kunze, 2002; Mummentedffal, 2001; Mast and

Givnish, 2002). Frequent large indel events caultrés loss of data and possibly
increase noise (Neves al, 2005). Mast and Givnish (2002) and Mummenlabff

al. (2001) have also reported that poly-AT tracks eassquencing problems.
These factors impact negatively on theT-L spacer’s potential in phylogenetic
reconstruction.
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These regions of simple repetitive DNA (A, T, ATleamost likely the result of
slipped-strand mispairing (Levinson and Gutman,7)98alcéarcelet al. (2003)

examined the sequence substitution and the segorstiarcture of thernT-L

foldings in Hedera (Araliaceae). Loops, stem-loops and nucleotide dasna
failed to reveal any hot spots for mutation or rioteal triggers. These workers
dismissed slipped-strand mispairing or intra-mol@cwecombination as factors
accounting for these sequence repeats and conchhd¢dsecondary structure
formation does not appear to significantly afféet evolution of this non-coding

chloroplast spacer and that the indels were notwipaisious in nature.

Few studies have shown the limited use oftth&-L spacer. Nevest al (2005)
found that although th&nT-L spacer was the most variable of the non-coding

regions in their studytnT-F), but most of the variation was autoapomorphic.

Nickrent et al. (2004) have reported that a single speci@scguthobium
douglasi) has a large deletion in thenT-L spacer, which spanned into ttnaL
intron. This species lacked thelL 5 exon but retained the 3’ exon, which was

considered to be a ‘pseudogene’.

3.1.3.1.2. ThernL Intron

This is a Group | intron and ranges from c. 25 #00 bp in plants (Shaet al,
2005). ThetrnL intron shows sequence conservation in the redian&ing the
trnL exons while the central part is variable (Bak&eal, 2000). Bakkeet al.
(2000) found that nucleotide substitutions in th&. intron accumulated in a

more uniform pattern than thelL-F spacer in angiosperms.

The trnL intron contains several highly conserved motifGinetales (Won and
Renner, 2005). The conservative nature of thisomtis attritubuted to the
maintenance of secondary structure and sequenoecels of thetrnL gene

which are critical for self-splicing from precursBNAs (Simonet al, 2003).
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The trnL intron is the oldest intron transmitted from cybacteria to the
chloroplast. Its conserved nature and high AT aumteay explain why it evolves
more slowly than other non-coding chloroplast segae (Yanget al, 2002).
Yanget al. (2002) found the rate of nucleotide substitutiorthetrnL intron was
less than the surrounding spacers. This was prddyntue to the greater
functional constraints imposed on the intron. Bbrstal. (2003) found that the
trnL intron was less variable than the surrounding eyzadue to the fewer length
mutational changes in the intron. Length conseovatf the intron may also
relate to the role of the intron in splicing durimgRNA processing. It also
appears that theenL intron and theérnL-F spacer evolve in concert. This may be
because the tRNA genes of the intron and spacetramscribed in the same

direction (Borsclet al, 2003 and references therein).

Sequences of thignL intron are usually co-amplified with thenL-F spacer
(Shawet al, 2005) and together these two regions have betoenmost popular
and widely used non-coding cpDNA markers (Shetval, 2005; Kim and Lee,
2005). ThernL-F spacer is usually shorter than the intron ranffiog less than
100 to 500 bp (Shavet al, 2005). The number of parsimony informative
characters in th&nL-F spacer is usually greater than theL intron, despite the
intron being usually larger (Shaat al, 2005).

In numerous studies thelL intron has been used to complement, support and/or
enhance the phylogenetic signal and potential ®frtiL-F spacer (e.g. Udovicic
and Ladiges, 2000; Reevesal, 2001; Mortoret al, 2003; Scheert al, 2004;
Mols et al, 2004; van der Niegt al, 2005). In some studies thaL intron has
closely equalled or marginally out-performed thenL-F spacer (e.g.
Mummenhoffet al, 2001; Bellstedét al.,2001; Razafimandimbson and Bremer,
2002; Oberlandeet al, 2004; van den Bergt al, 2005). This is due partly to

greater length of the intron in these studies.
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Based on these findings, thL intron was used in this study to determine if it
would support and/or enhance the phylogenetic sigh#he trnT-L spacer. In
addition the amplification approach (see Materaisl Methods) resulted in co-
amplified PCR products for both the&nT-L spacer andtrnL intron, thus

facilitating sequencing.

3.1.3.2. ThepsbA-trnHintergenic spacer

Sanget al (1997) were the first to use this region in plgdoetic studies in
Paeonia(Paeoniaceae). It is a short region found betweenhighly conserved
genes and is therefore, easily amplified. This epaegion lies in the inverted
repeat region of the cp genome adjacent tdrtit€ gene. The two flanking genes
are thepsbAandtrnH gene (Chandlegt al, 2001). Sangt al (1997) found that
the psbA-trnH sequences evolved slightly less rapidly tha8 sequences, but
over three times faster than thwtK coding region. HowevematK sequences

served as a better phylogenetic marker from thgecpme.

Although this region has a very high percentageanfable characters (Hamilton
et al, 2003), it is usually coupled with other markessit is too short and may
not provide enough characters to build a well-nesiphylogeny (Shawt al,
2005). Shawet al. (2005) found the average length to be 465 bp andes from
198 to 1 077 bp. Although this spacer was the stamwost variable, it is

relatively short and provides few overall charas{@&hawet al, 2005).

The region has proven to be useful in combined Gguires at the species level
(Udovicic and Ladiges, 2000; Chandlet al, 2001; Mast and Givnish, 2002;
Patterson and Givnish, 2003; Schesnal, 2004; Butterworth and Wallace,
2004; Yamashireet al, 2004). It has also been used with other markerthe
infra-specific level (Holderegger and Abbott, 206Rnjo et al. 2004; McKinnon
et al, 2004; Howiset al, in prep.).
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In some studies at higher taxonomic levels largartspof the spacer were
difficult to align and were excluded from analyg&enner, 1999; Renner and
Chanderbali, 2000; Soltet al, 2001). Schénenberger and Conti (2003) and Klak
et al. (2003a) found this region to be of limited useitidh screening of this
region inKniphofiafound little sequence divergence and the optioaxpioring

this marker was not pursued further.

3.1.3.3. Thepsl6intron

The plastid ribosomal protein 16 small suburpis(§ gene has a group Il intron
that was first used by Oxelma al. (1997) to construct relationships in the tribe
Sileneae (Caryophyllaceae). The intron averages [§#én length and ranges
from 784 to 946 bp (Shaet al, 2005). Schénenberger and Conti (2003) found
thatrpsl6was one of the more informative markers for Pece@a, Oliniaceae,
Rhynchocalyaceae and Alzateaceae. It has proviea tseful at the generic level
(Asmusseret al, 2000; Asmussen and Chase, 2001; Moetbal, 2003).

This region cannot be used in certain groups asrall portion of theps16gene
is absent in some angiosperm families (Dogteal, 1995). Therps16 intron
often does not provide enough characters to regehationships below generic
levels (e.g. Ingram and Doyle, 2003; Wanntetpal, 2001; Goldblattet al,
2002; Muellneret al, 2005). Initial screening of this region Kniphofia found
little sequence divergence and the option of expdprthis marker was not

pursued further.

3.1.3.4. Nuclear DNA: the 18S-5.8S-26S rDNA cistron

This region is part of a transcription unit of nDNAhe spacer sectors are not
incorporated into mature ribosomd3$S 1andITS 2 of the nDNA transcript

appear to function at least in part of the mataratf nRNAs (Baldwinet al,

1995). This region was used to obtain a data skipendent from the cpDNA
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markers inKniphofia therefore, the use of this spacer in phylogersdtidies is

reviewed.

The wide phylogenetic use of the 18S-5.8S-26S rDdgtron is due to its
structure and molecular evolution (Baldwen al., 1995; Alvarez and Wendel,
2003). It is structured in tandem arrays at onenore chromosomal loci. The
basic structure of a transcribed single repeat ahitDNA is as follows: an
external transcribed spaceéETg; the 18S gene; an internal transcribed spacer
(ITS 2; the5.8 Sgene; a second internal transcribed spdd& D; the26Sgene
and an intergenic spacdGg). Each unit is repeated thousands of times in most
plant genomes and separated from the next byl@® The tandem repeat

structure and high copy number faciliates amplifaraand sequencing.

Other factors that make this region popular andaathgeous according to
Alvarez and Wendel (2003) are biparental inheriéqmmiversality of primers for
amplification, intragenomic uniformity, intergenamivariability and low

functional constraints.

3.1.3.4.1. Use difTSsequence daia lower level plant systematics studies

Preliminary studies indicated th&TS was conservative in length with high
sequence variability, suggesting that the spacensidvbe easily alignable and
variable enough to address lower level (variousifamilial levels) phylogenetic
issues (Balwiret al, 1995). Thel8Sand26Sgenes are highly conserved and
useful for higher taxonomic levels (family and abpvof phylogeny
reconstruction. The more rapidly evolving segmefitS.1 andITS2 (commonly
called thelTSregion along with th&.8Sgene) is the most utilised nuclear region
for phylogenetic inference at lower levels (genusl @elow) (Alvarez and
Wendel, 2003; Smalkt al, 2004). In many studie§TS has out-performed

cpDNA markers (e.g. Razafimandimbison and Brem&022 Verboomet al.,
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2003; Nickrentet al, 2004; van der Niett al, 2005; Muellneret al, 2005; van
den Berget al, 2005; Cheret al, 2005).

The ITSregion has proven useful at various infra-familalels (generic, tribal
and subtribal limits): Agavaceae (Bogler and Sinmpsd996), Rubiaceae
(Razafimandimbison and Bremer, 2002; Lantz and Brem2004) and
Saxifragaceae (Soltet al, 2001).

The ITS region has also proven useful in many specied lstvelies, a few of
which are summarised in Table 3.2. It has also gmow some instances to be

variable at infra-specific level (e.g. McKinneh al, 2004; Barkeet al, 2005).

3.1.3.4.2. Problems with tH&Sregion

While thelTS region has contributed much to the field of plphylogenetics,
there are some major disadvantages (Alvarez anddé/e@003; Smalkt al
2004; Mort and Crawford, 2004) which will be briefieviewed below.

A fundamental pre-requisite and frequent assumgorhistorical inference is
that the genes compared are orthologous as oppospdralogous. Genes are
considered orthologous if their relationships or&ged from organismal
cladogenesis. This a misleading view as diploidividdals can contain two
different orthologues. Their history may reflecteligence events among species.
However, if there has been a history of gene/semeatuplication then the
duplicated sequences are considered paralogous Yaralogous sequences are
included in phylogenetic reconstruction the resgltphylogeny will confound
divergence events by tracking the history of dwgilan. Incorrect assessment of
orthology and paralogy leads to phylogenetic incoagce. This is also the
consequence if sampling includes a mixture of dofpous and paralogous
sequences (Alvarez and Wendel, 2003).
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Table 3.2. Examples of phylogenetic studies thaehadilised thd TSregion at the species level.

Study Genus studied| Makers used Comments
Adamset al. (2000) Aloe ITSonly Limited sampling, no other study for compgan
Baumelet al. (2002) Spartina ITS trnT-L, waxy | waxy most informative, followed byITS trnT-L least
informative
Samuekt al. (2003) Hypochaeris | ITS, triL, trnL-F, | ITSmost informative
matK
Verboomet al (2003) Ehrharta ITS, trnL-F ITSmore informative thatrnL-F
Barkeret al. (2004) Leucadendron| ITSonly No other marker for comparison
Gravendeeét al. (2004) | Pleione ITS, trnT-L, trnL, | ITSmost informative

trnL-F, matK

Nickrentet al. (2004)

Arceuthobium

ITS trnT-L, trnL,
trnL-F

ITSmost informative

Muellneret al (2005)

Aglaia

ITS rpll6

ITSmore informative

van der Nietet al (2005)

Satyrium

ITS matK, trnl
trnL-F

ITS most informative

Archibaldet al. (2005)

Zaluzianskya

ITS rpll6, trnL,
trnL-F

ITSmost informative
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Nuclear genes have the ability to evolve in unidostead of each gene copy
accumulating unigue sequence variation via accutoul@f mutations all repeat
copies in the array may jointly share the samea$emnutations resulting in
intergenic sequence homogenisation i.e. concertemlution (Alvarez and
Wendel, 2003; Smakt al, 2004). Mechanisms such as high frequency crossing
over or gene conversion are implicated in this essc(Baldwinet al, 1995).
Concerted evolution was initially considered to ddvantageous, as it would
eliminate paralogous sequences and facilitatertfezance of true homology in
phylogenetic reconstruction (Alvarez and WendeQ3®0However, the presence
or absence of both or multiple copies per array mndtiple arrays per genome
and the presence, absence or variable extent ofeded evolution may
homogenise sequences within and sometimes betwesys aSequence variants
can arise and be maintained within and betweerysmasulting in distantly
related nDNA types within individuals. Such errati@riation may be the norm
rather than the exception but is often ignored eareported or undetected. Thus,
when concerted evolution is incomplete it resulisai mixture of multiple

divergent copies, which constitute paralogues atitbtmgues.

This complicates phylogenetic reconstruction. Ewdsen sampling measures are
taken, one or more repeat types may be lost inoomeore descendant taxa thus
resulting in a loss of possible historical evidefsee Alvarez and Wendel, 2003
for review). Evidence ofTS paralogues has been reported in several studies
(Mayol and Rosselld, 2001; van den Bexgal, 2005; Neveset al, 2005).
Multiple copies ofITS have been reported by some workers (Goldidatal,
2002; Liede and Tauber, 2002; Okuyastaal, 2005). Paralogues could lead to
spurious phylogenetic estimates, thiuS data need to be treated with caution and

compared with other sources of data (Basteal, 2004; Nevegt al, 2005).

Multiple nDNA arrays may arise from hybridisatiorpolyploidisation,

gene/chromosome duplication and various forms obm&ination. It cannot be
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assumed that strict orthology has been maintaioeseiquences amplified among
a set of taxa. Direct sequencing may not detedlpgues and may require an
extensive cloning approach (Rauscieal, 2002). Reticulation, introgression or
polyploidisation may give rise to the co-existeméadivergentITS repeat types
and the direction of sequence homogenisation magifierent for the different
lineages. This becomes an important factor andideraion in groups with
hybridisation and polyploidisation (Alvarez and Weh 2003). This could lead
to incorrect estimates of relationships in studiesg ITS sequences at lower

taxonomic levels (Soltis and Soltis, 1998).

In the evolution of polyploids concerted evolutiplays an important role in the
maintenance of sequence homogeneity of multigemelié&s (Zhang and Sang,
1999). The mode and rate of concerted evolutionDNA varies in different
groups (Li and Zhang, 2002). The degree to whichceded evolution may
cause homogenisation depends on the extent to whe&hnitial parents have
diverged and the time of polyploidisation. Polypimay exhibit additivity of
parental rDNA sequences eRpgeonia(Sanget al, 1995). Concerted evolution
may homogenise rDNA towards one parent in a hygedome while the other
parental rDNA type is eliminated. lAegilopsconcerted evolution of rDNA in
allopolyploid species is uni-directional (Waagal.,2000). Li and Zhang (2002)
found that inThinopyrum ponticun{a decaploid) rDNA has experienced uni-
directional concerted evolution towards diploicateles. In some cases concerted

evolution of DNA may be bi-directional e.Gossypiun{Wendelet al, 1995).

An alternate explanation for sequence homogenisaithe loss of rDNA loci of
one or more genomes following the polyploidisatitim and Zhang, 2002).
Concerted evolution may fail to homogenise sequenteertain case e.g. recent
hybridisation, development of pseudogenes, largabhau of rDNA repeats and

asexual reproduction (Li and Zhang, 2002).
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Several studies have uselllS sequences with other markers and/or
morphological evidence to gain insights into evoliary processes e.g.
hybridisation and lineage sorting (e.g. Sastgal., 1995; Sanget al, 1997,
Aguilar et al, 1999; Comes and Abbott, 2001; Goldneral, 2004; Howarth
and Baum, 2005).

Not all 18S-5.8S-26S repeats remain functional smthe may degenerate into
pseudogenes (Alvarez and Wendel, 2003; Smiakhl, 2004). Non-functional
variants ofITS (pseudogenes) have been reported (Neved, 2005). Putative
ITS pseudogenes have been found to be useful for phy&dir inference in three

species of Rubiaceae (Razafimandimbisbal, 2004).

Bell (2004) reported thatTS sequence data does not provide support for
relationships within Valerianaceae. This was beedhe region appeared to be
evolving too fast and suffers from alignment profe Planaet al. (2004) found
that large segments &TS had high sequence divergences and were difficult to
align inBegonia In many studie$TS sequence data showed low divergence and
has been implicated in recent rapid radiation (Béddand Sanderson, 1998;
Harriset al, 2000; Malcomber, 2002; Kladt al; 2003b; Richardsoet al, 2001;
Warwick et al, 2004; Howarth and Baum, 2005).

Based of the usefulness of the markers screenettrifid spacer trnL intron
and ITS region were used to examine phylogenetic relalipssin Kniphofia
Initial ITSresults showed little sequence divergence (belB&¥pite this, further
investigations were done as this marker as it \Wwasohly independent nuclear

marker that could be easily amplified and sequemncetinely.
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3.2. Materials and Methods

3.2.1. Sampling strategy, Collection and Preservain

Whitehouse (2002b) has suggested that at the splesiel, an understanding of
the taxonomy of the genus and variation within sgmeaeeds to be developed
prior to selection of exemplar collections to reliarepresent a species. He also
recommended that more than one collection shoulchbsen to cover the range
of morphological and geographic diversity found hit the species. If
knowledge of the genus is superficial, an arbitrelnpice of a specimen could
result in one that lies at the boundary between gpecies or represents a case
where introgression has occurred with a sympapecies (Whitehouse, 2002b).
This is of particular importance, as specieKafphofia can hybridise and are
sometimes sympatric. HoweveKniphofia has c. 71 species, a complex
taxonomy and a wide distribution extending from teemn to eastern Africa,
Yemen and Madagascar. Understanding of specieseptscand collecting
material required a substantial amount of field kvand time. Due to the
limitations imposed by the number of taxaKmiphofia flowering times and
resources, samples were sequenced as and whenaml¢eame available. As
many southern African species were sampled as lgessd obtain species

coverage and geographical coverage (at the quietgee scale).

Moreover, based on a pilot study (Ramdhetral, 2006) it became apparent that
multiple samples per species had to be sequencadige many taxa appeared to
be non-monophyletic. Thus a multiple exemplar apphowas advocated. Every
attempt has been made to include as many sampfgssesmting as many
morphological speciesensu Codd (1968, 2005) as possible. Four southern
African species were not included in this studyflammulais a highly restricted
species only known from the Glencoe region of Kwadatal. It was last
collected in 1968. Attempts were made over two #ang seasons to locate

living material but to no avaiK. evansiiis also a restricted species found only in

10z



the Bergville District in high montane grasslantishave tried to locate this
species three times in the Catheral Peak area dué failed.K. tabularis is

restricted to the Cape fold mountains. This spegias not encountered in the
limited time spent sampling in the Western Cagecrassifoliais only known

form the type collection made by the Austrian ba#\. Rehmann. It was
collected in 1880 from the Houtbosch region in Lopp Province. No attempt
was made to find this species as the original iycgbrobably has been

transformed by timber plantations (Pieter Wintersp comm.).

Material from other parts of Africa proved morefidifilt to obtain. Field work
was done in the Bale Mountains in Ethiopia and ahea around Addis Ababa
(Tatek) in September 2003. Limited material wasaot@d from Kenya,
Tanzania, Malawi and Madagascar from collectingedoy colleagues. DNA was
obtained from a single sample of herbarium origin ¢plendida Chapman &
Chapman 9061) from Mt Mulanje (Malawi). Table 3li8ts the details of the

samples used in this study.

Most leaf samples were dried with silica gel (Chasd Hills, 1991). In some
cases plants collected in the field were cultivadad fresh material was used to
extract DNA. Most samples collected have an accaoyipg herbarium voucher,
which is housed at the Selmar Schonland HerbarBR&). Specimens collected
in Ethiopia are housed at the National HerbariumEtiopia (ETH, Addis
Ababa). In some instances DNA material was colketeh no accompanying
herbarium voucher, as the sites were visited whantg were not flowering. In
these instances specific DNA collections were dnlyluded if the species in
question were known to occur at the site from mresicollections and/or field
observations by other botanists. These were nagreess collection numbers and
tagged asine numerdsn). Likewise material collected by other collectorswit
no herbarium voucher were taggside numeroSubspecies, variant and forms

were specified only when confidently known by theher.
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Specimens obtained from botanical gardens wereethguith the reference
number of the particular garden. In the cas&.dkucocephaldahe only material
available was from the Natal National Botanical d&ar's living collection in
Pietermaritzberg. These plants were clones (visudisculture) of specimens
collected at the type locality due to its restuctdistribution and critically

endangered conservation status (Scott-Shaw, 1999).
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Table 3.3. List of specimens used in phylogenedimonstruction with locality details. Notes to abiméons: Collectors initials, HB= H.
Baijnath, NPB= N. P. Barker, JB= J. Burrows, TD=Dold, JMG= J.M. Grimshaw, CK= C. Kayombo, RAL= R.Rubke, RIM= R.J.
McKenzie, AMM= A.M. Muasya, AN= A. Nicholas, CP= @eter, PBP= P.B. Phillipson, JP= J. Pote; SR=atdhani, AR= A. Rennie, BT=
B. Tarr; Botanical garden material: NNBG= Natal idatl Botanical Garden (Pietermaritzburgl= unnumbered collections with no herbarium

voucher. Herbarium abbreviations follow Holmgegral. (1994).

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)
K. acraea TD 4626 (GRA) Mountain Zebra Nationgal X X
Park
K. albescens SR & JB 314 (GRA) | Dirkiesdorp X X
K. albomontana SR & AN 149 (GRA) | Greytown X
K. angustifolia SR 542 (GRA) Cathedral Peak Nature X
Reserve
K. angustifolia SR 453 (GRA) Cathedral Peak Nature X
Reserve
K. ankaratrensis PBP 5676 (P) Madagascar X
K. baurii SR 174 (GRA) Humansdorp X
K. baurii SR 202 (GRA) Kareedouw X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. baurii SR 275 (GRA) Elands Heights X X

K. baurii SR 285GRA) Naudes Nek X X X

K. baurii SR 360 (GRA) Port Elizabeth X X

K. baurii SR 382 (GRA) Kenton-on-Sea X X

K. baurii SR 398 (GRA) Mooi River X

K. baurii RJM 1026 (GRA) Natures Valley X

K. baurii NPB 1923 (GRA) Alicedale X X

K. brachystachya SRsn(GRA) Estcourt X X

K. breviflora SR 452 (GRA) Oliviershoek Pass X X X

K. bruceae SR & NPB 171 (GRA) | Komga X X X

K. buchananii SR & BT 305 (GRA) Greytown X

K. buchananii SR & BT 307 (GRA) Greytown X X

K. buchananii SR 458 (GRA) Howick X

K. caulescens SR 270 (GRA) Elands Heights X X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. caulescens SR 278 (GRA) Naudes Nek X X X

K. caulescens NPB 1821 (GRA) Sani Pass X X

K. caulescens RJIM 974 (GRA) Carlisles Hoek X

K. citrina SR 176 (GRA) Humansdorp X X

K. coddiana SRsn Umtamvuna Nature Reserve X X

K. coralligemma SR 549 (GRA) Iron Crown (Wolkberg) X X X

K. drepanophylla RAL 4816 (GRA) Mkambati X X

K. drepanophylla RJM 1100 (GRA) Mkambati X

K ensifolia  subsp.| JBsn Witbank X X

ensifolia

K. ensifolia subsp. SR 448 (GRA) Harrismith X X

autumnalis

K. fibrosa SR & AR 297 (GRA)| Pervensey X X

K. fibrosa PBP 5579 (GRA) Dohne Hill X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. fluviatilis SRsn Verloren Vallei

K. foliosa SR 383 (ETH) Gafesar Dam, Ethiopia X

K. foliosa SR 387 (ETH) Bale, Ethiopia X

K. foliosa SR 389 (ETH) Goba, Ethiopia X

K. foliosa SR 390 (ETH) Bale, Ethiopia X

K. foliosa JMG 034 (ETH Sebese Washi, Ethiopia X X

K. foliosa JMG 038 (ETH) Bale, Ethiopia X

K. galpinii SR 312 (GRA) Long Toms Pass, Lydenberg X X

K. gracilis SR & HB 321 Durban X
(GRA)

K. gracilis SR 561 (GRA) Park Rynie X

K. gracilis NNBG 77/99 Draycott X

K. grantii CP 4154 (GRA) Nyika Plateau, Malawi X

K. hirsuta SR 282 (GRA) Naudes Nek X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. ichopensis  var.| SR 242 (GRA) Nottingham Road X X

ichopensis

K. ichopensis  var.| SR 286 (GRA) Giants Castle Nature Reserye X X

ichopensis

K. ichopensis  var.| SR 289 (GRA) Cathedral Peak Nature X X

ichopensis Reserve

K. ichopensis  var.| SR 409 (GRA) Balgowan X

ichopensis

K. insignis SRsn Tatek, Ethiopia X X X

K. isoetifolia SR 386 (ETH) Bale Mountains, Ethiopia X X

K. isoetifolia SR 388 (ETH) Goba, Ethiopia X X X

K. isoetifolia SR 393 (ETH) Kofele, Ethiopia X X

K. latifolia RSSsn Greytown X X

K. laxiflora form B SR 295 (GRA) Kamberg Nature Reserve X X

K. laxiflora form B NPB 1810 (GRA) | Bushmans Nek X X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. laxiflora form B SR 441 (GRA) Nottingham Road X

K. laxiflora form B SR 442 (GRA) Michaelhouse X

K. laxiflora form B SR 467 (GRA) Weza X X

K. laxiflora form B SR 468 (GRA) Weza X X

K. laxiflora form C SRsn(GRA) Wakkerstroom X

Kniphofia sp. cf. laxiflora| SR 283 (GRA) Naudes Nek X

K. leucocephala NNBG Richards Bay (clone of type X

K. linearifolia SR & NPB 170 Komga
(GRA)

K. linearifolia SR 269 (GRA) Hogsback (Seymour) X

K. linearifolia SR 287 (GRA) Loskop X

K. linearifolia SR 290 (GRA) Rosetta X

K. linearifolia SR 291 (GRA) Kamberg Nature Reserve X

K. linearifolia SR & JB 311 Lydenberg X X

(GRA)
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. linearifolia SR 313 (GRA) Sabie

K. linearifolia SR 328 (GRA) Mt. Currie Nature Reserve X

K. linearifolia SR 343 (GRA) Hogsback (Seymour) X

K. linearifolia SR 558 (GRA) Underberg X

K. linearifolia JPsn(GRA) Stutterheim X

K. linearifolia TD 4638 (GRA) Satans Nek X

K. linearifolia SR 400 (GRA) Mooi River X

K. littoralis SR & HB 200 (GRA) Silverglen Nature Reserve X X

K. multiflora SR & JB 310 (GRA) Lydenberg X X

K. multiflora SR & JB 315 (GRA) Dirkiesdorp

K. northiae SR 263 (GRA) Hogsback (Seymour) X

K. northiae SR 274 (GRA) Naudes Nek X

K. northiae SR 446 (GRA) Katberg X X

K. parviflora SR 268 (GRA) Hogsback (Seymour) X X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. parviflora SR 330 (GRA) Mt. Currie Nature Reserve X X

K. pauciflora HB sn(GRA) Durban X

K. porphyantha SRsn Verloren Vallei X

K. praecox SR 529 (GRA) Jefferys Bay X

K. praecox SR 530 (GRA) Elandsbos River X

K. praecox SR 532 (GRA) Haroldsbaai X

K. rigidifolia SRsn Lydenberg X

K. ritualis SR 300 (GRA) Pervensey X X

K. rooperi SR 237 (GRA) East London X

K. rooperi TD 4559 (GRA) Mkambati X

K. rooperi SR 485 (GRA) Riet River X

K. rooperi RAL 4229 (GRA) Morgans Bay X

K. rooperi SR 528 (GRA) Van Stadens River X

K. sarmentosa SR 207 (GRA) Hex River Pass X
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS

(Herbarium)
K. schimperi SR 391(ETH) Sebsebe Washe, Ethiopia X X
K. schimperi JMG 036 (ETH) Sebsebe Washe, Ethiopia X X X
K. stricta SR 548 (GRA) Haenertsberg X X
K. splendida EG Chapman & JD Mt. Mulanje, Malawi X

Chapman 9061

(FHO)
K. stricta SR 279 (GRA) Rhodes X X X
K. thodei SR 407 (GRA) Kamberg Nature Reserve X X
K. thomsonii JMG 031 (ETH) Senatti Plateau, Ethiopia X X X
K. thomsonii AAM 2647 (EA) Mt. Elgon, Kenya X X
K. thomsonii CK 4821 (GRA) Mt. Kilimanjaro, Tanzania X X
K. triangularis subsp. SR 264 (GRA) Hogsback (Seymour) X X

triangularis
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. triangularis subsp. SR 266 (GRA) Hogsback (Seymour) X

triangularis

K. triangularis subsp.| SR 299 (GRA) Pervensey X X

triangularis

K. triangularis subsp. SRsn Kemps Heights X

obtusiloba

K. typhoides NNBG 139/99 Vryheid X X

K. typhoides JB 8084 (GRA) Witbank

K. tysoniisubsptysonii SR 302 (GRA) Creighton X X

K. tysoniisubsptysonii SR 460 (GRA) Balito X

K. umbrina R Gamasn Forbes Reef, Swaziland X X

K. uvaria SR & NPB 166| Port Elizabeth X

(GRA)
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Table 3.3. continued

Taxon Voucher Locality trnT-L spacer | trnL intron ITS
(Herbarium)

K. uvaria SR & NPB 172 Post Wellington X
(GRA)

K. uvaria SR 186 (GRA) Kurlandsdorp X X

K. uvaria SR 201 (GRA) Cape St. Francis X

K. uvaria SR 203 (GRA) Elim X

K. uvaria SR 211 (GRA) Clarkson X X

K. uvaria SR 337 (GRA) Hogsback (Seymour) X

K. uvaria SR 342 (GRA) Hogsback (Seymour) X

K. uvaria SR 344 (GRA) Grahamstown X

K. uvaria SR 471 (GRA) Dimbaza X

K. uvaria SR 477 (GRA) Grahamstown X

K. uvaria TD 4477 Port Elizabeth X
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3.2.2. DNA Extraction, Amplification and Sequencing

Total genomic DNA was extracted using a modifietd @9AB method of Doyle
and Doyle (1987). Polymerase Chain Reaction (PCRplifications were
conducted either on a ThermoHybaid PCR Sprint Teatpe Cycling System
or a Corbett Research PC-960G Microplate Gradidwrimal Cycler using the
following conditions: 95°C for 45 seconds, 52-530€ 45 seconds and 72°C for
three minutes repeated between 30-35 cycles (degermh the necessary
number of cycles needed for suitable amplificatigk)nealing temperature was
also manipulated to obtain optimal PCR product. Andinute 72°C extension
was included at the end of the PCR program. The R@Bents and volumes are

shown in Appendix 3.

3.2.2.1. ThdarnT-trnL region

ThetrnT-L spacer was initially amplified by means of the P@ihg primers ‘a’
and ‘b’ (Taberletet al, 1991). The forward primer ‘a’ proved to be pexbiatic
in amplification. As mentioned in the introductidhjs region is noted for being
troublesome (e.g. Lantz and Bremer, 2004; RenndrGmanderbali, 2000). It
appears that this region (especially the 5’ enthrof-L spacer, viz. the priming
site for ‘a’) is problematic in many different plagroups (Shavet al, 2005). To
circumvent this problem, an alternative internahyar, ‘Knipl’ was designed
(Ramdhaniet al, 2006). Subsequently, the Knipl-d primer combamproved
to be more efficient for amplification. Primers Kdib and c-d were used to
sequence the spacer and inton respectively (reféigure 3.1. and Table 3.4. for

details).
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Knip 1 c

) ) )

trnL - trnL
trnT-L spacer (UAA) trnL intron (UAA)
5’ exon 3’ exon

<= <=

b d

Figure 3.1. Schematic representation oftth&-L region (spacer and intron) with
primers (after Taberlegt al, 1991). Arrows indicate approximate starting p®in

and directions of primers.
3.2.2.2. ThdTSregion

The ITSregion (TS], 5.8SandITS2 was amplified using the primers ‘ITS 18’
and ‘ITS 26’ (Kass and Wink, 1997; modified by Layi These were used as
flanking primers for amplification. Internal pringe(both forward and reverse)
were used for sequencing. These were primers ‘ITe®d ‘ITS 4’ of Whiteet al.
(1990), as well as primers ‘Chrys 5.8F (Barker al, unpublished) and
‘Chromo5.8R’ (Barkeret al, 2005). Primers ITS 1-Chromo5.8R were used to
sequencdTS1 and part of thé.8Sgene, while primers Chrys5.8F-ITS 4 were
used to sequence tle8Sgene andTS2 (refer to Figure 3.2. and Table 3.4. for

details).
ITS 18 ITS 26
Chrys 5.8F
18S 26S
ITS1 5.8S ITS2
- < ——
ITS 1 Chromo 5.8R ITS 4

Figure 3.2. Schematic representation oflff@region with primers used. Arrows

indicate approximate starting points and directiohgrimer.



Table 3.4. Details of chloroplast and nuclear prisrused in PCR* and sequenéiiig= forward, R= reverse).

Primer Direction Reference Length (bp) | Sequence

a F Taberleet al (1991) 21 5'CATTACAAATGCGATTGCTCT3’

Knip1*** F Ramdhanet al (2006) 18 5CTACCGGATCTTAGGTAT3

p*&* R Taberleet al (1991) 20 5TCTACCGATTTCGCCATATC3’

c *¥ F Taberlekt al (1991) 20 5'CGAAATCGGTAGACGCTACG3

d *&# R Taberlekt al (1991) 20 5’ GGGGATAGAGGGACTTGAACT

ITS 18 F Kass and Wink (1997), modified b6 5GTCCACTGAACCTTATCATTTAGAGG3
Lavin (pers. comm.)

ITS 26* R Késs and Wink (1997), modified b6 5GCCGTTACTAAGGGAATCCTTGTTAGS
Lavin (pers. comm.)

ITS 17 F Whiteet al. (1990) 19 5TCCGTAGGTGAACCTGCGGZ

Chromo Barkeret al. (2005) 15 5GATTCTGCAATTCAC3S

5.8R

Chrys 5.8R | F Barkeret al. (unpublished) 20 5'GACTCTCGGCAACGGATATC3

ITS 47 R Whiteet al. (1990) 20 5TCCTCCGCTTATTGATATGC 3’
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3.2.2.3. Visualisation of PCR products

The PCR products were run on 1% agarose gels, wdnokisted of 0.5g agarose in 50ml
TBE buffer [10.8g Tris (hydroxymethyl) aminometha®e5g Boric Acid and 0.93g EDTA
(ethylene diamine tetra-acetic acid di-sodium) magleo one litre with distilled water]. Five
to seven microlitres of ethidium bromide was adtiethe molten solution and then left for
15 minutes to set. Ten microlitres of PCR produerevmixed with five microlitres of
loading buffer (bromophenol blue and xylene cyanajlycerol). Samples were loaded onto
a gel and left to run in a gel rig to run for cn tinutes at 150 volts. PCR products were

visualised with a UV transilluminator.

A clean bright band was taken as a positive reSrtearing indicated an unsatisfactory
(negative) result. In these cases PCR conditiorre wenipulated (changing the number of

cycles, annealing temperature or amount of DNA fatepto obtain satisfactory bands.

3.2.2.4. PCR product purification

PCR products were purified with Promega Magic PG&®", QIAGEN® QIAquick™ or
Promega Wizard ® kits following the manufacturerstiuctions. The purified PCR product
was finally eluted with 25ul nuclease free wateroTmicrolitres of eluted purified product

was then checked on a 1% agarose gel (see above).

3.2.2.5. DNA Sequencing

Purified PCR product was sequenced using an ABInPBigDye Terminator v3.0 or v3.1
Ready Reaction Cycle Sequencing Kit (Applied Bitsgss) according to manufacturers
instructions with primers for the respective mar{gge above). Sequencing reactions usually
contained: 2l sequence mix, 3l sequence buffepl @rimer, 2.5ul purified DNA template

and 12ul nuclease free water to make a total wactolume of 20ul. The amounts of



template and water were adjusted depending on tlaéty) of the template with the final

reaction volume remaining 20pl.

Sequencing reactions were conducted on a ThermotHy#aR Sprint Temperature Cycling
System using the following conditions: 95°C for géconds, 50°C for 45 seconds and 60°C
for three minutes repeated for 30-35 cycles. Thealing temperature was also manipulated

(50-52°C) in some instances to obtain optimal pebdu

Cycle sequencing products were then precipitateflimvs: 20ul of sequence product was
added to 50ul 100% ethanol, 2ul 125mM EDTA solutenmd 2ul 3M sodium acetate

solution. The mixture was shaken and left to stanct least 15 minutes before centrifuging
at 10 000 rpm for 15 minutes. The liquid was didedrleaving the pellet undisturbed. One
hundred and fifty microlitres of 70% ethanol wasled and samples were centrifuged for a
further ten minutes. The supernatent was discakeedng the pellet undisturbed and left to
air-dry, and resuspended in Hi-Dye formamide. Sequng was done on a ABI 3100 Genetic

Analyzer at Rhodes University’s Sequencing Unit.

3.2.3. Sequence Editing and Alignment

Sequences (forward and reverse) were assembledkezhend edited using Sequencifer
version 3.1.1 and version 4.2.2. (Gene Codes Catipo). Consensus sequences were
exported from Sequencher into MacClade version iM#ildison and Maddison, 2000).

Phylogenetic analyses based on DNA sequences peadient on sequence alignment, and it
is therefore important that the evolutionary eventhich cause length variation, are
recognised and used during the alignment of lemgtiable sequences (Asmussen and
Chase, 2001). Non-coding regions such as those hbisezl are known to have a higher
substitution rate than coding sequences and alsaradate insertions/deletions (indels) at a
faster rate. Non-coding DNA experiences a high desgy of indel mutations of varying
lengths making sequence alignment problematic (Setall, 1998). Additional confounding

factors are:
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I homology of short repeats or individual nucleotidess via slipped-strand
mispairing.

il. homoplasy resulting from the reduction in charastates caused by high
AT content.

iii. the multiple origin of small inversions that areadtised in the loop of the
stem-loop secondary structures.

iv. bias nucleotide substitutions in AT rich regions.

All alignments were done manually using MacCladeps corresponding to indels were

positioned to minimise the number of nucleotiddéedldnces among sequences.

Sequences were not submitted to GenBank and wilubenitted at a later date when data
will be published in full. The full alignment of ehtrnT-L spacer,trnL intron andITS
sequences are provided in Appendix 4, 5 and 6 ctispgy.

3.2.4. Phylogenetic Analyses

Several analytical approaches were used in phykigemreconstruction viz. distance,
parsimony and bayesian methods. Out-groups valightly for each data set as outlined

below.

Coding of indels should be awarded on the merithefindel, when it has been established
(with some degree of confidence) that the indélasologous (sequences identical in length
and sequence; Nickreat al, 2004). A conservative approach was taken anelsndere not

coded and scored. Single base pair substitutiotations and indels associated with
mononucleotide runs and repeat regions were rekedeagainst the original sequence

chromatograms for verification after alignment.

3.2.4.1. Neighbor Joining (NJ)
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The neighbor joining method (Saitou and Nei, 198@ps used to construct distance trees.
Coding regions, exons, introns and intergenic ggad® not have the same molecular
evolutionary constraints and these regions nedktportioned in model based approaches.
The most appropriate model of sequence evolutioa fgiven partition was determined using
the Akaike Information Criterion (AIC) as implemedt in the program MODELTEST
version 3.06 (Posada and Crandall, 1998). The oplast genome ofea maysL. from
GenBank (accession X86563) was used as a guidetéonaine limits of thérnT-L spacer
andtrnL intron to partition these markers prior to NJ @al/esian Inference analyses (see
below). The model was incorporated into reconsimast performed using PAUP* version
4.0b10 (Swofford, 2002) for NJ analyses. Uncombiaed combined partitions were treated
as a single unit and a single model was implemerited same approach was applied to all
the data sets viz.: thenT-L spacer, thérnL intron, combinedrnT-L spacer andrnL intron,

a subset ofrnT-L sequences that had matching sequences tonthentron, thel TS region,
and combinedTS and trnT-L spacer sequences. A subsettrofT-L sequences that had
complementary sequences to ttreL intron matrix was analysed to establish if the
phylogenies recovered for theL intron was a result of sample selection and iftth&-L

spacer subset matrix reflected the same topologiyealsrger (entirefrnT-L spacer matrix.

Nodal support was evaluated by generating 1 00@hber joining bootstrap replicates.
Bulbine latifolia (SR 61) was used as the out-group with the exmepif thetrnL intron
analysis. Four additionafnL intron sequences dBulbine and Bulbinella retrieved from
GenBank were includedplbine semibarbat#AJ290259) Bulbine succulentAJ290260),
Bulbine weisei(AJ290261) andBulbinella cauda-felis(AJ290262)]. All Bulbine samples

mentioned above arBulbine latifolia(SR 61) were used as the out-group.

3.2.4.2. Maximum Parsimony (MP)

Maximum parsimony analysis was conducted using PAUBb10 (Swofford, 2002) for all
data sets. Uninformative characters were excludeldadl nucleotide characters were equally

weighted and unordered. Gaps were treated as missita. A random input analysis was

performed to determine if there were multiple islarof equally most parsimonious trees
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(Maddison, 1991) with 1 000 replicates with oneetkept at each replicate. A full heuristic
search was conducted on the trees found by thikadewith TBR branch swapping and

MAXTREES set at 10 000. A strict consensus tree wasstructed from all the most

parsimonious trees. Bootstraps values were obtdioed 1 000 heuristic bootstrap replicates
with MAXTREES set at 10Bulbine latifolia(SR 61) was used as the out-group.

The same approach was applied to all the datavaéisthe exception of thérnL intron
analysis. Four additionafnL out-groups sequences were included andalbine samples

were used as the out-group.
3.2.4.3. Bayesian Inference (Bl)

The chloroplast genome @kea maydrom GenBank (accession X86563) was used as & guid
to determine limits of thé&rnT-L spacer andrnL intron to partition these markers. THES
partitions were determined using tHES sequence oBulbine weisii(GenBank accession
AF234350). The matrix was partitioned into thregioas (TS1, 5.8SandITS2. MrModel
version 2.2. (Nylander, Uppsala University, Swedea} used to obtain the best model for

the data sets and these models were incorpordteths Bl analyses.

Bayesian inference was performed using MrBayesae3.1.1 (Huelsenbeck and Ronquist,
2001). The analysis was conducted with four MongéeldCMarkov Chains (three heated and
one cold). Chains were run for 3 000 000 generatird sampled every 10@eneration. An

a proiri burn in was not specified. Upon completion of ssml the output files were
examined to determine when log likelihood valuedksed and determine the burn in. These
burn in generations were excluded when constructiegBayesian Inference trees. Posterior
probabilities (PP) were estimated by constructin§0& majority rule consensus tree in
PAUP* 4.0b10 (Swofford, 2002). Bl trees were reteid using TREEVIEW (Page, 1996).

Bulbine latifolia(SR 61) was used as the out-group. The same agpvess applied to all the

data sets with the exception of thaL intron analysis. Four additionatnL out-groups

sequences were included. Blulbinesamples were used as the out-groups.
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3.2.4.5. Partition homogeneity (or ILD) test fontmned data sets

In this study a subset &fnT-L spacer andrnL intron sequences were combined. Due to the
differences in lineages recovered a partition hoznedy (or ILD) test (Farrigt al, 1994)
which tests congruence in the phylogenetic sigrfalthe two separate partitions was
implemented. The ILD test addresses whether twa sketis are arbitrary subdivisions of what
should be a single larger data set. Tree compaison the ILD tests are useful initial
comparisons. The ILD test was implemented in PAURYH10 (Swofford, 2002) with 1 000

replicates, maximum trees set at 1 000 and TBRchrawapping.

ThetrnT-L spacer andTS sequences were also combined. The ILD test wakeimgnted as
described above. This proved to be computatiomatibitive and the test was implemented

with 100 replicates and maximum trees set at 100.

In both the above cases visual examination of noldasare not well supported (bootstrap
values of <70%) are considered non-conflicting amaranted merger of data sets (Mason-
Gamer and Kellogg, 1996).

3.2.4.5.2. Sequencing to assess intra-populatibiNéppolymorphisms
The trnT-L spacer was sequenced to check for intra-populgtadymorphisms in two taxa
representing two population& [ northiae (SR 274) from Naudes Nek amd rooperi (SR

237) from East London]. Multiple individuals of daassession were sampled. Five and four

samples were sequenced omorthiaeandK. rooperirespectively.
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3.3. Results

3.3.1. Sampling

DNA samples of 51 of the 7Kniphofia species (72% species coverage) were obtained
during the course of the study. A total of 50 spsavere sequenced for theT-L spacer and

51 species were sequenced for RS region. Four of the 48 southern Africa taxa weoé n
included (i.e. 92% species coverage for southerric&f Specimens oK. evansij K.

tabularis K. crassifoliaandK. flammulawere not obtained.

Samples of seven of the 23 Malagasy, Tropical st Efrican species were obtained (30%
species coverage). Only the Bale Mountains (Ethijopaceived sufficient sampling attention.
Uncollected species were difficult to obtain be@aatlimited budgets and time constraints.
Limited attempts were made to use herbarium matésiaDNA extractions. Herbarium
material often go brown and do not appear to rets@ble DNA. Herbarium material was
only requested from one foreign herbarium (ETH).ADMaterial for most Ethiopian taxa
were collected while doing field work in Ethiopiachthese were used instead of herbarium

material for DNA studies.

3.3.2. Phylogenetic analysis dfnT-L spacer data (Fig. 3.3.-3.5.)

trnT-L sequences were obtained for 125 sampldéngihofiarepresenting 50 species (Table

3.3.). A singleBulbineandBulbinellasequence were also generated for this marker.

As discussed in the materials and methods sectaiverlet’'s primer ‘a’ was problematic and
an internal primer, ‘Knipl’ was used. The primiritedor ‘Knipl’ is approximately 945 bp
upstream from the priming site of primer ‘b’. Fallmg alignment it was found that the
initial part of this matrix was rich in (AF)and (T) repeats, which proved difficult to align in
certain regions. In order to avoid alignment redateomology assessment problems
associated with these repeats the first 317 bp erckided from analyses i.e. most of the

problematic regions in terms of alignment were teit Effectively this meant that thenT-
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L spacer matrix started 628 bp upstream from thaipg site of ‘b’. Thus only the 3’ region

of thetrnT-L spacer was used (hereafter referred tarnhe-L spacer).

The final aligned matrix withBulbine and Bulbinella included was 609 bp in length
(Appendix 4). Eighty eight (14.4%) characters weaeiable and 31 (5.1%) were parsimony
informative with the out-groups included. When th&-groups were excluded these values
reduced to 39 (6.4%) variable and 20 (3.3%) parsyrioformative characters (Table 3.5.).
Additional data (RI, CI and tree lengths value®) given in Table 3.6.

ThetrnT-L spacer supports the recognisition of five lineafgeshe NJ, MP and Bl analyses
(Fig. 3.3-3.6). These lineages are hereafter ter@enips 1-5 and labelled as such in the
figures. In a preliminary investigation using ttneT-L spacer (Ramdhaei al, 2006), three
lineages were recovered. Two of these were charsete by insertions. With a more
thorough sampling and a trimmed data set used baeepf these lineages (Group 5) is still
characterised by a nine bp insertion (position 582). The other group (Group 4) was
characterised by a six bp insertion (position 8Y-&&ept for a single sample (SR 4%3,

angustifolig for which the insertion is not present.

Of the five clades, Group 1 is the smallest witho twpecies K. splendidaand K.
coralligemma and is not retrieved in the NJ and MP analysés 3. & 3.4.). However, in
the BI analysis this group is poorly supported watiposterior probability (PP)= 0.78 (Fig.
3.5.).

Group 2 has 17 samples representing eight spekiesyphoides K. brachystachyakK.
uvaria, K. praecox K. rooperi K. citrina, K. sarmentosaK. baurii andK. grantii). This
group is not well supported by the NJ [BS (bootsta54%)] (Fig. 3.3.) and Bl analyses
(PP=0.87) (Fig. 3.5.). It was better supportedhegyMP analysis (BS= 71%) (Fig. 3.4.).
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Table 3.5. Nucleotide sequence characteristickedfmnT-L spacer ant¢tnL intron.

Region No. of Base No. of Variable | Parsimony No. of samples
pairs (bp) bp (%) informative bp | (no. of taxa)
(%)
trnT-L spacer 609 88 (14.4%) 31 (5.1%) 127 Krfiphofia50,
including out-groups Bulbinella-l,
Bulbinel)
trnT-L spacer 39 (6.4%) 20 (3.3%) 125 (50)
excluding out-groups
trnL intron including out 571 72 (12.6%) 39 (6.8%) 33 Kifiphofia27,
groups Bulbinella-2,
Bulbine4)
trnL intron excluding out- 36 (6.3%) 25 (4.4%) 27 (24)
groups
trnT-L spacer subset afnL | 598 74 (12.4%) 27 (4.5%) 29 Kifiphofia27,
intron including out-groups Bulbinella-l,
Bulbine-1)
trnT-L spacer subset afnL 20 (3.3%) 16 (2.7%) 27 (24)
intron excluding out-groups
Combined trnT-L spacer 1159 113 (9.8%) 54 (4.7%) 29  (Kniphofia27,
and trnL intron including| (598 + 561) | (74 + 59) (27 + 27) Bulbinella-,
out-groups Bulbinel)
Combined trnT-L spacer 56 (4.8%) 41 (3.5%) 27 (24)
and trnL intron excluding (20 + 36) (16 + 25)

out-groups




Table 3.6. Summary statistics of data sets analysed) MP and the resulting tree statistics.

DNA marker No. of | Cl RI Tree
trees length
trnT-L spacer 10 000 0.630 0.949 54
trnL intron 10 000 0.596| 0.77y 77
trnT-L subset ofrnL intron 10 000 0.829| 0.933 35
CombinedrnT-L andtrnL intron | 228 0.626 | 0.803 99
ITS 36 0.947 | 0.880 100
CombinedrnT-L andITS 10 000 0.750 | 0.921 160

Group 3 has 17 samples representing seven speaoiesMadagascar, Tropical and East
Africa (K. foliosa K. isoetifolig K. schimperiK. thomsoniiK. splendidaK. insignisandK.
ankaratrenesis The group is weakly supported by the NJ analfB&= 56%)(Fig. 3.3.) and
MP analysis (BS= 63%) (Fig. 3.4.). However, for Bleanalyses it is well supported with a
PP=1.00 (Fig. 3.5.).

Group 4 is the largest lineage with 70 samplesaisgting 33 species. The species included:
K. albescensK. baurii, K. drepanophylla K. rooperi K. linearifolia, K. coddiana K.
hirsuta, K. laxiflora, K. ichopensisK. parviflora, K. littoralis, K. fibrosa K. stricta K.
latifolia, K. buchananiiK. ensifolig K. triangularis, K. leucocephalaK. bruceaeK. tysonii

K. galpinii, K. multiflora, K. porphyrantha K. breviflora K. thodej K. angustifolia K.
ritualis, K. pauciflorg K. albomontanaK. gracilis, K. uvaria K. rigidifolia andK. umbrina
Group 4 is weakly supported by the NJ analysis (BS%) (Fig. 3.3.) and MP analysis (BS=
62%)(Fig. 3.4.). The Bl analysis supported thisugravith a PP= 0.95 (Fig. 3.5.).

Group 5 has 19 samples representing nine spd€iescfaea K. northiae K. linearifolia, K.
triangularis, K. parviflora, K. fibrosg K. uvariag K. rooperiandK. caulescens Group 5 was
well supported for the NJ (BS= 74%) (Fig. 3.3.) &idPP= 0.96) (Fig. 3.5.) analyses, but
not for the MP analysis (BS= 51%) (Fig. 3.4.).
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It is interesting to note that species with muétishmples in Group X( uvaria K. praecox
andK. baurii), Group 3 K. foliosg K. isoetifolig K. schimperj K. thomsonij, Group 4 K.
baurii, K. drepanophylla K. rooperi K. linearifolia, K. laxiflora, K. ichopensis K.
buchananij K. ensifolig K. triangularis K. tysonij K. angustifolia K. gracilis and K.
uvaria) and Group 5 K. northiae K. linearifolia, K. triangularis K. uvaria and K.
caulescensdo not cluster to form monophyletic species lge=a In addition eight species
were placed in more than one growp baurii, K. fibrosa K. linearifolia, K. parviflora, K.
rooperi, K. splendida K. triangularis and K. uvarigd). The implications of this will be

discussed in detail later.
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3.3.3. Phylogenetic analysis dfnL intron data (Fig. 3.6.-3.8.)

Sequences of thenL intron were obtained for 27 samples Kxiiphofia representing 24
species (Table 3.3.). A singRulbine and Bulbinella sequence was also generated for this
marker. A restrictive budget and time did not alléw all thetrnT-L spacer samples to be
sequenced for thienL intron. Samples chosen had complementary sequéoicése trnT-L
spacer and were representative of the main lineesms/ered by thérnT-L spacer. Four

sequences dulbineandBulbinellaretrieved from GenBank provided additional outtgrs.

The final aligned matrix withBulbine and Bulbinella included was 571 bp in length
(Appendix 5). Messy 3’ ends were trimmed and thdrBL exon excluded. This region
corresponds to positions 671 to 1 231 in the fliranent. Seventy-two (12.6%) characters
were variable and 39 (6.8%) were parsimony infoiveawith out-groups included. When the
out-groups were excluded these values reduced td638%) variable and 25 (4.4%)
parsimony informative characters (Table 3.5.). Addal data (RI, Cl and tree lengths

values) are given in Table 3.6.

The trnL intron had no indels that characterised lineagaseved by thetrnT-L spacer. A
single sample had a unique 82 bp deletidnr{tualis, SR 300). Large deletions are often
problematic as they remove large amount of potiiptinformative sites (Asmussen and
Chase, 2001). This sample was placed as sistdr ttweaotherKniphofia samples in the NJ
analysis (Fig. 3.6.). The deletion may account tfas placement but in the MP and BI

analyses this sample was nested in Group 4 (Fig&33.8.).

ThetrnL intron data failed to recover the same groupsaxé that were found in thenT-L
spacer analyses. Group 1 had only a single sarpleofalligemma for the intron. Several
attempts to sequence the intron for the other sauffplsplendida SR 548) that was placed
into Group 1 failed. Group 2 has three samplesesspiting two specie& (typhoidesandK.
uvaria). Group 2 collapsed with one sample (varia, SR 211) not clustering with the two
other samples in the NJ analysis (Fig. 3.6.). G@@iso collapsed in the MP (Fig. 3.7.) and
Bl analyses (Fig. 3.8.), and was resolved as aquly with other groups.

132



Group 3 has five samples representing five spg&es$oliosa K. thomsonii K. insignis K.
schimperiandK. isoetifolig. The group is well supported for both the NJ (BBI6) (Fig.
3.6.) and BI (PP= 1.00) (Fig. 3.8.) analyses, witile support for the MP analysis was
weaker (BS= 69%) (Fig. 3.7.).

Group 4 had 13 samples representing 12 spe&ieslbescensK. baurii, K. stricta K.
bruceae K. tysonij K. breviflora K. laxiflora, K. triangularis K. parviflora, K. linearifolia,

K. multiflora andK. ritualis). This group forms a separate lineage with theeption of two
samples [SR 30K ritualis) and RGsn (K. umbring] in the NJ analysis (Fig. 3.6.), but with
no support. In the MP analysis (Fig. 3.7.) Groupp#apsed and was resolved as a polytomy
with other groups. All samples that characterisis tjroup clustered together in the BI

analysis with weak support (PP= 0.53) (Fig. 3.8.).
Group 5 has four samples representing four spéiescraea K. parviflora, K. northiaeand

K. caulescens This group collapsed in all the analytical agmives with no support (Fig.
3.6.-3.8).
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Fig. 3.7. Strict consensus tree of 10 000 mostiparsous trees based dmL intron sequences
obtained from the maximum parsimony analysis. Lengt7; Cl= 0.597; RI= 0.777. Major groups
are denoted by bars to the right (discussed in.tBxotstrap values (1 000 replicates) of >50% are

indicated above the relevant nodes.

13¢€



Bulbine latifolia SR61

Bulbine weisei

&I_ Bulbine succulenta

Bulbinella semibarbata

1.00 — Bulbinella cauda-felis SR204
L Bulbinella cauda-felis
K. coralligemma SR549 -1
— K. caulescens SR278
— K. northiae SR446 ES
1.00 K. typhoides NNBG \.

— K. uvaria SR186 V
" N

K. uvaria SR211

— K. insignis SRsn

K. isoetifolia SR388
1.00
— K. thomsonii IMG031 3

0.97 K. foliosa JMG034
_E K. schimperi IMG036
0.67 K. acraea TD4626
_I_— K. parviflora SR268 %5

K. albescens SR314

0.93

K. breviflora SR452
K. bruceae SR171
K. linearifolia SR311
K. multiflora SR310
0.53 P K. ritualis SR300
K. tysonii SR302

K. umbrina RGsn
&%—E K. baurii SR285
K. stricta SR279

— K. parviflora SR330

0.73

0.71 e K. triangularis subsp. triangularis SR299
1.00 — K laxiflora SR467
L K. laxiflora SR468

0.1

Fig. 3.8. Bayesian tree of thenL intron sequences estimated using the GTR + | + Geano
(determined by the Akaike Information Criterion).ajdr groups are denoted by bars to the right
(discussed in text). Numbers above the branchesgept posterior probability values.



3.3.4. Phylogenetic analysis dfnT-L spacer subset ofrnL intron data (Fig. 3.9.-3.11.)

A subset of onlyrnT-L sequences that matched sequences tdrheintron matrix were
analysed separately. This was done to establisheifphylogenies recovered for thvaL
intron was a result of sample selection and ifttihd-L spacer subset matrix reflected the

same topology as the larger (entire)T-L spacer matrix.

A total of 27 samples representing 24 speciekrophofia were obtained. A singlBulbine
and Bulbinella sequence was also generated. The final alignedixmaith Bulbine and
Bulbinellaincluded was 598 bp in length. Seventy-four (12.4%aracters were variable and
27 (4.5%) were parsimony informative. When the gnaups were excluded these values
reduced to 20 (3.3%) variable and 16 (2.7%) parsyrioformative characters (Table 3.5.).
Additional data (RI, ClI and tree lengths value®) given in Table 3.6.

The same five lineages found by tineT-L spacer analyses (entire matrix) were also found.

Group 4 and 5 are characterised by the same iosgrfiound in the spacer (discussed above).

Group 1 has only a single samplK. (coraligemma (Fig. 3.9.-3.11.). Group 2 were
recovered as a single lineage, with good suppothénNJ (BS= 73%) (Fig. 3.9.) and MP
(BS= 75%) (Fig. 3.10.) analyses, while in the Bhlgsis this group also had fairly good
support (PP= 0.94) (Fig. 3.11.). Group 3 had gagapert in the NJ (BS= 90%) (Fig. 3.9.),
MP (BS= 89%) (Fig. 3.10.) and BI (PP= 1.00) (Figl13) analyses. Group 4 was recovered
as a single lineage with poor support in the NJHB8%) (Fig. 3.9.) and MP (BS= 63%)
(Fig. 3.10.) analyses. However, in the Bl analysiwas well supported (PP= 0.97) (Fig.
3.11.). Group 5 had good support for the NJ (BS%P6Fig. 3.9.), MP (BS= 95%) (Fig.
3.10.) and BI (PP= 1.00) (Fig. 3.11.) analyses.
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Fig. 3.9. Neighbor joining tree based tonT-L spacer (subset dfnL intron) sequences, obtained
using the K81uf + | model (determined by the Akalkéormation Criterion) for the entire matrix.
Major groups are denoted by bars to the right (dised in text) and numbers below the group labels
show position of insertions with bp size in parests. Bootstrap values (1 000 replicates) of >50%
are indicated above the relevant nodes.
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Fig. 3.10. Strict consensus tree of 10 000 mostip@nious trees based onwnT-L spacer (subset
of trnL intron) sequencesbtained from the maximum parsimony analysis. Lea@5; Cl= 0.892;
RI= 0.933. Major groups are denoted by bars torigitg (discussed in text) and numbers below the
group labels show position of insertions with bpgesin parentheses. Bootstrap values (1 000

replicates) of >50% are indicated above the relenades.
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Fig. 3.11. Bayesian tree of theT-L spacer (subset &fnL intron) sequences estimated using the
GTR + | model (determined by the Akaike Informati@rterion). Major groups are denoted by bars
to the right (discussed in text) and numbers betmgroup labels show position of insertions with b
size in parentheses. Numbers above the branchesesp posterior probability values.
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3.3.5. Phylogenetic analysis of combinetdnT-L spacer andtrnL intron data (Fig. 3.12.-
3.14)

Visual examination of the bootstrap values for thel intron NJ and MP phylogenies
showed that none of the clades had bootstrap vait@%, with the exception of Group 3 in
the NJ analysis (Fig. 3.6.). This group was nobarse of conflict with thdrnT-L spacer.
The ILD test gave a value of 0.1650 with no sigmifit incongruence in tree length between

the data sets. Thus, thraL intron andtrnT-L spacer data sets were combined.

Combined sequences were obtained for 27 samplesseging 24 species #fniphofia
(Table 3.3.). A singl&ulbineandBulbinellasequence was also generated. The final aligned
matrix with Bulbine and Bulbinella included was 1 159 bp in length. One hundred and
thirteen (9.8%) characters were variable and 54%4.were parsimony informative. When
the out-groups were excluded these values reduxesb t(4.8%) variable and 41 (3.5%)
parsimony informative characters (Table 3.5.). Addal data (RI, Cl and tree lengths

values) are given in Table 3.6.

Group 5 and 4 are characterised by the same iossifiound in the spacer (discussed above).
The sample with the unique 82 bp deletion in theom (K. ritualis, SR 300) did not affect
the outcome of the analyses and was placed in Gtoilipe analyses retrieved the same five

lineages as thenT-L data above, irrespective of the reconstruction @gogr.

Group 1 has only a single samplg. (coralligemma. Group 2 has no support in the NJ
analysis (Fig. 3.12.) and weak support in the MBIyais (BS= 66%) (Fig. 3.13.), while in

the Bl analysis this group had good support (PP39)0(Fig. 3.14.). Group 3 has good
support in the NJ (BS= 97%) (Fig. 3.12.), MP (BS®4 (Fig. 3.13.) and BI (PP=0.99) (Fig.
3.14.) analyses. Group 4 has poor support in theahdlysis (BS= 67%) (Fig. 3.12.).

However, in the MP analysis and Bl analysis it wasdl supported with BS= 82% (Fig.

3.13.) and PP= 1.00 (Fig. 3.14.) respectively. @réuhas good support for the NJ (BS=
86%) (Fig. 3.12.), MP (BS= 89%) (Fig. 3.13.) and(BP= 1.00) (Fig. 3.14.) analyses.
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Fig. 3.12. Neighbor joining tree based on combitmed-L spacer antfnL intron sequences, obtained
using the GTR + | + G model (determined by the Akdnformation Criterion) for the entire matrix.
Major groups are denoted by bars to the right (dised in text) and numbers below the group labels
show position of insertions with bp size in parestts. Bootstrap values (1 000 replicates) of >50%
are indicated above the relevant nodes.
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Fig. 3.13. Strict consensus tree of 228 most pansious trees based on combirtedl-L spacer and
trnL intron sequences obtained from the maximum pargynamalysis. Length= 99; CI= 0.626; RI=
0.803. Major groups are denoted by bars to the (@jbcussed in text) and numbers below the group
labels show position of insertions with bp sizeparentheses. Bootstrap values (1 000 replicates) of

>50% are indicated above the relevant nodes.
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Fig. 3.14. Bayesian tree of the combiniedl-L spacer andknL intron sequences estimated using the
following models: GTR + Gt(hT-L spacer) and GTR + | + GrilL intron) (determined by the Akaike
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0.01

14¢



3.3.6. Phylogenetic analysis dofTS data (Fig. 3.15.-3.17.)

The only nuclear marker screened for this study thadTS region. Initial results showed
litle sequence divergence. Despite this, furtherestigations were done as this marker
provided an independent and unlinked source of D¥¢fuence data and it was the only

independent nuclear marker available that coulddsdly amplified and sequenced routinely.

ITS sequences were obtained for 99 samples repregebtirspecies oKniphofia (Table

3.3.). A singleBulbineandBulbinellasequence was also generated.

PCR products generated for thES region were resolved as single bands with no size
difference. In addition no double peaks or ambigudoase calls were found in
electrophenograms/trace files 6FS sequences, suggesting that there is no evidence of
paralogues. No attempts at cloning were pursuethiass expensive and time consuming

especially in studies with a large amount of saspletaxa.

The final aligned matrix wittBulbine and Bulbinella included was 830 bp (Appendix 6).

Position 1-395 represents tliE&S1spacer, positions 396-566 the8Sgene and positions 567-

830 thelTS2spacer. One hundred and seventy-six (21.1%) ctemgsawere variable and 72

(8.7%) were parsimony informative. When the outup® were excluded these values
reduced to 63 (7.6%) variable and 28 (3.4%) parsyrioformative characters (Table 3.7.).
Additional data (RI, CI and tree lengths value®) given in Table 3.6.

The ITSregion had no indels that characterised lineagkeITS datawas of limited use as
many sequences were identical. The analyses resmb\etarge polytomy of samples from
Groups 1-5 with little structure and resolutiong(F3.15.- Fig. 3.17.). Most samples of Group
3 (representatives from Ethiopia), denoted as Clade the cladograms, formed a well
supported lineage in the NJ (BS= 99%) (Fig. 3.1Bl, (BS= 100%) (Fig. 3.16.) and BI
(PP=0.99) (Fig. 3.17.) analyses.

14¢



Table 3.7. Nucleotide sequence characteristich®f TS region, and the combingdnT-L

spacer andiTSregion.

Region No. of Base No. of Variable | No. of Parsimony| No. of samples
pairs (bp) bp (%) informative bp (%) (No. of taxa)

ITS1spacer 395 89 (10.7%) 41 (5.0%)

5.8Sgene 170 36 (4.3%) 14 (1.7%)

ITS2spacer 264 51 (6.1%) 17 (2.0%)

ITS Total | 830 176 (21.1%) 72 (8.7%) 101 (Kniphofia

including out- 51, Bulbinella 1,

groups Bulbine 1)

ITS Total 63 (7.6%) 28 (3.4%) 99 (51)

excluding out-

groups

Combined trnT-L | 1434 260 (18.1%) 101 (7.0%) 96 (Kniphofia- 50,

spacer and ITS| (604 + 830) (84 + 176) (29 + 72) Bulbinella 1,

including out- Bulbine 1)

groups

Combined trnT-L 95 (6.6%) 47 (3.2%) 94 (50)

spacer and ITS (32 +63) (19 + 28)

excluding out-

groups

Two K. thomsoniisamples from Group 3, denoted as Clade B in cladog, formed a well
supported lineage the NJ (BS= 96%) (Fig. 3.15.), (8B= 95%) (Fig. 3.16.) and Bl (PP=
0.98) (Fig. 3.17.) analyses. Sample¥KotaulescenandK. strictafrom Group 5, denoted as
Clade C in cladograms, had good support in theB&-(88%) (Fig. 3.15.) and MP (BS=
96%) (Fig. 3.16.) analyses. In the Bl analysis timsage was recovered with some support
(PP= 0.94) (Fig. 3.17.). Some sampld& @alpinii, K. triangularis K. fluviatalis K.
multiflora, K. umbring from Group 4 (notably from Mpumalanga and Swamila denoted

as Clade D in figures, formed a weakly supporteddge in the NJ (BS= 57%) (Fig. 3.15.),
MP (BS= 62%) (Fig. 3.16.) and BI (PP= 0.73) (Fidl3) analyses.
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Fig. 3.15. Neighbor joining tree basedIdis sequences, obtained using GTR + G model for theeent
matrix (determined by the Akaike Information Criter). Groups denoted by bars to the right are
discussed in the text. Bootstrap values (1 000aagls) of >50% are indicated above the relevant
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Fig. 3.16. Strict consensus tree of 36 most pansious trees based dMS sequences obtained from
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Fig. 3.17. Bayesian tree fofS sequences estimated using the following models: GTR (TS,
HKY + 1 (5.89 and GTR (TS2 (determined by the Akaike Information Criterio@roups denoted

by bars to the right are discussed in the text. bens above the branches represent posterior
probability values.
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3.3.7. Phylogenetic analysis of combingdnT-L spacer andl TS data (Fig. 3.18.-3.20.)

Visual examination of théTS phylogeny shows a large polytomy with no bootstvafues
for the nodes defining thenT-L groups. The ILD test for the combingdT-L spacer and
ITS gave a value of 0.100 indicating no significartaingruence in tree length between the
data sets. Based on the above findings, the twkeramwere joined despite the limited
potential of thelTS region to provide phylogenetic signal. Ninety-faombined sequences
representing 50 species #&hiphofia were obtained (Table 3.3.). A singRulbine and

Bulbinellasequence were also included.

The final aligned matrix wittBulbine andBulbinellaincluded was 1 434 bp in length. Two
hundred and sixty (18.1%) characters were variaod 101 (7.0%) were parsimony
informative. When the out-groups were excludedehedues reduced to 95 (6.6%) variable
and 47 (3.2%) parsimony informative characters [g8b/.). Additional data (RI, Cl and tree
lengths values) are given in Table 3.6.

The large number daflentical ITS sequences effectively meant that thel-L spacer signal
dominated the low signal in tH&S data in the combined analyses and the resultpontagy
in most respects reflects the same lineages rdtrlwe the trnT-L spacer alone, with

exceptions noted below.

Group 1 is weakly supported in the NJ (BS= 66%y.(Bi.18.), MP (BS= 61%) (Fig. 3.19.)
and Bl (PP= 0.91) (Fig. 3.20.) analyses. Group 2 wat supported for the NJ (Fig. 3.18.)
and MP (Fig. 3.19.) analyses as it forms a gradbeabase of these topologies. However, the
Bl analysis recovered the group as a single linedge PP= 0.62 (Fig. 3.20.). Group 3 was
poorly supported in the NJ (BS= 60%) (Fig. 3.1&9 8P (BS= 59%) (Fig. 3.19.) analyses,
while this group was well supported in the Bl (R®?98) (Fig. 3.20.) analysis. Group 4 was
recovered as a single lineage but with no suppothe NJ analysis (Fig. 3.18.). In the MP
analysis (Fig. 3.19.), Group 4 formed a polytomyimeome samples &f. caulescengrom
Group 5. Group 4 was recovered as a single linegige fairly poor support in the BI

analysis (PP= 0.74) (Fig. 3.20.). Group 5 was repey as a single lineage but with no
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support in the NJ analysis (Fig. 3.18.), while tisup was weakly supported in the Bl (PP=
0.81) (Fig. 3.20.) analysis. As mentioned aboveh&MP analysis (Fig. 3.19.) some samples
of K. caulescengrom Group 5 formed a polytomy with Group 4. Themaining samples

representative of Group 5 formed a weakly suppdieége (BS= 53%).

All species with multiple samples in GroupR. (uvaria), Group 3 K. foliosa K. isoetifolig
K. schimperiK. thomsonii, Group 4 K. baurii, K. linearifolia, K. triangularis, K. uvariaK.
angustifolig K. ensifolig K. gracilis, K. ichopensjK. laxiflora andK. tysoni) and Group 5
(K. linearifolia, K. triangularis K. northiae and K. caulescensfailed to be resolved as

monophyletic species lineages.

3.3.8. Sequencing of thetrnT-L spacer to assess for intra-population cpDNA

polymorphisms

Five samples from the population & northiae represented by SR 274 had identical
sequences. This was also the caseKiorooperi (SR 237) with four samples sequenced.
These two populations showed no evidence of intraifation cpDNA polymorphisms. The

significance of these findings are dicussed later.
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Fig. 3.18. Neighbor joining tree based on combitrad-L spacer andiTS sequences, obtained using
the TIM + | + G model for the entire matrix (detened by the Akaike Information Criterion). Major

groups are denoted by bars to the right (discusséekt) and numbers below the group labels show
position of insertions with bp size in parenthedgsotstrap values (1 000 replicates) of >50% are

indicated above the relevant nodes



100

59

95

54
53
53
65
94
100
74
94
61

60

. acraea TD4626

. linaerifolia SR269
triangularis SR264
uvaria SR342
linearifolia SR343

. northiae SR263
northiae SR446
parviflora SR268
rooperi SR237
triangularis SR266
albescens SR314
albomontana SR149
angustifolia SR542
baurii SR275

3
breviflora SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821

. coddiana SRsn

. drepanophylla RAL4816

. ensifolia ensifolia JBsn

. ensifolia autumnalis SR448
. angustifolia SR453

. uvaria SR344

. fibrosa SR297

. galpinii SR312

. multiflora SR310

gracilis SR321

racilis NNBG

Irsuta SR282
ichopensis SR242
pauciflora HBsn
ichopensis SR286
ichopensis SR289
latifolia RSSsn
laxiflora SR295
laxiflora NPB1810
laxiflora SR467
laxiflora SR468

arviflora SR330
axiflora C SRsn
leucocephala NNBG
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
littoralis SR200
. porphryantha SRsn
rigidifolia SRsn
rifualis SR300
rooperi SR485
stricta SR279
thodei SR407
triangularis SR299
triangularis obtusiloba SRsn
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR477
laxiflora SR283
ankaratrensis PBP5676
. foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa JMG034
foliosa JIMG038
insignis SRsn 3
isoetifolia SR388
isoetifolia. SR393
schimperi IMG036
schimperi SR391
thomsonii JMG031
1soetifolia SR386
thomsonii AMM2647
thomsonii CK4821
coralligemma SR549
splendida SR548
citrina SR176
praecox SR529
uvaria SR186
uvaria SR201
uvaria SR211
uvaria SR203

rantii CP4154

rachystachya SRsn
. typhoides NNBG
sarmentosa SR207
Bulbinella cauda-felis SR204
Bulbine latifolia SR61

[ —

ARARARARRARAR AR ARAARARARRA AN RAR AAR A ARARARAAARAR AARARARAR AR AR AR ARR AR ARA R AARRRRRARRARR AAR RARAARNRARR

) |

Fig. 3.19. Strict consensus tree of 10 000 mossipanious trees based on of combiriedl-L
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Fig. 3.20. Bayesian tree for the combinedT-L spacer andTS sequences estimated using the
following models: GTR + Gt{nT-L spacer), GTR + GITS]), HKY + | (5.8 and GTR (TS2
(determined by the Akaike Information Criterion).ajdr groups are denoted by bars to the right
(discussed in text) and numbers below the groupldashow position of insertions with bp size in
parentheses. Numbers above and below the brangiesent posterior probability values.
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3.4. Discussion

3.4.1. Comparisons of chloroplast and nuclear marks

Of the regions used in this study, theT-L spacer was the most informative, providing more
resolution than the other markers sequenced. Asadyrstated, five lineages were recovered
using the spacer. ThenL intron failed to recover the same topology astth&-L spacer
with the exception of Group 3. A possible reasory wiine trnL intron did not recover a

similar topology may be due to a lack of charactieas define key nodes.

The ITS datawere of limited use as many sequences were idénfite three analytical
approaches failed to recover the same lineageleasnT-L spacer and only parts of some
groups were supported. Low sequence divergen€ESifias been reported in several studies
especially in cases were a recent rapid radiatasnbieen implicated (Baldwin and Sanderson,
1998; Harriset al, 2000; Richardsomet al, 2001; Malcomber, 2002; Kla&t al; 2003b;
Howarth and Baum, 2005). Other reasons for the tdcdequence divergence could be uni-
directional homogenisation towards one type of sega type via concerted evolution.
Extensive gene flow via hybridisation (akin to anpaxis scenario) may also explain the

predominance of only one sequence type. Thesetaspiicde discussed in more detail later.

It is commonly assumed that combined analyses witluce the differences between
individual data sets thus providing a better appnation of organismal phylogeny (Borsch
et al, 2005). Combining data sets is not always reconu®e as they may reflect different
histories (Smith and Sytsma, 1990) and combinirgmthiesults in the loss of this data. In
some situations it is difficult to judge which dasat performed better and a combined
approach is favoured (Roalsenal, 2001). The combined chloroplast data sets ($paue
intron) generally recovered the same five lineafend by thetrnT-L analyses, in all
reconstruction approaches. In the combitrad-L spacer andTSdata set Groups 1, 3, 4 and
5 were recovered with Group 2 not supported inNBeand MP analyses. In the MP analysis,

Group 4 formed a polytomy with some samples fromaupr5 (viz.K. caulescer)s However,
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in the Bl analysis all five groups were recoverétis indicates that thenT-L spacer data

contributes most of the phylogenetic signal.

Due to the limited applicability of thenL intron and thdTS region, the discussion below
will be based primarily on the results of tneT-L spacer (viz. the five groups recovered by

this marker).

3.4.2. Non-monophyly of species

Despite a general lack of robust support, the nioisiguing result in the phylogenetic
reconstruction oKniphofiais that all of the species with multiple sampleseveesolved as
non-monophyletic. Some species had samples placenbie than one of the major lineages.
In addition, several species with multiple sampleghin a single major lineage failed to
form monophyletic species clades (Table 3.8.)hdutd be emphasised that six speci€s (
fibrosa, K. linearifolia, K. parviflora, K. rooperiK. triangularisandK. uvarig Table 3.8.)
are in different lineages characterised by majdetoens (Groups and 5) i.e. their sequences
are very different. In order to test the extenspécies non-monophyly at the local scale one
population of each of two species were examined iftra-population polymorphisms.
Multiple samples of populations d&f. northiae (represented by SR 274) aikd rooperi
(represented by SR 237) revealed no polymorphisittinmeach population. The samples
sizes K. northiae n=5 andK. rooperi n= 4) for this exercise were small. The posgipitif
intra-population polymorphisms cannot be excludetitbese results suggest that populations

are monomorphic.

What explanations are there for this unusual reg@t non-monophyly of species)? Three
(not mutually exclusive) explanations are:
1. the alpha taxonomy is not correct and species@radequately delimited.
2. the evolutionary history of the DNA regions usedehare not reflecting the history of
the morphological entities.
3. sequence divergence in chloroplast and nuclear ermarére to too low to detect

monophyly in morphological species.



Table 3.8. Species dfniphofia with multiple samples which were placed in morentltbme major

group delimited using thenT-L spacer, also included are species with multiptepdas, which are

placed within a major single group but not clustgriogether to form monophyletic species clades.

10. K. buchananii

SR 305, SR 307, SR 458

11.K. caulescer

SR 270, SR 278, RIM 974, NPB 1i

12.K. drepanophylla

RAL 4816, RIJM 1100

13.K. ensifolia

JBsn SR 448

14.K. foliose

JMG 034, SR 387, JIMG 038, :398, SR 390, SR 3

15.K. gracilis

SR 321, SR 561, NNBG

16.K. ichopensis

SR 242, SR 289, SR 286, SR 407

17.K. isoetofolia

SR 388, SR 393, SR 386

Taxon Group/s | Sample:
1. K. baurii 2 SR 202, RIM 1026
4 SR 174, SR 398, SR 275, SR 285, SR 360, 382, NRB 19
2.K. fibrosa 4 SR 297
5 PBP 5579
3. K. linearifolia 5 SR 269, SR 343
4 SR 287, SR 290, SR 291, SR 558s3PSR 400, SR328, TD 4638, SR 31
4. K. parviflora 5 SR 268
4 SR 330
5. K. rooperi 5 SR 237
4 TD 4559, RAL 4227, SR 485
2 SR 528
6. K. splendida 1 SR 548
3 Chapman 9061
7.K. triangularis 5 SR 264, SR 266
4 SR 299, SRnK. triangularis subspobtusifolia
8.K. uvaria 2 SR 166, SR 186, SR 201, SR 203, SR 211, TD 4477
5 SR 337, SR 342, SR 471, SR 172
4 SR 477, SR 344
9. K. angustifolia 4 SR 542, SR 453
4
5
4
4
3
4
4
3
4

18.K. laxiflora

SRsr K. laxiflora form C, SR 295, SR 441, SR 442, SR 468, SR 467
283, NPB 1820

19.K. northiae

SR 274, SR 446, SR 263

20.K. praecox

SR 529, SR 530, SR 532

21.K. schimperi

JMG 036, SR 391

22.K. thomsonii

AMM 2647, IMG 031, CK 4821

23.K. tysonii

AlWW(N(OT

SR 302, SR 303, SR 460
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As noted in the introduction of this study, therglpaxonomy and species delimitations in
this genus are difficult in many instances. Hyls@dion has been invoked by taxonomists
that have worked on the genus (Codd, 1968, 2005%ai8lal973). However, in at least some
instances non-monophyly is also found in readibniifiable species e.¢(. northiaeandK.

parviflora suggesting that possible mis-identification of @gg alone cannot be used to
explain this result. Hybridisation and lineage swgrtcould be playing a role in the evolution

of species irKniphofia

In some plant groups that have undergone recemdtiaa it may be difficult to generate
sufficient phylogenetic signal due to low sequenideergence even for rapidly evolving
regions (Smallet al, 1998). In many studies low sequence divergenu# laas been
implicated in recent rapid radiations (Baldwin a8ednderson, 1998; Harrist al, 2000;
Malcomber, 2002; Klaket al; 2003b; Richardsoret al, 2001; Warwicket al, 2004;
Howarth and Baum, 2005). This could result in nosRophyletic species (e.g. Haras al,
2000; Malcomber, 2002; Warwicét al, 2004; Howarth and Baum, 2005). Additionallly,
fixation and rapid concerted evolution following Hmdisation may account for the
predominance of a singl@Stype (Alverez and Wendel, 2003). However, lack edsence
divergence is unlikely to exclusively explain thetemsive non-monophyly ifKniphofia
especially for thernT-L cpDNA marker.

3.4.3. Hybridisation

Hybridisation is an important phenomenon in angiwsp evolution and speciation
(Vriesendorp and Bakker, 2005; Church and Taylodp52 Okuyamaet al, 2005).

Comparative molecular phylogenetics studies arewsigp that hybridisation is more
prominent than previously thought. For example,n@ret al (2003) reported the role of
hybridisation in the evolutionary history @ossypium gossypioide3his study showed
introgression in two stages in this species. Aatmaet al (2003) studied hybridisation in
Sparting a genus with well documented cases of hybridisatnvolving small species

groups.



Kniphofia is noted for hybridisation in horticulture, cobiuting to its horticultural appeal
and numerous artificial hybrids are in cultivatifraylor, 1985). Hybridisation (past and/or
present) could be more extensive in wild populai@amd could account for the observed
results as hybridisation can yield complex patteshselationships and processes that are

difficult to infer and explain.

The following species from southern Africa that ezdound to be non-monophyletic in this
study have all been implicated in hybridisationrégeK. uvaria K. rooperi K. tysonii, K.
linearifolia, K. praecox, K. baurii, K. drepanophylla, K. triarigus, K. fibrosa K.
angustifolia K. buchananii, K. ensifoliak. laxiflora, K. gracilis andK. ichopensigCodd,
1968, 2005). Taxonomic problems associated witeetlaxa were reviewed in detail earlier
(Chapter 1). Two of the four Tropical African spegiK. schimperiandK. thomsoni that
were found to be non-monophyletic in this studyehalso been implicated in hybridisation
(Marais, 1973).

It is well documented that natural hybridisatioade to intermediate morphology, and this
may explain the numerous cases of intermediateirgedrading morphology, and species
complexes with extensive variation reported by Cddé68, 2005). A recent radiation
suggests that not enough time has passed for tyradelimited morphological species to
differentiate fully and develop reproductive barsiethus promoting hybridisation and
mixing of haplotypes. Incomplete or weak reproduetbarriers in taxa of complexes may
promote hybridisation. Back-crossing could furtoemplicate the issue. A highly reticulate
evolution may explain why variation patterns in gtoslogy become blurred (Mummenhoff
et al, 2004). Many problemati&niphofia taxa appear to be either incipient species or
populationssensu_u (2001) that are in the process of diverginghi® point of speciation but

still have the potential to interbreed.
Hybridising species are often sympatric, share iqatibrs and/or flowering phenology

(Chruch and Taylor, 2005). This description applies many problematic species of

Kniphofiafrom southern Africa, which are often wide-rangspgecies, display sympatry and
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flower contemporaneously. However, there is no sblsupport and conflict in the results to

test hybridisation issues.

3.4.3.1ITSand Hybridisation

Relying solely uporiTSto reveal phylogenetic patterns in complex geneiasufficient and
is likely to be misleading in some respects of etiohary history (Chaset al, 2003). Lack
of phylogenetic signal has important consequenCesngs and Abbott, 2001). As found in
Kniphofiaz McKinnon et al (2001) foundITS sequence data irEucalyptusto be
homogeneous, suggesting a low rate of sequenceutmrgl recent speciation and

hybridisation between species resulting in homaggiun of sequences.

Gene flow can potentially disrupt the divergencenatlear sequences (see Barkeéral,

2005). Divergent rDNA copies may experience a vaé fates following merger in a single
genome after reticulation. One possible outcomdoviohg hybridisation is that one
paralogue becomes fixed within a genome as a coeseg of concerted evolution (Alverez
and Wendel, 2003). Rampant/extensive hybridisafian panmixis) could have promoted
gene flow and rapid concerted evolution, and magoant for the results i.e. the

predominance of a singl&Stype inKniphofia

Wanget al. (2000) showed that rDNA is homogenised uni-dimwily after hybridisation
and polyploidisation. The process of concerted @wiah can be rapid and can occur in one
generation after the combination of pareniBb types (Aguilaret al, 1999). Concerted
evolution of ITS has also been reported to be rapid in the silvendwalliance, which is of

hybrid ancestry (Barriegt al, 1999).

Presently we have very little understanding onféaures that may affect crossing over and
gene conversion, but presumably the genomic locadind number of arrays play an

important role. Generation times and time sinceu&ition may also be important factors to

consider (Alverez and Wendel, 2003).
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As noted previously there was a lack of multiplelge and ambiquous calls in thHES
electrophenogranisace files, which would indicate the possibility different paternal and
maternal copies from hybridisation events. Howetee, lack oflTS variability makes this
test difficult to apply in the case ®fniphofig as hybridising individuals may contribute

identicallTS sequences to the hybrid progeny.

3.4.4. Lineage sorting

The evolutionary history of cpDNA represents onetipalar ‘gene genealogy’ (matriarchal
phylogeny) within an organismal pedigree. Stockastatriarchal lineage sorting from a
polymorphic ancestral gene pool can account fodteeordance between species affiliations
(conventional morphological taxon boundaries) ap@®NA genotype (Aviseet al, 1990).
The persistence and sorting of ancestral polymemsimay predate the divergence of the
taxonomic lineages (Olsen and Schaal, 1999). Itbidogically plausible that some
individuals may be more closely related to a memiieranother species than to their
conspecifics, solely due to patterns of matermeddge survival and extinction accompanying
the speciation process (Avise al, 1987). A consequence of lineage sorting is sipatcies
will not cluster on a phylogeny and appear non-nptiytetic. Recent speciation could result
in morphologically different species possessingiffieidntiated cytotypes i.e. a species may

have more than one cytotype (McKinneinal, 1999).

Thus reticulation and/or incomplete lineage sortran explain the non-monophyly of
Kniphofiaspecies. Reticulation and incomplete lineage rsgray not be mutually exclusive
and difficult to disentangle (Comes and Abbott, Z0Goldmanet al, 2004; Church and
Taylor, 2005).

Lineage sorting (instead of hybridisation) requitee maintenance of ancestral cpDNA
polymorphisms through one or more speciation ev@@tnes and Abbott, 2001). Random
sorting will have to occur with several losses lo¢ polymorphic state. Determining the
influence of lineage sorting requires the estintatid the age of species. This will show if

haplotype divergence pre- or post dates speciatfotivergence predated speciation, then
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lineage sorting could account for haplotype shafiogh a polymorphic ancestor. However,
if speciation pre-dates haplotype divergence, smiecific hybridisation and introgression
must be considered (McKinnaat al, 2001).

An indication of lineage sorting is the presenc@alfymorphisms within a population. Once
this is established more detailed studies at thpmulpdion level are required (e.g. Chiaety
al., 2004). Multiple samples of populationsKf northiaeandK. rooperirevealed no intra-
population polymorphisms. These findings do notatedghe possibility of incomplete lineage
sorting and the results in this study may also tebated to incomplete lineage sorting.
However, it is impossible to determine whether bale divergence pre- or post-dated
speciation. Determining age estimates in a phylpgena continental scale can be difficult
(Planaet al, 2004). This is challenging when there is no ifeadence or geological events
cannot confidently be used to calibrate the phyiggdree caliberation can be achieved by
using sequence divergence rates from other grouihs similar life histories, or closely
related lineages. However, such results have twoheidered as tentative. Different lineages
may evolve at diffent rates depending on intriresid extrinsic factors. Caution must also be
exercised in groups where hybridisation has beeplicgated. The age/s of speciations
anatomises in the reticulations and only heterogerassemblages can be dated, reflecting
time of hybridisation rather than speciation. Moo this approach is not applicable when
phylogenies are not robust with poorly supportedeso

Lineage sorting and hybridisation are not mutualkglusive. The results obtained may be
due to a combination of both phenomena. The extelmeage sorting is usually determined
by genetic heterogeneity within populations andratiyy modes, which is associated with
gene flow and natural hybridisation as well thelggical time that the species have evolved
through (Chianget al, 2004). With the existing information it is imggilsle to distinguish the

relative impact of hybridisation versus lineagetisgrin Kniphofia

Thus, the results of this study may reflect the birational effects of a recent radiation,

hybridisation, concerted evolution and/or incomplateage sorting.

162



3.4.5. Molecular phylogenies versus existing clafisation

Berger (1908) upheldNotosceptrumand dividedKniphofia into 14 formal sections. Codd
(1968) grouped taxa into ten informal sections ditd not supportNotosceptrum Marais
(1973) and Codd (2005) did not apply any infra-gengroupings. Species included in this
study are from all of Codd’s (1968) informal senso None of the sections delimited by
Codd (1968) correspond to the lineages recovermd the nuclear and chloroplast markers

for southern African material.

K. typhoidesK. umbrinaandK. brachystachyaf the segregate genitosceptrunwhere
included in this study and results obtained hereatosupport the monophyly of this genus.
K. typhoidesand K. brachystachyaare nested in Group 2, whike. umbrinais nested in
Group 4. These results support Codd'’s (1967) immtusf Notosceptrunin Kniphofia

3.4.6. Geographical interpretation of phylogeny

If there has been gene flow and/or lineage sortmen conspecific individuals may be
scattered in different lineages, but geographicédlyalised genotypes should be shared
between the different species (Whittemore and Sch881). Mapping samples of the five
groups (Fig. 3.21.A.) revealed several geographitepns. Composition of the five groups
showed some congruence with geographic origin ratien the systematic arrangement
based on morphology. Additionally these groups skome correspondence to the centres of
diversity recovered by the numerical analysis (Ghag) that appears to suggest a historic

link between the DNA signature and distributiontgeats.

Group 1 contained samples from the Northern Previ@eographically most of the samples
from Group 2 are from the Cape Region with outlierd&KwaZulu-Natal K. typhoidesK.
brachystachypand Malawi K. grantii). A northern South Africa and Cape area of divgrsi
were also recovered in the numerical analysis (@n&}). Group 3 is represented by material

from Tropical and East Africa [with the exceptiohko grantii (Group 2) from Malawi], and
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Madagascar. Species from Ethiopia {oliosg K. isoetifolig K. schimperi K. thomsoniiand
K. insignig, Kenya K. thomsonij, Tanzania K. thomsonii, Malawi K. splendida and
MadagascarK{. ankaratrenesisare in this group. Group 4 includes samples predantly
from KwaZulu-Natal and the Eastern Cape, with sosaenples from Mpumalanga and
Swaziland. Group 5 is represented by samples mbsihy the Eastern Cape and KwaZulu-
Natal. Groups 4 and 5 appears to reflect the Higion of the Cluster B (numerical analysis,
Chapter 2), an area of diversity that covers muchoothern, eastern and partly central SA.
However, the boundaries of the three areas of sityeffrom South Africa) mentioned above
are not exactly the same as the distribution ofciheNA groups because the distributional

data has much wider geographical coverage.

Figure 3.21.B. shows a more detailed map of sangfléise different groups from southern
Africa. The above results viz. non-monophyly of @ps, the correlation of the five clades to
geographic regions and the correlation of soméefctades to areas of diversity suggest that
the results and data should be analysed from aogbggraphic perpective, rather than a

phylogenetic one. These aspects are explored inekiechapter.
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Chapter 4: Phylogeography

4.1. Introduction

Phylogeography is the study of the principles amdcg@sses governing the geographical
distributions of genealogical lineages, especiatlfthe intra-specific level (Aviset al, 1987,
1998). However, this approach has been used anhtdespecific level especially when species
show close relationships (Lareetial, 2002; Dobg et al, 2004; Hughegt al, 2005). It is an
integrative discipline in evolutionary biology udlyarequiring input from molecular genetics,
population genetics, phylogenetics, demography historical biogeography (Avise, 1998,
2000).

In recent years there has been an increase inuhwwer of studies using phylogeograhical
approaches in plants, with investigations concésdran the floras of the Northern Hemisphere
(Hewitt, 2001). Several studies have, however, lg@re in the American tropics (Schaal and
Olsen, 2000; Collevattt al, 2003; Lorenz-Lemket al, 2005) and the Southern Hemisphere
(McKinnon et al, 2004; Gardneet al, 2004). A few phylogeographic studies exist foe t
African flora (Médailet al, 2001; Hughe®t al, 2005; Barkert al, 2005; Howiset al, in

prep.).

Of the African studies, Médadt al (2001) examined the phylogeography of subspeaxfi€iea
europaeato gain clarity on the systematics, ecology arabeography oDlea europaeaubsp.
maroccana It was found thaO. europaeasubsp.maroccanais a well differentiated relictual
taxon that possibily originated from an ancestnat within Tropical Africa. The results also
indicated thaD. europaeaubspmaroccanas not an intermediate betwe€n europaeaubsp.
europaeaand O. europaeasubsp.laperrinei as previously suggested. Barket al. (2005)
examined the phylogeography of two asteraceousiespg&thromolaena odoratda invasive

species in South Africa) andhrysanthemoides monilifer@ natural species to South Africa)
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and demonstrated th&fS sequence data can be a useful marker for phylogpbg studies.
Chromolaena odoratashowed little geographic or morphological correlat with genetic
diversity, while considerable genetic structure wagelated to morphology and geography in
Chrysanthemoides moniliferaHughes et al. (2005) examined the phylogeography of
Streptocarpus primulifoliusand Streptocarpus rexiin relation to forest fragmentation in the
eastern parts of South Afric&. primulifoliuswas found to have high nDNA and cpDNA
diversity which supported the hypothesis that #iscies is a coastal Pleistocene relt.rexii
which extends from high to low altitudes, has ndittle nuclear diversity and most populations
of S. rexii share a common chloroplast haplotype. Low gendittersity and homogeneity
indicated thasS. rexiiattained its current distribution during the Haoe. Hughegt al. (2005)

considered this to be a consequence of forestatdtagmentation.

A major difficulty in the phylogeographic study @lants is finding suitable genealogical
markers. Most plant studies are phylogeographia broad sense, detecting patterns of genetic
variation and geography and do not incorporate reegegical perspective (Schaal and Olsen,
2000). Both nuclear and chloroplast markers hawnhesed in plant phylogeographic studies.
Nuclear ITS has proven useful in several studies (Bargerl, 2005; Hughest al, 2005;
Lorenz-Lemkeet al, 2005). Schaal and Olsen (2000) have used thectpyy geneG3pdhto
study the phylogeography é&flanihot esculentaand close relatives. Chloroplast markers have
also proven to be useful (e.g. Noguehial, 2004; Dobg et al, 2004; McKinnonret al, 2004;
Gardneret al, 2004; DeChaine and Matrtin, 2005).

It is important to mention some of the differendasapproach between phylogenetics and
phylogeography. Phylogeography is a broad fieldhwiiany methodologies (Avise, 2000), and
the comparisons will concentrate on network methasighis was used in the present study
(below). Phylogenetic methodologies are usually ighesi to determine evolutionary

relationships above the species level. Specieshim ¢ontext are regarded as products of

reproductive isolation and population fission dgrimhich mutations combined with population
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divergence leads to fixation of different alleleslaeventually to non-overlapping gene pools. In
a broad sense relationships are considered tcebartinical (Posada and Crandall, 2001).

Phylogeographic approaches are targeted at tha-specific level. Relationships are not
considered hierarchical, as they are the resuftegfial reproduction among individuals with a
smaller number of recent mutations and frequeramdxnation. At the intra-specific level, the
more traditional approaches used to infer intecigserelationship estimates (such as maximum
likelihood and maximum parsimony) are not applieads some of their underlying assumptions
are violated. Evolutionary processes at the pojmnatevel such as recombination and
hybridisation of lineages generate reticulate i@teships. Traditional phylogenetic methods are
bifurcating, and make no allowance for such retitahs (Posada and Crandall, 2001).
Additionally in natural populations haplotypes @xs sets of multiple identical copies. When
one copy mutates it is unlikely that other copiéshe ancestral haplotype mutates or that all
copies of the ancestral haplotypes becomes exiihet. situation results in sampling of ancestral
haplotypes persisting with descendants in a pojpulatharacterised by multifurcations (Posada
and Crandall, 2001).

Alternate approaches need to be followed to tateancount the phenomena experienced at the
population level or intra-specific level (Posadal &randall, 2001). One solution is to apply
network-based approaches. Networks can accourthéoprocesses acting at the species level
and might be able to incorporate predictions froopyation genetics theory. Most network
based approaches are distance methods with a contmeome of minimising the distance
(number of mutations) among haplotypes (PosadaCaaddall, 2001). The network algorithm
employed in this study is statistical parsimonynaglemented in the program TCS (Clemeeits
al., 2000). It estimates the maximum number of défees among the haplotypes as a result of
single substitutions (i.e. those that are not mldtisubstitutions at a single site) with 95%
statistical confidence. This number is called tlaespnony limit. Haplotypes differing by one

change are then connected, and then those diffbyirtggo and so on until all the haplotypes are
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connected into a single network or when the pamimimit is reached. This method emphasises
what is shared among haplotypes that differ minynahther than the differences among
haplotypes and provides an empirical assessmedewations from parsimony (Posada and
Crandall, 2001).

Nested clade analyses (NCA) aim to assess theribistauses of geographic variation. In the
NCA a haplotype tree is used to define a nestedssef branches (clades). This allows for an
evolutionary nested analysis of the spatial distidn of genetic variation. NCA can
discriminate between phylogeographic associatiams w recurrent but restricted gene flow
versus historical events operating at the populdgeel (Templeton, 1998). Nesting starts with
the tips of the network and moves one mutatioreg gito the interior uniting all haplotypes that
are connected by this prodecure into ‘1-step clamlefirst level clades. Thereafter these ‘1-step
clades’ are pruned off. The prodecure is repeateth® more interior portions of the network if
needed until all haplotypes are placed in ‘1-stages’. The next level (second level) uses 1-step
clades as base units rather than haplotypes appiigenrules above to determine 2-step clades.

This process is repeated until the original netwals into a single category (Templeton, 1998).

Several phylogeographic studies have foundri&-L spacer (used in this study) to be useful at
the intra-specific level (Huanet al, 2002; Saltonstall, 2002; Hongt al, 2004; Zhanget al,
2005). Huanget al. (2002)examined the phylogeography Gf/clobalanopsis glauc@ragaceae)
incorporating 32 populations with 140 samples. Ambmed analysis was used with ttneT-L
spacer being the most variable and informative. nguet al. (2002) did not use TCS or

phylogenies but concentrated on a genetic diveagiproach.

Saltonstall (2002) studieBhragmites australiPoaceae) world wide using 345 populations
represented by 345 samples. A combined analysisused withtrnT-L spacer andbcL-psal

sequence data. Not all the data for these markers provided. Saltonstall (2002) used TCS to
determine haplotypes but no NCA or phylogenies waesented. Twenty-seven haplotypes
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were recovered with a single haplotype (M) cursebting the most common in North America,
Europe and Asia. It is closely related to haplotyfrem Europe, Asia and Africa, and is also
predicted to be the ancestral haplotype. Haplolpys the most common and widely distributed
in North America but is not closely related to attdorth American haplotypes. Saltonstall
(2002) results indicate a cryptic invasion is ocay in North AmericarPhragmites australiby

a non-native genotype (viz. haplotype M), whichhighly competitive with broad ecological
tolerances. It has spread throughout North Amedisalacing native types and has spread to

regions not previously occupied Pyaragmites australis

Honjo et al. (2004) examined 66 populations (n= 275Poimula sieboldii(Primulaceae) using
several markers (thenT-L spacer, thérnL intron, thetrnL-F spacer, thérnD-T spacer and the
trnH-psbAspacer). A combined analysis was presented ana@lhtte data for these markers
were given. Honjeet al. (2004) used TCS to determine the cpDNA haplotypes22), but a
NCA was not done. In order to infer relationshipsoag the haplotypes MP and NJ were used,
with only the MP phylogeny presented. Most haple/pvere geographically confined but one
was widely distributed throughout northern Japarhilev several others were found in
geographically distant regions. Three major phytage clades were recovered and none of the
haplotypes recovered were placed in more than laake cClade | was distributed in Kyushu and
central Honshu, Clade Il in western Honshu and Hakk and Clade Il in central Honshu and
Hokkaido.

Zhanget al. (2005)examined the phylogeography dfiniperus przewalski{Cupressaceae) on
the Qinghai-Tibetan Plateau. Twenty populationsesgnted by 392 samples were studied using
thetrnT-L spacer, thérnL intron, thetrnL-F spacer and thenS-Gregion. A combined analysis
was used with thérnS-G region being the most variable and informative.ST@®@as used to
determine the haplotypes and a NCA was performégloBenetic relationships among the
haplotypes were determined using NJ, MP and Maxirhikalihood, which resulted in the same

topologies. Six haplotypes (A-F) were found whi@sted into three first level clades. Clade 1-1
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contained haplotypes C, D and E, Clade 1-2 contialeplotypes E and B while Clade 1-3
contained only haplotype F. The nested clades sporeded to the main lineages recovered by
the phylogenetic analyses and none of the haplstypeovered were placed in more than one
clade. The most widely distributed haplotype (A)swaypothesised not to be the ancestral
haplotype. Zhanget al. (2005) findings indicate that the Qinghai-Tibet&#ateau was
recolonised byl. przewalskiiduring the most recent post-glacial period by atygtacial range
expansion from the edge of the Qinghai-Tibetan eRlat This was followed by recent

fragmentation which was proposed to explain thessurdistribution of cpDNA haplotypes.

Based on the results presented in Chapter 3 it dea@sned necessary to explore theT-L
sequence data from a phylogeographic perspectikierrthan a strict phylogenetic context in an
effort to understand and explain the geographiodl ghylogenetic patterns recovered. Th8

data was not analyses in this manner because @hgequence divergence and recombination.

4.2. Materials and Methods

4.2.1. Data Sets

Two analyses were conducted. The first (Analysiwds done on the entitenT-L matrix with

the following modifications: the out-group8ylbine and Bulbinelld) and threeKniphofia
sequences (SR 342< uvarig J. Potesre K. linearifolia, TD 4559=K. rooper), which had
substantial regions of missing data, were exclddad the analysis. Messy ends were trimmed
at the 3’ end of the spacer. Once the out-grouplsi@complete sequences were removed, the
matrix was re-checked and redundant gaps were regntmvminimise internal node haplotypes.
This approach was done primarily to compare resflthe phylogenetic and phylogeographic
approaches. In the second analysis (Analysis Il 8outh African (SA) samples were included.

The matrix was then trimmed and edited as descrdtmve. This data set was subjected to a
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nested clade analysis. It is important to note Swnples in the matrices analysed are not
population samples but are treated in this studsuab.

4.2.2. Nested Clade Analysis (NCA)

Haplotype networks were constructed using TCS wvardi.13 (Clementet al, 2000). Gaps
were treated as missing data. Haplotypes were chadie hierarchically interlocking groups i.e.

nested clades for both data sets.

A quantitative analysis of geographical data (N€A), as described by Templeton (1998) was
performed using GeoDis version 2 (Posatlal, 2000). GeoDis is a program that allows to test
a null hypothesis of no association between gedyrapd the inferred gene tree (Avise, 2000).
Acceptance of the null hypothesis may be due téobiocal factors viz. high contemporary gene
flow or recent historical association. The null bifgesis may also be accepted due to insufficient
power of the test because of small samples sizesar sampling. When the null hypothesis is
rejected the program can be used to gain insightcauses of associations between the
phylogeny and geography (Avise, 2000). Statistycalgnificant large and small [values (a
measure of the geographical range of a particldateg, D values (the geographical range of a
particular clade relative to its closest sistedel, (I-T)pc (the Qb of the interior minus the tip
clades) or (I-T)on (Dn interior — Dn tip) Were interpreted using the inference key (avéeldtom
http://inbio.byu.edu/Faculty /kac/crandal_lab/geolain Templeton, 1998).

This analysis was only done for SA samples, adaiye spatial separation of Tropical and East
African samples and the lack of sampling over thére distributional range were deemed
unsuitable for further analysis. The output filexdahe GeoDis inference key were used to
determine possible biogeographic scenarios.
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The TCS and GeoDis software is used mainly for pdmn level studies with typically more

than one sample per population. Throughout thislystonly one sample per population was
analysed as it was initially anticipated that speavould cluster along morphological lines and
not geographically. Thus the original sampling aggh was to collect as many morphological
species as possible and to cover geographic distsib for SA and strictly speaking the

sampling above is not suitable for a NCA. Howevenvas pursued to test if there was any
association between DNA sequence data and geograpidy determine the nature of the
association. These aspects were done in an etfdoetter understand the biogeography and

evolutionary history oKniphofia

An approach using a single sample per populatioovered a haplotype network but problems
were encountered using GeoDis. Initial attemptsctviireated each sample (and locality) as a
separate population failed to recover statisticalues to use the GeoDis inference key.
Populations were then grouped at the quarter dergriel (QDG) scale i.e. samples within a
given QDG were treated as a single population. ®ss did not recover statistically usable
values. Samples were then grouped at the half deggiéd (HDG) scale. Single samples in QDG
that were the only representative for a HDG werged with adjacent and immediate HDGs.
This was done to minimise the number of populatiang group samples that would otherwise
cluster if a strict HDG clustering approach was inghlemented. In several cases single samples
(populations) for a QDG were not immediately adjgc® a designated HDG and prevented
incorporation. These were treated as independlme() HDGs. A similar approach was used
for full degree grids to explore and compare thie@me at a different spatial scale.
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4.3. Results

4.3.1. Analysis I: southern, East and Tropical Afrcan samples

The matrix consisted of 122 sequences represebingniphofia species and was 545 bp in
length. The network recovered (Fig. 4.1.) had altot 56 haplotypes of which 15 were internal

nodes (i.e. unsampled haplotypes).

The remaining 41 haplotypes are listed in AppendiXTwenty-three first level clades were

recovered of which four were internal node cladesdlades with no representative samples. Ten
second level clades and three third level clada® wexovered (Fig. 4.1.). Nesting at the fourth
level incorporated the entire network. The loope mo described in both analyses as these
contained internal node clades. Additionally loa@m be broken down depending on what

haplotype is basal in equally parsimonious solion
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Fig. 4.1. Haplotype network with nested clades base thetrnT-L spacer ofKniphofia. Colors represent groups obtained from the phyletieranalyses
(Chapter 3) (Green= Group 1, Blue= Group 2, Oran@esup 3, Red= Group 4 and Pink= Group 5; refdexb for details).
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4.3.1.1. Comparison of haplotype network and theedges recovered by phylogenetic

approaches

It is useful to compare nested clades with the qughetic groups recovered as most studies find
that there is a correspondence (e.g. Zhanh@l, 2005). The bayesian inference tree which

generally had good support for the five major go@hapter 3) is used below to compare

nested clades and groups recovered in this studyfiiist level clades are too numerous to make
any detail comparisons. All the first level nestdddes (excluding internal node clades) were
group specific (Fig. 4.1.) i.e. all first level dies contained samples from only one group as
resolved by the phylogenetic methods (Chapter B)th& second level nested clades were also
group specific except Clade 2-10 which is compaxfeuo first level clades, Clades 1-16 and 1-

18 (Fig. 4.1.). Clade 1-16 has two samples fromu@rd while Clade 1-18 has one sample from
Group 3 (SR 383XK. foliosafrom Ethiopia).

The third level nested clades do not strictly mflthe same lineages recovered by the
phylogenetic analyses (Fig. 4.2.). Clade 3-1 (nri$Zomposed of five second level clades and
has samples from all five lineages recovered inphg@ogenetic analyses (Fig. 4.1., 4.2. and
4.3.). Clade 2-1 is composed of all samples fromu@rl (n= 2). Clade 2-4 is composed of all
samples from Group 2 (n= 17). Clade 2-5 is compaxfeall samples from Group 3 (n= 16),
except SR 383K. foliosg which is placed in Clade 3-2. Clade 2-8 is congplosf all samples
from Group 5 (n= 18). Clade 2-7 is composed of seamaples from Group 4 (n=9).

Clade 3-2 (n= 48) is composed of three second letagles and has samples from two lineages
recovered in the phylogenetic analyses (Fig. 4.2.,and 4.4.). Clade 2-2 (n= 35) and Clade 2-6
(n= 10) are composed of samples from Group 4. Hewe®lade 2-10 is composed of samples
from two phylogenetically delimited groups, Grouggrd 2) and Group 3 (n= 1). Clade 3-3 (n=
12) has two second level clades (Fig. 4.1., 4.8.4aB.) and contained only representatives from
Group 4: Clade 2-3 (n=4) and Clade 2-9 (n= 8).
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Fig. 4.4. Second level clades of Clade 3-2 plottrdbayesian tree of thtenT-L spacer. Major cpDNA
groups are denoted by bars to the right and nuntigosv the group labels show indel positions aaé si
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Fig. 4.5. Second level clades of Clade 3-3 plottrcbayesian tree of thtenT-L spacer. Major cpDNA
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4.3.2. Analysis Il: NCA of South African samples

The second matrix (only SA samples) consisted &f 4€@quences representing Kaiphofia

species and was 539 bp in length. The network exeol(Fig. 4.6.) had 42 haplotypes were
recovered of which nine were internal node haplesypThe remaining 33 haplotypes are
characterised in Appendix 8. Eighteen first leMaldes recovered of which three were internal
node clades i.e. clades with no representative kemmBeven second level clades and three third

level clades were recovered. Nesting at the fakllincorporated the entire network.

It is not possible to directly compare the nestémbes with the lineages recovered using
phylogenetic approaches as no phylogenetic reaarigins were done exclusively on SA

samples.

For the GeoDis analysis a total of 39 HDGs werendtdd. Details of samples grouped into
HDGs are given in Appendix 9. A total of 25 fullgiee grids were delimited (Appendix 10).
The GoeDis output files are given in Appendix 1M d?® for the half and full degree grid
analyses respectively. The results discussed betséd only on the third level nested clades as
these allowed for meaningful comparisons (see gbdvee inference key results are presented
below for the half and full degree grid analysestiStically significant large and small,[D,

(I-T) pc and (I-T) pn values from the GeoDis output file were used wihité inference key in a
stepwise manner to determine possible biogeogrageoarios. The numbers in the inference
chain below represent the steps in the key.

Half degree grid inference chain:

Clade 3-1: +--19—NO: Allopatric fragmentation
Clade 3-2: --2—11—-17—4—NO: Restricted gene flow with isolation by distance
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Fig. 4.6. Haplotype network with nested clades Bawe thetrnT-L spacer for South Africa samples Kifiphofia (Green= Group 1, Blue=
Group 2, Red= Group 4 and Pink= Group 5; refeexb for details).
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Clade 3-3: »2—-3-55—-6—13-14-YES: Sampling design inadequate to
discriminate between contiguous range expansion, rig distance colonisation and
past fragmentation

Full-degree inference chain:
Clade 3-1: £>19—NO: Allopatric fragmentation
Clade 3-2. 1H2—-11-YES (Range expansioml2—NO: Contiguous range
expansion
Clade 3-3: -»2—-3—-5—-6—7—YES: Restricted gene flow/ Dispersal with some long

distance dispersal

4.4. Discussion

It must be emphasised that the results of the TG GeoDis analysis should not be over
interpreted because of the sampling approaches N&gerials and Methods) and limited
sampling done between SA and Ethiopia. Phylogedugcap analyses are only meaningful if
appropriate sampling is done across the entireilnlisional range. Small samples sizes or poor
sampling may not recover an association betweegrgpby and the inferred gene tree (Avise,
2000). More sampling is required from the gaps betwSA and Ethiopia to gain better insights.
Moreover, not enough is known about how these nustlaoe effected by phenomena such as the
hybridisation and incomplete lineage sorting. Thius interpretation of the results should be

regarded as preliminary. Despite these limitatemse interesting patterns were found.

Neighbor joining, maximum parsimony and bayesidergnce recovered more or less similar
groups (Chapter 3). The third level nested cladesndt strictly reflect the same lineages
recovered by the phylogenetic analyses (ChapteFi®).differences in the results may be due to

the different methodological approaches. Phyloggoigic approaches take into account the
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phenomena experienced at the population level enda considered hierarchical. Evolutionary
processes at the population level such as recotntrmand hybridisation of lineages generate
reticulate relationships (Posada and Crandall, ROUtaditional phylogenetic methods are
bifurcating, and make no allowance for such resitahs. In a broad sense relationships are
considered to be hierarchical (Posada and Crarif#)ll). However, the nesting process in TCS

(Clementset al, 2000) appears to be hierarchical.

Parsimony is a character based method using omigpeymorphic characters to find the tree or
set of trees that have a minimum number of stepge8an inference is a model based method
that takes into account priors and is also chardmsed. Neighbor joining is a distance based
method. It takes into account gaps and missing dathis therefore sensitive to indels and
missing data. In the TCS analysis employed, gape Wweated as missing data. It is interesting to
note that the only nested clade which matches &gbgetically delimited group characterised
by an indel is Clade 2-8 which corresponds to Greu@roup 4 which is also characterised by a
six bp insertion in the phylogenetic approaches wak recovered as a single unit in the

haplotype network irrespective of the level of megt

Setting the TCS software parameters to treat tips ga 5 state characters did not recover a
network in both analyses. It is possible that treptgaps as ' state characters results in

numerous sub-networks that do not reach the parsirimit and are not able to connect and
recover a usable network. The other possibilitthit 8" state characters resulted in too many

haplotypes that were beyond the computational ¢gpaicthe program.
4.4.1. Distribution of nested clades from haplotypaetwork (Analysis I)

In the anaylsis of the full data set all the thiedel clades are linked i.e. none are placed at

terminal positions in the network. This suggest the clades may have once formed a single
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cohesive unit that has fragmented. This becomes @gparent when the samples from the third
level nested clades are mapped (Fig. 4.7.-4.9.).

Fig. 4.7. Vegetation map of Africa (after White,8B) showing distribution of third level nested
clades (based amT-L spacer). Clade 3-1=red, Clade 3-2= blue and C3aBte green.

Clade 3-1 is distributed from the Cape Region ®rbrthern limits of southern Africa and the
genetic signature is maintained at Afromontaneudigjns in Tropical and East Africa that were
sampled in this study. The signature was also eV for material from Madagascar (Fig.
4.7.). This suggested that the Cape Region and pérfrica once formed a continuum in the
past and this has been broken, with the haploty@estaining the genetic signature. All samples
that were not southern African are from Afromontaegions. South African samples from
Clade 3-1 are from a wide variety of habitats atidudes (Fig. 4.8. and Fig. 4.9.A). It is
interesting to note that in the phylogenetic aredy@Chapter 3) a sample from Malawi also fell
into the Cape clade (Group 2). This sample drantii) was re-extracted and sequenced to rule
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out the possibility of mistaken origin. Another gaenfrom Malawi K. splendida,Chapman
9061) fell into the Tropical Africa clade (Group. B). grantii (Group 2) is placed within Clade
2-4, whileK. splendida(Chapman 9061) is placed within Clade 2-5. Bothd€la-4 and Clade
2-5 are nested in Clade 3-1 (Fig. 4.1.). The Capdaii link also suggested that this haplotype
extends more northwards than this study has detecte

Fig. 4.8. A detailed map showing distribution ofrdhlevel clades (based amnT-L spacer)
within South Africa. Clade 3-1=red, Clade 3-2=éhnd Clade 3-3= green.

Numerous workers have noted the relationships lestvtlee Cape Region and the Afromontane
Region (Levyns, 1964; Hedberg, 1965; Cowling, 1983#iard and Burtt, 1987; Linder, 1990;

Linder, 2003, Galley and Linder, 2006). These linksstly concern Cape floral elements which
are frequently found in most Afroalpine centresli&aand Linder (2006) have suggested that
Afromontane taxa with southern connections arevddrin part from Cape clades either from
one or several migrations northwards from the GRpgion. HoweverKniphofiais not regarded

as a Cape element and this study does not conelysitiow that the Tropical and East African

clade is derived from Cape clade (Chapter 3).
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As mentioned above limited sampling was done inAfremontane regions between SA and
Ethiopia. Additional sampling is required for thapg between SA and Ethiopia. It will be
interesting to see the placement of additional nedtérom regions not sampled, especially

Tropical and East Africa.

In Clade 3-2K. foliosa(SR 383) from Ethiopia grouped with material fr&@A (Fig. 4.7., 4.8.,
4.9.B.). This also suggests that some SA matevialdre closely related to East African material
rather than other SA samples. This genetic linkvbenh southern and East Africa may be more
common but was not detected because of poor sagnptimlso suggests that more than one
genetic signature occurs between southern and Adst. But more sampling is required to

confirm this.

All samples in Clade 3-2 (exceft foliosaSR 383) and Clade 3-3 (Fig. 4.7., 4.8., 4.9.Ce) ar
from the Afromontane Region (viz. Drakensberg), thd@acent Drakensberg-Maputoland-
Pondoland transition and the Maputoland-Pondolaedidt (within southern Africa). Samples
occur from high altitudes in the Drakensberg to ¢bastal regions in habitats with a grassland
affinity. It is generally assumed in phylogeograpkiudies that the most common haplotype is
the also the most ancestral. Haplotype SR 300 fh<fade 3-2) is the most common haplotype
but does not appear to be the most ancestralissdat centrally placed within the network (Fig.
4.1.). Samples of this haplotype are also not bagddced in the phylogenies, which would
support this haplotype being ancestral. It seeragsible to hypothesise that this haplotype is
recently derived and has managed to spread inaéivedly short period of time. Most of the
samples of haplotype SR 300 are from KwaZulu-N@tal25) covering a wide range of altitudes
(coastal to high montane habitats). In southerricAfthere ia a compensation of latitude for
altitude. This compensation of latitude for altéuaind the results above seem to indicate a range
expansion foKniphofia (see below).
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It is also worth noting thaK. typhoidesK. umbrinaandK. brachystachyahat were placed in
the segregate gentotosceptrundid not form a separate cluster in the haplotygtevark.

4.4.2. NCA of South African samples

The discussion below focuses only on the third llessted clades analysed at the full degree
grid scale as this gave more meaningful resultss Wy be due to inadequacies in the half
degree grid sampling approach, small samples sz@®or sampling. At the full degree scale

cpDNA haplotypes divided into threee major nestéatles that showed some geographical
patterns. The distribution of the three nested edadre mapped in Fig. 4.10. Biogeographic
scenarios recovered by the GeoDis analysis atulhedgree scale become more apparent when

samples within the nested clades are mapped oud Hidy.

km100 0 100 200 300 400 500 600 700 800,
[ 1 e M o Ly km

Fig. 4.10. Map showing distribution of third leve¢sted clades based on th&T-L spacer for
southern Africa representatives kihiphofia (Orange= Clade 3-1; Blue= Clade 3-2 and Green=
Clade 3-3).
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Clade 3-1 showed allopatric fragmentation. Thisgested that the Cape Region and parts of
KZN and Mpumalanga formed a continuum at some Stagee past and these have been broken
with the haplotypes maintaining the genetic sigraatiihis does not rule out the possibility that a
continuum does exist, and the sampling of thisystlid not recover it. Most of the samples from
the KwaZulu-Natal and Mpumalanga are from the Afooiane Region with the exception of a

single sampleK. leucocephaldrom Richards Bay).

Clade 3-2, showed a range expansion. Samples fhoenctade are from the Afromontane
(Drakensberg) Region, the adjacent Drakensberg-kMémd-Pondoland transition and the
Maputoland-Pondoland Regiokniphofiahas been shown to be a strong Afromontane grassland
affinity north of southern Africa. However, in sbetn Africa, Kniphofia occurs from high
altitudes to the coastal regions. The compensatfdatitude for altitude may explain a range
expansionKniphofiamay have expanded ranges to lower altitudes edlyeicidhe eastern parts
of SA in the recent past possibly the last glaciadle. This range expansion may have been
accompanied by a radiation which may account fer tiigh diversity in the eastern part of
southern Africa viz. the Afromontane (DrakensbeRggion, the Drakensberg-Maputoland-
Pondoland transition and the Maputoland-Pondolaagidh (Chapter 2; also discussed in detail
later).

Clade 3-3, showed restricted gene flow and somg diistance dispersal. The distribution of this
clade extends along the Drakensberg Range witheldhrsamples in the low-lying Drakensberg-
Maputoland-Pondoland transition. This pattern ig¢ olear and is unlikely to support the

extensive hybridisation suggested previously (Géraptand 3).

4.5. Conclusion

The findings presented here should be regardedetisnmary because of the limited sampling.

Also the current programs routinely used in phytagaphical studies cater for a single species
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or a small number of closely related species. Algdgographic approach as advocated in this
study may not be appropriate due to poor samplexge spatial gaps between samples, the
heterogeneity of morphological entities and the-mmmophyly displayed by several species.

Coalescent approaches may help in interpretingddua further. However, these were not

attempted in this study because of the limitingureatof the data and the problems associated
with finding suitable calibration points.

Despite these limitations some interesting patterese detected. The comparitive study of the
nested clades (recovered in the haplotype netwdrkhe entire trnT-L matrix) and the
phylogenetic reconstruction approaches revealddhkanested clades did not strictly reflect the
phylogenetically recovered lineages. Additionaljade 3-1 appears to show fragmentation
between Cape Region, northern parts of SA anddsieaf Africa including Madagsacar. Clade
3-2 also indicates a SA-Ethiopia link. The oth@eresting pattern recovered was in Clades 3-2
and 3-3, which suggests a range expansion.

In the NCA of SA samples one of the nested claGésje 3-1, showed allopatric fragmentation
between Cape Region and parts of KZN and Mpumalaigmttern that point to fragmentation
was also detected in the comparitive analysis ®fist clades of the haplotype network and the
phylogenetic lineages (above). The other interggbiattern recovered was in Clade 3-2, which
points to a range expansion in the Afromontane KBmaberg) Region, the adjacent
Drakensberg-Maputoland-Pondoland transition and thkaputoland-Pondoland Region.
Kniphofia may have expanded its range in the recent pastbbosise last glacial cycle. This
range expansion may have been accompanied by aticedivhich may account for the high
diversity in the eastern part of SA. The aboveifigd provide valuable insights towaraetter

understanding of the biogeography and evolutioh@story ofKniphofia
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Chapter 5: Anatomy

5.1. Introduction

Anatomical evidence can play an important rolehi@ €lucidation of phylogenetic relationships
(Ellis, 1983a, 1989; Linder, 2000). Leaf anatomyg baen used widely in taxonomically difficult
groups to solve problems of relationship and clesdion (Davis and Heywood, 1973; Ellis,
1974, 1982, 1983b, 1985a, 1985hb, 1986a, 1986b,,19838). Light and scanning electron
microscopy have proven to be useful tools for theys of leaf anatomy itKniphofia (Baijnath,
1980) and other asphodelaceous genera sucBuldsne (Baijnath, 1977; Baijnath, 1992b;
Baijnath and Cutler, 1993; Ramdhani, 2002Ipe (Brandham and Cutler, 1978; Cartdral,
1984; Smith and van Wyk, 19920 aworthia (Cutler, 1978; Smitret al, 1996), Poellnitzia
(Smith and van Wyk, 1992) ar@@hortolirion (Smith and van Wyk, 1992; Smiét al, 1996).

The above studies have shown that leaf anatompearsed in conjunction with other sources of
evidence to understand relationships. Baijnath @188amined the leaf anatomy of 18 species of
Kniphofiaand two natural hybrid¥( citrina X K. uvariaandK. evansiiX K. porphyranthd. It
was found that hybrids inherit some leaf surfacaratters from both parents (Baijnath, 1980).
Vascular bundles and crystals were of particulterast. Anatomical data did not support the
segregate genugotosceptrun{Baijnath, 1980). Baijnath’s (1980) study alsowpded additional
support for the creation of a separate speciesssfat the V-shaped leaf form & northiae,
which was later described a6 albomontana(Baijnath, 1987). However, juveniles .

northiaehave a V-shaped leaf (personal observation).

In the development and execution of this study theus was to determine phylogenetic
relationships using DNA sequence data. At theahgtages of this project it was suggested that
leaf anatomical studies may also be useful in wtdading relationships. Consequently,
anatomical studies were initiated to find characteom both the leaf surface and transverse
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sectional anatomy that will be informative in detéring phylogenetic relationships. Initial
attempts to analyse leaf surface characters phyigally was of limited use as there was intra-
specific variation and specimens did not group miarphologically based species, a result also
obtained for the cpDNA study (Ramdhaeti al, 2006). It was decided to attempt a phenetic
approach to establish if anatomical charactersdedime species-specific clusters. Anatomical
studies were thus done to determine variation betvp®pulations of the same species as well as
between species. Anatomical findings were thenecdnglised in terms of the phylogenetic and
phylogeographic frameworks based on DNA sequentz atad builds upon on the initial work
by Baijnath (1980). A detailed descriptive anatoahiaccount is not provided due to the
limitations imposed by time and the confusing resul

5.2. Materials and Methods

5.2.1. Sampling

Most of the leaf samples used for anatomical stugiere collected from the field. A list of
samples used is provided in Table 5.1. Leaf postiere selected at a standard level, midway
between the base and apex of mature leaves [folpBaijnath (1980)]. Fresh material was
fixed in FAA (Formalin-Acetic-Alcohol; 85 parts 70%cohol: 10 parts 40% formaldehyde: 5
parts acetic acid) for at least 24 hours. Leavesevadso fixed in 50% ethanol depending on

availability of fixative. In some instances herloan material was used (see below).
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Table 5.1. List of specimens used for anatomiealies. Locality and data pertaining to groups base®NA sequence data from the
trnT-L spacer are included. Additional details for cdibes, localities, herbaria and additional abbreers are given in Table 3.3.
(Chapter 3).

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. acraea TD 4626 Mountain Zebra National Park 5 X X

K. albescens SR & JB 314 Dirkiesdorp 4 X X

K. angustifolia SR 542 Cathedral Peak Nature Resenve 4 X -

K. angustifolia SR 453 Cathedral Peak Nature Reserve 4 X X

K. ankaratrensis | PBP 5676 Madagascar 3 X -

K. baurii SR 174 Humansdorp X X

K. baurii SR 275 Elands Heights 4 X -

K. baurii SR 285 Naudes Nek 4 X X

K. baurii SR 360 Port Elizabeth 4 - X

K. baurii NPB 1923 Alicedale 4 - X

K. brachystachya | SRsn Estcourt 2 X X
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. breviflora SR 452 Oliviershoek Pass 4 X X
K. breviflora SRsn Greytown - X -
K. bruceae SR & NPB 171 Komga 4 X X
K. buchananii SR & BT 305 Greytown 4 - X
K. buchananii SR & BT 307 Greytown 4 X X
K. buchananii SR 458 Howick 4 - X
K. caulescens SR 270 Elands Heights 5 X X
K. caulescens SR 278 Naudes Nek 5 - X
K. citrina SR 176 Humansdorp X X
K. coddiana SRsn Umtamvuna Nature Reserve 4 X X
K. coddiana RAL 4820 Mkambati - - X
K. coraligemma | SR 549 Iron Crown (Wolkberg) 1 X X
K. drepanophylla | RJM 1100 Mkambati 4 X X
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM
K. ensifolia subsp.| JBsn Witbank 4 X X
ensifolia
K. ensifolia subsp.| SR 448 Harrismith 4 X X
autumnalis
K. fibrosa SR & AR 297 Pervensey 4 - X
K. fibrosa PBP 5579 Dohne Hill 5 X X
K. fluviatilis SRsn Verloren Vallei - X X
K. foliosa JMG 034 Sebese Washi, Ethiopia 3 X -
K. galpinii SR 312 Long Toms Pass, Lydenberg 4 X X
K. gracilis SR & HB 321 Durban 4 X X
K. gracilis SR 308 Arhens - X X
K. grantii CP 4154 Nyika Plateau, Malawi X -
K. hirsuta SR 282 Naudes Nek X X
K. ichopensisvar. | SR 242 Nottingham Road X X
ichopensis
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L Leaf Surface: | Leaf TS:
spacer group | SEM LM

K. ichopensisvar. | SR 241 Rosetta - - X

ichopensis

K. ichopensisvar. | SR 409 Michaelhouse 4 - X

ichopensis

K. insignis SRsn Tatek, Ethiopia 3 X -

K. insignis Teklehymanot 30 (= TT30)Lege Shekole, Ethiopia - X -
(ETH)

K. isoetifolia JMG 033 Bale Mountains, Ethiopia - X -

K. latifolia RSSsn Greytown 4 X X

K. laxifloraform B | SR 295 Kamberg Nature Reserve 4 X X

K. laxifloraform B | SR 253 Himeville - X X

K. laxifloraform B | SR 441 Nottingham Road - X

K. laxifloraform B | SR 442 Michaelhouse - X

K. laxifloraform B | SR 468 Weza 4 - X

K. laxiflora form C | SRsn Wakkerstroom 4 - X
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. sp. cf. laxiflora | SR 283 Naudes Nek - X
K. leucocephala | NNBG Richards Bay X X
K. linearifolia SR 182 Knysna - X X
K. linearifolia SR 151 Michaelhouse - X X
K. linearifolia SR 170 Komga - X X
K. linearifolia SR 269 Hogsback (Seymour) 5 X X
K. linearifolia SR 287 Loskop 4 X X
K. linearifolia SR 290 Rosetta 4 X X
K. linearifolia SR 291 Kamberg Nature Reserve 4 X X
K. linearifolia SR & JB 311 Lydenberg 4 X X
K. linearifolia SR 328 Mt. Currie Nature Reserve 4 X X
K. linearifolia SR 343 Hogsback (Seymour) 5 X X
K. linearifolia SR 400 Mooi River 4 X X
K. linearifolia J Potesn Stutterheim 4 X X
K. littoralis SR & HB 200 Silverglen Nature Reserve 4 X X
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. multiflora SR & JB 310 Lydenberg 4 X X
K. northiae SR 263 Hogsback (Seymour) 5 X X
K. northiae SR 274 Naudes Nek 5 - X
K. parviflora SR 268 Hogsback (Seymour) 5 X X
K. parviflora SR 330 Mt. Currie Nature Reserve 4 - X
K. pauciflora HB sn Durban X X
K. porphyantha SRsn Verloren Vallei X X
K. praecox SR 529 Jefferys Bay 2 X X
K. praecox TD 4461 Katberg - X X
K. pumila Frisset al. 1079 (ETH) Kebre Mengist, Ethiopia - X -
K. rigidifolia SRsn Lydenberg 4 X X
K. ritualis SR 300 Pervensey 4 X X
K. rooperi SR 237 East London X X
K. rooperi SRsn Cape Recife - X -
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. sarmentosa SR 207 Hex River Pass 2 X X

K. schimperi JMG 036 Sebsebe Washe, Ethiopia 3 X -

K. splendida SR 548 Haenertsberg 1 X X

K. stricta SR 279 Rhodes 4 X X

K. thodei SR 407 Kamberg Nature Reserve 4 X X

K. thomsonii JMG 031 Senatti Plateau, Ethiopia 3 X -

K. thomsonii AAM 2647 Mt. Elgon, Kenya 3 X -

K. thomsonii CK 4821 Mt. Kilimanjaro, Tanzania 3 X -

K triangularis| SR 264 Hogsback (Seymour) 5 X X

subsptriangularis

K. triangularis | SR 266 Hogsback (Seymour) 5 X X

subsptriangularis

K. triangularis | SR 299 Pervensey 4 X X

subsptriangularis

K. triangularis | SR 267 Hogsback (Seymour) - X X

subsptriangularis
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. triangularis| SR 304 Hogsback (Seymour) - X X

subsptriangularis

K. triangularis | SRsn Kemps Heights 4 X X

subsp.obtusiloba

K. typhoides JB 8084 Witbank - X X

K. tysonii subsp. SR 302 Creighton 4 - X

tysonii

K. tysonii subsp. SR 199 Leisure Bay - X X

tysonii

K. tysonii subsp. SR 303 Highflats 4 X X

tysonii

K. tysonii subsp. SR 460 Balito 4 - X

tysonii

K. umbrina R Gamasn Forbes Reef, Swaziland 4 X X

K. uvaria SR 165 Glen Rosa - X

K. uvaria SR 166 Port Elizabeth 2 - X
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Table 5.1. continued

Taxon Voucher (abbreviation) Locality trnT-L spacer| Leaf Surface: | Leaf TS:
group SEM LM

K. uvaria SR & NPB 172 Post Wellington 5 X X
K. uvaria SR 186 Kurlandsdorp 2 X X
K. uvaria SR 201 Cape St. Francis 2 X X
K. uvaria SR 203 Elim 2 X X
K. uvaria SR 211 Clarkson 2 X X
K. uvaria SR 337 Hogsback (Seymour) 5 X X
K. uvaria SR 342 Hogsback (Seymour) 5 X X
K. uvaria SR 344 Grahamstown 4 X X
K. uvaria SR 471 Dimbaza 5 X X
K. uvaria SR 477 Grahamstown 4 X X
K. uvaria TD 4477 Port Elizabeth 2 X X
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The anatomical studies concentrated on southerrcakfrmaterial as this area is the most
speciose and most of the field work was done is #tea. Every attempt was made to use the
same samples as those of the DNA studies for leathtiansverse sectional (TS) and scanning
electron microscopy (SEM) studies to build complatagy data sets. This approach allows for
the detection of genetic and anatomical similafiye to time constraints it was not possible to
process all of the DNA samples anatomically. Cousatly three well sampled specids. (
linearifolia, K. uvariaandK. triangularis) which displayed non-monophyly based on titmd-L

spacer (Chapter 3) were chosen for extensive ameabsampling.

Some herbarium samples from regions other thanheoutAfrica were also included for
scanning electron microscopy. Transverse sect&tndies were not possible for these herbarium

samples, as these did not re-hydrate satisfactorily

5.2.2. Preparation of transverse sections for lighhicroscopy (LM)

Samples were placed in 50% alcohol for 12 houespective of prior fixation. Samples were
then dehydrated through a series of tertiary buta@%o, 25%, 35%, 55% and 75% (12 hours
each), and 100% (twice for 12 hours each), afterchwvtthey were treated with a liquid
parafin:tertiary butanol (1:1) mix and 100% ligyadrafin (12 hours each). Samples were kept on
a hot plate at c. 40°C from the 55% tertiary butawothe 100% liquid parafin stage. Final
infiltration was achieved with a liquid parafin:pgtast wax (1:1) mix (12 hours) and pure
paraplast wax (thrice for 12 hours each). The tqgoarafin:paraplast wax (1:1) mix and pure

paraplast wax treatments were done in an oven°at.60
Wax blocks were made with the samples embeddednwiithese blocks were trimmed and

mounted for sectioning. Transverse sections weteatd5um using a steel blade on a Minot

rotary microtome (Leitz Wetzlar). Sections wereledied and carefully placed into bath of
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warm water and mounted onto a glass slide with Hawalhesive and left in an oven to dry
overnight. Sections were then conventionally s@himgth Safranin and Fast Green. Mounted
sections were treated with xylol (twice for five mates each) and a mixture of xylol:absolute
ethanol (1:1) for three minutes. Thereafter slidese placed in a decreasing series of ethanol:
100%, 95% and 70% (three minutes each). Slides Veftréen Safranin for 12 hours to stain.
Slides were placed in 70% and 90% ethanol (one t@mieach), dipped for five seconds in
ammoniacal alcohol and placed in 100% ethanol éwar two minutes each). Slides were
stained with Fast Green for 10-15 seconds, rinsediave oil for 30 seconds and dipped in
mixture of clove oil, absolute ethanol and xylot fore seconds. Slides were then treated with
xylol (thrice, two minutes each). Permanent slidese made using Canada Balsam mountant.
Slides were labeled and dried in an oven at 50?@ife to seven days. Measurements for light

microscopy (LM) were done with a graticule.

5.2.3. Preparation of leaf surface samples for SEM

Leaf portions were selected at standard levels ém®e) and cut into manageable pieces.
Samples were then dehydrated through a gradualhgasing series of ethanol. Samples were
finally dehydrated in dry alcohol (twice for 15 mies each), and then critical point dried.

Leaves samples were mounted on brass stubs wittuctive tape and sputter coated with gold.
Gold coated samples were examined using a JOEL 48188anning Electron Microscope and

photographed. To aid in interpretation, photographse taken with the longitudinal axis of the

leaf parallel to that of the screen. In an efforimiaintain consistency and comparability leaves
were photographed in the same region i.e. the @lerggions between the margin and keel in
keeled samples. In triangular samples with nomistkeel, photographs were taken in the central
region between one of the adaxial margins andaWer abaxial margin. In samples that were U-
shape in outline, photographs were taken in th&@leregion between the margin and the medial

axis of the leaf. Care was taken to photographonsgbetween veins for standardised
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comparisons. Magnifications of SEM micrographs weeeorded as a scale bar by the

instrument.

Baijnath (1977), Baijnath and Cutler (1993) and Rhani (2002) found that the leaf surfaces
were usually similar on both surfaces Bulbine However, Baijnath (1980) found that in
Kniphofia this was the exception rather than the norm. I$ wWeerefore deemed necessary to
examine both surfaces for variation. Differencesadaxial and abaxial surfaces increases the
range of possible characters. Smith and van WylOZ19eported different infra-specific
patterning on adaxial and abaxial surfaces espeanaihe Chortolirion andAloe bowieaBased

of the above findings it is recommended that bahf Isurfaces should be examined in

Asphodelaceae.

5.2.4. Phenetic analysis

Anatomical characters (both TS and SEM) were seteand coded for phenetic analysis. The
systematic anatomical work of Baijnath (1980) Kaniphofiawas very detailed despite the small
number of taxa examined, and his anatomical ternogyowell defined. There was no need to re-
define the terminology used by Baijnath (1980), ahhis followed in this study to assist in

interpretation and for standardised comparisonstew additional comments are discussed

below.

Characters pertaining to vascular bundles (VBgeeslly medial VBs, were selected and coded
from mature well developed bundles for standardisechparisons. Two characters that were
apparent in the SEM micrographs were not includethe SEM data set: the position of the

stomata on both the adaxial and abaxial surfackishwvere better interpreted from TS slides.

Sixty-five characters from leaf TS studies wereestld and coded. The characters and coding

scheme is given in Table 5.2., while the data madrgiven in Appendix 13.
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Table 5.2. Transverse sectional (TS) leaf anatdmiteracters and characters

Kniphofia.

states for

CHARACTER: character state

2S

£S

1 Leaf outline: 0= U-shaped, 1=V-shaped, 2= tridagu

2 V-shaped leaf angle: 0= <90°, 1= 90°, 2= >90°

3 V-shaped leaf flange: 0= absent, 1= present

4 Mid-axial groove: 0= absent, 1= present

5 Adaxial stomata position: 0= superficially sunkén sunken

6 Central mesophyll strip pronounced: 0= no, 1= yes

7 Vascular bundles distributed equi-distance freaf burface: 0= no, 1=yes

8 Vascular bundles distributed between chlorench§nsantral mesophyll: 0= no, 1= yes

9 Vascular bundles distributed in alternate patt@érnno, 1= yes

10 | Keel vascular bundle pronounced: 0= no, 1= yes

11 | Marginal vascular bundle pronounced: 0= no, s y

12 | Transverse bridging vascular bundles: 0= ab&enpresent

13 | Mid-adaxial vascular bundle: 0= absent, 1= prese

14 | Keel vascular bundle xylem more or less witth@ged outline: 0= no, 1= yes

15 | Keel vascular bundle xylem with stem of T paigtinwards: 0= no, 1= yes

16 | Marginal vascular bundle xylem more or less Witbhaped outline: 0= no, 1= yes

17 | Marginal vascular bundle xylem with stem of Tinpimg inwards: 0= no, 1= yes

18 | Medial vascular bundle xylem more or less withhhped outline: 0= no, 1= yes

19 | Medial vascular bundle xylem with stem of T pivig inwards: 0= no, 1= yes

20 | Keel vascular bundle phloem outline: 0= T-shagedriangular, 2= rectangular

21 | Keel vascular bundle phloem with stem of T afvagn xylem: 0= no, 1= yes

22 | Keel vascular bundle phloem with stem of T redlu®= no, 1= yes

23 | Marginal vascular bundle phloem outline: 0= By3#d, 1= triangular, 2= rectangular

24 | Marginal vascular bundle phloem with stem ofwlag from xylem: 0= no, 1= yes

25 | Marginal vascular bundle phloem with stem ogdluced: 0= no, 1= yes

26 | Medial vascular bundle phloem outline: 0= T-gfyd= triangular, 2= rectangular

27 | Medial vascular bundle phloem with stem of T wfvam xylem: 0= no, 1= yes

28 | Medial vascular bundle phloem with stem of Tuesl: 0= no, 1= yes

29 | Keel vascular bundle outer bundle sheath: Oergbd= present

30 | Keel vascular bundle outer bundle sheath congpokene layer of parenchyma cells: 0= no, 1=y

31 | Marginal vascular bundle outer bundle sheathalfisent, 1= present

32 | Marginal vascular bundle outer bundle sheathpms®d of one layer of parenchyma cells: 0= no,
1=yes

33 | Medial vascular bundle outer bundle sheath:lseat, 1= present

34 | Medial vascular bundle outer bundle sheath caeghof one layer of parenchyma cells: 0=no, 1
yes

35 | Keel vascular bundle inner bundle sheath: Oem@thd= present

36 | Keel vascular bundle inner bundle sheath complet no, 1= yes

37 | Keel vascular bundle inner bundle sheath witleirand outer (2) sclerenchyma caps: 0= no, 1=ye

38 | Keel vascular bundle inner bundle sheath witieirsclerenchyma caps having more cell layers th

outer cap: 0= no, 1= yes
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Table 5.2. continued

CHARACTER: character state

39 | Marginal vascular bundle inner bundle sheathalisent, 1= present
40 | Marginal vascular bundle inner bundle sheathpteta: 0= no, 1= yes
41 | Marginal vascular bundle inner bundle sheath wiher and outer (2) sclerenchyma caps: 0= no, 1

yes

42

Marginal vascular bundle inner bundle sheath wiher sclerenchyma caps having more cell layer
than outer cap: 0= no, 1= yes

)

43 | Medial vascular bundle inner bundle sheath:lfsenat, 1= present

44 | Medial vascular bundle inner bundle sheath cetapD= no, 1= yes

45 | Medial vascular bundle inner bundle sheath witler and outer (2) sclerenchyma caps: 0= no, 5=
46 | Medial vascular bundle inner bundle sheath witler sclerenchyma caps with more cell layers tha

outer cap: 0= no, 1= yes

=)

47 | Keel vascular bundle with parenchyma cells &mypole thickened: 0= no, 1= yes
48 | Marginal vascular bundle with parenchyma cdllsylem pole thickened: 0= no, 1= yes
49 | Medial vascular bundle with parenchyma celbsytgdm pole thickened: 0= no, 1= yes
50 | Raphide crystals present in chlorenchyma: Oerath&= present

51 | Keel vascular bundle with tannin cells presémylem poles: 0= no, 1= yes

52 | Keel vascular bundle with tannin cells presémtdoem poles: 0= no, 1= yes

53 | Marginal vascular bundle with tannin cells préss xylem poles: 0= no, 1= yes

54 | Marginal vascular bundle with tannin cells prese phloem poles: 0= no, 1= yes

55 | Medial vascular bundle with tannin cells presgntylem poles: 0= no, 1= yes

56 | Medial vascular bundle with tannin cells presgnthloem poles: 0= no, 1= yes

57 | Adaxial stomata position: 0= superficially sunk&= sunken

58 | Epidermal cells of keel apex thickened: 0= royés

59 | Epidermal cells of margin apex thickened: O=Iryes

60 | Keel vascular bundle with tannin cells pronowh@= no, 1= yes

61 | Margin vascular bundle with tannin cells pronoeoh 0= no, 1= yes

62 | Epidermal cells above mid-adaxial vascular beiliickened: 0= no, 1= yes

63 | Leaf folded upwards in marginal region: 0= noy&s

64

Two marginal bundles present: 0= no, 1= yes

65

Abaxial medial vascular bundles usually larg@ntadaxial medial vascular bundles: 0= no, 1= ye

Seventeen characters were selected and codeddedrBEM micrographs for phenetic analysis.

The characters and coding scheme is given in Talde while the data matrix is given in

Appendix 14. The individual data sets were combwvlcth resulted in a total of 82 characters.

The TS and SEM data sets were analysed individugityg NT-SYS version 2.0. (Rohlf, 1998).
A similarity matrix was generated using the Simpatching (SM) co-efficient and clustering

was performed using the UPGMA (Unweighted Pair @rddethod, Arithmetic Average)
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clustering method. Third character states wereyardl with the default setting of NT-SYS
version 2.0. The SM co-efficient and UPGMA clustgrivas used as this is a basic approach to
determine if further analysis is required and tmgasights into the data. A principle component
analysis was done on data sets using NT-SYS. Ttheseot show conflict with the tree plots
(phenograms). Thus data were not analysed furtheirsimg variable co-efficients and different
clustering methods due to the limiting nature & tfata. Matching samples for both leaf TS and
SEM data sets were used to construct a combineds#at which was analysed as above. The
topology of phenograms (separate and combined ses)lywere reconstructed using MacClade
version 4.06 (Maddison and Maddison, 2000) to ttaeedistribution of characters.

Table 5.3. Scanning electron microscopy (SEM) &aitomical characters and characters states

for Kniphofia.

CHARACTER: character states
1 Leaf surface dimorphism: 0= no, 1= yes
2 Adaxial epidermal cell shape: 0= rectangularpakygonal
3 Abaxial epidermal cell shape: 0= rectangularpakygonal
4 Adaxial longitudinal striae: 0= absent, 1= présen
5 Adaxial transverse striae: 0= absent, 1= present
6 Abaxial longitudinal striae: 0= absent, 1= présen
7 Abaxial transverse striae: 0= absent, 1= present
8 Adaxial papillae: 0= absent, 1= present
9 Abaxial papillae: 0= absent, 1= present
10 Adaxial stomatal rim: 0= absent, 1= present
11 Abaxial stomatal rim: 0= absent, 1= present
12 Adaxial trichomes: 0= absent, 1= present
13 Abaxial trichomes: 0= absent, 1= present
14 Adaxial wax: 0= absent, 1= sparse, 2= pronounced
15 Abaxial wax: 0= absent, 1= sparse, 2= pronounced
16 Adaxial papillae fused: 0= no, 1= yes
17 Abaxial papillae fused: 0= no, 1= yes
5.3. Results
5.3.1. Sampling
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A total of 94 leaf samples representing 43 spefweKniphofia from southern Africa were
sectioned. Five South African (SA) species were seattioned due to lack of material. These
wereK. albomontanaK. evansij K. tabularis K. flammulaandK. crassifolia The sample oK.
albomontang SR 149) used in the DNA studies was collectedrpgd the commencement of this
study so anatomical material was not collectedt@ species at that time. It was also decided
not to use herbarium material Kf evansij K. tabularis K. flammulaandK. crassifoliafor the
SEM studies as they were not included in the gersétidies.

A total of 91 leaf samples were processed for SEMiss representing a total of 51 species of
Kniphofia (43 species foKniphofia from southern Africa and eight from other partsAdfica
and Madagascar). Herbarium material was usedKoankaratrensiSPBP 5676)K. foliosg
(JIMGO034),K. grantii (CP 4154)K. insignis(TT 30, SRsn), K. isoetifolia(JMG 033) K. pumila
(Frisset al 1079),K. schimperi(JMG 036) and. thomsonii(JMG 031, CK 4821, AMM 2647).
Most of these specimens had DNA sequence dataablaiexcept foK. insignis(TT 30), K.
isoetifolia (JMG 033) anK. pumila(Frisset al 1079).

It was possible to obtain both TS and SEM datadaiotal of 75 complementary samples
representing 43 species from southern Africa. Siaty of these samples also had DNA
sequence data for thenT-L spacer. Forty-one species (from SA) had compleangrgamples
for the two anatomical and the cpDNA data setss&rsmamples represented all four of titmd -

L spacer lineages from southern Africa.
5.3.2. Characters
Several leaf anatomical characters (from both T& SiEM) warrant additional comments when

compared with the study of Baijnath (1980). Thesay be an additional source of leaf

anatomical characters.
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5.3.2.1. Leaf TS anatomy

Leaf margin prickles were not considered in thigdgt Only a small number of sections were
made per sample in this study. This meant that edrean present the likelihood of detection was
minimised. These were also not always apparertarSEM study as the larger leaves had to be

trimmed to fit mounting stubs. However, leaf sudawacro-hairs were included.

Raphide crystals (Fig. 5.1.A.) were not given dethattention here. Baijnath (1980) found that
both fine and large raphides were present in theuge&niphofia in contrast to other
asphodelaceous genera and considered them to Ipartidular interest. These crystals are
probably composed of calcium oxalate. Only largehrdes were present in the related genus
Bulbinella (Baijnath, 1980) while only fine raphides occuttlie genugulbine (Baijnath, 1977,
Baijnath and Cutler, 1993). Raphides occur as ldgib in the chlorenchyma @&fhortolirion,

but in Poellnitziaand Aloe they are scattered in the chlorenchyma (Smith amdWyk, 1992).
The occurrence of different types of raphides mayniore significant for delimitations at the
generic level. In the present study crystals wea@rlyf common in chlorenchyma as
prismatic/rectangular and needle forms and wererded as present or absent. The fine needle
like crystals are probably raphides while the largesmatic/rectangular forms are styloids
(Prychid and Rudall, 1999). This requires furthereistigation as they may be useful systematic
markers inKniphofiaand/or other related genera. No crystals wereragbdean the outer bundle

sheath as reported by Baijnath (1980) and consdégubase were not considered in this study.
Furthermore only a small number of sections werdamzer sample, this meant that even when
present the likelihood of detecting these crysta¢ése minimised. However, raphides require

further investigation (Baijnath, 1980).

The order of VBs were not examined in this studywever, for comparative purposes,

characters of medial bundles were selected anddctrden large, mature and well developed
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bundles (Fig. 5.1.D. & E.). Bothet al. (1982) noted that in grasses so-called bundlersraied
sizes intergrade with intermediate forms existibitle is known about the development and
functioning of VBs of different sizes and this aspé¢hat requires further investigation in
Kniphofia Transverse bridging vascular bundles are notavegparent. Only a small number
of sections were made per sample, this meant tteat @hen present the likelihood of detecting
these were minimised. The outline of phloem patesature VBs were not observed as a strictly
inverted ‘T-shape’ (Baijnath, 1980), but either agriangular or rectangular in outline (Fig.
5.1.E).
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Fig. 5.1. Leaf transverse sectionkaflaxiflora (SR 295). A. raphide crystal (C). B. keel vascular
bundle. C. marginal vascular bundle. D. medial utscbundles. E. mature medial vascular
bundle in detail (is= parts of inner sclerenchynuiadie sheath, os= outer parenchyma bundle
sheath, pc= parenchyma cells, ph= phloem, xy= xyl@thscale bars= 100um).
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5.3.2.2. Leaf SEM anatomy

Light microscopy studies on leaf surfaces wereduote due to time limits. This was unfortunate
as this method does have some merits as it alloms more detailed examination of leaf surface
structures and features less precisely inferre8Byl such as epidermal cell shape and outline.
Also the sample size is much reduced as SEM imanglgscover a small area of the leaf surface
depending on the magnification at which the image waptured. All images were taken at the
lowest magnification of 300X with only a limited mber of cells in full view in some cases.
Longitudinal and transverse anticlinal walls canp@texamined in detail from SEM micrographs
and the stomata type and position are difficullébermine accurately from SEM imagery. The
above mentioned details are more suitable to irgenp SEM is used in conjunction with LM
(Fig. 5.2.A & B).

Despite the limitations of SEM noted above it is immportant and useful tool for inferring
characters not visualised by LM. Some features tmaytoo small to be detected by light
microscopy or do not show up well in transmitteghti On the other hand there are other
features more suited to examination and measuremei@EM (Aroraet al, 1982) e.g. wax
distribution and striations iKniphofia In Kniphofiawax crystals occur as distinct or irregular
particles or flakes (Baijnath, 1980). Leaf sufawax (using SEM) was not examined in great
detail in this study. Wax was coded as absentsep@fig. 5.2.C.) or pronounced (Fig. 5.2.D.).
This is a problematic character as not all sampler® fixed in the same manner. Samples were
either fixed in FAA or 50% ethanol depending on ility of fixative. Ideally for such
comparisons material should be preserved and medes exactly the same manner to make
standardised comparisons. Additionally differencewax distribution and amount could be due
to developmental difference (e.g. leaf age) obiild be affected by environmental factors. Wax

features may be of diagnostic significance butaisigsect will require further investigation.

215



—_— .

A2\ %300 sAnave WBIad (2583 12KV, . X308.100ra WD3S

Fig. 5.2. A. leaf transverse sectionkflinearifolia (SR 287) showing adaxial sunken stomata.
B. leaf transverse section Kf laxiflora (SR 295) showing abaxial superficially sunken sitan

C. SEM micrograph of adaxial leaf surfacekoflinearifolia (SR 269) showing wax crystals. D.
SEM micrograph of adaxial leaf surfacekafgalpinii (SR 312) showing lack of wax crystals (all
scale bars= 100um).

The leaf surface permutations regarding striae gapillae mentioned by Baijnath (1980) were
not considered. These permutations were not codeld amalysed as they would result in
numerous combinations that are difficult to codd enterpret. It would also entail the replication
of individual characters that would require re-ecaddepending on the combined nature of the
permutation and may be a source of conflict. Inbiedividual characters that contribute to the

permutations were coded separately.
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5.3.3. Leaf TS phenetic analysis

The phenogram derived for the leaf TS data is shmwiig. 5.3. The analysis and discussion
below will concentrate on species with multiple géaB, as these would be expected to cluster

together in groups.

Sixteen species had multiple samples for the T8ystlihese wher&. linearifolia (n= 12),K.
uvaria (n= 12), K. triangularis (n= 6), K. tysonii subsp.tysonii (n= 3), K. laxiflora (n= 7), K.
praecox(n= 2), K. fibrosa(n= 2), K. gracilis (n= 2), K. ichopensisvar. ichopensign= 3), K.
northiae (n= 2), K. parviflora (h= 2), K. buchananii(n= 3),K. caulescengn= 2),K. baurii (n=

2), K. ensifolia(n= 2) andK. coddiana(n= 2). Details of these samples are given in @&bl.
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The phenogram shows structure but anatomical cteasadailed to recover species-specific
groups. Specimens of only two specisnorthiae[Cluster 1A (SR 263 and SR 274)] aKd
caulescens|[Cluster 2 (SR 270 and SR 278)] clustered (Fig..)5.3here was also no
correspondence to the four lineages recovered bytrtiT-L spacer from southern Africa.
Additionally the clusters did not show any geogiapmtructure, except faK. northiaeandK.
caulescengdiscussed later). Similarly, none of the nestediet (Chapter 4) correspond to the

leaf TS based clusters irrespective of the levelesiting.

5.3.4. Leaf SEM phenetic analysis

The phenogram for the leaf SEM analysis is showRig 5.4. Thirteen species had multiple
samples for this study. These whételinearifolia (n= 12),K. uvaria (n= 12),K. triangularis
(n=6),K. gracilis (n= 2),K. tysoniisubsptysonii(n= 2),K. baurii (n= 3),K. angustifolia(n= 2),
K. breviflora(n= 2),K. laxiflora (n= 2),K. ensifolia(n= 2),K. rooperi(n= 2),K. praecox(n= 2)

andK. thomsonii(n= 3).

Structure was observed in the phenogram but naespspecific clusters were recovered. The
major clusters based on the phenetic analysis M SEaracters do not correspond to the five
lineages recovered by timT-L spacer and did not show any geographic struckunhermore,

none of the nested clades (Chapter 4) correspotitetteaf SEM based clusters irrespective of

the level of nesting.

5.3.5. Combined leaf TS and SEM phenetic analysis

The phenogram for the combined analysis is showifrign 5.5. Nine species had multiple
samples for the combined analysis. These werénearifolia (n= 12),K. uvaria (n= 11), K.

triangularis (n= 6), K. tysonii subsp.tysonii (n= 2), K. gracilis (n= 2), K. praecox(n= 2), K.

ensifolia(n= 2),K. laxiflora (h= 2) andK. baurii (n= 2).
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Once again there was much structure in the phenodmat no species-specific clusters were
recoveredK. laxiflora was the only species where multiple samples cledtarto a group (Fig.
5.5., Cluster 4A). It is also worth noting thatdief the nine samples in Cluster 5 (Fig. 5.5.) are

K. linearifolia.

The major clusters of the combined analysis did cwtespond to the four southern African
lineages recovered by theT-L spacer and no geographic structure was appafdsd. none of
the nested clades (Chapter 4) correspond to thiel't#and SEM based clusters irrespective of

the level of nesting.

5.3.6. Characters that define clusters

Despite the overall inability of the leaf anatonhicharacters used in this study to cluster
morphological species, it is worth mentioning themcters that define major clusters and/or

morphological species.

5.3.6.1. Leaf TS anatomy

No leaf TS anatomical characters exclusively defitiee main clusters except the clusters
designated as Cluster 1 and Cluster 2 (Fig. 8C3uster 2 K. caulescen$SR 270 and SR 278)]
was exclusively defined by a single character the. absence of the marginal vascular bundle
inner bundle sheath (Fig. 5.6.A.).

Cluster 1 K. stricta (SR 279) and. northiae(SR 263 and SR 274)] was exclusively defined by

one character, a U-shaped transectional outling. (:6.B.). None of the leaf TS anatomical
characters exclusively defined thenorthiaecluster (Fig. 5.3., Cluster 1A).
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Fig. 5.6.A. leaf transverse section Kf caulescendSR 270) showing the absence of the
marginal vascular bundle inner bundle sheath. &.tlmnsverse section & northiae(SR 263)

in central region with no keel i.e. a U-shaped $emmtional outline. C. leaf transverse section of
marginal vascular bundle &. coralligemma(SR 549) with tannin cells present at the phloem
pole. D. leaf transverse section of marginal vaachlundle ofK. coralligemma(SR 549) with
tannin cells present at the phloem and xylem palles€ale bars= 100um, except 5.5.B. scale
bar= 1mm).

5.3.6.2. Leaf SEM anatomy

No leaf surface anatomical characters defined d&tlyeomain clusters.

5.3.6.3. Combined TS and SEM anatomy
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No characters exclusively defined the main clustsignated as Cluster 5, Cluster 4 and
Cluster 3 in the combined analysis (Fig. 5.5.).9fHu2 was composed only of the single sample
of K. coralligemma(SR 549) i.e. is not a strict cluster. It was esalaly defined by three
characters: tannin cells present at the phloem gioleel, margin and medial vascular bundles
(Fig 5.6.C.). The importance of tannin cells at gldoem pole is uncertain. Baijnath (1980)
found difficulty in interpreting the bundle sheathskniphofia An exact designation for larger
parenchyma cells at the xylem poles is not cleaBulbinethese cells are not filled with tannin
as displayed by some specieKoiiphofia (Baijnath, 1977; Baijnath and Cutler, 1993). Baifm
(1980) recorded that iKniphofia tannins are found mostly in the parenchyma of wasc
bundles towards the xylem poles and occasionallyeaphloem poles (Fig 5.6.D.). He suggested
that these tannin containing cells at the xylenepuight be a third bundle sheath or represent
the inwards development of xylem parenchyma. Heoriead the latter explanation because
phloem parenchyma cells between the tracheidst@ddnductive phloem also contain tannins
and secondly the parenchyma cap cells towards ylemxpoles in the bundles are heavily
thickened and continuous with the inner sclerenchimmndle sheath (Baijnath, 1980).

Cluster 1 (Fig. 5.5.) was composed Kf stricta (SR 279) anK. northiae (SR 263). It was
exclusively defined by one character, a U-shapaastctional outline. The only taxa with more
than one sample that clustered as a single speagesi on combined TS and SEM anatomy was

K. laxiflora (Cluster 4A, n= 2), but no characters exclusivedfirted this grouping.

The results above indicate extensive anatomicaatan within Kniphofia species. To further
illustrate this K. uvaria which was well sampled is used below. Leaf s@f&8&EM micrographs
are shown as these are the easiest graphical méaegpicting extensive variation (Fig. 5.7. &
Fig. 5.8.). Only the abaxial surfaces are showrBapath (1980) found that the abaxial surface
in Kniphofiais much more useful than the adaxial surface (dsed below).
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Fig. 5.7. SEM micrographs showing abaxial leaf acefvariation irk. uvaria.A. SR 165. B. SR
172. C. SR 186. D. SR 201. E. SR 203. F. SR 211.
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Fig. 5.8. SEM micrographs showing abaxial leaf acefvariation irK. uvaria A. SR 337. B. SR
342. C. SR 344. D. SR 471. E. SR 477. F. TD 4477.

The SEM micrographs show that the abaxial surfatd§. uvaria represented by SR 337, SR

342 and SR 471 (Fig. 5.8.A., B. and D. respectivelgmpare favorably. SR 471 is from
Dimbiza while SR 337 and SR 342 are from Hogsbadpdrate populations). Dimbiza and
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Hogsback are in close geographic proximity and th&y be reflected anatomically. Also, the
abaxial surfaces oK. uvaria represented by SR 344 and TD 4477 (Fig. 5.8.C. End
respectively) compare favorably. SR 344 is from Harastown while TD 4477 is from Port
Elizabeth. Grahamstown and Port Elizabeth are asapably close geographical proximity and
this may be reflected anatomically. The similasittiscussed above are not reflected in clusters
of the phenetic analysis (Fig. 5.4.). This is beseaadaxial characters, which are not considered

above, were included in the phenetic analysis.

5.3.7. Comparison with Baijnath’s (1980) results

Baijnath (1980) found that the abaxial surfaceKmphofia exhibits much more richness and
complexity in ornamentation than the adaxial swefand emphasised the need for a routine
examination of both surfaces. In this study it vi@sd that in seven species (specimen sample
size= 7 i.e. one sample per species) the adaxii@cguwas more complex in ornamentation than
the abaxial surface. In 26 species (specimen sasipd= 37) the adaxial surface and abaxial
surface were more or less similar. In 25 specipsdisnen sample size= 47) the abaxial surface
exhibited more complexity. These results are diffito consolidate as there is much variation in
the leaf surface within a morphological species saxkral species are found in more than one of
the three delimited categories above. However, whemesults are compared on a sample basis,

free of taxonomic structure, the abaxial surfaageiserally more complex.

Baijnath (1980) in most cases did not use multaleples for moKniphofiaspecies examined.
However, he did examine three accessionK.dfnearifolia andK. uvaria and reported intra-
specific leaf surface patterning variation. Baim&1980) did not provide detailed descriptive
anatomical treatments for the species he examibed, his results were presented as a
generalised anatomical account. He did provide re¢\®&EM plates of leaf surfaces, mostly of

abaxial surfaces that make comparisons possible.
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Some of the samples (five) examined by Baijnath8Q)9were from herbarium material. In
reconstructing herbarium material, wall dehydrateomd shrinkage and subsequent hydration
may introduce artifacts making comparisons difficiurthermore tilt angles differ which gives
a different topological impressions of the leafface sculpturing. However, comparisons with
Baijnath’s (1980) results and the result for thisidg were possibleK. tysonii subsp.
lebomboensiskK. albomontanaK. flammulaandK. evansiicould not be compared because of
lack of material. Baijnath (1980) did not supply MbEmicrographs ofK. ensifolia subsp.
ensifoliaandK. parviflora, and the images df. hirsutaare of low magnification and unsuitable

for comparisons.

The following taxa below examined by Baijnath (1&® not compare favorably with the
results of this study for abaxial leaf surface angt (SEM). Comparisons and comments on
locality data, when possible to trace, are alstuded.

1. K. northiae Coddsn [examined by Baijnath (1980)] has papillae abserith no
superficially sunken stomata. SR 263 (this studgs tpapillae present with
superficially sunken stomat&. northiaeis awide ranging species and the locality
data for Coddsn could not be traced. Thus it is not possible toni@nt on
geographic proximity in relation to anatomy.

2. K. praecox Codd 9965 [examined by Baijnath (1980)] has pepilpresent,
longitudinal striae are absent and the stomata lawdéstinct rim. TD 4461 (this
study) has papillae present, numerous longituditiede present and no stomatal rim.
SR 529 (this study) has papillae present, longmaildistriae are present and no
stomatal rim.K. praecoxis awide ranging species with a complex and confusing
taxonomy (Chapter 1). Codd 9965 was collected etdfia and is presumed to be a
garden escape as it collected out of its naturaded.e. the locality data is dubious.
Thus it is not possible to comment on geographaxipmity in relation to anatomy.
However, TD 4461 and SR 529 (this study) do not maa favorably. TD 4461
originates from Port Elizabeth and SR 529 fromelgH Bay.

228



3. K. sarmentosaOliver 4420 [examined by Baijnath (1980)] has ifjag present and
longitudinal striae are present. SR 207 (this sfubgs papillae present and
longitudinal striae are abset. sarmentosdnas a fairly restricted distribution in the
Cape Region, however, the locality data for Oli¢éR0 could not be traced. Thus it
IS not possible to comment on geographic proxinmtselation to anatomy.

4. K splendida Admiraal 2227 [examined by Baijnath (1980)] hapifae present,
longitudinal striae are present and the stomata hav distinct rim. SR 548 (this
study) has papillae present, longitudinal striae @resent and the stomata have a
distinct rim.K splendidais awide ranging species and the locality data for Adaui
2227 could not be traced. Thus it is not possibledamment on geographic proximity
in relation to anatomy.

5. K. tysonii subsp.tysonii Codd 9364 [examined by Baijnath (1980)] has (apil
present, longitudinal striae are present and tbmata are not superficially sunken.
SR 303 (this study) has papillae absent, longitdtriae are present and the stomata
are not superficially sunken. SR 199 (this studg} Ipapillae present, longitudinal
striae are present and the stomata appear supbyfisunken.K. tysonii subsp.
tysoniiis awide ranging species. Codd 9364 was collected firam Shepstone, SR
303 from Highflats and SR 199 from Leisure Bay. Sdhaegions are fairly close
proximity, however, this is not reflected anatortiica

6. K. baurii. Codd 6797 [examined by Baijnath (1980)] has paill@esent and
longitudinal striae are present. SR 174 (this studgs indistinct papillae and
longitudinal striae are absent. SR 275 and SR #85 ¢tudy) have papillae present
and longitudinal striae are present. SR 275 an@&R(this study) compare favorably
but the micrograph for Codd 6797 [examined by Behn(1980)] covers a small area
and is difficult to compare with SR 275 and SR 28%detail. K. baurii is a wide
ranging species. Codd 6797 was collected from NgBRi 174 from Jefferys Bay,
while SR 275 and SR 285 originate from the Naudek fégion. SR 275 and SR 285

appear to reflect geographic proximity anatomically
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7. K. gracilis. Baijnath sn [examined by Baijnath (1980)] has papillae presemt
longitudinal striae observed and stomata with &rdisrim. SR 308 and SR 321 (this
study) has papillae present, longitudinal striae present and no distinct stomatal
rim, but in SR 308 the papillae are more deKseyracilis is afairly restricted species
but the locality data for Baijnatbn could not be traced. Thus it is not possible to
comment on geographic proximity in relation to anay. However, SR 308 and SR
321 are from Arhens and Durban respectively whiehfairly close geographically
but this is not reflected anatomically.

8. K. brachystachyaKillick and Vahrmeijer 3630 [examined by Baijnath980)] has
papillae present, no longitudinal striae were obsgrand stomata have a rim-like
structure (indistinct rim)K. brachystachy&R sn (this study) has papillae present, no
longitudinal striae and no distinct stomatal .rin brachystachyas afairly restricted
species. Killick and Vahrmeijer 3630 originates nfroHighmoor while K.
brachystachyaSR sn was collected near Escourt. These areas are faldge
geographically but this is not reflected anatontycal

9. K. citrina. Streysn [examined by Baijnath (1980)] has papillae preskmtgitudinal
striae are absent and the stomata appear supkyfauaken. SR 176 (this study) has
papillae present which appear to be fused, longialdstriae are absent and the
stomata appear superficially sunké. citrina is afairly restricted species but the
locality data for Streygn could not be traced. Thus it is not possible tmieent on

geographic proximity in relation to anatomy.

The following taxa below examined by Baijnath (1p80mpare favorably with the leaf surface
anatomy results of this study.
1. K. pauciflora Samples were similar abaxially in both studieBe Plants of both
studies were obtained from the same populationhat Glairwood Race Course

(Durban), which is the only known living wild potion.
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2. K. linearifolia. The abaxial surface of Marias 1021 [examined byjr#n (1980)]
does not match any of the samples of this studyld®m [examined by Baijnath
(1980)] resembles SR 290 (this study) for the amlagurface but not otheK.
linearifolia samples of this study. Furthermore, the abaxiafasa of Coddsn
[examined by Baijnath (1980)] does not resenkaldéinearifolia samples used in this
study. Locality data for Coddn could not be traced. Thus it is not possible to
comment on geographic proximity in relation to amay. Bruce 553 [examined by
Baijnath (1980)]) has a similar adaxial surfaceh®e adaxial surface of SR 269 and
SR 287 (this study). Additionally the abaxial sedaof Bruce 553 [examined by
Baijnath (1980)] is similar to SR 269, SR 287 aritl 33 (allK. linearifolia, this
study). Bruce 553 is from Keiskammahoek, SR 269 @Rd343 are from Hogsback
while SR 287 is from Loskop (KwaZulu-Natal). Keishkmahoek and Hogsback are
in close proximity which Bruce 553, SR 269 and SB3 Jappears to reflect
anatomically.

3. K. uvaria SEM micrographs were not provided by Baijnath8@9for Admiraal
1001 and Hanekom 2175. Bruce 232 [examined by Btnjr{1980)] is abaxially
similar to SR 201 (this study). Bruce 232 origimatom Atherstone (Albany
District) while SR 201 was from Cape St Francise3é regions are in relatively
close proximity which appears to be reflected amatally.

4. K. porphyranthaBaijnathsn[examined by Baijnath (1980)] is abaxially simitarK.
porphyrantha(SR sn, this study).K. porphyranthais awide ranging species and the
locality data for Baijnattsn could not be traced. Thus it is not possible tme@nt
on geographic proximity in relation to anatomy.

5. K. ensifoliasubsp.autumnalis.Van der Haassen [examined by Baijnath (1980)]
compares well with SR 448 (this study) except tB& 448 has numerous wax
crystals.K. ensifoliasubsp.autumnalisis arestricted but locality data for Van der
Haassesncould not be traced. It appears that the closeimioxof these samples are

reflected anatomically except for wax crystals.
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5.4. Discussion

The comparative exercise with Baijnath’s (1980ulessand results of this study indicate that
leaf surface anatomical variation within morphobtadi defined species dfniphofia is much
greater than has been detected by either study.

Studies on several monocot groups in which multgdenples have been used, show that leaf
anatomy is conservative at the species level. Betral. (1982) found that internal anatomy in
Themeda triandra(Poaceae) from three different climatic zones warmilar. Ellis (1983a)
found that inLintonia nutangPoaceae) leaf anatomy was conservative. Baijri£t88) reported
that the leaf anatomy oGloriosa superba Sandersonia auranicaand Littonia modesta
(Colchicaceae) did not show intra-population dégfazes. Newton (1972) examined the relief
markings on the abaxial surface of sofllee spp from West Africa and found that clonesAuf
buettneriand A. macrocarpavar. major were similar in their patterns. IA. schweinfurthiia
basic pattern could be discerned but there was s@riation in leaf surface ornamentation.
Whilst intra-specific variation is evident, generphtterns were recognised with multiple
sampling (Newton, 1972). Baijnath and Cutler (1998)nd that inBulbing leaf surface
characters were diagnostic mainly at the species.l&®amdhani (2002) demonstrated that in
most taxa of the closely related broad-leavBdlbine complex Bulbine alooides B.
brunsvigiaefolia, B. latifolieandB. natalensiklittle or no intra-specific anatomical variatioras

apparent using multiple samples.

However, some workers have found intra-specifid learface variation in asphodelaceous
genera. Cutler (1978) showed that there are shigfifierences in leaf surface sculpturing in
Haworthia reinwardtiivar. chalumnensisTriploids and tetraploid plants were distinguisleaby
means of leaf surface characters. These findinggesied that epidermal surface features were

under genetic control. Cutler (1978) also foundt thlass-house grown plants bfaworthia
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reinwardtii var.chalumnensisetained their epidermal features when comparéikle collected
material. Leaf epidermal patterns have been foundbe under genetic control in the some
members of the Alooideae and environmental fadtaxe little influence (Cutler and Brandham,
1977; Cutler, 1978; Brandham and Cutler, 1978)teCat al. (1984) used a multidisciplinary
approach to revise th&loe somaliensicomplex A. hemmingiA. jucunda A. peckiiand A.
somaliensisvith two varieties gomaliensisandmarmoratg]. A. jucundadisplayed leaf surface
variation. Anatomical and biochemical evidence shdwo difference betweeh. somaliensis
var. somaliensisasndmarmorata and the latter was not upheld. The anatomicallaochemical
differences betweeA. hemmingandA. somaliensisvere considered to be minor, resultingAin
hemmingibeing reduced to a synonym Af somaliensisSmith and van Wyk (1992) reported

intra-specific variation in the abaxial leaf sudaaf A. bowieafrom different localities.

In this study it was found that iKniphofia morphologically delimited species exhibited
substantial anatomical variation. The pheneticystfdanatomical characters for individual and
combined data sets showed that anatomical chasadtenot cluster specimens based on the
morphological species classification. Furthermahe, results for the most part do not fit any
geographic pattern nor do they reflect the cpDNAugs recovered by thenT-L spacer
(Chapter 3) or the nested clades (Chapter 4).

Two possible factors may account for these resaitgironmental conditions and hybridisation.
5.4.1. Environmental conditions

Anatomical variation and plasticity may be due nwionmental conditions. Newton (1972) and
Carteret al. (1984) did not discuss the possibility of envir@mtal influences on their results
(above). Smith and van Wyk (1992) reported intraesc variation in the abaxial leaf surface of

A. bowieafrom different localities, but noted that stomattdvation (sunken vs superficial) is

not a reliable indication of xeromorphy, habitatcbmate. This species is restricted to the Coega
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area (Eastern Cape) and the habitat and enviromrfantors for these populations are presumed
to be very similar due to the restricted distribatirange (Tony Dold, pers. comm.). Cutler
(1978) showed that leaf surface sculpturingHaworthia reinwardtii var. chalumnensisvas
under genetic control and environmental factorsehétle influence. This was also found to be
the situation in the some members of the Alooidg€agler and Brandham, 1977; Cutler, 1978;
Brandham and Cutler, 1978).

Baijnath (1980) did not discuss the reasons famigpecific variation irK. linearifolia andK.
uvaria. Many species oKniphofia occur in marshy habitats. Baijnath (1980) foundt tK.
gracilis andK. citrina from dry grasslands areas have deeply sunken spnvaile the other
species he examined has superficially or slightiyprdssed stomata. According to Baijnath

(1980) the depth of stomata may be a plastic ckarraad could be influenced by habitat.

If environmental factors have a major influencevanation in the leaf anatomy #&Miphofia it
would be expected that samples (and species) itasitrabitats and/or close proximity would
experience similar environmental conditions and ialuster to some extent. It is reasonable to
presume that such clustering would also show g@bgeaor environmental patterns and
structure. However, this was not observed in thigslys apart from the few exceptions noted
above when the results of this study was compaitdtivat of Baijnath’s (1980). Additionally a

few more exceptions are noted below.

In the leaf TS study (Fig. 5.3.) only two clusteh®wed geographic and environmental structure:
Cluster 3 K. caulescendSR 270 and SR 278)] and Cluster K. [stricta (SR 279) andK.
northiae (SR 263 and SR 274)]. Both the specimenk.ofaulescen$SR 270 and SR 278) are
from Naudes Nek and are exposed to similar envieotal conditions in Afromontane
grasslands. In Cluster K. stricta (SR 279) anK. northiae (SR 274) were also from Naudes
Nek, while K. northiae (SR 263) originated from Hogsback. These sampteseaposed to

similar environmental conditions of Afromontane ggiands.
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In the leaf SEM study there was no geographic sirenmental structure apparent. While in the
combined analysis (Fig. 5.5K. stricta (SR 279, Naudes Nek) arid. northiae (SR 263,

Hogsback) clustered together which may indicateetfect of environmental adaptation.

Despite the few possible exceptions, leaf anatdmeaation does not seem to be influenced by
geographical or environmental factors. Variatiorsatved here may thus be under genetic
control as reported for other members of the Asplaatae (e.g. Cutler and Brandham, 1977;
Cutler, 1978; Brandham and Cutler, 1978).

5.4.2. Hybridisation

Hybridisation may result in intermediate morpholdgyoraet al, 1982; Coetzeet al, 1994)

although this is not always the case (Rieseber§5)19As already discussed (Chapter 3) in
Kniphofig hybridisation may explain the numerous casesntérinediate and intergrading
morphology, and species complexes with extensiveat@n reported by Codd (1968, 2005)
making certain species difficult to delimit morpbgically. Incomplete or weak reproductive
barriers in taxa of these complexes may promotaithiglation. Sympatry, shared pollinators
and/or flowering phenology provides circumstangaidence supporting hybridisation. Back-

crossing could further complicate the issue.

In some studies, intermediate anatomy of leaf sadeaof both parents have been reported in
hybrid progeny. These intermediate forms resultiogn hybridisation are a potential source of
variation. Hybrid material oHeracleum amntegazzianufApiaceae) andli. sphondyliumrhad a
leaf surface anatomy intermediate between bothnpar@Aroraet al, 1982). Coetzeet al.
(1994) also used anatomical data along with othigleace to identify a natural hybrid between
Pelargonium tomentosuifGeraniaceae) and. patulumvar. patulumwhich was intermediate

between the two putative parents.
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Cutler and Brandham (1977) showed that leaf surtegacters were under genetic control in
bigeneric hybrids combinations @&loe Gasteria and Haworthia (Alooideae). Normally the
hybrid plants showed intermediate leaf surfaceptathg between the parents for a number of
features. Sometimes new character states were eapp&enetic control of papillae was also
reported (Cutler and Brandham, 1977). Cutler (19%(8)gested that iKlaworthia reinwardtii
var. chalumnensisepidermal surface features were under geneticraofdiscussed above).
Brandham and Cutler (1978) found that hybrids betw&loe rauhiiand A. daweicontained
either numerical or structural chromosome abematié. rauhii is diploid @n= 14) while A.
daweiis tetraploid 2n= 28). Majority of the crosses were triploids but thieamosomes of some
hybrids plants differed with either numerical austural chromosome mutations. Some of these
mutations were shown to have a direct effect oh seaface characteristics, while others had
different effects or none. The results suggested kaf surface features were under genetic

control.

Baijnath (1980) examined two natural hybrids Wz.citrina X K. uvaria andK. evansiiX K.
porphyranthaHe found that natural hybrids inherited some legftamical characters from both
parents. It must be stressed that these were nutolled crosses. Comparisons made by
Baijnath (1980) were not made with the exact pdpaia of putative parental species but rather
with different accessions of putative parental ggged-urthermore, as these were not controlled
crosses, Baijnath (1980) was uncertain if the pugdtybrids were plants of the Generation or
products of back-crossing. More detailed studiesraguired with controlled crossings. Thus,
based on the variation found in this study, infegreanatomical patterns of inheritance is not

recommended.
As noted above leaf epidermal patterns have beendfdo be under genetic control in some

members of the closely related subfamily Alooideae that environmental factors have little
influence (Cutler and Brandham, 1977; Cutler, 19B8&ndham and Cutler, 1978). Similar

236



studies which include a cyto-nuclear componenteqeired to show this iKniphofia(Baijnath,
1980). It will also be interesting to examine patidn/s of representative taxa to assess inter-

and intra-population variation.

The DNA sequence data results may reflect the sphenomena influencing anatomical
variation, viz. hybridisation. Hybridisation hasameinvoked by taxonomists that have worked on
the genus (Codd, 1968, 2005; Marais, 1973). Sewpaties that are non-monophyletic in the
DNA study have all been implicated in hybridisatiewents and hybridisation has been used to
explain the extensive non-monophylyKkniphofia (discussed in Chapter 3). Additionally several
of the same species do not cluster in pheneticestumhsed on leaf anatomy.

Only two species with multiple samplds. (horthiaeandK. caulescensclustered based on leaf
TS anatomy. Of the remaining taxa (with multiplenpdes) in this studyK. linearifolia, K.
uvaria, K. triangularis K. tysonii K. laxiflora, K. praecox K. fibrosg K. gracilis, K. ichopensis
var. ichopensis K. buchananii K. baurii and K. ensifolia have all been implicated in
hybridisation events (discussed in Chapter 1)slaliso worth noting that two species with
multiple samplesK. parviflora andK. coddiana that did not cluster have no major taxonomic
problems or history of hybridisation.

In the leaf SEM phenetic analysis linearifolia, K. uvaria K. triangularis K. gracilis, K.
tysonii K. baurii, K. angustifolia K. ensifolig K. breviflorg K. laxiflora, K. rooperi K. praecox
andK. thomsoniidid not cluster based on morphological delimitasioAll of the above species,
with the exception oK. breviflora have been implicated in hybridisation events (dised in
Chapter 1)K. brevifloradoes have some taxonomic problems. It sharessa odationship with

K. buchananiiandK. albescensand at times specimens kf brevifloraare difficult to separate
from K. albescengdiscussed in detail in Chapter 1). Bé#thbuchananiiandK. albescensvere
included in this study, but these three taxa didchgster together (Fig.5.4.) and thus there are no

indications of close affinities based on leaf scefaharacters.
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In the combined TS and SEM phenetic stdyinearifolia, K. uvaria K. triangularis K. tysonii
subsp. tysonij K. gracilis K. praecox K. ensifolia and K. baurii did not group into
morphological unitsk. laxiflora was the only species that clustered based on I8aind SEM
anatomy. All of the above species have been imiglttan hybridisation events (discussed in
Chapter 1).

5.5. Conclusion

Studies which have used multiple complementary giars of species for both DNA and
anatomical data could not be found and so it icdit to draw parallels. This study has shown
that in southern AfricatKniphofia species leaf anatomy is highly variable for motpgally
delimited species and leaf anatomy does not recepecies specific-groups. Linder (1986)
noted that anatomical evidence from a small nunobesiamples should be treated with caution.
Smith and van Wyk (1992) cautioned that taxonorh@nges on the basis of leaf anatomy alone
should be based on a representative range of sanifte findings of this study supports the
cautionary statements of Linder (1986) and Smith\aan Wyk (1992).

The anatomical variation does not seem to be inflad by environmental or habitat factors.
Hybridisation seems to be a more likely explanafienthe substantial anatomical variation in
southern AfricarKniphofiaspecies. Baijnath (1980) noted the need for detailvestigations of
the species complexes withikniphofia based on the anatomical differences in species asc

K. linearifolia and the morphological variation reported by Cotleb8, 2005). Such studies will
require extensive sampling over the entire distitiurange to assess variation. Also because of
hybridisation it may not be possible to explainth# variation by examining isolated complexes
but will require a much broader approach.
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Chapter 6: Discussion and Conclusion

6.1. Summary of Findings

The taxonomic literature dldniphofiarevealed that it has a complicated alpha taxondrhgre
are numerous cases of intermediate and intergradimghology, and species complexes with

extensive variation.

Biogeographical and chorological analyses indi¢chst Kniphofia has six centres of diversity,
five of these are regarded as centres of endeniibm.South Africa Centre is the most species
rich and also the largest centre of endemikniphofiashows a strong Afromontane Grassland
affinity in Tropical and East Africa but is occasaly found beyond the boundaries of the
Afromontane vegetation. In South Africa it is foufrdm high altitudes to coastal habitats but
the most speciose regions toniphofiaare Afromontane grasslands. It is thus not comsdi&

be an Afromontane element, but rather an Afromantssociate.

Five major lineages were identified using cpDNAyrf@f which are southern African. The fifth
lineage is represented by material from Madagade€ast and Tropical Africa. The nuclear
marker failed to provide resolution as many seqgesmeere identical. An intriguing result is that
all of the species with multiple samples were restlas non-monophyletic. This could be due to
low sequence divergence, hybridisation and/or irglete lineage sorting. The five lineages
showed some congruence with geographic origin ratien the systematic arrangement based

on morphology.

The phylogeographic study did not recover the shneages as the phylogenetic analyses and
should be regarded as preliminary. However, sonerasting patterns were detected. In the
NCA of SA samples one of the nested clades, Clade showed allopatric fragmentation

between Cape Region and parts of KZN and Mpumalahgettern that points to fragmentation
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was also detected in the comparative analysise@htst clades of the haplotype network (SA,
East and Tropical African material) and the phylogiec lineages. The other interesting pattern
recovered was in Clade 3-2, which points to a ramg@ansion in the Afromontane
(Drakensberg) Region, the adjacent Drakensberg-kégmd-Pondoland transition and the
Maputoland-Pondoland RegioiKniphofia may have expanded its range in the recent past
possibly the last glacial cycle. This range expamsnay have been accompanied by a radiation.

Morphologically delimited species dkniphofia also exhibited substantial leaf anatomical
variation. Phenetic analyses showed that anatonuicatacters do not cluster species when
represented by multiple samples. Furthermore, tizoanical results do not fit any geographic
pattern nor do they reflect the cpDNA groups recegdy thernT-L spacer or the nested clades
of the phylogeographic study. With notably few eptoans, it appears that leaf anatomical
variation is not influenced by geographical or eommental factors. Hybridisation may,

however, play a role.

The findings above are unusual when compared td syssematic studies which generally find
good correspondence with alpha taxonomy and othes bf evidence. In the caseKiiphofig
neither DNA sequence data nor leaf anatomy refleetalpha taxonomy. Thus, the explanation
for the results requires detailed considerationwHman these result be interpreted? It is
suggested that the key to understanding and expigihese results lies in the past. Tectonic and
climate changes can be invoked as the cause obitdgeographic patterns observed in the

molecular data.

6.2. Tectonic Events

Generation of a biogeographical hypothesis requaresinderstanding of the nature, amplitude
and timing of palaeo-environmental changes (Cowlir#3a). The five groups recovered by the

trnT-L spacer phylogeny shows some geographic struciliness seems to indicates that
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vicariance events fragmenté&hiphofiainto the five present lineages. The branch lengtin
topology of thetrnT-L spacer (cpDNA) phylogeny appear to indicate thatftve groups have
been isolated for a substantial amount of timethrcevents that resulted in these nodes are old.
However, branch lengths, percentages of divergemmk dating of such divergence are not
available for thetrnT-L spacer in the literature. Dating the phylogeniesKniphofia is not
possible as there is no fossil evidence Kmiphofia. Additionally, geological events cannot
confidently be used to calibrate the phylogeniethasages of the different Afromontane islands

vary (White, 1983) and the phylogenies are not sbkith some poorly supported nodes.

The interplay between landscape development andgaia climates since the Cretaceous has
had a major influence on the present soil and aiget distribution in southern Africa.
Planation of the African surface was complete ®ye¢hd of the Cretaceous. After the planation,
landscape development in southern Africa was cheniaed by fragmentation of habitats with
successive pulses of uplift and dissection follovagdsuccessive cycles of erosion (Partridge,
1997). South Africa has experienced two major tg(Partridge and Maud, 1987). The first was
at the end of the early Moicene (c. 18 MYA). Thegmitude of the uplift was moderate
(between 150-300 m) and resulted in a slight westwiHing of the African surface with limited
monoclinal warping. The second uplift c. 2.5 MYA svenajor (up to 900 m) in the eastern
marginal areas. This asymmetrical uplift of thecariiinent resulted in major westward tilting of
the interior land surfaces. There was also monakhvarping along the southern and eastern
coast margins (Partridge and Maud, 1987). Overséme period climate changed dramatically
culminating in major aridification c. 2.8 MYA. Thiszias followed by the recurrent glacial-
interglacial cycles of the Pleistocene. It is ptatd that this latter period has had the most

effect onKniphofia
According to Axelrod and Raven (1978) there were &pisodes of rapid speciation in South

Africa. The first commenced in the Miocene with thaift of Africa. The inter-montane valley

basins favoured open savanna grasslands at thesxpé forest. The open systems expanded
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with aridity and many taxa originated in these aréaxelrod and Raven, 1978). The massive
post-Miocene diversification within a large numlaérineages has produced a flock of closely
related and ecologically uniform species and isfpacific taxa, which is unrivaled in the world
(Cowling and Hilton-Taylor, 1997; Linder, 2005). dlsecond burst of speciation resulted from
Pliocene-Pleistocene deformation with accompanyfingtuation of climate. As the rim of
southern Africa was elevated and the basins engdlapthe interior, the low areas became drier
while the mountains wetter. Climate alternated leetwvwetter and drier phases which shifted
populations continuously (Axelrod and Raven, 1978he tectonic events and/or the
consequences of them may have fragmented an aaddésipphofiainto the four southern Africa
lineages and the Tropical and East Africa line&gigwed by a burst of speciation as suggested
by Axelrod and Raven (1978).

The five lineages show evidence for fairly receiftedentiation as the branch length within
lineages are small and there is evidence for themonophyly of several species. THES
results forKniphofia show low sequence divergence which also suppomsceant radiation

(discussed in detail later) possibly due to mooceme glacial-interglacial cycles.

6.3. Quaternary Climate Change

Apart from the Miocene and Pleistocene uplift egeiQuaternary climate change had a major
effect on the African vegetation and flora (Hedhet§70; Brenan, 1978; Goldblatt, 1978).
Glacial cycles and climate changes have had a graénce on vegetation resulting in shifts in
biome composition and boundaries. These shifts wkre to fluctuations in temperature,

precipitation and seasonal distribution of moist(8eottet al, 1997).

The glacial-interglacial cycles are largely duechmnges in solar oscillations i.e. Milankovitch
cycles. These include eccentricity (variations loé Earth’s orbit around the Sun), obliquity
(variations in the Earth’s tilt) and the precessadnthe equinoxes (Olaget al, 2000). These

glacial-interglacial cycles have resulted in 10@ @@ar ice age cycles which define Quaternary
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climate change (Wunsch, 2004). These variationscefthe Earth’s surface temperature by
altering latitudinal radiation reception with stgpoyclic signals at periods of ¢c. 95 800 years
(eccentricity), 41 000 years (obliquity), and 23008Gnd 19 000 years (precession). Solar
radiation reception at low latitudes is mainly afesd by variations in eccentricity and precession
of the equinoxes, whereas higher latitudes are Ignafifected by variations in obliquity (Olago
et al, 2000). These orbital parameters are not sufficte account for the strength of the
observed climatic signal. Intrinsic feedback medsrais amplify extrinsic forcing. These include
factors such as the extent of polar sheets; €@@centration, changes in atmospheric circulation,
displacement of wind belts and changes of moistlue to continents (Olaget al, 2000).
Wunsch (2004) argued that stochastic behavior ghalgb not be discounted in driving glacial-
interglacial cycles. Despite these factors, Milantah cycle driven climate change has attracted
much attention and support in explaining evolutignaistory and distribution of species
(Dynesius and Jansson, 2000; Jansson and Dyn@6i02). It is important to note that glacial
periods are generally long with shorter interglecia. cold conditions persists for a longer time
(Fig. 6.1.).

Also evident are millennial-scale high amplitudeekérs during the late Pleistocene termed
Dangaard-Oeschger (D-O) cycle oscillations (Rbwl, 1996). These are sudden rapid warming
events (by 6-10 °C) lasting a few decades folloednillennia of slow cooling periods to form

a saw-tooth shaped time series. There is still xga@ation for this occurrence (Rial, 2004).
These cycles must have repeatedly de-stablisedespiteractions in communities. However,
there is surprisingly little evidence for acceledatextinctions or speciation associated with
extreme climate changes (for examples see Bowl, 1996). The D-O cycles may have
profound impacts on plants. Depending on the madaitand nature of the climatic shifts,
species that have not lived together previously e@ye into contact, conversely co-occurring
species may become separated. These individualktatguts of species distributions are

common in the Pleistocene record (Rabyal, 1996).

243



Abrupt climate change at orbital and millennial scales
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Fig. 6.1. An example of climate change across wiffetime scales and proxy records. Note the

extended cool periods and the more brief warm gerjtaken from Rial (2004)].

Herbaceous plants will react more readily and hheepotential migration speeds to track D-O
scale events, but trees exhibit a lag to geographésponse. Another paradox is that speciation
and extinction rates fail to increase in the fatelionatic instability. One interpretation is that
species evolutionary stability is a consequencersironmental and ecological instability. As

species track the shifting environment, populatioresak up and regroup thereby circumventing
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long-term isolation and genetic differentiation {Rat al, 1996). In a phylogeographic scenario
this will be detected as a fragmentation followgdabcoalescent genetic signal if the marker is

sensitive enough.

6.3.1. Refugia

African biodiversity hotspots have arisen from tpersistence of refugia throughout the
Quaternary glacial cycles (McCleaet al, 2005). The climatic fluctuations during the
Quaternary were pronounced but not catastrophsouthern Africa. The persistence of refugia
may have contributed to South Africa’s speciesnads and endemism.

Areas of topodiversity are likely to be importatitmate change refugia (McCleat al, 2005).
Mountain systems are frequently viewed as area®fofjia. Linder (1983) suggested that for
Disinae, southern African (Cape and Drakensberdjitdts were not lost in the Pleistocene.
Carbutt and Edwards (2001) regard the Drakensberg historic high-altitude refugium for
Cape elements. According to Linder (1983), in BHalsica most habitats were lost with the
exception of the high Rift Valley mountains. Whéme tclimate ameliorated c. 10 000 BP these
refugia acted as source areas from where Disinaadp

Other African mountains are also hypothesised taagefugia (Linder, 1998). Lovett and Friis
(1996) considered the Eastern Arc Mountains of dai@to be a refuge and have proposed that
regions rich in restricted taxa have been clim#ificand geologically stable. Their explanation
requires Pleistocene climatic change fluctuatiomsexplain endemism. The East Usambara
Mountains harbor many species which are separatem their closest relatives by wide
intervals, suggesting that they have served agjigefor a formerly widespread flora which has
become extinct over much of its former area (WH&83).
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The Afromontane vegetation that is now restrictethe isolated, temperate, moist, high altitude
refugia (‘sky islands’) may have been much moreespiead over the continent during cooler
moist periods. Burgoynet al. (2005) have suggested that the Afromontane phgromi may be
the largest assemblage of ancient persistent tiloeéements in Africa with the grassland as a
possible relictual type. Meadows and Linder (19838ye also suggested that Afromontane
grasslands may represent ‘relict’ communities nathan forests in the southern Afromontane
Region. Floristically, Afromontane forests and gtasds have nothing in common and do not
appear to be interdependent. In some areas Afranenforest (with the same species
component as in grasslands) occur successfullynmataix that is floristically very different e.g.
Fynbos (Burgoyneet al, 2005). Burgoyneet al. (2005) have suggested that the forests and
grasslands are very distinct and unrelated phyteehbat coincidentally happen to occupy the

same climate refuge.

It is proposed that the evolutionary and biogeogi@apistory ofKniphofiais strongly linked to
climatic cycles and vegetation changes. It seemsor@ble to hypothesise that the ancestral area
for Kniphofia was much more geographically widespread when higtude Afromontane
grasslands were more extensive during cooler aed, diacial episodes. During cooler and drier
conditions grasslands expanded in Tropical and Efigta and shifted to lower altitudes (Scott,
2002). Kniphofia on the high mountains of Tropical and East Africauld have tracked the
Afromontane grasslands and expanded their randds. would suggest th&niphofia had a

widespread distribution that covered most of theent disjunctions for the genus.

During wetter and warmer interglacials periodssitproposed thaKniphofia retreated into
refugia on the mountains of Tropical and East Afridn South Africa where latitude
compensates for altitud&niphofia may have maintained a distribution that extenddd the

lowlands even during interglacials.
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6.3.2. Climate and vegetation changes on the AfrinaMountains

The climatic and vegetation diversity of the Afmcenountains renders the interpretation of the
palaeo-record extremely difficult (White, 1981). ditbnally there is no fossil record for
Kniphofia Since it is not possible to accurately trace icydimate change beyond 30 000 years
(van Zinderen Bakker, 1983), climate change dutimg Last Glacial Cycle (LGC) and its
influence on the Afromontane vegetation is examimedrder to gain insights that may assist in
explaining the results obtained fidniphofia It must be noted that the present glacial-intazigil
cycle is one of many that have preceded it, througich Kniphofiahas survived. The curreint
situ diversity and distribution, and molecular data Koriphofia are used here to demonstrate
how a single cycle of climate change could infllettoe evolutionary and biogeograpical history
of Kniphofia This can be used to gain insights to h&wiphofia would have responded,
survived and evolved through preceding cycles deipgnon the intensity and timing of climate

change.

The climatic and vegetation changes for the threstnspeciose centres of diversity [South
Africa, South-central Africa and Rift Valley (inaing the Ethiopia Subcentre)] are examined
below. Each centre covers large spatial areastasdekpected that the climate and vegetation
signals would at times be conflicting within a giveentre. It is also difficult to untangle the
effects of moisture, temperature and Q@ certain areas. More palaeo-botanical research is
required to refine the late Pleistocene and Holeosrgetation history of southern Africa (Scott
et al, 1997) and other African regions. Consequentiyy broad patterns are taken into account.

The discussion below concentrates on Afromontangetadion of the Forest Belt because
Kniphofia displays a strong Afromontane grassland affinitihe TAfromontane Forest Belt is a
dynamic mosaic of forest and grassland (Meadows lander, 1993). It is not possible to

directly infer past distributions dfniphofiabecause of the lack of fossil material. Thus irs thi
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study the distribution of the Forest Belt duringsipprevailing conditions is used as a proxy to
gain insights on the past distributionkfiphofia

6.3.3. The Rift Valley Centre

This region corresponds to the following regionaumtain systems as defined by White (1978):
the Ethiopian, the Imatongs-Usambara and part ef Kivu-Ruwenzori regional mountain
systems. The Rift Valley Centre broadly corresponusstly to Linder's (1983) East Africa
Centre for Disinae. In this study the Ethiopia Sardce of diversity is treated as a subunit of the
Rift Valley Centre. It is also a subcentre of endem(Chapter 2). Thus the Ethiopia Subcentre
was examined in greater detail to determine ifétee any features that may explain endemism.

Fig. 6.2. summarises the discussion below.

At Lake Sacred (Kenya), Street-Perret al. (1997) have recorded dry montane forest
(Podocarpu} between 24 000 BP (years before present) andd848®. Bonnefille and Chéli
(2000) have evidence for a well developed fore#itibehe central East African Mountains for
this time period. Before 30 000 BP the cooling wasasistent with the occurrence of montane
conifer forest in the Burundi Highlands (>2 200 wi)ich is now occupied by tropical rainforest
(Bonnefilleet al.,1990). Bonnefilleet al. (1990) have suggested a 4 + 2°C temperature decreas
during 30 000-13 000 BP in several Rift Valley sitdhe lowest temperature was recorded
between 25 000-15 000 BP (Bonnefteal.,1990).

According to Street-Perret al. (1997) the Last Glacial phase extended from 2418000 BP,
with a decrease in temperature by 5-9°C. The L#mti@ Maximum (LGM) is recorded at c. 18
200 BP (Street-Perret al, 1997). Bonnefilleet al. (1990) have suggested that the optimal time
for glacial advance in East Africa was c. 21 500vidien the climate was cold but moist.
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However, van Zinderen Bakker (1983) recorded théViL& c. 18 000 BP and noted that the
climate in East Africa was dry with a 6°C lower f@mature then present (van Zinderen Bakker,
1983). There was a decrease in evaporation (25-3@46)ty increased and conditions were dry
(van Zinderen Bakker, 1983). Jolly and Haxeltin@9d) found that there was a 6°C decrease in
temperature, with 30% less precipitation (KashBurundi). Some areas received high rainfall.
The area around Lake Kivu received 1 364 mm offafliper year during the LGM suggesting
that it may have served as a refuge for montarestsr During the glacial period 30 000-15 000
BP there was a general 32% decrease in rainfallivelto present values. In African equatorial
regions ‘precipitation decrease’ is a more appsdprierm than ‘glacial aridity’ (Bonnefille and
Chali¢, 2000).

In Tropical Africa, displacement of vegetation beldlthough difficult to evaluate, depends not
only on cooling but also involves precipitation (Befille et al., 1990). According to van
Zinderen Bakker (1983), during the LGM the presesgetation belts shifted 1 000-1 100 m
downwards. Jolly and Haxeltine (1997) noted thatttiee line dropped by 1 000 m during the
LGM. Street-Perroét al. (1997) found that the vegetation descended byOt10000 m between
24 000-13 000 BP.

The lowland forests being the most sensitive prbbabrvived in limited areas. The three
vegetation belts above the moist montane foresth&dry montane forests, the Ericaceous Belt
and the Afroalpine Belt persisted at a much lowkitude during the hypothermal times.
However, according to van Zinderen Bakker (198&) Miroalpine Belt and the Afromontane

Forest Belt could not make contact with the lowknd

There was a general decrease in forest with opgetagon becoming more prevalent during the
Last Glacial. This could have served as a migrataurte for plant and animals adapted to dry
conditions (van Zinderen Bakker, 1983). Cool gasdland xerophytic shrubs increased at the
expense oPodocarpusforest (Jolly and Haxeltine, 1997). During the t_&dacial (24 000-13
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000 BP) grassy heathlands composed ajr@sses and ericaceous shrubs with limited trees ha
been recorded by Street-Peredtal. (1997).

Bonnefille and Chadi (2000) found that during the Last Glacial betw&ér000-18 000 BP there
was a decrease in montane forest trees which ve@laced by open-type vegetation in which
there was a spread of Ericaceous Belt elements.gidssland was dominated by @tasses.
Low CO; levels promoted grassland development and reta@etiee cover (Bonnefille and
Chali¢, 2000).

The glaciations on the East African mountains endetb 000 BP. Between 14 500-12 000 BP
open arid savanna was recorded at sites presettlyped by lowland forests (van Zinderen
Bakker, 1983). The gradual warming had a markeekceff. 12 600 BP. Forest elements spread
from refuges along the western Rift Valley in arsteen direction probably mostly by long
distance dispersal (van Zinderen Bakker, 1983).ngtilke and Chali (2000) found an increase
in arboreal pollen at c. 13 500 BP, and by c. 1@ B® the highland vegetation became more

wooded.

At about 10 500 BP the temperature on the mounta@ashed its present level (van Zinderen
Bakker, 1983). Street-Perret al. (1997) noted that c. 10 300 BP there was a dornaan G
plants (moist montane forest) during the intergladBetween 9 000-8 000 BP maximum forest

cover was attained, reaching an altitude of 1 82d@m (Bonnefille and Chéli2000).

During 6 000-7 000 BP there was a decrease indabpnountain forests with replacement by
deciduous or semi-deciduous plants. In the lagi®Gy@ars there has been a progressive decrease
in arboreal pollen with notable declines at c. ® &P and 3 000 BP (Bonnefille and Chkali
2000). At c. 4 000-4 600 BP the temperature onntlbeintains was higher than at present and
forest expansion reached its maximum (van Zind&akker, 1983). Around 3 200 BP, Street-
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Perrotet al. (1997) noted a dry forest vegetatidtoflocapusandOlea) increase at Sacred Lake
(Kenya).

During the LGM the abundance of, @rasslands increased in areas that are currentigeein
equatorial Africa. As C@concentration decreased, it gave @egetation the advantage to
expand to ranges above the tree line (Scott, 20DAjing the LGM, tropical areas that are
currently clothed by montane forests, probably mdded subtropical regions (where grasses
flourish today) but without the extreme seasonabitythe subtropics. Although ;Gexpansion
occurred in the tropics during the LGM, its spreaas curbed in the southern direction by
subtropical latitudes, regions of high altitude asspecially regions with pronounced winter
seasonality (Scott, 2002).

6.3.3.1. The Ethiopia Subcentre (summary presantedy. 6.2.)

This region corresponds to the Ethiopian regionailintain systems as defined by White (1978).
Many studies done in Ethiopia for the LGC (Last c&h Cycle) have concentrated on Rift
Valley lake levels and lake sedimentation to retwoigs climatic changes because of the
important hominoid sites in the area. Lake levald avolution is complex. In additional to

climatic factors, lake levels and evolution invavepisodic eruptions, faulting, reactivation of
faults and pyroclastic accumulation (Williares al, 1981). These factors may mask climatic
variables, so palaeo-data from lakes in the gecddgi unstable African Rift Valley should be

treated with caution.

Barboni et al. (1999) examined phytoliths as palaeo-environmeimdicators in the Middle
Awash Valley. The Pleistocene was dominated higlowants of Poaceae morphotypes (75%)
and 13% of dicotyledon morphotypes. The resultscaté open grassland with more trees and
shrubs which developed under humid conditions oidd¢mns more humid than present. Hurni

(1981) found that in the Simien Mountains the terapge was 7°C lower than present during
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the Last Glacial period which extended between @®-T2 000 BP. This was a time of poor run
off and rainfall. Hurni (1981) postulated that meame forests were at altitudes between 2 900-2
200 m. Egziabher (1986) noted that between 10 @050 BP there was an increase in moisture

following a long arid phase.

Gillespieet al (1983) examined lake level sequence in the Zigagla basin during the past 14
000 years. Deglaciation of the mountains was cotegleefore 11 500 BP. The lake rose c. 12
000 BP but a major recession was recorded c. 10B/0WVilliamset al. (1981) recorded two
major lake level transgressions at Lake Besakacvizl 000-12 000 BP and c. 10 000 BP. Gasse
and Street (1978) found at least two distinct lg@ligphases during the late Pleistocene in the
lakes of the northern Rift Valley and Afar. ThissMallowed by a very arid period during which

the lakes examined recessed to their present levédss (Gasse and Street, 1978).

The Holocene is characterised by low content in dyodicotyledons (<2%) but high Poaceae
phytoliths (93%) (Barboniet al., 1999). Chloridoideae grasslands, (@ffinity) resembling
modern subdesertic shrub steppe andPGoideae grasses would have covered the highlands
(Barboni et al., 1999). The climatic shifts during the past 10 O@&arg were considered by
Egziabher (1986) to be small with minimal impacttie overall picture with regard to forests.
Lamb (2001) found evidence for a savanna domingéggttation in the Rift Valley (at Lake
Tilo) throughout the Holocene despite evidencesfasng variations in the moisture regime. The
Holocene climate of this area has always been ctearsed by a wet and dry season (Lamb,
2001).

Gasse and Street (1978) recorded high lake levél@ 800 BP and a regression between 6 000-4
000 BP. However, no discussion on how this affestegktation was provided. At Ziway-Shala
c. 9 000 BP precipitation is estimated to have lmdeast 25% greater than today. Around 8 500
BP the lake levels began to fall. The lowest levat recorded c. 7 800-7 200 BP (Gillespie
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al., 1983). Lamb (2001) recorded a higher numbereddrand shrubs in the savanna c. 7 000 BP
at Lake Tilo. After 7 000 BP there was a decreasaoisture (Lamb, 2001).

Around 5 000 BP there was a major recession at ¥@ela. Since then dry conditions have
prevailed (Gillespiest al, 1983). Grasses increased and the diversity odywspecies declined

c. 5500 BP. Lake Tilo began to desiccate c. 4B®R{Lamb, 2001). However, the pollen record
shows no marked vegetation response to this climasmge. Lamb (2001) recorded distinct
vegetation changes c. 2 400 BRadocarpusJuniperusand Hageniaincreased on the uplands
on either side of the Rift Valley. This was intexf@ad to be a response to a drier climate. Grasses
also become more abundant and may reflect the @isteanges at Lake Tilo (Lamb, 2001).

Mohammed and Bonnefille (1991) examined the vegetadnd climate around Lake Langeno
from c. 2 500-800 BP. During 2 500-2 100 BP thereravhumid conditions and high
precipitation with maximum development Bbdocarpusforests. The humid phase ended c. 2
100 + 220 BP with drier climatic conditions prevag. Shoreline vegetation included
Cyperaceae, halophytes (Chenopodiaceae and Amacaiait) as well as dry evergreen bushland
(Olea-Euclea-Dodonaea viscgsa his phase ended c. 1 060 + 200 BP. Between01306 BP
conditions became wetter which is indicated by acréase inPodocarpusand Juniperus
vegetation. Afromontane forests have been at Wefwhthe last 800 years (Bonnefille and
Buchet, 1986).

The palaeo-vegetation data for the Ethiopia Sulbeeist rather fragmentary and incomplete.
Many of the studies above do not include data ayetaion changes. Thus it is more useful to
discuss the implications of past climate and vdgetahanges in the broader context of the Rift
Valley Centre (of which the Ethiopia Subcentre igpat) until more detailed studies are

forthcoming for Ethiopia.
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The review of climatic and vegetation changes lier Rift Valley Centre aids in interpreting the
situation forKniphofia during this time frameKniphofiaon the high mountains of Tropical and
East Africa would have tracked Afromontane grasidaamd expanded their ranges during cooler
and drier conditions. During the LGM in equatordtica C, grasslands increased in abundance
and distribution (Bonnefille and Ché&li2000; Scott, 2002) and shifted to lower altitudes to
the displacement of vegetation belts. This wouldgest thatKniphofia had a widespread
distribution that covered most of the present disjions. The warmer and wet conditions of the
interglacial probably did not favor Afromontane ggkands (Meadows and Linder, 1993) and it
is most likely that during interglacial times inopical and East African forests would have been
favored at the expense of grasslands (van ZindBadker, 1983). Afromontane grasslands
(including Kniphofiag) would have retracted to high altitudes as nownsee the highlands of
Tropical and East Africa and would have becometéohio high altitude refugia in Tropical and
East Africa. This explains the current restrictestribution of Kniphofia to the Afromontane

vegetation in these areas as isolated and dispapetlations.

6.3.4. The South-central Centre (summary presented Fig. 6.3.)

This region corresponds to the Uluguru-Mulanje gadt of the Kivu-Ruwenzori regional
mountain systems as defined by White (1978) anddiyacorresponds to Linder’s (1983) South-

central Centre for Disinae.

DeBusk (1998) examined the pollen record for Laksawi which spanned over the past 37 000
years. The period 37 500-35 900 BP is represenyediyp conditions with low lake levels and
open vegetatiorHyphaenewvoodlands, lakeshore marshes and dry wooded graisgl Between
35 900-34 000 BP montane forests were widespre#id woodland reduction but still present
indicating a cold moist climate. From 34 000-26 £ dry conditions that are slightly cooler

than present are evident and forests decreasedu@BeB998).
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Fig. 6.3. Summary of climatic and vegetation changethe South Africa and South-central Centreieédity for Kniphofia during the past 30 000
years (details in text). Numbers in parenthesesedeeence sources which are list&® (on the time axis= 1 000 years before present).
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An increase in Poaceae is recorded with a fairghhpercentage of woodland. Montane
forests continued to exist in the catchment ardéabenlake possibly at high altitudes. The
prevailing conditions appear to be intermediateveeth modern and glacial periods (DeBusk,
1998). Livingstone (1971) examined the pollen rdcfmr Lake Young (Ishiba Nganda) in

northern Zambia. Neither montane nor moist foré$vw or intermediate altitudes appear to
have extensive distributions in this part of Zambiaing the last 22 000 years. Grasses

dominate the entire pollen spectra.

The end of the Pleistocene spanning the LGM is adtarised by a high percentage of
Afromontane elements accompanied by low percentafj@goodland and grass taxa, and
relatively high percentage of Cyperaceae and egergforests at Lake Malawi (DeBusk,
1998). There was an expansion of Afromontane Fatetste expense of woodlands.

Woodlands managed to maintain large coverage icatehment of the lake. The expansion
of the montane forest is accounted for by the dsoe of altitude belts with the cooling
climate. The lowering of the montane forest’s atté by 800-1 000 m implies that most of
the catchment of Lake Malawi was within reach ofosfiontane Forest (DeBusk, 1998).
However, DeBusk (1998) noted that this lowering was$ enough to account for the very
high percentage of montane forest taxa. It is yikbht there were extensive areas of closed
montane forests in the catchment of Lake Malawi.

The Holocene reflects a similar climate and vegmtato current conditions. There is

evidence for Miombo woodland increase c. 9 000 BRir{gstone, 1971). At c. 3 000 BP

there was a further decline in the limited evergrémrests (Livingstone, 1971). There are
indications for slightly drier conditions betweer®80-6 150 BP at Lake Malawi. Conditions
are recorded as slightly wetter between 6 150-3 B0 Throughout the Holocene there is
evidence for low percentages of forest elements iote extensive woodlands and
grasslands (DeBusk, 1998).

Meadows (1984) examined the environmental changeth® Nyika Plateau during the last

12 000 years. This period is characterised by aimtimee of grasslands over forests. During



some periods the forests did expand but not mose tt0% (present cover of forest is
estimated at 5%). Palaeontological evidence foiSingth-central centre fails to recover large
scale vegetation fluctuations during the LGC arelubgetation on the Nyika Plateau has not
altered much during the past 12 000 years (Meadd@®84). Much of the area currently
occupied by grasslands on the Nyika Plateau coeldbove the tree line i.e. in areas that
may be too cold and dry for extensive tree growttiprasent. This situation was probably
intensified during the Last Glacial when conditiansmost parts of Tropical Africa were
cooler and drier than at present. Fire would &laee played a role in the maintenance of

grasslands (Meadows, 1984).

It is also interesting that the vegetation of thgahga Highlands (Zimbabwe Centre) is
characterized by grassland from the early Holoaeitle Brachystegiavoodland developing
. 4 600 BP (Tomlinson, 1974).

Kniphofia in the South-central Centre is also associatett wiromontane grasslands. A
similar situation as hypothesised for the Rift ¥glimay be applicable to the South-central
Centre (discussed above). However, there is aisimgrlack of grassland expansion and a
notable forest expansion at Lake Malawi during lteM. According to DeBusk (1998) the
Late Pleistocene expansion of the forest patchesgdaeprroborate with recent fragmentation
of the montane forests by grasslands without ottirily with evidence for the existence of
montane grasslands throughout the Holocene (e.gqdbes, 1984; Meadows and Linder,
1993).

There is a general lack of endemism in plants enhighlands of Malawi. The similarity
among areas of montane vegetation in Malawi sugdkat there was continuity between the
now separate patches of montane vegetation inettent past (DeBusk, 1998). This centre
shows a chorological relationship with the Southicd and Zimbabwe Centres, but has a
stronger relationship with the Rift Valley Centgr Kniphofia (Chapter 2). This centre may
be associated with an overlap function to the n@Rift Valley Centre), south (Zimbabwe

and South Africa Centres) and west (Cameroon Ce(digcussed later).
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6.3.5. The South Africa Centre (summary presentediiFig. 6.3.)

The Drakensberg regional mountain system as defiged/hite (1978) and Linder’s (1983)
Cape and Natal-Transvaal Centres for Disinae fatiov the South Africa Centre. In this
study the South Africa Centre f&niphofiawas divided into three subcentres of diversity, of
which only the Extended Drakensberg Subcentresgbaentre of endemism. The Extended
Drakensberg Subcentre or other areas of diversitpvered in Chapter 2 have not been
treated independently in the discussion below as dwome for the Ethiopia Subcentre. There
is considerable intermingling in the southern Adritora which partly diminishes the value
of treating subcentres independently. The treatnoérgubcentres may have merits when
examining southern Africa in isolation (Chapter Bpwever, in the broader African context

the South Africa Centre is best treated as a sungjiefor Kniphofia

In southern Africa marked cycles of vegetation d®n resulted in shifts in biome
composition and boundaries in response to glagrales. These shifts were caused by
fluctuations in temperature, precipitation and seas distribution of moisture (Scoét al,
1997). The effects of orbital changes prevailedafanuch longer period causing numerous
and regular cycles of change in vegetation throtlgh Pleistocene and Tertiary. Both
recurring glacials and interglacials must haveuficed evolutionary processes in plant
communities and contributed to defining the modergetation. Vegetation patterns during
the LGC which are a reflection of these complexngjgs can therefore be expected to
include a relatively wide diversity of communitypgs (Scottet al, 1997). Climatic
oscillations have also caused large scale migmatmnvegetation types (as suggested by
pollen data). It seems likely that at certain timeken new conditions arose, new

combinations of species were present (Scott, 1983).

Modern biomes were well established by the Quatgrii&cott et al, 1997). African
grasslands have become adapted to Late Tertiacjafleycles (Scott, 2002). Grasslands in
South Africa were well established by the Miocemal dave been present consistently
throughout the last c. 300 000 years in the intedb South Africa. Southern African

grasslands are a transition between tropical antpeeate (Afroalpine and Afromontane



affinity) grasslands and their compositions mustehBluctuated markedly in the past (Scott,
2002). Only broad trends can be identified for tiage Pleistocene. Pollen data from c. 40
000-75 000 BP indicate that forests were more vpckzsl under moist conditions (Scett
al., 1997). Highveld grass types (of tropical affyjitexpanded regularly during the
Quaternary at the expense of woody vegetationstlne pollen records for woodlands
outside the present Grassland Biome suggests thsdygvegetation occupied a much greater

area to the north during past cooler episodes (8tat, 1997).

In southern Africa between 30 000-26 000 BP theale was most likely cool-temperate and
the humidity did not vary much from present senitao sub-humid conditions (Scott,
1982). Wonderkrater and Zoutpan show cool mBistlocarpusforest prior to 25 000 BP.
Before the onset of the LGM, forests near Wondeekravere replaced by drier, slightly
warmer savanna (Scott, 1990). At c. 25 000 BP atidrahange occurred which resulted in
the Karoo being replaced by grassland (affinity spécified). Higher precipitation and a
decrease in temperature were responsible for tblgical change during this period (van
Zinderen Bakker, 1978).

During the Last Glacial phase (25 000-11 000 BRjdlwas an estimated 5-6°C lowering of
temperature. This coincides with relatively humiidnates, except for the coldest time when
it was dry. At Clarens, more Fynbos and swampsrecerded in the wet conditions c. 23
000 BP (Scott, 1990). This was followed by slightiyer times (22 600-20 000 BP), and a
considerably drier and cooler climate c. 20 00®@8 BP. From the end of the Pleistocene to
10 000 BP precipitation fluctuated considerablych#ag low levels c. 18 000 BP during the
LGM. Evaporation rates declined with cooler corais (Scotket al, 1997). During 21 000-
18 000 BP the southern coast of South Africa wgsitantly exposed with the shoreline
extending c. 100 km further south of the preseasttne (Burgoynet al, 2005). Burgoyne
et al (2005) have suggested that grasslands (tropftiaity) along the south-eastern coast
were more extensive. The remnants of these graisslare now found in the sublittoral
grasslands of the Maputoland-Pondoland Region, twlsice edaphically controlled and

probably more extensive today because of frequen{Burgoyneet al, 2005).
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During the LGM vegetation belts were lowered by €00 m in altitude responding to c. 5°C
drop in temperature (Sco#t al, 1997; Scott, 1983; Vogel, 1983; van Zinderen Eakk
1983). In some regions this drop in temperature agamuch as 10°C (van Zinderen Bakker,
1983; Lewis and lligner, 2001). Cooler and moishditions prevailed during this time,
similar to the lower parts of the present AfroadpiBelt in Lesotho (van Zinderen Bakker,
1983). Upland grasslands (probably of temperatmigff and shrublands were present in
areas presently occupied by tropical savanna duttieg glacial phase. This phase was
generally humid with a dry spell c. 19 000 BP ($cb®90). Grasses (presumably of tropical
affinity) become more prominent after 18 000 BP winetter conditions gradually returned
(Scott, 1990). Climatic changes have generallyugriced the long-term history of
grasslands. Lower temperatures and less markedrsdaginfall patterns allowed the
downward spread of Afromontane Fynbos and grass€s temperate affinity (Scott al,
1997).

Mountain Fynbos was restricted to the upper reaciéise higher mountains during cooler
and drier glacial conditions in the South-easteapé& The lowlands of the South-eastern
Cape, which currently supports grassy-fynbos, woalde been a mixture of Fynbos, karooid
and G temperate grassland elements (Cowling, 1983a)leCamd drier conditions would
have promoted fire, favoring Afromontane grasslamdther than Afromontane forests
(Meadows and Linder, 1993). Highveld grasslandsagical affinity were replaced by high
altitude grasslands of temperate affinity (Sco®82). There is general consensus that
temperate grasslands were more extensive durind-@M (Scottet al, 1997) and have
dominated most of the summer rainfall montane ateamighout the Holocene (Meadows
and Linder, 1993).

During the glacial periods temperate grasslandshefinterior were replaced by Alpine
grasslands. The coastal plains of the Cape Regeme wevoid of forest and covered with
grassland (not specified but presumably of tempeafiinity) (van Zinderen-Bakker, 1978).
Alpine vegetation was unable to survive at the égglaltitudes. This vegetation only reached

current altitudes c. 8 000 BP during the Holoceaemvup (van Zinderen-Bakker, 1978).
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Temperature has ameliorated since c. 13 000-14BBWhile precipitation increased (van
Zinderen Bakker, 1983). Vegetation alternated ndigkeanging from woodland savanna
during the warm interglacial phases to cool opeasgjands including Fynbos elements
during the glacial maxima and to mesic woodlandhwRodocarpus forests during
intermediate phases (Scett al, 1997). Grasslands occupied roughly the same gugag
the Holocene as it does today with shifts in bouieda During the climate optimum (i.e. the
altithermal) in the middle Holocene c. 7 000 BP, tbe northern boundary of the main
highveld region, bushveld spread southwards oweretlge of the plateau (Scott and Vogel,
1983).

In the former Transvaal, tropical savanna elemariseased since 11 000 BP suggesting a
gradual warming until c. 6 500 BP. This phase sthwith moist climates (c. 11 000 BP),
indicated byOlea and Podocarpuspollen which was replaced by relatively dry Kalaha
thornveld types by c. 8 000 BP. Broad leaved sawaglements including Combretaceae
became prominent c. 6 500 BP indicating wetter gmns (Scott, 1990). Montane forest
elements appeared c. 8 000 BP when the xeric elsnuatlined and forests have been
existing since this time in small patches, simitathe mosaic that exists in the region today
(Ellery and Mentis, 1992). Rainfall declined markeat the start of the Holocene, but by c. 7
000 BP the biomes began to reflect modern conditiaithough smaller fluctuations
continued until recently (Scott al, 1997).

Meadows and Meadows (1988) have shown that in theberg there are notable signs of
drier and cooler conditions with a more xeric elamevhich indicates a cool grassy-fynbos
transitional to Fynbos during the late Pleistocénel2 500 BP to the early Holocene).
Montane forests first appeared c. 8 000 BP durimg warmer early Holocene when
conditions were probably warmer and moister thasmt. Forests were not extensive and
did not extend beyond localised patches that dhected in the region today (Meadows and
Meadows, 1988). In the South-eastern Cape duriegallithermal, Fynbos would have
expanded into the lowlands. Subtropical gfasses and Afromontane elements would have
penetrated into lowland communities on more fedoés resulting in the present day grassy-
fynbos (Cowling, 1983a).
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Eeleyet al (1999) suggested a significant forest expansiokwaZulu-Natal during the last
altithermal. Some studies in the Maputoland areavséxtensivePodocarpugorest after the
LGM. At c. 5 000 BP forests reached maximum exterd retreated from Maputoland in a
northerly direction. The forests occupying the upptkuze River retreated towards the
Drakensberg and the Natal mist belt (Mazus, 200®jications are that by the middle
Holocene,Podocarpusspread in the interior and has never reachedaim gproportions as
during the phases of the Late and Middle Pleistecereven the LGM (Scodt al, 1997).

Sites from the former northern Transvaal and thdal&i show dense woodland and
relatively warm conditions by 6 500 BP while mor@en slightly cooler vegetation
developed sometime afterwards c. 4 000-2 000 BRhoBits from Deelpan (Free State)
indicate grassland with karooid elements after@ BP (Scott, 1990).

In general the past 6 500 years started with wetidense vegetation under warmer, moist
conditions in most parts of South Africa. Later timle Holocene there was more open
vegetation related to slight cooling and good muestavailability but possible minor dry
spells (Scott, 1990). During the late Holocene €08-1 000 BP the grasslands were very
well-developed in the transitional areas suggedtiag the grassland boundaries must have
been further west (Scadt al, 1997).

Prior to the LGCKniphofiawas probably confined to high altitude Afromontajrassland.
During the LGM these grasslands (wKiniphofig) descended and expanded to the lowlands
in southern Africa. This may partly explain the s@at distribution patterns observed for
Kniphofiain southern Africa (discussed in Chapter 2). Coosatly, the lowering of altitude
thresholds has resulted in the wider distributibiKoiphofiain vegetation that is not strictly
Afromontane, especially in the Drakensberg-Maputdi®ondoland transition. Asniphofia
expanded its range into the lowlands of southemicaAf populations may have been trapped
in refugial pockets of grassland which possiblympoted morphological divergence. There

are 13Kniphofia species that have a highly restricted grasslastlilaition. This may have
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resulted in an array of recent morpho-speciesét&too young to have undergone complete

lineage sorting and which can potentially still higise.

In the South-eastern Cape during the altithermghbBs would have expanded to the
lowlands with subtropical £ grasses and Afromontane elements also penetratiiog
lowland communities (Cowling, 1983aXniphofia could have used these opportunities to
spread into the Cape and Karoo regions. It seémly lihatKniphofiatracked the subtropical
C, grasses and Afromontane elements as they peretrate the south-eastern Cape
lowlands and tracked the;@rasses as they moved further westwards deemethiatFynbos
and Karoo. However, the details of the range expanwithout a major morphological
divergence into the Cape Region is difficult toempret but it is interesting to note that
tropical G elements (Panicoideae and Chloridoideae) can toesextent successfully

penetrate the Cape Region but also fail to speliateer, 1989).

Radio isotope examination of Zhiphofia samples (representing 19 species) from all five
cpDNA lineages by the Stable Light Isotope UnitgAaeology Department, University of

Cape Town) revealed that all samples had as@ope signature. Southern Africa samples
represented material collected from coastal to falgiude montane habitats. The samples

from Madagascar, Tropical and East Africa were fldgh altitude montane habitats.

Plants with a € metabolism are advantaged in cool conditions, whiknts with a ¢
metabolism are advantaged in warm conditions (Egwling, 1983b). Thus, it seems
reasonable to postulate that during glacial periteisiperate situations) the; €ondition is
advantageous while the ;Ccondition is advantageous during interglacials pital
conditions). However, in southern African the siiia is complex as grasslands are a
transition between tropical and temperate grasslaaad their compositions must have
fluctuated markedly in the past (Scott, 2002). €ntlly the most extensive vegetation of the
Afromontane Forest Belt in southern Africaibemeda triandrga G species (Cowling,
1983b)] grassland (White, 1978). In South Africdtgras are obscured because ‘temperate’
grasses descend much lower and the most abundgpitatlr grass Tremeda triandra

ascends relatively high (White, 1983) i.e. Afronamd grasslands in southern Africa are
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composed of both temperate and tropical elemerits @iand G conditions. More research
is required on the (present and past) composisibandance, affinities and distribution of the

temperate and tropical elements of Afromontanestgasls in southern Africa.

Despite these obscurities it appears that in southAérica Kniphofia was able to compete
with C, grassland elements as they penetrated the Fymab&aroo during the Holocene.
Kniphofia is also postulated to be able to compete withgfassland elements of tropical
affinity in the lowlands of eastern South Africaden warm conditions as it expanded its

range and radiated.

It is important to note that Afromontane grasslaags unit may not have existed during the
glacials in its present configuration. The LGM wast only colder but also drier with

environments different from the present situatidlore research is required on the rainfall,
temperature and soil requirements Kmiphofiato understand how it survived glacial periods

and how this may have effected its evolutionaryans

6.4. How can tectonics, climate cycles, genetic angeographic patterns explain the

evolutionary history of Kniphofia?

Within the five lineages there is evidence for recdifferentiation as the branch length are
small and there is evidence for the non-monophylgeveral species. Short branch lengths,
non-monophyly, and numerous identical haplotypesth(bcpDNA andITS) collectively

appear to indicate that a rapid radiation has tg&ce in southern Africa.

Climate change can create vacant and new nichesevolution of remaining species
(Goldblatt, 1978). Knox and Palmer (1995) have regzba radiation foDendrosenecidrom
the East African Mountains within the past few moill yearsD. meruensiss hypothesised to
be derived within the past 200 000 years (Knox Baber, 1995). No dating was provided
for giant lobelias radiation/s by Knox and Palmé&®98) but the split ofL. sanctdl.
ritabeanianafrom a L. lukwangulensidike ancestor is speculated to be 7 MYA (million

years ago). These dates are far older than themgretudy is suggesting for divergence and
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morphological speciation iKniphofiabut could easily be the age of the ancestor ogéris

as a whole.

The low sequence divergence I3TS has been reported for several taxa in cases where a
recent rapid radiation has been implicated (Baldavid Sanderson, 1998; Hareisal, 2000;
Richardsoret al, 2001; Malcomber, 2002; Kla#t al, 2003b; Howarth and Baum, 2005).
The ITS results forkKniphofiashow low sequence divergence which supports a hgpa of
recent radiation. While it is not possible to ddteKniphofiaradiation, it seems unlikely that

all the results obtained fd€niphofia are the consequence of a single glacial cycle the
LGC), as this will represent an unprecedented fatd of molecular and morphological
evolution. However, the possibility of rapid coreer evolution ofiTS sequences cannot be
ruled out.

According to Jansson and Dynesius (2002) high artiarced dynamics (ORD) caused by
Milankovitch oscillations are manifested by theldaling traits: lowp clades (at least 100
000 years old) with generally highclades (products of recent cladogenesis nestddnvft
clades), low level of spatial genetic divergence@ iclades, little geographic subdivision and
large ranges, high vagility, low specialization)ypdoidy and little p-anagenesiKniphofia
appears to display most of these traits exceptttieat is geographic structure in the main
clades and there is no reported polyploidiKmphofia (Webber, 1932; de Wet, 1960; Nayak
and Sen, 1992).

The phylogenetic studies of cpDNA showed evidenftaam-monophyly for many species
suggestive of a history of hybridisation and/oramplete lineage sorting. If there has been
gene flow and/or incomplete lineage sorting themspecific individuals may be scattered in
different lineages, but geographically localisechagpes should be shared between the
different species (Whittemore and Schaal, 1991)is Tdppears to be the situation in
Kniphofia Composition of the four southern African groupsd the Tropical and East
African group) show more congruence with geograpinigin rather than the taxonomic
arrangement based on morphology. A recent radiati®m suggests that not enough time has

passed for currently delimited morphological specie differentiate fully and develop
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reproductive barriers, thus promoting hybridisateord mixing of haplotypes. Hybridisation
and incomplete lineage sorting may not be mutuelglusive and both these factors may
explain the non-monophyly in geographically baspMA lineages. Hybridisation may
have also promoted concerted evolutioT® sequences. This may also account for the low
sequence divergence bFS. Thus, the results of this study may reflect tienbinational
effects of a recent radiation, hybridisation, cote@® evolution and incomplete lineage

sorting.

If cyclic climatic changes have influenced the ewioinary history ofKniphofia it implies
that populations would have (at different phasesthef climatic cycle) fragmented and
possibly coalesced. Fragmentation and isolation exgiiain the high number of restricted
grassland species in southern Africa.

6.4.1. Altitudinal Shifts

Climate changes in mountainous regions can accdéomtaltitudinal contractions and
expansions resulting in species ascending and deisge mountain systems (Knox and
Palmer, 1995; Larenat al, 2002). Knox and Palmer (1995) examined diveraifon of
Dendroseneciin East Africa, which involved repeated altitudiradiations with Pleistocene
climate fluctuations playing a role in altitudinagetation distribution. Larergt al. (2002)
demonstrated that Pleistocene glacial induceduditial migrations inArmeria may have
resulted in gene flow and hybrid taxa. Knox andial (1998) also found that in the genus
Lobelia(viz. the Giant Lobelias) there is a combinatibg@ographic and repeated altitudinal
speciation with hybridisation potentially playing anportant role. Knox and Palmer (1998)

made no inferences on the influence of past cloratanges.

Altitudinal contractions and expansions result solation and secondary contact but also
allows for intermediate transient situations. Aiteion between long isolations and
intermittent establishment in transient habitat ldoadd new species to the same mountain
slopes (Fjeldsa and Lovett, 1997). A reticulatetdnis may be associated with altitudinal

distributional changes in southern Africa fmiphofia. Repeated expansion and contractions



along altitudinal belts could result in the accuatian of a mixture of genetic signatures
(haplotypes) as isolated populations Kmiphofia could have made secondary contact
promoting gene flow and possible hybridisation.itAttinal shifting of the vegetation belts

associated with climatic changes in the Pleistoecrag account for introgression events that

have resulted in the non-monophylyKddiphofiaspecies.

Altitudinal shifting may have caused instabilitydadisturbance as vegetation transgressed
across altitudes. Grimshaw (1998) considered tineatic consequences of global glaciations
as a disturbance in the Afromontane Region. The@mrtntane vegetation (especially trees)
are tolerant of the effects of altitude and regimkrepeated disturbance (Grimshaw, 1998).
This implies that many elements of the Afromontflos are well adapted to overcoming the
effects of disturbance and may in fact use it wrthdvantage. Once these elements become
established they may facilitate the introductiord agolonisation of other less flexible

ecological Afromontane elements.

Steep and complex landscapes are often used taiexgladient, parapatric speciation or
microgeographic speciation (Fjeldsa and Lovett,7)9%or example new species could be
polyploids resulting from hybridisation between feient species inhabiting different
vegetation/biomes at ecotones or the result of pgstidisations with parents absent from
present day floras (Fjeldsa and Lovett, 1997). Tihiproposed to be the case for some
African montane taxa. The species flocklmipatiensfrom the Uluguru Mountains indicate
microgeographic as well as reticulate speciatiosimilar species flock exists Baintpaulia
where ten of the 19 species inhabit the Usambananidins (Fjeldsa and Lovett, 1997). This

above scenario may also applykiniphofiain the Drakensberg.

6.4.2. Forest Encroachment

Grassland pockets surrounded by a matrix of fdresbme regions may have been a minor
contributing factor to fragmentation of grasslaradsl possibly populations dfniphofia

during the altithermal when forests were more wptdead. Forests are a more recent

vegetation than grasslands in eastern KwaZulu-Navastet al, 2000). Forests have been
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existing in small patches during the past 8 000g/esimilar to the mosaic that exists in the
region today (Ellery and Mentis, 1992; Meadows &meladows, 1988). There is general
consensus that forests did not reach the levelgested by Eelegt al (1999) and forests
have been expanding and are more abundant nowtliegnhave been in the recent past
(William Bond, pers. comm.). This negates to pa#gilof forests becoming extensive to a
degree that resulted in isolation of grassland etsckThus forest encroachment resulting in
long-term grassland isolation is unlikely to expldihe patterns recovered fniphofia in

southern Africa.

6.4.3. Wetlands Patches

Many Kniphofia species have a strong affinity to moist areas (hyaeseas, swamps, vleis

and wetlands). Meadows (1988) noted the importasfcevetland sediments as tools for
reconstruction of palaeo-environments in southericA Rogers (1997) reviewed freshwater
wetlands for southern Africa. Unfortunately, no alan palaeo-distributions in relation to
climatic cycles were reported in either study. Ehiera paucity of knowledge of how wetland
distribution changed in response to past clima&ngh, but work in this field is currently

being initiated (William Ellery, pers. comm.). I ian unfortunate paradox that wetland
sediments have contributed much to our understgnafipast vegetation in southern Africa

but not on wetlands themselves.

Wetlands expand and shrink with variation in wagapply, and many may disappear and
reappear depending upon the hydrogeomorphic set@uwne wetlands will be more
vulnerable to this pattern than others. Wetlandshé@adwater settings are likely to be
vulnerable. These may become geographically istldteing drying, since their integration
into the drainage networks are broken. Wetlandsateintegrated into the middle and lower
reaches of drainage networks are likely to expand shrink, but unlikely to become

insularised (William Ellery, pers. comm.).

According to Grimshaw (1998) swamps could have estnas stepping stones for

Afromontane vegetation and may explain the croseiripe lowlands gaps between East and
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West Africa. During pluvial periods swamps may hdéeen more extensive facilitating
dispersal by reducing the distances involved (Gnamg 1998). Further work on wetland
palaeo-distributions will determine the extent tdiieth wetlands have contracted and
expanded under prevailing climatic cycles. Thid shled light on their role in isolating plant

assemblages or constituent taxa and whether thaldvmave allowed subsequent contacts.

6.5. Disjunctions and Migrations

The events responsible for the establishment of Afemontane Region (and related
disjunctions) are complex with a long history, spag beyond the past 25 000 years, and a
single model is unlikely to account for the entéromontane diversity (White, 1981).
Present distribution patterns do not provide adl thata to untangle distributions for the
Afromontane Region (Grimshaw, 1998). However, ieslgrovide valuable clues and a
foundation to build upon.

Disjunctions in the Afromontane flora have beereredd to as vicariance events, indicating
changes in the distribution patterns of the flof@asis, 1983; Linder, 1998). Others have
alluded to a dispersal explanation. The Drakenshasgbeen treated as a migration route for
both southern (Cape) and tropical elements (vanSdeijff and Schoonraad, 1971; Carbutt
and Edwards, 2001). Dispersal may be facilitatedsteypping stones during cooler periods

when habitats on lower peaks were suitable for fsotane species (Clayton, 1983).

The lowering of vegetation zones during the LGM Idonave allowed open vegetation to
extend from South Africa to Zambia in the presenorvbo woodland at 1 400 m (Scott,
1983). Hedberg (1969) expressed reservations orextent of direct migrations between
mountains during the Pleistocene and favored inugget long distance dispersal events to
explain the disjunct Afroalpine floras. He agreédtta shift of vegetation belts must have
occurred with direct migrations possible only fenge of the forest species between some
mountains and not for Afroalpine species. Grimsi{a®98) found that the distances for
inter-mountain dispersal were not great considettirag the widest gap separating individual

islands in the Afromontane archipelago between lin@atong Mountains (Sudan) and
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Mulanje (Malawi) is only 140 km. Grimshaw (1998)ted the importance of smaller peaks
acting as stepping stones and facilitating disperBaese would have been clothed with

Afromontane vegetation viz. forest in wet perioalshie recent past.

It is hypothesised th&niphofiawas more widespread when grasslands were morasaxte
(glacial times). During wetter and warmer periodg#efglacials)Kniphofia retreated into
refugia on the mountains of Tropical and East Afri¥icariance and dispersal seem to
accompany the contraction (interglacials) and egjen(glacial) of ranges that are more or
less in synchrony with the cyclic climate changegsder the ‘pulse-turnover’ hypothesis
evolutionary change is expected to be synchronigéid climatic change (Lahr and Foley,
2003). When climates change so does habitat disivifis. Accordingly populations will
either contract or disperse (expand distributiomb)s provides conditions for selection to act
upon and may bring about evolutionary change anetxon (Lahr and Foley, 2003). This has
been suggested as a phenomenon experienced bytiteeflora of the Afromontane Region
(Burgoyneet al, 2005). However, different elements of the flarauld have had different
responses depending on life history traits, climadilerances, vegetation preferences and

associations.

According to Axelrod and Raven (1978) southern &fn genera that have extended their
ranges northward along the mountains of East Afinctude Kniphofia. It is not possible to
judge the centre of origin and the direction of raigns forKniphofiafrom this study. The
directions moved by Afromontane genera with subsatjuadiations and divergence is a

matter to be considered for each genus indeperndentl

The disjunction of many Afromontane elements in WAgsica warrants additional attention
as it also applies tniphofia A single specie¥( reflexg is found in the Cameroon Centre.
K. dubiaandK. benguellensi$rom the highlands of Angola are placed in the tBaentral
Centre (Chapter 2). White (1978, 1981) postuladted & southern migratory track of montane
forests along the highlands of the divide betwd®naire and Zambezi basins by which the
Afromontane flora of East Africa reached the isetatWest African mountains.

Establishment of aridity in the north of the bagirecludes a northern exchange route
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(DeBusk, 1998). There appears to be a gradientaéasing moisture availability between
Equatorial Africa and Lake Malawi during the LGM €Busk, 1998). Moist conditions
during the LGM in South-central Africa supports firesence of a southern migratory track
of montane forest along the highlands of the dib@éveen the Zaire and Zambezi basins
supporting the suggestion by White (1978, 1981)tddices separating modern satellite
populations are as little as 300 km. During pastieoclimatic situations these now disjunct
populations could have been continuous. This canotis belt would have allowed migration
between Malawi and Angola (DeBusk, 1998) and pbgdilrther north into West Africa.
This allowed the Afromontane flora of East Africa teach the isolated West African

mountains.

However, Livingstone (1971) found that in northefambia during the last 22 000 years,
grasslands have dominated. Dupenhal. (1996) examinedPodocarpugdistribution in West
Africa during the Pleistocene, and showed widespuidiatributions ofPodocarpusforest in
the highlands of Guinea, Nigeria, Cameroon, Corigenfocratic Republic of Congo) and
Angola. These workers found that the directionmead was from south to north (Angola to
Gabon). At c. 24 000 BP forests had limited disttion and were centred around Cameroon
and Congo probably due to aridity as the LGM apgphned. After the LGMPodocarpus
forests spread northwards to Nigeria and southwiatdsAngola during the first half of the
Holocene. Lowland forest occupied most of the maimst of Cameroon, Gabon and Congo
during this time. The dry conditions may account fbe decline inPodocarpusforest
distribution except in these equatorial highlandsthis areaPodocarpusforests may have
benefited from the cold climate of the LGM. Expamsof the lowland rain forest would have
also pushed mountain forest to higher altitudegp@tet al, 1996).

According to DeBusk (1998) the Afromontane expamsiocurred under cooler but not drier
conditions than present. The interchange would atgdave occurred as a continuous belt of
forest but rather as stepping stones formed by amenpopulations. However, data to test this
hypothesis would require vegetation and climaticonstruction of areas such as western
Zambia and Angola (Dupomt al, 1996). The paucity of data for this region is utfoate

and additional data is needed to confirm the ex¢genf the southern migratory route.
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Many of the disjunctions of Afromontane elementdhia Zaire and Zambezi basins are in
habitats that are nutrient deficient, either ogatiophic substrates or in swamps (Grimshaw,
1998). According to Grimshaw (1998) this suppohs hypothesis that Afromontane trees
are adapted to nutrient poor conditions. Swamps m@oedintains could have served as
stepping stones and may explain the crossing ofaivtands gaps between East and West
Africa. During pluvial periods swamps may have pobted dispersal by reducing the
distances involved (Grimshaw, 1998). This is pattidy relevant takKniphofia as it has an

affinity for wet conditions.

The distance and altitude of major gaps region®wa&amined for the centers of diversity for
Kniphofia Within the Rift Valley centre the gap between tBthiopia and Ruwenzori
subcentres is c. 200 km. The lowest altitudes atevden 200-500 m while the highest peak
in the gap is Mt Kanta (2 518 m). Between the Rdtley and South-central Africa centres
the gap at the shortest distance is c. 200 km.IdWest altitudes are between 500-1 000 m,
while the highest peak in the gap is Mt Manzanz&712 m). Within the South-central Africa
centre the gap between the Angolan Highlands &6.km. The altitude ranges between 1
000-2 000 m for this entire region, while the higheegion in the gap is South East of
Balombo (2 620 m). Angola is poorly explored botatly andKniphofiamay occur in this
gap region. Between the South-central Africa andtibwe centres the gap is ¢. 300 km.
The lowest altitude is c. 200 m, while the highgesstik in the gap is Mt Gorongosa (1 862 m).
The Zimbabwe and South Africa centre are sepataged 300 km. The lowest altitude is c.
200 m, while the highest region is the Matobo Hils543 m). If vegetation belts descended
by 1 000 m during the last or previous glacialsntimeost of the gaps would have easily
bridged by Afromontane grasslands, with the higimggsobetween gaps as acting as stepping

stones.

The exception is the Cameroon Centre on contineftata. The nearest centre to the
Cameroon Centre is the Rift Valley Centre. The Rdtley and Cameroon Centre gap is c. 2
000 km. The lowest altitudes are between 500-1rA0®ith several peaks that range from 1
000-1 400 m in between [highest peak in the gadtidNgaoui (1 400 m) on the Cameroon
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border with the Central African Republic). The Caomn Centre is also c. 2 200 km from the
nearest highlands in Angola wikniphofia The distances from the Rift Valley Centre and
Angolan highlands (South-central Africa Centre) great (2 000 km and 2 200 km

respectively).

Establishment of aridity in the north most likelyepludes a northern exchange route
(DeBusk, 1998) foKniphofiai.e. a Rift Valley-Cameroon linking route. A camtious belt of
Afromontane vegetation (Afromontane Grassland) rdurplacials would have allowed
Kniphofiato bridge the present disjunctions with the higinfmbetween gaps as acting as
stepping stones in southern and East Africa. ThmdCaon Centre was most probably
reached from the south via the Angolan highlandsaasomponent of the Afromontane
vegetation (DeBusk, 1998). It is possible tKaiphofia migrated between Malawi, Zambia
and Angola and possibly further north into Camerasing peaks and swampy regions in
between as stepping stones when Afromontane vegetaas more continuous (i.e. glacial
periods) or during pluvial periods. NKniphofia samples were obtained from Angola,
Zambia and Cameroon. It will be interesting to sd®re these samples would be placed in

the phylogeny.

Two other disjunctions, Madagascar and Yemen, msot additional consideration as they

are presently linked but not confined to contineAfaca.

6.5.1. Madagascar

The Africa-Madagascar separation began c. 165 MYuérgssic) and ended c. 121 MYA
(Rabinowitzet al, 1983). Most African-Madagascan disjunct plantege are likely to have
achieved these distributions by recent long disgtatispersal (Goldblatt, 1978; Axelrod and
Raven, 1978). The Malagasy disjunction appearset@ esult of dispersal from Tropical
Africa. Attachment of seeds in mud to the feet iofi® was considered to be a mode of long
distance dispersal, particularly in plants growingmoist habitats (marshes, mud-flats and
streambanks) with small seeds (Carlquist, 1967)s Timy also apply t&niphofia as it is

frequently found in marshy areas and have relatiseiall seeds.
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6.5.2. Yemen

The Afar Plume links Ethiopia, Eritrea, Djibouti caryemen. This area was covered by
Tertiary flood basalts, which were once contigufnasn Ethiopia to Yemen (Mohet al,
1983; Bosworthet al, 2005). Data suggests that rifting was estabiishethe central and
eastern parts of the Gulf of Aden c. 30 MYA. Girdéed Styles (1978) have proposed a two
stage seafloor spreading for the Gulf of Aden. Titet stage was between 30-15 MYA. The
second stage started c. 4.9 MYA to the present fithe separation of Arabia from Africa to
form the Red Sea and the Gulf of Aden is estimatetb MYA (White, 1983). It is possible
that the distribution oK. sumarag(Yemen) is not a result of dispersal but ratheaxance
that separated Ethiopia and Yemen. This would ntieatrKniphofiais old and northern taxa
may be relictual. However, samples from Ethiopiaeveot resolved as basal and are not
regarded as olK. sumaraewas not included in this study. It will be intetiag to see where

this sample will be placed in the phylogeny.

6.6. Reconciling anatomical data with biogeography

In Kniphofia morphologically delimited species exhibited subst anatomical variation.
The results for the most part do not fit any gepbgra pattern nor do they reflect the cpDNA
groups recovered by thenT-L spacer. A reticulate history caused by repeatgtlidihal
shifting of the vegetation belts associated wiimatic changes in the Pleistocene may also

account for the substantial anatomical variatioednthern AfricarkKniphofiaspecies.

Cutleret al.(1980) examined a group of shrubBlpe species in the East African (termed the
East Africa shrubby species). Leaf surface anataioge was not sufficient to understand
this group. In summary a form very closeAomorejensisvas postulated to have undergone
chromosome doubling somewhere in the southern YRfley of Kenya to produce a

tetraploid which is now evolving in several directs into the other species of this group.

Habitat details were not given, but several taxaeap to be from the lower reaches of the
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Afromontane Region. Cutleat al. (1980) also did not discuss the influence of ctenaycles

on the evolutionary history of this group.

The anatomical work of Ellis (1980a, 1980b, 1981381b) on the grass genM&rxmuellera
(M. disticha M. stricta M. drakensbergensi®l. stereophyllaM. macowanii M. davyj M.
aureocephalain the Drakensberg of southern Africa is veryemssting as it shares some
common themes with the proposed evolutionary histdrkKniphofia The details of these
studies are not given here but the broad conclasioe of significance to this study. He has
shown evidence which supports an adaptive radiattmsociated with alternating
environmental conditions particularly altitudinaffexts in the Drakensberg Range for
Merxmuellera(Ellis, 1980a). The adaptive radiation is stiltiaely continuing (Ellis, 1980Db).
He was also able to provide evidence for specidsylofid origin (Ellis, 1981b).

However, there are some notable differences betvermuelleraand Kniphofia The

monophyly ofKniphofiaas a whole has not been disputed. Bagkex. (1999, 2003) showed
thatMerxmuellerais polyphyletic. The number of specieskofiphofiaare much greater than
Merxmuellera and thus morphological diversity is greater.E{L980b) work indicates that
an adaptive radiation is occurring at high altismidee. an ‘upward’ radiation for
Merxmuellera The opposite situation seems to applhKtdphofia where the radiation has

been at lower altitudes i.e. a ‘downward’ radiation

Additionally Merxmuelleraspecies seem to have a more conservative morphaibge
displaying much variation in anatominiphofia on the other hand displays both variable
morphology and anatomy. Thelerxmuellera adaptive radiation in response to similar
environment conditions has resulted in similar ghtgpic expression by the ecotypic forms
of each species (Ellis, 1981b). The higher altituAgpine anatomical ‘forms’ of
Merxmuelleraspecies may be experiencing morphological convergeolution in response
to similar environmental conditions (Ellis, 1980bjit retaining distinctive (or ancestral)
anatomical types. This may explain the lack of rhofpgical diversity in the adaptive

radiation proposed for soniMerxmuelleraspecies.
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Anatomical data for other Afromontane genera ameded to assess, compare and correlate
patterns. Such patterns may reveal how differembAbntane elements have had different
responses depending on life history traits, climatilerances, vegetation preferences and

associations.

6.7. Species concepts

What are species, how do they come to be, and lmoweddiscover them? These remain the
most elusive and intractable challenges to nahistbrians (Broweet al, 1996). In groups
with reticulate ancestry species concepts with matetlying monophyletic basis are of little
use. In a genus where gene flow occurs, the bicddgipecies concept is inadequate. The
Hennigian species concept applies to reproductigaiated natural populations. Gene flow
and possible hybridisation eliminates this appiarato Kniphofia The phylogenetic species
concept is based on monophyly. This is also noliegige in the case dfniphofiaas species

display non-monophyly.

Kniphofiamay be regarded as a mixture of more or less desonerphological units that are
inter-fertile. Many taxa appear to be either ineigi species or populations that are in the
process of diverging to the point of speciation fataining the potential to interbreed. Early
stages of reproductive isolation and genetic diffiiation may be taking place among
various populations and species complexes. Ovee,tigeographical and phenological
discontinuities may arise that reinforce genetitedentiation, thus producing evolutionary
entities that can be considered species (Nicketngl, 2004). In Kniphofia incipient

speciation may be occurring and adopting a stpetis definition is thus elusive.

6.8. Classification

Both the nuclear and chloroplast trees are incterdiswith the sectional classification
proposed by Berger (1908) and Codd (1968) and pbthogenies also do not support the

segregate genudotosceptrum



Reducing the entire genus to a single taxonomicigpeor five clades/lineages is not
considered appropriate, as there is evidence opmebogical structure reflected by the alpha
taxonomy of many, although not all, taxa. Some sea@re clearly morphologically
definable e.gK. parviflora but are non-monophyletic according to DNA sequeda.
Reduction to a single species may reflect a mocarate evolutionary history but will create
a morphologically heterogeneous assemblage, whicbnsidered impractical at this point in
time. Recognising five clades/lineages as possfilecies or subspecies units is also
unpragmatic, as all the clades/lineages recoveredhis study will be composed of
morphologically heterogeneous assemblages. |deatiifin, description and communication
of these clades will be problematic. If either lo¢ tabove steps are advocated it will result in
instability in classification. This is of particulamportance as not all currently recognised
morphological species were sampled so their fifedgment is uncertain and future research
may find different and/or additional lineages. Rermore, classification based on only one
marker especially a cpDNA marker that is maternallyerited in a group that apparently

readily hybridises is undesirable and not recomradnd

The existing classification may not reflect the letionary history and phylogeny of the
genus accurately, but does provides a frameworkidentification, communication and
interpretation of additional evidence. Thus, a eovative approach is taken and the existing

morphological based classification is upheld andmanges are proposed.

6.9. Conclusion

The cpDNA and nuclear phylogenies #niphofiado not provide complete resolution and
are not robust. Despite these limitations, a pistagic hypothesis foKniphofia using
molecular plastid and nuclear DNA sequence data otdsined. The DNA sequence data
(especially the cpDNA data) when interpreted irr@der context that encapsulates tectonic,
climate change, distributional, phylogenetic, plyglographic and anatomical patterns does
provide evidence to give insights on the evolutibmggeography and complicated alpha

taxonomy ofKniphofia
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The present study on the phylogenetic relationst@gslutionary history and biogeographic
patterns ofKniphofia has made a significant and much needed contribubothe better
understanding of this very popular but little-staligenus of petaloid monocotyledons. This
study has provided insights into the potentialdestand processes driving evolution in this
genus. It has also detected previously unknowngggyietic and biogeographic patterns and
is the first to invoke and incorporate past climathange across the entire African continent
as a mechanism driving diversification and spemiin an angiosperm group. However,
many issues need further investigation and attenéiad this study provides a framework for
additional systematic research. The patterns dmteahd the explanation of these patterns
may need reassessment as information from additiov@akers and/or samples become
available. Thus there is much scope for the imprea&, refinement and further
development of the hypotheses presented here.

The distribution patterns ¢fniphofiain southern Africa and the Afromontane Region ig/ve
similar to several other genera (eAdepidia Freesig Dierama DietesandKnowltonig). It is
presumed that they are under the same evolutiomadyenvironmental (both present and
past) forces and may have been influenced in daimianner a¥niphofia Many of the
factors that have influenced the evolutionary mstand biogeography oKniphofia are
probably also applicable to these genera. Howenmer,studies with a phylogenetic or
phylogeographic framework are currently availaldethese genera. Such studies may either
confirm and strengthen the findings of this stufigd different patterns or may provide

insights to alternate hypotheses to explain theltesbtained foKniphofia.

According to White (1981), events responsible floe establishment of the Afromontane
Region (and related disjunctions) are complex itlong history, spanning beyond the past
25 000 years, and a single model is unlikely tooaot for the entire diversity of

Afromontane chorology. Further research may coutebto phytogeographic hypotheses
explaining migration routes due to climate change expansions/contractions. Carbutt and
Edwards (2001) noted the importance of speciesl lelaograms in determining and

understanding the Afromontane flora and its histanigins. Phylogeographic studies on

selected species or groups of closely related epabiat have an Afromontane distribution



may also be invaluable in understanding the histétyre Afromontane Region, directions of

migrations and refugial areas for specific taxa.

In the past, work on the Afromontane Region hasided on studies that documented the
diversity, vegetation and relationships with otkiegetation. Factors driving speciation and
evolution in the Afromontane flora have receivedyétle attention. A major challenge is to

shift focus from documenting patterns to explainipgpcesses driving speciation and

evolution.

Data from tectonics, past climate changes, predeitibution patterns, genetic studies,
vegetation history, ecology, anatomy and systeméiave to be integrated effectively to gain
an understanding of origins, evolution and spemmin plant groups of the Afromontane
Region. Additionally data from such multidiscipliyaresearch will ultimately contribute to a
better understanding of factors that have in th& pad are presently shaping the flora of

Africa as a whole.

This will also assist zoologists who are studyinfjomontane fauna that are restricted to
specific Afromontane vegetation types. Researcltherfauna of the African mountains has
already been initiated. Bowiet al (2004) showed that how forest expansion driven by
climate change in the mid-Pleistocene (1.1-0.7 MYxave influenced the evolution and
biogeography of the olive sunbird\Néctarina olivacea/obscuja Bowie et al. (2006)
demonstrated using the starred rolfogonocichla stellphow aridification in response to
glaciation during the Pleistocene had a major arilte on speciation in the mountains of East
and Central Africa. Quérouiét al. (2003) examined the phylogeography of two shrew
species $ylvisorexjohnstoni and S. ollulg in western central Africa. Both species are
tropical forest dwellers. This study suggests thath species originated in the Plio-
Pleistocene and their haplotype distribution refléarest fragmentation and expansion
associated with climatic change in the Pleistoogh&érouilet al., 2003). These studies do
not have a direct bearing on this study (Keiphofig), but they demonstrate how specific

palaeo-climate and vegetation changes can triggefioynd effects on evolutionary and
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biogeographic history depending on the organisrméxad. Furthermore, they contribute to

a better understanding of how the African biotasawived in space and time.

6.10. Future work

In concluding the present study several avenu@svektigation are recommended in order to
further unravel the threads in tKaiphofia puzzle. Some of the research avenues mentioned
below might also contribute to a better understagdif the Afromontane Region and other

Afromontane groups that have a similar distributpattern a&niphofia

6.10.1. Species complexes

Baijnath (1980) noted the need for detailed ingagions of species complexes based on the
anatomical differences in species suchKadinearifolia and the morphological variation
reported by Codd (1968, 2005). Such studies wijunee extensive sampling over the entire
distribution range to assess variation. Also beeaw$ the possible prevalence of
hybridisation it may not be feasible to explain #ike variation by examining isolated

complexes but will require a much broader approach.

Morphometric studies of species complexes are metdaentify morphological characters
important for identification of difficult specieé phenetic analysis should also be done on
floral characters which not only accounts for mailplgical variation and influences
hybridization. Widespread species should be exarfioeclinal variation in morphology and

factors associated with this variation.
6.10.2. Ecological studies
More research is required on the ecology Kafiphofia This should include rainfall,

temperature, soil and substrate requirementKfophofia species. Pollination studies are

also needed (see below). This will help to bettadesstand howKniphofia survived
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changing environmental conditions of glacial pesiahd how this may have effected its

evolutionary and biogeographic history.

6.10.3. Reproductive biology and breeding studies

Cronn and Wendel (2003) noted the important coutidm that reproductive biology may
have in understanding hybridisation. Artificial mgbsation attests to the potential for natural
hybridisation between species (Croanhal, 2003). No studies could be found that have
studied the pollination and/or floral biology Khiphofia Kniphofias are known to be visited
by sunbirds in southern Africa. These may be tkelyi pollinators. There is ample evidence
from horticulture thakniphofia species hybridise easily. Baijnath (1992a) mandgextoss

K. leucocephalaand K. pauciflora as flowering times overlapped. Both species were
predominately self-incompatible. However, hybridugk were not studied in detail. In the
present study no artificial hybridisation experinseewhere done. More detailed studies are
required with controlled crossings. Crossing expents and comparison (morphological,
anatomical, cytological and molecular) of progeng @arents should be done to test hybrid
hypotheses and to determine the nature and extérybadisation. These studies should also

include aspects of floral and pollination biology.

6.10.4. Cytology and Polyploidy

Hybridisation and polyploidy are frequent modegwblution in plants (Baumegt al. 2002;
Soltiset al. 2003; Doyleet al. 2003; Linder and Rieseberg, 2004). There is a estdiblished
link between hybridisation and polyploidy in theelature (McDade, 1990; Sargal., 1995;
Church and Taylor, 2005; Ainoucle¢ al, 2003; Gucet al, 2004).

Very few lineages of angiosperms have been unaiffiday polyploid events (Valcéarcet al,
2003). Polyploidy is common in plants with estingatanging from 30-80% in angiosperms
(Hegarty and Hiscock, 2005). Polyploidisation cavén major effects on genome structure
and function (Solti®t al, 2003; Adams and Wendel, 2005). It can also maar effects on

evolution and ecology of taxa involved (Solgs al, 2003). Hence results from nuclear
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markers may be more complex than those of chlosbptarkers in cases of polyploidy as

nuclear markers can reflect multiple origins inodyploid taxon (Mason-Gramer, 2004).

Polyploids are also known to hybridise more thaairtidiploid counterparts (Church and
Taylor, 2005). Most polyploid plants species thaivén been examined with molecular
markers are polyphyletic, having arisen multipteds from the same diploid species (Soltis
and Soltis, 2000b). The success of polyploids tisbated to their genetic variability (Doyle
et al, 1999).

Chromosome counts fdfniphofia are few. Webber (1932) examined the karyologyof
aloides(i.e.K. uvarig) in detail. He found that there were six pairglofomosomes2p= 12).
De Wet (1960) noted the somatic chromosome numb2nos 12in 17 species dkniphofia
(viz. South African representatives, includikg typhoideswhich was previously placed in
Notosceptrurn Chromosome morphologies showed little differereoed there was no
polyploidy. Nayak and Sen (1992) examined the Kagyp of K. nelsonii (i.e. K.
triangularis) and K. uvaria clones. Most of the cells examined were diplakh< 12),

however, these workers found that some cells wese@oid or tetraploid.

Diploid hybrid speciation has been shown in a numidfeplant groups (e.g. Wolfet al,
1998) and cannot be excluded as a possibility Koiphofia Future cytotaxonomical
investigations are highly recommended to estalifigtolyploidy exists in this genus and

infer primitive versus derived chromosome numbeis morphologies.

Leaf epidermal patterns have been found to be ugeleetic control as in some members of
the Alooideae (Cutler and Brandham, 1977; Cutl€78 Brandham and Cutler, 1978).
Similar studies which include a cyto-nuclear comgmnare required to show this in

Kniphofia (Baijnath, 1980).

6.10.5. Multiple sampling
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The results of this study emphasise the importafaesing multiple exemplars in molecular
studies of problematic groups. Sample acquisitionai major problem especially when
working on groups with very wide distributions. Hewver, attempts should be made to
include as many samples as possible. Sampling @méy sample per species may lead to
erroneous conclusions and shallow insights of padtat the species level and below (Soltis
et al, 1992). Single exemplar studies may not recaweterlying patterns. Insights into
reticulation and lineage sorting can only emergemfr multiple exemplar sampling
approaches. More comprehensive coverage of spaadkslistributional ranges éfiphofia

are needed especially for Tropical and East Africa.

6.10.6. Population studies

A component of increased sampling entails studitesh@ population level. In order to
understand evolutionary processes and relationstegamination of population within
species or closely related species are needed éWwokil, 1998; Schaal and Olsen, 2000;
Ferguson and Jansen, 2002). Increased samplirng adopulation level is needed to gain a
more comprehensive understanding of morphologar@tomical and genetic variation and
patterns. Population level studies are needed ndiroo putative hybrids and their parental

taxa or populations.

6.10.7. Application of additional markers and methdologies

Use of more sensitive molecular markers such adifedpfragment length polymorphisms
(AFLPs), microsatellites and inter simple sequeregeats (ISSRs) may prove to be useful
(Wolfe et al, 1998; Gravendedt al, 2004; Vriesendorp and Bakker, 2005). Singleowv |
copy nuclear genes appear to be better markerthéoparental polymorphisms in hybrids
thanITS because of the effects of concerted evolution §Sard Zhang, 1999). Additional
studies with alternative markers may provide scigpaletermining age of nodes. This data
will assist in assessing the role of lineage sgriimKniphofia Alternative markers may also
contribute to a better understanding of the evoh#ry and the biogeographic history of

Kniphofia.
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Modern molecular cytogenetic techniques such asmenin situ hybridisation (GISH) (e.g.
Chaseet al, 2003) and fluorescein situ hybridisation (FISH) (e.g. Takett al, 2005) has
opened new avenues to study hybridisation. Linkdigequilibrium studies may also be
useful. This involves the search of geneticallykéid markers. Tightly linked markers in
hybrids are more likely to come from the same pammd therefore display linkage
disequilibrium (Linder and Rieseberg, 2004). Cozdes approaches may help in interpreting
the data further. However, these were not attemptetthis study because of the limiting

nature of the data and the problems associatedfiniting suitable calibration points.

The Afromontane Region is under extreme anthropicgaeressure (Burgoynet al., 2005).
Data obtained from multidisciplinary research aflioed above will serve to highlight the
importance of conserving the Afromontane Region #&mccurb the loss of this unique

vegetation, its flora and fauna.
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Appendices

Appendix 1: Data matrix with Kniphofia species as characters and ODGs as terminal

units

3424BB
3424BA
3424AA
3423AB
3423AA
3421BC
3421BA
3421AD
3421AC
3420AD
3420AB
3419BD
3419BC
3419BB
3419BA
3419AB
3419AA
3418BD
3418BB
3418AD
3418AB
3327BB
3326DA
3326CB
3326BC
3326AD
3326AC
3325DC
3325DB
3325DA
3325CD
3325CB
3325BC
3324DA
3324CD
3324CB
3323DD
3323DC
3323DB
3323DA
3323CD
3323CC
3322DC
3322DB
3322CD
3322CC
3321CD
3321CC
3321AD
3320DD
3320CA
3319DC
3319CB
3319CA
3319BD
3319BC
3319BB
3319AD
3319AA
3318DD
3318CD
3228DA
3228CB
3228BC
3228AD
3228AB
3228AA
3227DC
3227DB

0000100000 1000000000 0000000000 0000000000 00000001
0000000000 1000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000100000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 01000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 01000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000100 00000000
0000100000 1000000000 0000000000 0000000000 00000000
0000000000 1000000000 0000000000 0000000000 00000000
0000100000 1000000000 0000000000 0000000000 00000000
0000000000 1000000000 0000000000 0000000000 00000001
0000000000 1000000000 0000000000 0000000000 00000000
0000100000 1000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 1000000000 0000000000 0000000000 00000000
0000000000 1000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000100000 0000000000 0000000000 0000100000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000100000 00000000
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000100000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000100000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000100000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000100 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 01000000
0000000000 0000000000 0000000000 0000000000 01000000
0000000000 0000000000 0000000000 0000000000 01000001
0000000000 0000000000 0000000000 0000000000 01000001
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0100000100 00000000
0000000000 0000000000 0000000000 0000000100 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000100 00000001
0000000100 0000000000 0000000000 0000000100 00000000



3227DA
3227CD
3227CC
3227CB
3227CA
3227AD
3227AC
3226DD
3226DB
3226DA
3226CB
3226CA
3226BD
3226BC
3226BB
3226AD
3225DA
3225CB
3225AD
3225AB
3224BD
3224BA
3222AB
3221BA
3221AA
3220DC
3220DB
3220AB
3219CC
3219CA
3219AC
3218DB
3218CC
3218AB
3130AC
3130AA
3129DA
3129CA
3129BD
3129BC
3129BB
3129BA
3129AB
3128DD
3128DC
3128DB
3128CB
3128CA
3128AD
3128AB
3128AA
3127DB
3127DA
3127BC
3127BB
3127AC
3127AA
3126DD
3126DB
3126DA
3126BD
3126BB
3125BB
3125AC
3125AB
3125AA
3124DD
3124DC
3124DA
3124CD
3124BB
3124AA
3120CB
3119DD
3119CB
3119BD
3119AC
3030DA
3030CD

0000000100 1000000000 0000000000 0000000000 00000001
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000100 0000000000 0000000000 00000001
0000000000 0000000100 0000000000 0100000100 00000001
0000000000 1000000100 0000000100 0100000000 00010001
0000000000 0000000000 0000000000 0100000000 00010000
0000000000 0000000000 0000000100 0000000000 00010001
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 1100000000 00010001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00010001
0000100000 0000000000 0000000100 1000000000 00010000
0000000000 0000000000 0000000100 1000000000 00010001
0000000000 0000000000 0000000100 0000000000 00000000
0000000001 0000000000 0000000100 0000000000 00010001
0000000000 0000000000 0000000100 0000000000 00010000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
1000000000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000100000 00000001
0000000000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000010000 0000000000 00000000
0000000000 0100000000 0000000000 0100000100 00000000
0000000000 0000000000 0000010100 0000000000 00000000
0000100000 0000000000 0000000100 0000000000 00000000
0000000000 0100100000 0000010100 0100000100 00000000
0000000000 0000000000 0000010100 0100000000 00000000
0000000000 0100000000 0000000000 0000000000 00000000
0000000000 0000000000 0100010100 0000000000 00000000
0000000000 0000000000 0000010000 0000000000 00000000
0000000000 0000000000 0000000100 1000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000100000 0000000000 0100000100 1000000000 00000100
0000100000 0000000000 0000000100 0100000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0000000000 0100000000 00010000
0000100000 0000000000 0000000100 0100000000 00000001
0000100000 0000000000 0000000100 1100000000 00000001
0000100000 0000000000 0000000000 0100000000 00000000
0000000000 0000000000 0000000000 0100000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000100000 0000000000 0000000100 0100000000 10010001
0000000000 0000000000 0000000000 0000000000 10000000
0000000000 0000000000 0000000000 0000000000 10000000
0000000000 0000000000 0000000100 1000000000 10010001
0000000000 0000000000 0000000100 0000000000 10000000
0000000001 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 10000000
0000000000 0000000000 0000000100 0000000000 10000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 10000000
0000000000 0000000000 0000000000 0000000000 10000000
0000000000 0000000000 0000000000 0000000000 10000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000010 00000000
0000000000 0000000000 0000000000 0000000000 01000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0100000000 0000000100 00000000
0000000000 0000000000 0100000000 0000000100 00000000
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3030CC
3030CB
3030CA
3030BC
3030BB
3030AD
3030AC
3030AA
3029DD
3029DC
3029DB
3029DA
3029CD
3029CC
3029CB
3029CA
3029BD
3029BC
3029BB
3029BA
3029AD
3029AC
3029AB
3028DA
3028CD
3028CC
3028CA
3028BD
3028BB
3028BA
3027DD
3027DC
3027DB
3027DA
3027CB
3027CA
3026DC
3026CB
3026AC
3025CC
3025CA
3025BB
3024CB
3024BC
3018AC
2931CC
2931CA
2931AD
2930DD
2930DC
2030DA
2930CD
2930CC
2930CB
2930CA
2930BD
2930BC
2930BB
2930BA
2930AD
2930AC
2930AB
2930AA
2929DD
2929DC
2929DB
2929DA
2929CD
2929CC
2929CB
2929BD
2929BC
2929BB
2929BA
2929AD
2929AC
2929AB
2929AA
2928DC

0000000000 0100000000 0000000100 0000000100 00000000
0000000000 0100000000 0000000000 0000000100 00000100
0000100000 0000000000 0000000000 0000000000 00000100
0000000000 0000000000 0100010010 0000000100 00000000
0000000000 0000000000 0100000000 0000000000 00010100
0000000000 0000000000 0000000010 0000000000 00000100
0000000000 0000000000 0100010000 0000000000 00000100
0000000000 0000000000 0001000100 0000000000 00000100
0000000000 0000000000 0000000000 0100000000 00000100
0000000000 0000000000 0000000100 0000000000 00000000
0100000000 0000000000 0000000100 0100000000 00000100
0000110000 0000100000 0100010100 0000000000 00000100
0000000000 0000000000 0000010100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000100000 0000000000 0000000100 1100000000 00000000
0000000000 0000000000 0000000100 0001000000 00000000
0000000000 0000000000 0000010100 0000000000 00000100
0000000000 0000000000 0000000100 0100000000 00000000
0000000000 0000000000 0000010100 0100000000 00000000
0000010000 0000000000 0000000000 0000000000 00000000
0000100000 0000000000 0000010100 0100000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000010000 0000000000 00010000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000100000 0000000000 0000000100 1100000000 10000000
0000100000 0000000000 0010000100 0100001000 10010000
0000100000 0000000001 0000000100 0000000000 00010000
0000000001 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 10010000
0000000001 0000000000 0000000000 0000000000 10010000
0000000000 0000000000 0000000000 0000000000 00010000
0010000001 0000000000 0010000000 1000000000 10010000
0000000001 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000000 0000000000 10010000
0000000001 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000001
0000000000 0000000000 0100010000 0010000000 00000000
0000000000 0000000000 0000000010 0000000000 00000000
0000000000 0000000000 0000000010 0000000100 00000000
0000000010 0000000000 0100000010 0010000000 00000100
0000000010 0000000000 0100000110 0000000000 00000100
0000000010 0000000000 0100010000 0000000000 00000100
0000100010 0000000000 0000000100 0000000000 00000100
0000000010 0000000000 0000010000 0000000000 00010000
0000000010 0000000000 0001000000 0000000000 00000100
0000000010 0000000000 0000010000 0000000000 00000100
0000000000 0000000000 0000000000 0000000000 00000100
0000000000 0000000000 0001100000 0000000000 00000000
0000000010 0000000000 0100000000 0000000000 00000000
0010000010 0000000000 0001100000 0000000000 00000000
0000000010 0000000000 0000100000 0000000000 00000000
0000000010 0000000001 0001010100 0000000000 00000100
0000000000 0000000000 0000010000 0000000000 00000100
0000000000 0000000000 0000010000 0000000000 00000000
0001000000 0000000100 0000010100 0100000000 00010000
0000000000 0000000101 0000010000 0100000000 00010000
0000000000 0000000000 0000010100 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000101 0000010100 0000000000 00010000
0000010001 0000000100 0001010100 1001001000 00110000
0010011001 0000000100 0000010100 0000001000 00010000
0001001000 0000000001 0001010100 1000000000 00000000
0001011001 0000000000 0001000000 0000001000 00100000
0001010000 0000000000 0001010100 1001000000 00100000
0011001000 0000000001 0001010100 0001000000 00100000
0001000000 0000000000 0000010100 0000000000 00100000
0000000001 0000000000 0000000000 0000001000 00010000
0011010001 0000001100 0001010100 1101001000 00000000
0001000001 0000000000 0000000000 1000001000 00000000
0000000001 0000000000 0000000000 0000000000 00000000



2928CA
2928AD
2928AC
2928AB
2928AA
2927DC
2927BD
2927BC
2927BB
2927AD
2927AC
2927AB
2926BB
2925CD
2925CC
2925CB
2925AB
2832CC
2832AD
2832AC
2832AB
2832AA
2831DD
2831DC
2831CD
2831CC
2831CB
2831CA
2831BB
2830DD
2830DB
2830BA
2830AD
2830AB
2830AA
2829DD
2829DC
2829CC
2829CB
2829CA
2829BD
2829BB
2829BA
2829AD
2829AC
2828DD
2828DC
2828DB
2828DA
2828CD
2828CC
2828CB
2828CA
2828BD
2828BC
2828AD
2828AC
2828AB
2827DC
2827DA
2827CD
2827BC
2826DD
2826DC
2824AA
2731DD
2731CD
2731CB
2731AA
2730DB
2730DA
2730CD
2730CB
2730CA
2730BC
2730BB
2730AD
2730AC
2730AB

0000000000 0000000000 0000000000 0000001000 00000000
0000000001 0000000000 0000000000 0000000000 00000000
0000000001 0000000000 0010000000 0001001000 00100000
0000000001 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000001000 00110000
0000000000 0000000000 0000000000 0000001000 00000000
0000000001 0000000000 0010000000 1000001000 00010000
0000000001 0000000000 0000000000 0000000000 00110000
0000000001 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000001010 0000000000 00000000
0000100000 0000000000 0000010010 0000000000 00000000
0000000000 0000000000 0000010010 0000000000 00000000
0000000000 0000000000 0000010000 0000000000 00000000
0000000000 0000000000 0100010000 0000000000 00000100
0000000000 0000000000 0000010010 0000000000 00000000
0000000000 0000000000 0000010010 0000000000 00000000
0000000000 0000000000 0000000110 0000000000 00000000
0000000000 0000000000 0100000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000100
0000000010 0000000000 0000100100 0000000000 00000100
0000000000 0000000000 0000000000 0000000000 00000100
0000000010 0000000000 0000000100 0000000000 00010010
0000000000 0000000000 0100010000 0000000000 00000100
0000100000 0000000000 0000000000 0000000000 00000100
0000000000 0000000000 1000000000 0000000000 00000000
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000010 0000000000 0000000000 00000000
0000010000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0100000000 0000000000 00000000
0011000000 0000001000 0001010100 0001001000 00000000
0000000001 0000000000 0000000000 0100000000 00000000
0000001000 0000000000 0000000101 0001000000 00010000
0000000000 0000000000 0000000000 0000000000 00010000
0100000000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0010001001 0000010001 0000000101 0001000000 00011000
0010000001 0000000000 0000000100 0001000000 00010000
0000001001 0000000000 0000000000 0001001000 00000000
0000000001 0000000000 0000000000 0000000000 00100000
0010001001 0000000000 0000000100 1001001000 00110000
0000000000 0000000000 0000000000 0001001000 00010000
0000000001 0000000000 0000000000 0000000000 00000000
0000000001 0000000000 0000000000 0000001000 00110000
0000000001 0000000000 0000000000 0000001000 00010000
0000000000 0000000000 0000000000 0000001000 00010000
0000000000 0000000000 0000000000 0000000000 00010000
0000000001 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000000 0000001000 00010000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000000000 0000000000 0000001000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000100
0000000000 0000000100 0000010100 0000000000 00010100
0000000000 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000101 0001000000 00001000
0000000000 0000000000 1000000101 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00001000
0100000000 0000000000 0000010100 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0100000000 0000000000 0000010000 0000000000 00000000
0100000000 0000000000 0000000000 0001000000 00000000
0100000000 0000000001 0000000101 0001000000 00000000
0100100000 0000000001 0000000101 0001000000 00000000
0100000000 0000000000 0000010100 0000000000 00000000
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2730AA
2729DD
2729DC
2729DA
2729CC
2729BD
2729BB
2728DA
2728CD
2631DB
2631CD
2631BD
2631AC
2631AA
2630DC
2630CB
2630BC
2630BB
2630BA
2630AB
2630AA
2629DD
2629DB
2629CC
2629BD
2629AD
2629AC
2629DC
2628CA
2628BA
2628AD
2628AB
2628AA
2627DD
2627DC
2627CD
2627CC
2627CA
2627BD
2627BC
2627BB
2626DC
2626BD
2531DD
2531CD
2531CC
2531CA
2531AC
2531AA
2530DD
2530DC
2530DB
2530DA
2530CC
2530CB
2530CA
2530BD
2530BC
2530BB
2530BA
2530AD
2530AC
2530AB
2530AA
2529CD
2529CC
2529CB
2529CA
2529BD
2529BC
2529BB
2529AD
2529AB
2528DD
2528DC
2528CD
2528CC
2528CB
2528CA

0100000000 0000000000 0000000100 0000000000 00000000
0000100000 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0000000001 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0100000000 0000000000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000001 0000000000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000100
0000000000 0000000000 0000000000 0000000001 00000000
0000000000 0000000000 0000000000 0001000000 00000100
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000100 0001000001 00000010
0100000000 0000000001 0000000100 0001000000 00000000
0100000000 0000000000 1000000100 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000100 0001000001 00000000
0000000000 0000000000 1000000000 0001000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000001 0001000000 00000000
0100000000 0000000000 0000000000 0000000000 00000000
0100000000 0000000000 0000000000 0001000000 00000000
0100000000 0000000000 0000000000 0000000000 00001000
0100000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000000 0001000000 00001000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000000000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0000000000 00000100
0000000000 0000000000 1000000000 0000000000 00000000
0000000000 0000000000 1000000100 0001000000 00000000
0000000000 0000000000 1000000001 0000000000 00000000
0000000000 0000000001 0000000000 0000000000 00000000
0000000000 0000000000 0000000101 0000000000 00000000
0000000000 0000000000 1000000101 0000000001 00010000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 1000000100 0000000000 00000000
0000000000 0000000000 1000000100 0000000000 00010000
0000000000 0000000000 0000000000 0001010000 00000000
0000000000 0000000000 1000000101 0000010000 00011000
0000000000 0000000001 0000000000 0001010000 00000000
0000000000 0000000000 1000000101 0000000000 00000000
0000000000 0000000000 1000000100 0000000000 00010000
0000000000 0000000000 0000000101 0001000001 00000000
0000000000 0000000001 1000000100 0000000001 00010000
0000000000 0000000000 0000000100 0000010000 00000000
0000000000 0000000001 0000000100 0001010000 00010000
0000000000 0000000000 1000000100 0000010000 00010000
0000000000 0000010000 0000000000 0000010000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
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2527CD
2527CB
2527CA
2526DD
2526DA
2526CA
2526AD
2525BD
2431CC
2431CA
2430DD
2430DC
2430DB
2430CD
2430CA
2430AB
2430AA
2429BB
2429AA
2428CD
2428CB
2428BC
2428AC
2427BC
2330CC
2330CA
2329DD
2329BB
2329AA
2328CB
2328BB
2230CD
2230CC
2229DD

0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000100 0000000000 00000000
0000000000 0000000000 0000000001 0000000000 00000000
0000000000 0000000000 1000000101 0000010000 00000000
0000000000 0000000000 1000000100 0000000000 00001000
0000000000 0000000000 1000000100 0001000000 00010000
0000000000 0000000000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0010000000 0000000000 0000000000 00000000
0000000000 0010000000 0000000000 0000000001 00000000
0000000000 0010000000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0010010000 0000000000 0000000000 00000000
0000000000 0010000000 0000000001 0000000001 00000000
0000000000 0000000000 0000000001 0000000001 00000000
0000000000 0011000000 0000000001 0000000001 00000000
0000000000 0010000000 0000000000 0000000001 00000000
0000000000 0010000000 0000000000 0000000000 00000000
0000000000 0000010000 0000000000 0000000000 00000000
0000000000 0010000000 0000000000 0000000000 00000000
0000000000 0010000000 0000000001 0000000001 00000000
0000000000 0010000000 0000000000 0000000000 00000000
0000000000 0010000000 0000000001 0000000000 00000000
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Appendix 2: Data matrix with Kniphofia species as characters and HDGs as terminal
units (with singleton HDGs removed)

3424BX 0000100000 1000000000 0000000000 0000000000 00000001
3423AX 0000000000 0000000000 0000000100 0000100000 00000001
3421BX 0000000000 0000000000 0000000000 0000000000 00000001
3419AX 0000000000 0000000000 0000000000 0000000000 01000001
3418BX 0000000000 0000000000 0000000000 0000000000 01000001
3326DX 0000100000 1000000000 0000000000 0000000000 00000000
3326BX 0000100000 1000000000 0000000000 0000000000 00000000
3326AX 0000000000 1000000000 0000000000 0000000000 00000001
3325DX 0000100000 1000000000 0000000000 0000000000 00000001
3325CX 0000000000 1000000000 0000000000 0000000000 00000001
3324CX 0000100000 0000000000 0000000000 0000000000 00000001
3323DX 0000100000 0000000000 0000000000 0000100000 00000001
3323CX 0000100000 0000000000 0000000000 0000000000 00000001
3322DX 0000000000 0000000000 0000000000 0000100000 00000001
3319CX 0000000000 0000000000 0000000100 0000000000 00000001
3319BX 0000000000 0000000000 0000000100 0000000010 00000000
3318DX 0000000000 0000000000 0000000000 0000000000 01000001
3228CX 0000000000 0000000000 0000000000 0100000100 00000000
3228AX 0000100000 0000000000 0000000100 0000000000 00000000
3227DC 0000000100 1000000000 0000000100 0000000100 00000001
3227CX 0000100000 1000000100 0000000100 0100000100 00010001
3227AX 0000000000 0000000000 0000000100 0100000000 00010001
3226DX 0000000000 0000000000 0000000100 1100000000 00010001
3226CX 0000000000 0000000000 0000000100 0000000000 00010001
3226BX 0000100000 0000000000 0000000100 1000000000 00010001
3226AX 0000000001 0000000000 0000000100 0000000000 00010001
3225DX 0000000000 0000000000 0000000100 0000000000 00010000
3225AX 1000000000 0000000000 0000000000 0000000000 00000001
3224BX 0000000000 0000000000 0000000100 0000000000 00000001
3222AX 0000000000 0000000000 0000000000 0000100000 00000001
3130AX 0000000000 0100000000 0000010000 0100000100 00000000
3129DX 0000000000 0000000000 0000010100 0000000000 00000000
3129CX 0000100000 0000000000 0000000100 0000000000 00000000
3129BX 0000000000 0100100000 0100010100 0100000100 00000000
3128DX 0000100000 0000000000 0100000100 1000000000 00000100
3128CX 0000100000 0000000000 0000000100 0100000000 00000001
3128AX 0000100000 0000000000 0000000100 1100000000 00010001
3127DX 0000100000 0000000000 0000000000 0100000000 00000000
3127BX 0000100000 0000000000 0000000100 0100000000 10010001
3126DX 0000000001 0000000000 0000000100 1000000000 10010001
3126BX 0000000000 0000000000 0000000100 0000000000 10000000
3030DX 0000000000 0000000000 0100000000 0000000100 00000000
3030CX 0000100000 0100000000 0100000100 0000000100 00000100
3030BX 0000000000 0000000000 0100010010 0000000100 00010100
3030AX 0000000000 0000000000 0101010110 0000000000 00000100
3029DX 0100110000 0000100000 0100010100 0100000000 00000100
3029CX 0000100000 0000000000 0000010100 1101000000 00000000
3029BX 0000010000 0000000000 0000010100 0100000000 00000100
3029AX 0000100000 0000000000 0000010100 0100000000 00010000
3028CX 0000100000 0000000000 0010000100 1100001000 10010000
3028BX 0000100001 0000000001 0000000100 0000000000 10010000
3027DX 0010000001 0000000000 0010000000 1000000000 10010000
3027CX 0000000001 0000000000 0000000000 0000000000 10010000
2931CX 0000000000 0000000000 0100010010 0010000000 00000000
2931AX 0000000000 0000000000 0000000010 0000000100 00000000
2930DX 0000000010 0000000000 0100010110 0010000000 00000100
2930CX 0000100010 0000000000 0001010100 0000000000 00010100
2930BX 0010000010 0000000000 0101100000 0000000000 00000100
2930AX 0000000010 0000000001 0001110100 0000000000 00000100
2929DX 0001000000 0000000101 0000010100 0100000000 00010000
2929CX 0010011001 0000000101 0001010100 1001001000 00110000
2929BX 0011011001 0000000001 0001010100 1001001000 00100000
2929AX 0011010001 0000001100 0001010100 1101001000 00110000
2928AX 0000000001 0000000000 0010000000 0001001000 00110000
2927BX 0000000001 0000000000 0010000000 1000001000 00110000
2832CX 0000000000 0000000000 0000001010 0000000000 00000000
2832AX 0000100000 0000000000 0100010010 0000000000 00000100
2831DX 0000000000 0000000000 0000010010 0000000000 00000000
2831CX 0000000010 0000000000 0100100110 0000000000 00000100
2830DX 0000000010 0000000000 0100010100 0000000000 00010110
2830BX 0000100000 0000000000 0000000000 0000000000 00000100
2830AX 0000100000 0000000010 1000000000 0000000000 00000000
2829DX 0000010000 0000000000 0100000000 0000000000 00000000
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2829CX
2829BX
2829AX
2828DX
2828CX
2828BX
2828AX
2731CX
2730DX
2730CX
2730BX
2730AX
2729DX
2729BX
2728DX
2631BX
2631AX
2630DX
2630CX
2630BX
2630AX
2629DX
2629CX
2629BX
2628AX
2627CX
2627BX
2531CX
2531AX
2530DX
2530CX
2530BX
2530AX
2529CX
2529BX
2528DX
2528CX
2526DX
2431CX
2430DX
2430CX
2430AX
2427BX
2330CX
2329DX
2329BX
2230CX
2229DX

0011001001 0000001000 0001010101 0101001000 00010000
0100000000 0000000000 0000000100 0000000000 00010000
0010001001 0000010001 0000000101 0001000000 00011000
0010001001 0000000000 0000000100 1001001000 00110000
0000000001 0000000000 0000000000 0000001000 00110000
0000000001 0000000000 0000000000 0000000000 00010000
0000000000 0000000000 0000000000 0000001000 00010000
0000000000 0000000100 0000010100 0000000000 00010100
0000000000 0000000000 1000000101 0001000000 00001000
0100000000 0000000000 0000010100 0001000000 00001000
0100000000 0000000000 0000010000 0001000000 00000000
0100100000 0000000001 0000010101 0001000000 00000000
0000100001 0000000000 0000000000 0001000000 00000000
0100000000 0000000000 0000000000 0001000000 00000000
0000000001 0000010000 0000000000 0000000000 00000000
0000000000 0000000000 0000000000 0001000000 00000100
0000000000 0000000000 0000000100 0001000001 00000010
0100000000 0000000001 0000000100 0001000000 00000000
0100000000 0000000000 1000000100 0000000000 00000000
0000000000 0000000000 1000000100 0001000001 00000000
0000000000 0000000000 0000000001 0001000000 00000000
0100000000 0000000000 0000000000 0001000000 00000000
0100000000 0000000000 0000000000 0000000000 00001000
0100000000 0000000000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00001000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000000000 1000000101 0001000000 00000000
0000000000 0000000001 0000000101 0000000000 00000000
0000000000 0000000000 1000000101 0000000001 00010000
0000000000 0000000001 1000000101 0001010000 00011000
0000000000 0000000001 1000000101 0001000001 00010000
0000000000 0000010001 1000000100 0001010000 00010000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000100 0000000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0001000000 00000000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0000000000 0000000101 0000000000 00000000
0000000000 0000000000 1000000101 0001010000 00011000
0000000000 0000010000 0000000000 0000000000 00001000
0000000000 0010000000 0000000000 0000000001 00000000
0000000000 0010010000 0000000000 0000000000 00000000
0000000000 0010000000 0000000001 0000000001 00000000
0000000000 0011000000 0000000001 0000000001 00000000
0000000000 0010000000 0000000000 0000000001 00000000
0000000000 0010000000 0000000001 0000000001 00000000
0000000000 0010000000 0000000001 0000000000 00000000
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Appendix 3: PCR reagents

Table 1. Table of PCR reagents and volumes (u tmePCR reactions

Mg H.0 10X | dNTPs | Primer | Primer | BioTaq | DNA | MgChk
concentration Buffer 1 2

1] 355 | 5 2 2 2 0.1 2.5 1

2] 345 | 5 2 2 2 0.1 2.5 2

3] 335 | 5 2 2 2 0.1 2.5 3

4] 325 | 5 2 2 2 0.1 2.5 4

5] 315 | 5 2 2 2 0.1 2.5 5

Mg concentration= Magnesium concentration

H,O= PCR quality water

10X Buffer= 10X Bioline NH dilution buffer (MgC} free)

BioTaqg= Bioline Taq polymerase enzyme

DNA= DNA template

MgCl,= 50mM solution of MgGl provided with enzyme and enzyme and 10X Buffer




Appendix 4: Final sequence alignments of thenT-L spacer

[
[

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542

baurii SR174

baurii SR202

baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii SR398

baurii NPB1923
baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278
caulescens NPB1821
caulescens RIM974
citrina SR176
coddiana SRsn
corraligemma SR549

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP5579
foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
ichopensis SR409
insignis SRsn
isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia SR558
linearifolia JPsn
linearifolia TD4638
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
northiae SR446
pauciflora HBsn
parviflora SR268
parviflora SR330
porphyantha SRsn
praecox SR529
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ankaratrensis PBP5676

drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448

10

ATTTTAAAAA ATAGA

AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTTAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA A----
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA A----

AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTAAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA A----

TATTTATAGA ATAGA

20 30 40 50
1

TTTAT AAATAGAAAT TTTTATTAAT GAGAATTGAA T---TTAAGT
TTTCT AAATAGAAAT TTTGATTAAT GAAAAT- --TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--

TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--

TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA

- TTAAGT
~TTAAGT
TTAAGT
TTAAGT
TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA TTAAGT
TTTAT AAATAGAAAT TTTGATTAAT GATAA TAAAGT
TTTAT AAATAGAAAT TTTGATTAAT GATAAT---- ----TTAAGT
TTTAT AAATAGAAAT TTTGATTAAT GATAAT---- -—--TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA TTAAGT
TTTAT AAATAGAAAT TTTGATTAAT GATAA TTAAGT
TTTAT AAATAGAAAT TTTGATTAAT GATAAT---- -—--TTAAGT
TTTAT TAATAGAAAT TTAGATTAAT GATAAT---- ----TTAAGT

TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATATAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--

TTAAGT
TTAAGT
--TTAAGT
--TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
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praecox SR530
praecox SR532
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
rooperi SR528
rooperi RAL4227
rooperi TD4559
sarmentosa SR207
schemperi SR391
schimperi IMG036
splendida SR548

splendida Chapman 9061

stricta SR279

thodei SR407
thomsonii JIMG031
thomsonii AMM2647
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularia obtusiloba SRsn  AATTTCAAAA ATATA

typhoides NNBG
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR172
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR337
uvaria SR342
uvaria SR344
uvaria SR471
uvaria SR477
uvaria TD4477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

AR R AR R R R R R AR AR R R AR R AR AR R AR AR R AR AR R AR R AR R AR RARARRARRARRRARRARRARR

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542

ankaratrensis PBP5676

baurii SR174

baurii SR202

baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii SR398

baurii NPB1923
baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278
caulescens NPB1821
caulescens RIM974
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP5579
foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286

AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA

AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
AATTTCAAAA ATATA
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AATCAGATTT TTGAT

AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCCAATTT --GAT
AATCCAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCCAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCCAATTT --GAT
AATCAAATTT --GAT

AATCCAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT

AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT
AATCCAATTT --GAT
AATCAAATTT --GAT
AATCAAATTT --GAT

AATTTCAAAA ATATA

AATCCTATTT TTGAT

TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT.

TTTAT TAATAGAAAT TTAGATTAAT GATAA
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT TAATAGAAAT TTAGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAAT.
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--
TTTAT AAATAGAAAT TTTGATTAAT GATAAT.
TTTAT AAATAGAAAT TTGGATTAAT GATAAT-
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--

--TTAAGT

--TTAAGT
--TTAAGT

--TTAAGT
--TTAAGT
TTAAGT
TTAAGT
TTAAGT

--TTAAGT
--TTAAGT
TTAAGT

TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAA
TTTAT AAATAGAAAT TTTGATTAAT GATAAT--

80 90 100 110
1]

AATAT CAAATT-TGA TATT---ATG ATTAAAAAAA AAAAAATGGA
AATAT CAAATT-TGA TATTATTATG ATTC----AA AAAAAATGGA

ATTAT GA--TT-- -TT AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA-TTATGATT ----TA AAAAAATAGA
ATTAT GA--TT---- - -TA AAAAAATGGA
ATTAT GA--TTATGATT ----TA AAAAAATAGA
ATTAT GA--TT-- -TA AAAAAACGGA
ATTAT GA--TTATGATT ----TT AAAAAATAGA
ATTAT GA--TT---- - -TA AAAAAATGGA

ATTAT GA-TTATGATT
ATTAT GA--TTATGATT

-TA AAAAAATAGA
-TA AAAAAATAGA

ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA-TTATGATT ----TA AAAAAATAGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TTATGA TT-- -TA AAAAAATAGA

ATTAT GA-TTATGATT
ATTAT GA--TTATGATT:
ATTAT GA-TTATGATT

ATTAT GA-TT-- -TA AAAAAATGGA
ATTAT GA-T -TA AAAAAATGGA
ATTAT GA--TT- -TA AAAAAATGGA
ATTAT GA-TT-- -TA AAAAAATGGA
ATTAT GA--TT- -TA AAAAAATGGA
ATTAT GA-TTATGA TT -—-TA AAAAAATAGA
ATTAT GA-TT

ATTAT GA--TTATGA TT--
ATTAT GA--TTATGATT:

-TA AAAAAATAGA
-TA AAAAAATAGA

ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TTATGATT- ----TA AAAAAATAGA
ATTAT GA--TT-- -TT AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--T -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA--TT-- -TA AAAAAATGGA
ATTAT GA-TTATGATT -TA AAAAAATAGA
ATTAT GA--TTATGA TT-- -TA AAAAAATAGA
ATTAT GA--TTATGATT- ----TA AAAAAATAGA
ATTAT GA--TT---- - -TA AAAAAATGGA

ATTAT GA-TTATGA TT -TA AAAAAATAGA
ATTAT GA-TTATGA TT-- -TA AAAAAATAGA
ATTAT GA--TTATGA TTwremmme -onmee TA AAAAAATAGA
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[

. ichopensis SR289
. ichopensis SR409
. insignis SRsn

. isoetifolia SR386

. isoetifolia SR388

. isoetifolia SR393

. latifolia RSSsn

. laxiflora SR283

. laxiflora SR295

. laxiflora SR441

. laxiflora SR442

. laxiflora SR467

. laxiflora SR468

. laxifloraC SRsn

. laxiflora NPB1810
. leucocephala NNBG
. linearifolia SR269
. linearifolia SR287
. linearifolia SR290
. linearifolia SR291
. linearifolia SR311
. linearifolia SR328
. linearifolia SR343
. linearifolia SR400
. linearifolia SR558
. linearifolia JPsn

. linearifolia TD4638
. littoralis SR200

. multiflora SR310

. northiae SR263
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baurii SR382 ATTATTTCTC AGAAT
baurii SR398 ATTATTTCTC AGAAT
baurii NPB1923 ATTATTTCTC AGAAT
baurii RIM1026 ATTATTTCTC AGAAT
bracystachya SRsn ATTATTTCTC AGAAT
breviflora SR452 ATTATTTCTC AGAAT
bruceae SR171 ATTATTTCTC AGAAT
buchananii SR305 ATTATTTCTC AGAAT
buchananii SR307 ATTATTTCTC AGAAT
buchananii SR458 ATTATTTCTC AGAAT
caulescens SR270 ATTATTTCTC AGAAT
caulescens SR278 ATTATTTCTC AGAAT
caulescens NPB1821 ATTATTTCTC AGAAT
caulescens RIM974 ATTATTTCTC AGAAT
citrina SR176 ATTATTTCTC AGAAT
coddiana SRsn ATTATTTCTC AGAAT
corraligemma SR549 ATTATTTCTC AGAAT
drepanophylla RAL4816 ATTATTTCTC AGAAT

AR R AR R R R R R R AR R R AR R R R R R AR R R AR R R AR R R AR R R R R R AR R R R R R R AR R R AR R AR AR R R AR R R AR R R AR R R AR R A R A R AR A R R AR AR AR AR R AR AR R AR ARARARARRARARRARARRARRARARR

drepanophylla RIM1100 ATTATTTCTC AGAAT
ensifolia autumnalis SR448 ~ ATTATTTCTC AGAAT
ensifolia ensifolia JBsn ATTATTTCTC AGAAT
fibrosa SR297 ATTATTTCTC AGAAT
fibrosa PBP5579 ATTATTTCTC AGAAT
foliosa SR383 ATTATTTCTC AGAAT
foliosa SR387 ATTATTTCTC AGAAT
foloisa SR389 ATTATTTCTC AGAAT
foliosa SR390 ATTATTTCTC AGAAT
foliosa IMG034 ATTATTTCTC AGAAT
foliosa JIMG038 ATTATTTCTC AGAAT
galpinii SR312 ATTATTTCTC AGAAT
gracilis SR321 ATTATTTCTC AGAAT
gracilis SR561 ATTATTTCTC AGAAT
gracilis NNBG ATTATTTCTC AGAAT
grantii CP4154 ATTATTTCTC AGAAT
hirsuta SR282 ATTATTTCTC AGAAT
ichopensis SR242 ATTATTTCTC AGAAT
ichopensis SR286 ATTATTTCTC AGAAT
ichopensis SR289 ATTATTTCTC AGAAT
ichopensis SR409 ATTATTTCTC AGAAT
insignis SRsn ATTATTTCTC AGAAT
isoetifolia SR386 ATTATTTCTC AGAAT
isoetifolia SR388 ATTATTTCTC AGAAT
isoetifolia SR393 ATTATTTCTC AGAAT
latifolia RSSsn ATTATTTCTC AGAAT
laxiflora SR283 ATTATTTCTC AGAAT
laxiflora SR295 ATTATTTCTC AGAAT
laxiflora SR441 ATTATTTCTC AGAAT
laxiflora SR442 ATTATTTCTC AGAAT
laxiflora SR467 ATTATTTCTC AGAAT
laxiflora SR468 ATTATTTCTC AGAAT
laxifloraC SRsn ATTATTTCTC AGAAT
laxiflora NPB1810 ATTATTTCTC AGAAT
leucocephala NNBG ATTATTTCTC AGAAT
linearifolia SR269 ATTATTTCTC AGAAT
linearifolia SR287 ATTATTTCTC AGAAT
linearifolia SR290 ATTATTTCTC AGAAT
linearifolia SR291 ATTATTTCTC AGAAT
linearifolia SR311 ATTATTTCTC AGAAT
linearifolia SR328 ATTATTTCTC AGAAT
linearifolia SR343 ATTATTTCTC AGAAT
linearifolia SR400 ATTATTTCTC AGAAT
linearifolia SR558 ATTATTTCTC AGAAT
linearifolia JPsn ATTATTTCTC AGAAT
linearifolia TD4638 ATTATTTCTC AGAAT
littoralis SR200 ATTATTTCTC AGAAT
multifiora SR310 ATTATTTCTC AGAAT
northiae SR263 ATTATTTCTC AGAAT
northiae SR274 ATTATTTCTC AGAAT
northiae SR446 ATTATTTCTC AGAAT
pauciflora HBsn ATTATTTCTC AGAAT
parviflora SR268 ATTATTTCTC AGAAT
parviflora SR330 ATTATTTCTC AGAAT
porphyantha SRsn ATTATTTCTC AGAAT
praecox SR529 ATTATTTCTC AGAAT
praecox SR530 ATTATTTCTC AGAAT
praecox SR532 ATTATTTCTC AGAAT
rigidifolia SRsn ATTATTTCTC AGAAT
ritualis SR300 ATTATTTCTC AGAAT
rooperi SR237 ATTATTTCTC AGAAT
rooperi SR485 ATTATTTCTC AGAAT
rooperi SR528 ATTATTTCTC AGAAT
rooperi RAL4227 ATTATTTCTC AGAAT
rooperi TD4559 ATTATTTCTC AGAAT
sarmentosa SR207 ATTATTTCTC AGAAT
schemperi SR391 ATTATTTCTC AGAAT
schimperi IMG036 ATTATTTCTC AGAAT
splendida SR548 ATTATTTCTC AGAAT
splendida Chapman 9061 ATTATTTCTC AGAAT
stricta SR279 ATTATTTCTC AGAAT
thodei SR407 ATTATTTCTC AGAAT
thomsonii IMG031 ATTATTTCTC AGAAT
thomsonii AMM2647 ATTATTTCTC AGAAT
thomsonii CK4821 ATTATTTCTC AGAAT
triangularis SR264 ATTATTTCTC AGAAT
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triangularis SR266 ATTATTTCTC AGAAT
triangularis SR299 ATTATTTCTC AGAAT
triangularia obtusiloba SRsn  ATTATTTCTC AGAAT
typhoides NNBG ATTATTTCTC AGAAT
tysonii SR302 ATTATTTCTC AGAAT
tysonii SR303 ATTATTTCTC AGAAT
tysonii SR460 ATTATTTCTC AGAAT
umbrina RGsn ATTATTTCTC AGAAT
uvaria SR166 ATTATTTCTC AGAAT
uvaria SR186 ATTATTTCTC AGAAT
uvaria SR172 ATTATTTCTC AGAAT
uvaria SR201 ATTATTTCTC AGAAT
uvaria SR203 ATTATTTCTC AGAAT
uvaria SR211 ATTATTTCTC AGAAT
uvaria SR337 ATTATTTCTC AGAAT
uvaria SR342 ATTATTTCTC AGAAT
uvaria SR344 ATTATTTCTC AGAAT
uvaria SR471 ATTATTTCTC AGAAT
uvaria SR477 ATTATTTCTC AGAAT
uvaria TD4477 ATTATTTCTC AGAAT
190

Bulbine latifolia SR61 ATCGGCCCTA AGAAA

Bulbinella cauda-felis SR204 ATAGAGCCTA CGAAA
acreae TD4626 ATCGGTCCTA AGAAA
albescens SR314 ATCGGTCCTA AGAAA
albomontana SR149 ATCGGTCCTA AGAAA
angustifolia SR453 ATCGGTCCTA AGAAA
angustifolia SR542 ATCGGTCCTA AGAAA
ankaratrensis PBP5676 ATCGGTCCTA AGAAA
baurii SR174 ATCGGTCCTA AGAAA
baurii SR202 ATCGGTCCTA AGAAA
baurii SR275 ATCGGTCCTA AGAAA
baurii SR285 ATCGGTCCTA AGAAA
baurii SR360 ATCGGTCCTA AGAAA
baurii SR382 ATCGGTCCTA AGAAA
baurii SR398 ATCGGTCCTA AGAAA
baurii NPB1923 ATCGGTCCTA AGAAA
baurii RIM1026 ATCGGTCCTA AGAAA
bracystachya SRsn ATCGGTCCTA AGAAA
breviflora SR452 ATCGGTCCTA AGAAA
bruceae SR171 ATCGGTCCTA AGAAA
buchananii SR305 ATCGGTCCTA AGAAA
buchananii SR307 ATCGGTCCTA AGAAA
buchananii SR458 ATCGGTCCTA AGAAA
caulescens SR270 ATCGGTCCTA AGAAA
caulescens SR278 ATCGGTCCTA AGAAA
caulescens NPB1821 ATCGGTCCTA AGAAA
caulescens RIM974 ATCGGTCCTA AGAAA
citrina SR176 ATCGGTCCTA AGAAA
coddiana SRsn ATCGGTCCTA AGAAA
corraligemma SR549 ATCGGTCCTA AGAAA
drepanophylla RAL4816 ATCGGTCCTA AGAAA
drepanophylla RIM1100 ATCGGTCCTA AGAAA
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AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATTC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q200]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAT201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATGAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATGAAAATT CTAATGCGA(195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATGAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ197]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ197]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
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K. linearifolia SR311 ATCGGTCCTA AGAAA

K. linearifolia SR328 ATCGGTCCTA AGAAA

K. linearifolia SR343 ATCGGTCCTA AGAAA

K. linearifolia SR400 ATCGGTCCTA AGAAA

K. linearifolia SR558 ATCGGTCCTA AGAAA

K. linearifolia JPsn ATCGGTCCTA AGAAA

K. linearifolia TD4638 ATCGGTCCTA AGAAA
K. littoralis SR200 ATCGGTCCTA AGAAA

K. multifiora SR310 GTCGGTCCTA AGAAA
K. northiae SR263 ATCGGTCCTA AGAAA
K. northiae SR274 ATCGGTCCTA AGAAA
K. northiae SR446 ATCGGTCCTA AGAAA
K. pauciflora HBsn ATCGGTCCTA AGAAA
K. parviflora SR268 ATCGGTCCTA AGAAA
K. parviflora SR330 ATCGGTCCTA AGAAA
K. porphyantha SRsn ATCGGTCCTA AGAAA
K. praecox SR529 ATCGGTCCTA AGAAA
K. praecox SR530 ATCGGTCCTA AGAAA
K. praecox SR532 ATCGGTCCTA AGAAA
K. rigidifolia SRsn ATCGGTCCTA AGAAA

K. ritualis SR300 ATCGGTCCTA AGAAA

K. rooperi SR237 ATCGGTCCTA AGAAA
K. rooperi SR485 ATCGGTCCTA AGAAA
K. rooperi SR528 ATCGGTCCTA AGAAA
K. rooperi RAL4227 ATCGGTCCTA AGAAA
K. rooperi TD4559 ATCGGTCCTA AGAAA
K. sarmentosa SR207 ATCGGTCCTA AGAAA
K. schemperi SR391 ATCGGTCCTA AGAAA
K. schimperi JIMG036 ATCGGTCCTA AGAAA
K. splendida SR548 ATCGGTCCTA AGAAA
K. splendida Chapman 9061 ATCGGTCCTA AGAAA
K. stricta SR279 ATCGGTCCTA AGAAA

K. thodei SR407 ATCGGTCCTA AGAAA

K. thomsonii JIMG031 ATCGGTCCTA AGAAA
K. thomsonii AMM2647 ATCGGTCCTA AGAAA
K. thomsonii CK4821 ATCGGTCCTA AGAAA
K. triangularis SR264 ATCGGTCCTA AGAAA
K. triangularis SR266 ATCGGTCCTA AGAAA
K. triangularis SR299 ATCGGTCCTA AGAAA
K. triangularia obtusiloba SRsn  ATCGGTCCTA AGAAA
K. typhoides NNBG ATCGGTCCTA AGAAA
K. tysonii SR302 ATCGGTCCTA AGAAA

K. tysonii SR303 ATCGGTCCTA AGAAA

K. tysonii SR460 ATCGGTCCTA AGAAA

K. umbrina RGsn ATCGGTCCTA AGAAA
K. uvaria SR166 ATCGGTCCTA AGAAA

K. uvaria SR186 ATCGGTCCTA AGAAA

K. uvaria SR172 ATCGGTCCTA AGAAA

K. uvaria SR201 ATCGGTCCTA AGAAA

K. uvaria SR203 ATCGGTCCTA AGAAA

K. uvaria SR211 ATCGGTCCTA AGAAA

K. uvaria SR337 ATCGGTCCTA AGAAA

K. uvaria SR342 ATCGGTCCTA AGAAA

K. uvaria SR344 ATCGGTCCTA AGAAA

K. uvaria SR471 ATCGGTCCTA AGAAA

K. uvaria SR477 ATCGGTCCTA AGAAA

K. uvaria TD4477 ATCGGTCCTA AGAAA

[ 250

[

Bulbine latifolia SR61 ATTCCTCTGATTTCC
Bulbinella cauda-felis SR204 ATTCCTTTGATTTCC
K. acreae TD4626 ATTCCTCTGATTTCC
K. albescens SR314 ATTCCTCTTATTTCC
K. albomontana SR149 ATTCCTCTTATTTCC
K. angustifolia SR453 ATTCCTCTTATTTCC

K. angustifolia SR542 ATTCCTCTTATTTCC

K. ankaratrensis PBP5676 ATTCCTCTGA TTTCC
K. baurii SR174 ATTCCTCTTATTTCC

K. baurii SR202 ATTCCTCTGATTTCC

K. baurii SR275 ATTCCTCTTATTTCC

K. baurii SR285 ATTCCTCTTATTTCC

K. baurii SR360 ATTCCTCTTATTTCC

K. baurii SR382 ATTCCTCTTATTTCC

K. baurii SR398 ATTCCTCTTATTTCC

K. baurii NPB1923 ATTCCTCTTATTTCC

K. baurii RIM1026 ATTCCTCTGATTTCC

K. bracystachya SRsn ATTCCTCTGATTTCC
K. breviflora SR452 ATTCCTCTTATTTCC

K. bruceae SR171 ATTCCTCTTATTTCC

K. buchananii SR305 ATTCCTCTTATTTCC
K. buchananii SR307 ATTCCTCTTATTTCC
K. buchananii SR458 ATTCCTCTTATTTCC
K. caulescens SR270 ATTCCTCTGATTTCC
K. caulescens SR278 ATTCCTCTGATTTCC
K. caulescens NPB1821 ATTCCTCTGA TTTCC
K. caulescens RIM974 ATTCCTCTGATTTCC
K. citrina SR176 ATTCCTCTGA TTTCC

K. coddiana SRsn ATTCCTCTTATTTCC

K. corraligemma SR549 ATTCCTCTGATTTCC
K. drepanophylla RAL4816 ATTCCTCTTATTTCC
K. drepanophylla RIM1100 ATTCCTCTTATTTCC
K

. ensifolia autumnalis SR448 ~ ATTCCTCTTA TTTCC

AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q191]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -T-AAGATAC AATCAAAATT CTAATGCGAC[194]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAT201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATGAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATTAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATGAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q201]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGAQ195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCCAAATT CTAATGCGA(195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -TAAAGATAC AATCAAAATT CTAATGCGA(Q195]
AGTAT AAGATAAGGA -T-AAGATAC AATCAAAATT CTAATGCGAC[194]

260 270 280 290 300]
. . . . 1

TTGGA AAAAGAAGAA AATAGAGTG- ---AAAAAAA AAGAAGAAAG [278]
TTGGA AAAAGAAGGA AATGGGGC-- -AAAAAAAAA AAGAAGAAAT279]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAZ260]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAERRS59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [257]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARR58]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAER59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
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. ensifolia ensifolia JBsn ATTCCTCTTATTTCC
. fibrosa SR297 ATTCCTCTTATTTCC

. fibrosa PBP5579 ATTCCTCTGATTTCC
. foliosa SR383 ATTCCTCTGATTTCC

. foliosa SR387 ATTCCTCTGATTTCC

. foloisa SR389 ATTCCTCTGATTTCC

. foliosa SR390 ATTCCTCTGATTTCC

. foliosa IMG034 ATTCCTCTGATTTCC

. foliosa IMG038 ATTCCTCTGATTTCC

. galpinii SR312 ATTCCTCTTATTTCC

. gracilis SR321 ATTCCTCTTATTTCC

. gracilis SR561 ATTCCTCTTATTTCC

. gracilis NNBG ATTCCTCTTATTTCC

. grantii CP4154 ATTCCTCTGATTTCC

. hirsuta SR282 ATTCCTCTTATTTCC

. ichopensis SR242 ATTCCTCTTATTTCC
. ichopensis SR286 ATTCCTCTTATTTCC
. ichopensis SR289 ATTCCTCTTATTTCC
. ichopensis SR409 ATTCCTCTTATTTCC
. insignis SRsn ATTCCTCTGATTTCC

. isoetifolia SR386 ATTCCTCTGATTTCC

. isoetifolia SR388 ATTCCTCTGATTTCC

. isoetifolia SR393 ATTCCTCTGATTTCC

. latifolia RSSsn ATTCCTCTTATTTCC

. laxiflora SR283 ATTCCTCTTATTTCC

. laxiflora SR295 ATTCCTCTTATTTCC

. laxiflora SR441 ATTCCTCTTATTTCC

. laxiflora SR442 ATTCCTCTTATTTCC

. laxiflora SR467 ATTCCTCTTATTTCC

. laxiflora SR468 ATTCCTCTTATTTCC

. laxifloraC SRsn ATTCCTCTTATTTCC

. laxiflora NPB1810 ATTCCTCTTATTTCC

. leucocephala NNBG ATTCCTCTTATTTCC
. linearifolia SR269 ATTCCTCTGATTTCC

. linearifolia SR287 ATTCCTCTTATTTCC

. linearifolia SR290 ATTCCTCTTATTTCC

. linearifolia SR291 ATTCCTCTTATTTCC

. linearifolia SR311 ATTCCTCTTATTTCC

. linearifolia SR328 ATTCCTCTTATTTCC

. linearifolia SR343 ATTCCTCTGATTTCC

. linearifolia SR400 ATTCCTCTTATTTCC

. linearifolia SR558 ATTCCTCTTATTTCC

. linearifolia JPsn ATTCCTCTTATTTCC

. linearifolia TD4638 ATTCCTCTTATTTCC

. littoralis SR200 ATTCCTCTTATTTCC

. multifiora SR310 ATTCCTCTTATTTCC

. northiae SR263 ATTCCTCTGATTTCC

. northiae SR274 ATTCCTCTGATTTCC

. northiae SR446 ATTCCTCTGATTTCC

. pauciflora HBsn ATTCCTCTTATTTCC

. parviflora SR268 ATTCCTCTGATTTCC

. parviflora SR330 ATTCCTCTTATTTCC

. porphyantha SRsn ATTCCTCTTATTTCC
. praecox SR529 ATTCCTCTGATTTCC
. praecox SR530 ATTCCTCTGATTTCC
. praecox SR532 ATTCCTCTGATTTCC
. rigidifolia SRsn ATTCCTCTTATTTCC

. ritualis SR300 ATTCCTCTTATTTCC

. rooperi SR237 ATTCCTCTGATTTCC

. rooperi SR485 ATTCCTCTTATTTCC

. rooperi SR528 ATTCCTCTGATTTCC

. rooperi RAL4227 ATTCCTCTTATTTCC
. rooperi TD4559 ATTCCTCTTATTTCC

. sarmentosa SR207 ATTCCTCTGATTTCC
. schemperi SR391 ATTCCTCTGATTTCC
. schimperi IMG036 ATTCCTCTGATTTCC
. splendida SR548 ATTCCTCTGATTTCC
. splendida Chapman 9061 ATTCCTCTGATTTCC
. stricta SR279 ATTCCTCTTATTTCC

. thodei SR407 ATTCCTCTTATTTCC

. thomsonii IMG031 ATTCCTCTGATTTCC
. thomsonii AMM2647 ATTCCTCTGATTTCC
. thomsonii CK4821 ATTCCTCTGATTTCC
. triangularis SR264 ATTCCTCTGATTTCC

. triangularis SR266 ATTCCTCTGATTTCC

. triangularis SR299 ATTCCTCTTATTTCC

. triangularia obtusiloba SRsn  ATTCCTCTTA TTTCC
. typhoides NNBG ATTCCTCTGATTTCC
. tysonii SR302 ATTCCTCTTATTTCC

. tysonii SR303 ATTCCTCTTATTTCC
tysonii SR460 ATTCCTCTTATTTCC

. umbrina RGsn ATTCCTCTTATTTCC

. uvaria SR166 ATTCCTCTGATTTCC

. uvaria SR186 ATTCCTCTGATTTCC

. uvaria SR172 ATTCCTCTGATTTCC

. uvaria SR201 ATTCCTCTGATTTCC

. uvaria SR203 ATTCCTCTGATTTCC

. uvaria SR211 ATTCCTCTGATTTCC

. uvaria SR337 ATTCCTCTGATTTCC

. uvaria SR342 ATTCCTCTGATTTCC

. uvaria SR344 ATTCCTCTTATTTCC

. uvaria SR471 ATTCCTCTGA TTTCC

. uvaria SR477 ATTCCTCTTATTTCC

. uvaria TD4477 ATTCCTCTGATTTCC

TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAR54]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAIZ54]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS53]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS53]
TTAGA AAAAGAAGGA AATAGGGCG- ----AAAAAA AATAAGAAAG [250]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAERS59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAARZ60]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCGA AAAAAAAAAA AATAAGAAAZS1]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAARZ60]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAIR54]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR55]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAR56]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAARZ60]
TTAGA AAAAGAAGGA AATAGGGAG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [257]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAZ260]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [257]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG248]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS53]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAIR54]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAARS53]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR53]
TTAGA AAAAGAAGGA AATAGGGCGA AAAAAAAAAA AATAAGAAAZS1]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAZ260]
TTAGA AAAAGAAGGA AATAGGGCG- AAAAAAAAAA AATAAGAAAR54]
TTAGA AAAAGAAGGA AATAGGGCG- ----AAAAAA AATAAGAAAG [250]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG258]
TTAGA AAAAGAAGGA AATAGGGCG- -AAAAAAAAA AATAAGAAAR59]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG252]
TTAGA AAAAGAAGGA AATAGGGCG- ---AAAAAAA AATAAGAAAG [251]
TTAGA AAAAGAAGGA AATAGGGCG- --AAAAAAAA AATAAGAAAG251]
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Bulbine latifolia SR61

Bulbinella cauda-felis SR204

K. acreae TD4626

K. albescens SR314 AATATCGATC CTTTC
K. albomontana SR149 AATATCGATC CTTTC
K. angustifolia SR453 AATATCGATC CTTTC
K. angustifolia SR542 AATATCGATC CTTTC
K. ankaratrensis PBP5676 AATATTGATC CTTTC
K. baurii SR174 AATATCGATC CTTTC

K. baurii SR202 AGTATTGATC CTTTC

K. baurii SR275 AATATCGATC CTTTC

K. baurii SR285 AATATCGATC CTTTC

K. baurii SR360 AATATCGATC CTTTC

K. baurii SR382 AATATCGATC CTTTC

K. baurii SR398 AATATCGATC CTTTC

K. baurii NPB1923 AATATCGATC CTTTC
K. baurii RIM1026 AGTATTGATC CTTTC
K. bracystachya SRsn AGTATTGATC CTTTC
K. breviflora SR452 AATATCGATC CTTTC

K. bruceae SR171 AATATCGATC CTTTC
K. buchananii SR305 AATATCGATC CTTTC
K. buchananii SR307 AATATCGATC CTTTC
K. buchananii SR458 AATATCGATC CTTTC
K. caulescens SR270 AATATCGATC CTTTC
K. caulescens SR278 AATATCGATC CTTTC
K. caulescens NPB1821 AATATCGATC CTTTC
K. caulescens RIM974 AATATCGATC CTTTC
K. citrina SR176 AGTATTGATC CTTTC

K. coddiana SRsn AATATCGATC CTTTC
K. corraligemma SR549 AATATTGATC CTTTC
K. drepanophylla RAL4816 AATATCGATC CTTTC
K. drepanophylla RIM1100 AATATCGATC CTTTC
K. ensifolia autumnalis SR448 ~ AATATCGATC CTTTC
K. ensifolia ensifolia JBsn AATATCGATC CTTTC
K. fibrosa SR297 AATATCGATC CTTTC

K. fibrosa PBP5579 AATATCGATC CTTTC
K. foliosa SR383 AATATTGATC CTTTC

K. foliosa SR387 AATATTGATC CTTTC

K. foloisa SR389 AATATTGATC CTTTC

K. foliosa SR390 AATATTGATC CTTTC

K. foliosa IMG034 AATATTGATC CTTTC

K. foliosa IMG038 AATATTGATC CTTTC

K. galpinii SR312 AATATCGATC CTTTC

K. gracilis SR321 AATATCGATC CTTTC

K. gracilis SR561 AATATCGATC CTTTC

K. gracilis NNBG AATATCGATC CTTTC

K. grantii CP4154 AGTATTGATC CTTTC

K. hirsuta SR282 AATATCGATC CTTTC

K. ichopensis SR242 AATATCGATC CTTTC
K. ichopensis SR286 AATATCGACC CTTTC
K. ichopensis SR289 AATATCGATC CTTTC
K. ichopensis SR409 AATATCGATC CTTTC
K. insignis SRsn AATATTGATC CTTTC

K. isoetifolia SR386 AATATTGATC CTTTC

K. isoetifolia SR388 AATATTGATC CTTTC

K. isoetifolia SR393 AATATTGATC CTTTC

K. latifolia RSSsn AATATCGATC CTTTC

K. laxiflora SR283 AATATCGATC CTTTC

K. laxiflora SR295 AATATCGATC CTTTC

K. laxiflora SR441 AATATCGATC CTTTC

K. laxiflora SR442 AATATCGATC CTTTC

K. laxiflora SR467 AATATCGATC CTTTC

K. laxiflora SR468 AATATCGATC CTTTC

K. laxifloraC SRsn AATATCGATC CTTTC

K. laxiflora NPB1810 AATATCGATC CTTTC
K. leucocephala NNBG AATATCGATC CTTTC
K. linearifolia SR269 AATATCGATC CTTTC

K. linearifolia SR287 AATATCGATC CTTTC

K. linearifolia SR290 AATATCGATC CTTTC

K. linearifolia SR291 AATATCGATC CTTTC

K. linearifolia SR311 AATATCGATC CTTTC

K. linearifolia SR328 AATATCGATC CTTTC

K. linearifolia SR343 AATATCGATC CTTTC

K. linearifolia SR400 AATATCGATC CTTTC

K. linearifolia SR558 AATATCGATC CTTTC

K. linearifolia JPsn AATATCGATC CTTTC

K. linearifolia TD4638 AATATCGATC CTTTC

K. littoralis SR200 AATATCGATC CTTTC

K. multifiora SR310 AATATCGATC CTTTC

K. northiae SR263 AATATCGATC CTTTC

K. northiae SR274 AATATCGATC CTTTC

K. northiae SR446 AATATCGATC CTTTC

K. pauciflora HBsn AATATCGATC CTTTC

K. parviflora SR268 AATATCGATC CTTTC

K. parviflora SR330 AATATCGATC CTTTC

K. porphyantha SRsn AATATCGATC CTTTC
K. praecox SR529 AGTATTGATC CTTTC
K. praecox SR530 AGTATTGATC CTTTC
K. praecox SR532 AGTATTGATC CTTTC
K. rigidifolia SRsn AATATCGATC CTTTC

310

AATATCGCCC TTTTC

AATATCGATC CTTTC

AATATCGACC CTTTC

320 330 340 350 360]
. . . . 1

AGTAT TCCAAATCGC GATGTAAAAA CGAAAAAAAA AAGGGGGGI3E8]
AGTAT TGCAAATTGC GATGTAAAA- --AAAAA--- --- GAGGGGG [330]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGE307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAA--- -GGGGGGGGE309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- ---GGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA----- --GGGGGGG  [311]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA--- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAAA- --GGGGGGG10]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAA- GGGGGGGG [306]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAA- GGGGGGGG [306]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [310]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAA- GGGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- -GGGGGGGGB10]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA----- - GGGGGGG  [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA----- ---GGGGGGG  [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [313]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGG308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGG308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGGE309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- ---GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAAA- ---GGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [314]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- ---GGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- GGGGGGGGGE15]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- GGGGGGGGGE15]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [305]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAA--- ----GGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- ---GGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [310]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- ---GGGGGGG [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [313]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- -GGGGGGGGE09]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAA---- --GGGGGGGG [306]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAA- -GGGGGGG [305]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- GGGGGG [312]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -- GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGG304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -- GGGGGGGG [304]
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ritualis SR300 AATATCGATC CTTTC
rooperi SR237 AATATCGATC CTTTC
rooperi SR485 AATATCGATC CTTTC
rooperi SR528 AGTATTGATC CTTTC
rooperi RAL4227 AATATCGATC CTTTC
rooperi TD4559 AATATCGATC CTTTC
sarmentosa SR207 AGTATTGATC CTTTC
schemperi SR391 AATATTGATC CTTTC
schimperi JIMG036 AATATTGATC CTTTC

splendida SR548 AATATTGATC CTTTC
splendida Chapman 9061 AATATTGATC CTTTC
stricta SR279 AATATCGATC CTTTC
thodei SR407 AATATCGATC CTTTC
thomsonii IMG031 AATATTGATC CTTTC
thomsonii AMM2647 AATATTGATC CTTTC
thomsonii CK4821 AATATTGATC CTTTC
triangularis SR264 AATATCGATC CTTTC
triangularis SR266 AATATCGATC CTTTC
triangularis SR299 AATATCGATC CTTTC

triangularia obtusiloba SRsn  AATATCGATC CTTTC
typhoides NNBG AGTATTGATC CTTTC
tysonii SR302 AATATCGATC CTTTC
tysonii SR303 AATATCGATC CTTTC
tysonii SR460 AATATCGATC CTTTC
umbrina RGsn AATATCGATC CTTTC

uvaria SR166 AGTATTGATC CTTTC
uvaria SR186 AGTATTGATC CTTTC
uvaria SR172 AATATCGATC CTTTC
uvaria SR201 AGTATTGATC CTTTC
uvaria SR203 AGTATTGATC CTTTC
uvaria SR211 AGTATTGATC CTTTC
uvaria SR337 AATATCGATC CTTTC
uvaria SR342 AATATCGATC CTTTC
uvaria SR344 AATATCGATC CTTTC
uvaria SR471 AATATCGATC CTTTC
uvaria SR477 AATATCGATC CTTTC
uvaria TD4477 AGTATTGATC CTTTC
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Bulbine latifolia SR61 GTAAACCACA TATAT
Bulbinella cauda-felis SR204 ~ ----- CCGCA TATAT
acreae TD4626 - CCACA TATAT
albescens SR314 ----ACCACA TATAT

albomontana SR149 ----ACCACA TATAT
angustifolia SR453 ----ACCACA TATAT
angustifolia SR542 ----ACCACA TATAT
ankaratrensis PBP5676 ----ACCACA TATAT
baurii SR174 ----ACCACA TATAT
baurii SR202 -----CCACA TATAT
baurii SR275 ACCACA TATAT
baurii SR285 ACCACA TATAT
baurii SR360 ACCACA TATAT
baurii SR382 ACCACA TATAT
baurii SR398

baurii NPB1923

baurii RIM1026 ----—-CCACA TATAT
bracystachya SRsn - CCACA TATAT
breviflora SR452 ----ACCACA TATAT
bruceae SR171 ACCACA TATAT
buchananii SR305 CCACA TATAT
buchananii SR307 ----ACCACA TATAT
buchananii SR458 ----ACCACA TATAT
caulescens SR270 CCACA TATAT
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caulescens SR278 CCACA TATAT

caulescens NPB1821 CCACA TATAT
caulescens RIM974 -----CCACA TATAT
citrina SR176 CACA TATAT
coddiana SRsn ----ACCACA TATAT
corraligemma SR549 - CCACA TATAT
drepanophylla RAL4816 ACCACA TATAT
drepanophylla RIM1100 ACCACA TATAT
ensifolia autumnalis SR448  ----ACCACA TATAT
ensifolia ensifolia JBsn ----ACCACA TATAT
fibrosa SR297 CCACA TATAT
fibrosa PBP5579 -----CCACA TATAT
foliosa SR383 ----ACCACA TATAT
foliosa SR387 ----ACCACA TATAT
foloisa SR389 ----ACCACA TATAT
foliosa SR390 ----ACCACA TATAT
foliosa IMG034 ACCACA TATAT
foliosa IMG038 ACCACA TATAT
galpinii SR312 ----ACCACA TATAT
gracilis SR321 ----ACCACA TATAT
gracilis SR561 ----ACCACA TATAT
gracilis NNBG -ACCACA TATAT
grantii CP4154 CCACA TATAT
hirsuta SR282 ----ACCACA TATAT
ichopensis SR242 ----ACCACA TATAT
ichopensis SR286 CCACA TATAT
ichopensis SR289 CCACA TATAT
ichopensis SR409 ----ACCACA TATAT
insignis SRsn ----ACCACA TATAT

AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [312]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- ---GGGGGGG [307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA--- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- -GGGGGGGG[308]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [310]
AGTAT TCCAAATCGC AATGTAAAAC CGAAA- GGGGGGG  [310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAAA- --GGGGGGGE11]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGG309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE309]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGF308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- GGGGGGGGGE09]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA- GGGGGGGG [314]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE310]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- -GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- GGGGGGGGGE07]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- -GGGGGGGGG [313]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAAA- -GGGGGGGGEIO]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA---- --- GGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA- -GGGGGGG [311]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAA -GGGGGGG [312]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA----- --GGGGGGGG [304]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGGE308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGG308]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAAAA -GGGGGGGEE1]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- --GGGGGGGE308]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA-- GGGGGGG[307]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA--- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTGAAAC CGAAAAA--- --GGGGGGGG[307]
AGTAT TCCAAATCGC GATGTAAAAC CGAAA--- GGGGGGG  [303]
AGTAT TCCAAATCGC GATGTAAAAC CGAAAAAA-- -GGGGGGGG[E08]

380 390 400 410 420]
. . . ]

AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [394]
AT--- -GTAGGATAT ATATATCTAT ATTGAATTGC GGATACATCA [381]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[359]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[359]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [366]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[362]
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isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia SR558
linearifolia JPsn
linearifolia TD4638
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
northiae SR446
pauciflora HBsn
parviflora SR268
parviflora SR330
porphyantha SRsn
praecox SR529
praecox SR530
praecox SR532
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
rooperi SR528
rooperi RAL4227
rooperi TD4559
sarmentosa SR207
schemperi SR391
schimperi IMG036
splendida SR548

splendida Chapman 9061

stricta SR279

thodei SR407
thomsonii JIMG031
thomsonii AMM2647
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

----ACCACA TATAT
CCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----TCCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT

-CCACA TATAT
----ACCACA TATAT
----- CCACA TATAT
----ACCACA TATAT
-ACCACA TATAT
CCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
CCACA TATAT
CCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
--ACCACA TATAT
----ACCACA TATAT
ACCACA TATAT
-CCACA TATAT
-CCACA TATAT
-----CCACA TATAT
----ACCACA TATAT
CCACA TATAT
CCACA TATAT
----ACCACA TATAT
----- CCACA TATAT
CACA TATAT
-CCACA TATAT
ACCACA TATAT
ACCACA TATAT
CCACA TATAT
CCACA TATAT
CCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
ACCACA TATAT
-----CCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
CCACA TATAT
-CCACA TATAT
-CCACA TATAT
-----CCACA TATAT

triangularia obtusiloba SRsn  ----ACCACA TATAT

typhoides NNBG
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR172
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR337
uvaria SR342
uvaria SR344
uvaria SR471
uvaria SR477
uvaria TD4477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204
K.
K. albescens SR314

K. albomontana SR149
K. angustifolia SR453
K. angustifolia SR542
K. ankaratrensis PBP5676
K. baurii SR174
K.
K
K
K
K
K
K

acreae TD4626

baurii SR202

. baurii SR275
. baurii SR285
. baurii SR360
. baurii SR382
. baurii SR398
. baurii NPB1923

----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
----ACCACA TATAT
ACCACA TATAT
----- CCACA TATAT
CCACA TATAT
CCACA TATAT
CCACA TATAT
CCACA TATAT
CCACA TATAT
CCACA TATAT
----- CCACA TATAT
----ACCACA TATAT
CCACA TATAT
CCACA TATAT
----- CCACA TATAT

ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT

ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [360]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [366]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [366]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [357]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [361]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[359]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA360]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[357]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[363]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA363]
ATAT- -GTCGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [366]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [363]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [364]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [356]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[365]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
ATATA TGTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA362]
AT--- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA [355]
ATAT- -GTGGGATAT ATCTATCTAT ATTGAATTGC GGATACATCA[361]

440 450 460 470 480]
. . . ]

TTTGA TTGAAACAAA TATGGTTCAG ACAATAGAGA TGAGATAAAMS53]
TTTGA TTGAAACAAA TATGGTTCAT ACAATAGAGA TGAAAT---- [436]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT---- [417]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [411]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [419]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [411]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [419]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGATA TGAAAT---- [418]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [420]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT---- [416]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [418]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [418]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [410]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [410]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [419]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [410]
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baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278
caulescens NPB1821
caulescens RIM974
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP5579
foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
ichopensis SR409
insignis SRsn
isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia SR558
linearifolia JPsn
linearifolia TD4638
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
northiae SR446
pauciflora HBsn
parviflora SR268
parviflora SR330
porphyantha SRsn
praecox SR529
praecox SR530
praecox SR532
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
rooperi SR528
rooperi RAL4227
rooperi TD4559
sarmentosa SR207
schemperi SR391
schimperi IMG036
splendida SR548

splendida Chapman 9061

stricta SR279

thodei SR407
thomsonii JIMG031
thomsonii AMM2647
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularia obtusiloba SRsn  ATGATA-GAA TCATT

ATGATA-GAATCATT
ATGATA-GAATCATT

ATGATA-GAATCATT

ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT

ATGATATGA- TCATT
ATGATA-GAATCATT

ATGATA-GAATCATT
ATGATA-GAA TCATT

ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT

ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT

ATGATA-GAA TCATT

ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT

ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT

ATGATA-GAATCATT

ATGATA-GAA TCATT
ATGATA-GAATCATT
ATGATA-GAA TCATT
ATGATA-GAATCATT

ATGATA-GAA TCATT

TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACTATAGAGA TAAAAT
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TGGGGTTCAT CCAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT CCAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT CCAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT CCAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT-
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT CCAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA T-AAAT----

TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT:
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA T-AAAT-
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT----
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typhoides NNBG
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR172
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR337
uvaria SR342
uvaria SR344
uvaria SR471
uvaria SR477
uvaria TD4477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204
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acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR174

baurii SR202

baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii SR398

baurii NPB1923
baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278
caulescens NPB1821
caulescens RIM974
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP5579
foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
ichopensis SR409
insignis SRsn
isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343

ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT
ATGATA-GAATCATT

ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT
ATGATA-GAA TCATT

ATGATA-GAATCATT

490
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-GAGAGAAGA TATCC
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-GAGAGAAGA TATCC
-GAGAGAAGA TATCC
-GAGAGAAGA TATCC
-GAGAGAAGA TATCC
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-GAGAGAGGA TATCC

TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT---- [419]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [418]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [418]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [419]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [411]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT: [416]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT---- [416]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT---- [417]

TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT: [416]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT: [420]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT: [416]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT- [417]

TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT: [417]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT---- [410]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TAAAAT---- [417]
TTTGA TTGAAACAAA TGGGGTTCAT ACAATAGAGA TGAAAT- [410]
TTTGA TTGAAACAAA TAGGGTTCAT ACAATAGAGA TGAAAT---- [416]
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GAAAA AGAAAATAGG AA-CATCCAC TTTTTCAATA TAGGAATCCT512]
GAAAA AGAAAATAGG AA-CATACAC TTTTTCAATA TGGGAATCAT494]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT475]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT6]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT477]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT472]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA472]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA478]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA75]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT6]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT7]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA475]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA75]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT6]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA79]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA75]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA75]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA73]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA479]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT479]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA70]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA475]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA475]



K. linearifolia SR400 -GAGAGAAGA TATCC
K. linearifolia SR558 -GAGAGAAGA TATCC
K. linearifolia JPsn -GAGAGAAGA TATCC

K. linearifolia TD4638 -GAGAGAAGA TATCC
K. littoralis SR200 -GAGAGAAGA TATCC

K. multifiora SR310 -GAGAGAAGA TATCC
K. northiae SR263 -GAGAGAAGA TATCC
K. northiae SR274 -GAGAGAAGA TATCC
K. northiae SR446 -GAGAGAAGA TATCC
K. pauciflora HBsn -GAGAGAAGA TATCC
K. parviflora SR268 -GAGAGAAGA TATCC
K. parviflora SR330 -GAGAGAAGA TATCC
K. porphyantha SRsn -GAGAGAAGA TATCC
K. praecox SR529 -GAGAGAAGA TATCC
K. praecox SR530 -GAGAGAAGA TATCC
K. praecox SR532 -GAGAGAAGA TATCC
K. rigidifolia SRsn -GAGAGAAGA TATCC

K. ritualis SR300 -GAGAGAAGA TATCC

K. rooperi SR237 -GAGAGAAGA TATCC
K. rooperi SR485 -GAGAGAAGA TATCC
K. rooperi SR528 -GAGAGAAGA TATCC
K. rooperi RAL4227 -GAGAGAAGA TATCC
K. rooperi TD4559 -GAGAGAAGA TATCC
K. sarmentosa SR207 -GAGAGAAGA TATCC
K. schemperi SR391 -GAGAGAAGA TATCC
K. schimperi JIMG036 -GAGAGAAGA TATCC
K. splendida SR548 -GAGAGAAGA TATCC
K. splendida Chapman 9061 -GAGAGAAGA TATCC
K. stricta SR279 -GAGAGAAGA TATCC

K. thodei SR407 -GAGAGAAGA TATCC
K. thomsonii JIMG031 -GAGAGAAGA TATCC
K. thomsonii AMM2647 -GAGAGAAGA TATCC
K. thomsonii CK4821 -GAGAGAAGA TATCC
K. triangularis SR264 -GAGAGAAGA TATCC
K. triangularis SR266 -GAGAGAAGA TATCC
K. triangularis SR299 -GAGAGAAGA TATCC
K. triangularia obtusiloba SRsn -GAGAGAAGA TATCC
K. typhoides NNBG -GAGAGAAGA TATCC
K. tysonii SR302 -GAGAGAAGA TATCC

K. tysonii SR303 -GAGAGAAGA TATCC

K. tysonii SR460 -GAGAGAAGA TATCC

K. umbrina RGsn -GAGAGAAGA TATCC
K. uvaria SR166 -GAGAGAAGA TATCC

K. uvaria SR186 -GAGAGAAGA TATCC

K. uvaria SR172 -GAGAGAAGA TATCC

K. uvaria SR201 -GAGAGAAGA TATCC

K. uvaria SR203 -GAGAGAAGA TATCC

K. uvaria SR211 -GAGAGAAGA TATCC

K. uvaria SR337 -GAGAGAAGA TATCC

K. uvaria SR342 -GAGAGAAGA TATCC

K. uvaria SR344 -GAGAGAAGA TATCC

K. uvaria SR471 -GAGAGAAGA TATCC

K. uvaria SR477 -GAGAGAAGA TATCC

K. uvaria TD4477 -GAGAGAAGA TATCC
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Bulbine latifolia SR61 TAT------- -, ATA
Bulbinella cauda-felis SR204 TAT------- -, ATA
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acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR174

baurii SR202

baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii SR398

baurii NPB1923
baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458

caulescens SR270 TATAATCATT ATATA
caulescens SR278 TATAATCATT ATATA
caulescens NPB1821 TATAATCATT ATATA
caulescens RIM974 TATAATCATT ATATA

citrina SR176

coddiana SRsn
corraligemma SR549
drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448
ensifolia ensifolia JBsn
fibrosa SR297

fibrosa PBP5579

TATAATCATT ATATA

GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT?2?? 2272727222797 22222222272 2222222277 [479]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA477]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA472]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA473]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA475]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA476]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA69]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA70]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT474]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT5]
GAAAA AGAAA????? 22222222272 2222222227 2222222277 [476]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT6]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA79]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT474]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT475]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA69]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA77]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATA76]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCATAT7]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCAT469]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCAT475]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA78]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]
GAAAA AGAAAAT--- -- GC-TACAC TTTTTCAATA TGGGAATCAT  [470]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCA-T? 22?2?2?2?2?2?2?2?  [474]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-AA AAGCATACAC TTTTTCAATA TGGGAATCATA475]
GAAAA AGAAAAT-AG AAGCATACAC TTTTTCAATA TGGGAATCAT468]
GAAAA AGAAAAT-GG AAGCATACAC TTTTTCAATA TGGGAATCATA74]

560 570 580 590 600]
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AA-AA ATT-CCACAG TTCCGAGATA AATGAAA-GA GGTGGGTAAAS560]
AA-AA ATT-CAACAG TTCCAAGATA AATGAA-GGA GGTGGATAAA[542]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA--A ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA [524]
AA-AA ATT-CAACAG TTCCAAGATA AAT??2?22227 2222222277 [518]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CaaCAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA [524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GG-GGGTAAA [524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAAS525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[529]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[529]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[535]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTCAA[535]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAAS25]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CACCAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
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foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
ichopensis SR409
insignis SRsn
isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia SR558
linearifolia JPsn
linearifolia TD4638
littoralis SR200

multiflora SR310

northiae SR263 TATAATCATT ATATA
northiae SR274 TATAATCATT ATATA
northiae SR446 TATAATCATT ATATA
pauciflora HBsn TAT------- --ATA
parviflora SR268 TATAATCATT ATATA
parviflora SR330 TAT-- TA
porphyantha SRsn

praecox SR529

praecox SR530

praecox SR532

rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
rooperi SR528
rooperi RAL4227
rooperi TD4559
sarmentosa SR207
schemperi SR391
schimperi IMG036
splendida SR548
splendida Chapman 9061
stricta SR279

thodei SR407
thomsonii JIMG031
thomsonii AMM2647
thomsonii CK4821 TAT--
triangularis SR264 TATAATCATT ATATA
triangularis SR266 TATAATCATT ATATA
triangularis SR299 TAT----
triangularia obtusiloba SRsn  TAT-
typhoides NNBG
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR172
uvaria SR201
uvaria SR203
uvaria SR211 TAT---
uvaria SR337 TATAATCATT ATATA
uvaria SR342 P2?????7?7?7 2777?77
uvaria SR344 TAT------- --ATA
uvaria SR471 TATAATCATT ATATA
uvaria SR477
uvaria TD4477

AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGG-AAA [525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGG-AAA [526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA ?2???2?27272??  [525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAA?[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[521]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[527]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[527]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[518]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGG???? [532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
AA-AA ATT-CAACAG TTCCAAGATA AATAAAAAAA GGTGGGTAAA526]
29777 2222227777 2222277777 2277777772 2777727272222 [539]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[522]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[534]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[529]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[530]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA519]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[531]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[523]
22222 2222222727 2222277777 22227727777 2227727272777 [536]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA527]
AA-AA ATT-CAACAT TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[527]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAAT-A GGTG????2?? [522]
AA-AA --TGCAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[521]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[531]
AAAAA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA533]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[525]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[524]
AA-AA ATT-CAACAG TTCCAAGATA AAT-AAA--A GGTGGGTAAA [523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[517]
AA-AA ATT-CAACAG TTCC-AGATA AATGAAATGA GGTGGGTAAA[522]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[526]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA--- GGTGGGTAAA [525]
2?2272 2222222222 2222222727 2222227777 2227272727277 [534]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[532]
AA-AA ATT-CAACAG TTCCAAGATA AATGAAA-GA GGTGGGTAAA[516]
AA-AA ATT-CCACAG TTCCAAGATA AATGAAATGA GGTGGGTAAA523]
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Bulbine latifolia SR61

ATTACAACT [569

Bulbinella cauda-felis SR204 ATTACAACT [551

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542

baurii SR174

baurii SR202

baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii SR398

baurii NPB1923
baurii RIM1026
bracystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278
caulescens NPB1821
caulescens RIM974
citrina SR176
coddiana SRsn
corraligemma SR549

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP5579
foliosa SR383
foliosa SR387
foloisa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis SR561
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
ichopensis SR409
insignis SRsn
isoetifolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia SR558
linearifolia JPsn
linearifolia TD4638
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
northiae SR446
pauciflora HBsn
parviflora SR268
parviflora SR330
porphyantha SRsn
praecox SR529
praecox SR530
praecox SR532
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
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ankaratrensis PBP5676

drepanophylla RAL4816
drepanophylla RIM1100
ensifolia autumnalis SR448  ATTACAACT [526

ATTACAACT [541
ATTACAACT [526
ATTACAACT [533
????2?27277? [527
ATTACAACT [534
AtTACAACT [533
ATTACAACT [535
ATTACAACT [532
ATTACAACT [533
ATTACAACT [533
ATTACAACT [525
ATTACAACT [525
ATTACAACT [533
ATTACAACT [525
ATTACAACT [532
ATTACA??? [534
ATTACAACT [526
ATTACAACT [532
ATTACAACT [534
ATTACAACT [534
ATTACAACT [534
ATTACAACT [538
ATTACAACT [538
ATTACAACT [544
ATTACAACT [544
ATTACAACT [534
ATTACAACT [532
ATTACAACT [533
ATTACAACT [532
ATTACAACT [534

ATTACAACT [526
ATTACAACT [534
ATTACAACT [541
ATTACAACT [532
ATTAC???? [532
ATTACAACT [534
ATTACAACT [534
ATTACAACT [533
ATTACAACT [533
ATTACAACT [525
ATTACAACT [534
ATTACAACT [534
ATTACAACT [534
ATTACAACT [532
ATTACAACT [535
ATTACAACT [534
ATTACAACT [534
ATTACAACT [535
ATTACAACT [532
ATTACAACT [532
ATTACAACT [534
ATTACAACT [534
ATTACAACT [533
ATTACAACT [533
ATTACAACT [530
ATTACAACT [534
ATTACAACT [536
ATTACAACT [536
ATTACAACT [526
ATTACAACT [533
ATTACAACT [527
ATTACAACT [541
ATTACAACT [533
ATTACAACT [533
ATTACAACT [535
ATTACAACT [526
ATTACAACT [532
ATTACAACT [532
ATTACAACT [535
ATTACAACT [531
ATTACAACT [533
ATTACAACT [526
ATTACAACT [543
ATTACAACT [538
ATTACAACT [539
ATTACAACT [534
ATTACAACT [541
ATTACAACT [533
ATTACAACT [526
ATTACAACT [528
ATTACAACT [532
ATTACAACT [532
ATTACAACT [526
ATTACAACT [534
ATTACAACT [540
ATTACAACT [525
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rooperi SR528 ATTACAACT [532
rooperi RAL4227 ATTACAACT [532
rooperi TD4559 ???272772?? [545
sarmentosa SR207 ATTACAACT [536
schemperi SR391 ATTACAACT [533
schimperi JIMG036 ATTACAACT [533

splendida SR548 AT??2??2??? [533
splendida Chapman 9061 ATTACAACT [533
stricta SR279 ATTACAACT [536
thodei SR407 ATTACAACT [535
thomsonii IMG031 ATTACAACT [534

thomsonii AMM2647 ???2??2???? [531
thomsonii CK4821 ATTACAACT [530
triangularis SR264 ATTACAACT [540
triangularis SR266 ATTACAACT [542
triangularis SR299 ATTACAACT [534
triangularia obtusiloba SRsn  ATTACAACT [526
typhoides NNBG ATTACAACT [535

tysonii SR302 ATTACAACT [533
tysonii SR303 ATTACAACT [533
tysonii SR460 ATTACAACT [532
umbrina RGsn ATTACAACT [526
uvaria SR166 ATTACAACT [531
uvaria SR186 ATTACAACT [532
uvaria SR172 ATTACAACT [541
uvaria SR201 ATTA????? [532
uvaria SR203 ??2?2?2?2??? [5635
uvaria SR211 ATTACAACT [532
uvaria SR337 ATTACAACT [534
uvaria SR342 ??2?2?272??? [543
uvaria SR344 ATTACAACT [525
uvaria SR471 ATTACAACT [541
uvaria SR477 ATTACAACT [525
uvaria TD4477 ATTACAACT [532
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Appendix 5: Final sequence alignments of thi&nL intron with additional out-groups

from Genbank

[ 10

[ .

Bulbine latifolia SR61 GATTGGATTG AGC
Bulbine semibarbata AJ290259 ??7?2?GGATTG AGA
Bulbine succulenta AJ290260 GATTGGATTG AGC
Bulbine weisei AJ290261 ?2???GGATTG AGC
Bulbinella cuada-felis SR204 GATTGGATTG AGC
Bulbinella cauda-felis AJ290262 ~ GAT?GGATTG AGC
acreae TD4626 GATTGGATTG -GC
albescens SR314 GATTGGAGTG AGC
baurii SR285 GATTGGATTG AGC
breviflora SR452 GATTGGATTG AGC
bruceae SR171 GGTTGGATTG AGC
caulescens SR278 GATTGGATTG AGC
corraligemma SR549 GATTGGATTG AGC
foliosa IMG034 AATTGGATTG AGC
insignis SRsn AATTGGATTG AGC
isoetifolia SR388 AATTGGATTG AGC
laxiflora SR467 GATTGGATTG AGC
laxiflora SR468 GATTGGATTG AGC
linearifolia SR311 GATTGGATTG AGC
multifiora SR310 GATTGGATTG AGC
northiae SR446 GATTGGATTG AGC
parviflora SR268 GATTGGATTG AGC
parviflora SR330 GATTGGATTG AGC
ritualis SR300 GATTGGATTG AGC
schimperi JIMG036 AATTGGATTG AGC
stricta SR279 GATTGGATTG AGC
thomsonii IMG031 AATTGGATTG AGC
triangularis SR299 GATTGGATTG AGC
typhoides NNBG GATTGTATTG AGC

ARARARAAARARARRARARARRARARRRARARRRARARRR

tysonii SR302 GATTGGATTG GGC
umbrina RGsn GATTGGATTG AGC
uvaria SR186 GATTGGATTG AGC
uvaria SR211 GATTGGATTG AGC

70

Bulbine latifolia SR61 CCTGGAACTA AAA
Bulbine semibarbata AJ290259 CCTGGAACTA AAA
Bulbine succulenta AJ290260 CCTGGAACTA AAA
Bulbine weisei AJ290261 CCTGGAACTA AAA
Bulbinella cuada-felis SR204 CCTGGAACTA AAA
Bulbinella cauda-felis AJ290262 ~ CCTGGAACTA AAA

K. acreae TD4626 CCTGGAACTA AAA
K. albescens SR314 CCTGGAACTA AAA
K. baurii SR285 CCTGGAACTA AAA

K. breviflora SR452 CCTGGAACTA AAA
K. bruceae SR171 CCTGGAACTA AAA
K. caulescens SR278 CCTGGAACTA AAA
K. corraligemma SR549 CCTGGAACTA AAA
K. foliosa IMG034 CCTGGAACTA AAA
K. insignis SRsn CCTGGAACTA AAA

K. isoetifolia SR388 CCTGGAACTA AAA
K. laxiflora SR467 CCTGGAACTA AAA

K. laxiflora SR468 CCTGGAACTA AAA

K. linearifolia SR311 CCTGGAACTA AAA
K. multifiora SR310 CCTGGAACTA AAA
K. northiae SR446 CCTGGAACTA AAA
K. parviflora SR268 CCTGGAACTA AAA
K. parviflora SR330 CCTGGAACTA AAA
K. ritualis SR300 CCTGGAACTA AAA

K. schimperi JIMG036 CCTGGAACTA AAA
K. stricta SR279 CCTGGAACTA AAA

K. thomsonii IMG031 CCTGGAACTA AAA
K. triangularis SR299 CCTGGAACTA AAA
K. typhoides NNBG CCTGGAACTA AAA
K. tysonii SR302 CCTGGAACTA AAA

K. umbrina RGsn CCTGGAACTA AAA
K. uvaria SR186 CCTGGAACTA AAA

K. uvaria SR211 CCTGGAACTA AAA

[ 130

Bulbine latifolia SR61 TTAATGGGAC AAG
Bulbine semibarbata AJ290259 TTAATGGGAC AAT
Bulbine succulenta AJ290260 TTAATGGGAC AAG
Bulbine weisei AJ290261 TTAATG---- -AG
Bulbinella cuada-felis SR204 TTAATCGGAC AAG
Bulbinella cauda-felis AJ290262 ~ TTAATCGGAC AAG
K. acreae TD4626 TTAATCGGAC AAG

K. albescens SR314 TTAATCGGAC AAG

K. baurii SR285 TTAATCGAAC AAG

K. breviflora SR452 TTAATCGGAC AAG

K. bruceae SR171 TTAATCGAAC AAG

20 30 40 50 60]

. . . . . 1
CTTATTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAABT
ATTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAARW}
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGAT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGAT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGMT
-TTAGTA TGGAA-CCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAAES]
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAZI]
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAA-T TCAGAGAAAQ]
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIL
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGAT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTATTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAABT
CTTAGTA TGGAAACCTG CTCAGTGGTA ACTTCCAAAT TCAGAGALGUT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGAT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGI}
CTTAATA TGGAAACCTG CTAAGTGGTA ACTTCCAA-T TCAGAGAAREG]
CTTAGTA TGGAAACCTG CTAAGTAGTA ACTTCCAAAT TCAGAGAAS[@
CTTATTA TGGAA-CCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAASO]
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTAGTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAAGIT
CTTATTA TGGAAACCTG CTAAGTGGTA ACTTCCAAAT TCAGAGAABT

80 90 100 110 120]
. . . S ]

ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT--AAG AAAAAA-TGA117]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT---AG AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT-AG AAAAAA-TGAL18]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT----AG AAAAAA-TAA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTT-—--AG AAAAAA-TGA [114]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTT-----AG AAAAAA-TGA [112]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [114]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT-----G AAAAAA-TGA [113]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAAATGA117]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT-----G AAAAAA-TGA [114]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--G AAAAAAATGAL18]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--C AAAAAAATGAL18]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--C AAAAAAATGAL18]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT-----G AAAAAA-TGA [114]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--C AAAAAAATGAL18]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTT----G AAAAAA-TGA [115]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--C AAAAAAATGALL7]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--G AAAAAA-TGA117]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT-----G AAAAAA-TGA [113]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTT----G AAAAAA-TGA [114]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTT---G AAAAAA-TGA[116]
ATGGGCA ATCCTGAGCC AAATCTTTTT TTTTTTT--G AAAAAA-TGA117]

140 150 160 170 180]
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AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARG#H
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
AATAAAA AAGGATAGGT GCAGAGACTC AACGGAAGCT GTTCTAACEA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGAH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARG3
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGAH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
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caulescens SR278
corraligemma SR549
foliosa IMG034
insignis SRsn
isoetifolia SR388
laxiflora SR467
laxiflora SR468
linearifolia SR311
multifiora SR310
northiae SR446
parviflora SR268
parviflora SR330
ritualis SR300
schimperi IMG036
stricta SR279
thomsonii JIMG031
triangularis SR299
typhoides NNBG
tysonii SR302
umbrina RGsn
uvaria SR186
uvaria SR211

Bulbine latifolia SR61

Bulbine semibarbata AJ290259
Bulbine succulenta AJ290260
Bulbine weisei AJ290261
Bulbinella cuada-felis SR204
Bulbinella cauda-felis AJ290262

[
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acreae TD4626
albescens SR314
baurii SR285
breviflora SR452
bruceae SR171
caulescens SR278
corraligemma SR549
foliosa IMG034
insignis SRsn
isoetifolia SR388
laxiflora SR467
laxiflora SR468
linearifolia SR311
multifiora SR310
northiae SR446
parviflora SR268
parviflora SR330
ritualis SR300
schimperi IMG036
stricta SR279
thomsonii JIMG031
triangularis SR299
typhoides NNBG
tysonii SR302
umbrina RGsn
uvaria SR186
uvaria SR211

Bulbine latifolia SR61

Bulbine semibarbata AJ290259
Bulbine succulenta AJ290260
Bulbine weisei AJ290261
Bulbinella cuada-felis SR204
Bulbinella cauda-felis AJ290262
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acreae TD4626
albescens SR314
baurii SR285
breviflora SR452
bruceae SR171
caulescens SR278
corraligemma SR549
foliosa IMG034
insignis SRsn
isoetifolia SR388
laxiflora SR467
laxiflora SR468
linearifolia SR311
multifiora SR310
northiae SR446
parviflora SR268
parviflora SR330
ritualis SR300
schimperi IMG036
stricta SR279
thomsonii IMG031
triangularis SR299
typhoides NNBG
tysonii SR302
umbrina RGsn

TTAATCGGAC AAG

TTAATAGGAC AAG

TTAATTGGAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG
TTAATCGAAC AAG
TTAATCGAAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG
TTAATCGAAC AAG
TTAATCGAAC AAG
TTAATTGGAC AAG
TTAATCGAAC AAG
TTAATCGGAC AAG
TTAATCGAAC AAG
TTAATCGGAC AAG
TTAATCGAAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG
TTAATCGGAC AAG

190

ATGGAGTTGA TTA

ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA

ATGGAGTTGA TTA

ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
AGGGAGTTGA TTA
AGGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA

250

ATAACCTCTA TAT

ATAACCTCTA TAT

ATGACCTGTA TAT
ATGACCTGTA TAT

ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT

ATGACCCATA TAT

ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT
ATGACCCATA TAT

ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA
ATGGAGTTGA TTA

ATAACCTCTA TAT
ATAACCTCTA TAT

AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAAQGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGSH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGS
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGSH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGAH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARG3
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGSH
AATAAAA AAGGATAGGT GCAGAGACTC AATGGAAGCT GTTCTAARGA

200 210 220 230 240]

CGTTGCG TTGGTAGCAG GGGAATCCTT CTTTCGAAA-
CGTTGCG TTGGTAGCAG GGGAATCTTT CTTTCGAAA-
CGTTGCG TTGGTAGCAG AGGAATTCTT CTTTCGAAA- -----AAGGG[232]
CGTTGCG TTGGTAGCAG GGGAATCCTT CTTTCGAAA- ----- AAAG224]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE2]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE0]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG32]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE1]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCAAAAT TAAAGAAAGESS]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE2]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE36]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE3]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG33]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGX36]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGX36]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE2]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG33]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGEE3]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG33]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGZ36]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAGE33]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG33]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCAAAAT TAAAGAAAGZ34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG35]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG35]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG31]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG32]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAGE34]
CGTTGCG TTGGTAGCTG G--AATCCTT CTTTCGAAAT TAAAGAAAG35]

260 270 280 290 300]
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TTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCCCGRA1]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA0]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRS2]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRS4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA2]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA0]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA2]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA1]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR85]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRS2]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA6]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRS4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA6]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA6]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA2]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA6]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA3]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGR85]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA5]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGAA1]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRA2]
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K. uvaria SR186 ATGACCCATA TAT
K. uvaria SR211 ATGACCCATA TAT
[ 310

[

Bulbine latifolia SR61 CCGAATACAT TAT

Bulbine semibarbata AJ290259 CCGAATATAT TAT

Bulbine succulenta AJ290260 CCGAATACAT TAT
Bulbine weisei AJ290261 CCGAATACAT TAT
Bulbinella cuada-felis SR204 CCAAATACAT TAT

Bulbinella cauda-felis AJ290262 ~ CTAAATACAT TAT

K. acreae TD4626 CCGAATACAT TAT
K. albescens SR314 CCGAATACAT TAT
K. baurii SR285 CCGAATACAT TAT

K. breviflora SR452 CCGAATACAT TAT
K. bruceae SR171 CCGAATACAT TAT
K. caulescens SR278 CCGAATACAT TAT
K. corraligemma SR549 CCGAATACAT TAT
K. foliosa IMG034 CCGAATACAT TAT
K. insignis SRsn CCGAATACAT TAT

K. isoetifolia SR388 CCGAATACAT TAT
K. laxiflora SR467 CCGAATACAT TAT

K. laxiflora SR468 CCGAATACAT TAT

K. linearifolia SR311 CCGAATACAT TAT
K. multiflora SR310 CCGAATACAT TAT
K. northiae SR446 CCGAATACAT TAT
K. parviflora SR268 CCGAATACAT TAT
K. parviflora SR330 CCGAATACAT TAT
K. ritualis SR300 CCGAATACAT TAT

K. schimperi JIMG036 CCGAATACAT TAT
K. stricta SR279 CCGAATACAT TAT

K. thomsonii JIMG031 CCGAATACAT TAT
K. triangularis SR299 CCGAATACAT TAT
K. typhoides NNBG CCGAATACAT TAT
K. tysonii SR302 CCGAATACAT TAT

K. umbrina RGsn CCGAATACAT TAT
K. uvaria SR186 CCGAATACAT TAT

K. uvaria SR211 CCGAATACAT TAT

[ 370

[

Bulbine latifolia SR61 GGGATCTATT CCA

Bulbine semibarbata AJ290259 TGGATCTATT CCA
Bulbine succulenta AJ290260 TGGATCTATT CCA

Bulbine weisei AJ290261
Bulbinella cuada-felis SR204

TGGATCTATT CCA
TGAATTTATT CCA

Bulbinella cauda-felis AJ290262 ~ TGGATTTATT CCA

[
[

Bulbine latifolia SR61

K. acreae TD4626 TGGATCTATT CCA
K. albescens SR314 TGGATCTATT CCA
K. baurii SR285 TGGATCTATT CCA

K. breviflora SR452 TGGATCTATT CCA
K. bruceae SR171 TGGATCTATT CCA
K. caulescens SR278 TGGATCTATT CCA
K. corraligemma SR549 TGGATCTATT CCA
K. foliosa IMG034 TGGATCTATT CCA
K. insignis SRsn TGGATCTATT CCA

K. isoetifolia SR388 TGGATCTATT CCA
K. laxiflora SR467 GGGATCTATT CCA
K. laxiflora SR468 GGGATCTATT CCA
K. linearifolia SR311 GGGATCTATT CCA
K. multifiora SR310 TGGATCTATT CCA
K. northiae SR446 TGGATCTATT CCA
K. parviflora SR268 TGGATCTATT CCA
K. parviflora SR330 TGGATCTATT CCA
K.ritualis SR300 ~ -meeemeeem -

K. schimperi JIMG036 TGGATCTATT CCA
K. stricta SR279 TGGATCTATT CCA

K. thomsonii JIMG031 TGGATCTATT CCA
K. triangularis SR299 TGGATCTATT CCA
K. typhoides NNBG TGGATCTATT CCA
K. tysonii SR302 TGGATCTATT CCA

K. umbrina RGsn TGGATCTATT CCA
K. uvaria SR186 TGGATCTATT CCA
K. uvaria SR211 TGGATCTATT CCA

430

TCC-—---AT AGT

Bulbine semibarbata AJ290259 TCCAGACCAG AGT
Bulbine succulenta AJ290260 TCC-----AG AGT
Bulbine weisei AJ290261
Bulbinella cuada-felis SR204
Bulbinella cauda-felis AJ290262
K. acreae TD4626
K. albescens SR314
K. baurii SR285

K. breviflora SR452

TCC----AG AGT
K. bruceae SR171 TCC-—---AG AGT

CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGRS4]
CTAATAC ATACGTATAC ATACTGACAT AGCAAACGAT TAATCACGAR85]

320 330 340 350 360]
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GTATA TGCAAAATTC AAAGTTATTG [333]

ATATATA TAT- --- -GCAAAATTC AGAGTTATTG [332]
ATATATA TAT- GTATA TGCAAAATTC AGAGTTATTG [340]
ATAT- GTATA TGCAAAATTC AGAGTTATTG [326]
ATAT- GTATA TGCAAAATTC AGAGTTATTG [334]

---GTATA TGCAAAATTC AGAGTTATTG [332]

ATATATA TATATATATA TAT--GTATA TGCAAAATTC AGAGTTATTG[350]

ATATATA TATATATAT- GTATA TGCAAAATTC AAAGTTATTG  [345]
ATATATA TATATATA -TATA TGCAAAATTC AAAGTTATTG [347]
ATATATA TATATAT TATA TGCAAAATTC AAAGTTATTG [344]
ATATATA TA: TATA TGCAAAATTC AAAGTTATTG [342]
ATATATA TATATATATA T----GTATA TGCAAAATTC AGAGTTATTG [350]
ATATATA TATAT- --GTATA TGCAAAATTC AGAATTATTG [344]
ATATATA TATAT- GTATA TGCAAAATTC AGAATTATTG [343]
ATATATA TATAT- --GTATA TGCAAAATTC AGAATTATTG [343]
ATATATA TATATAT--- ----- GTATA TGCAAAATTC AGAATTATTG [346]
ATATATA TATATATATA T----GTATA TGCAAAATTC AAAGTTATTG [352]
ATATATA TATATATATA T----GTATA TGCAAAATTC AAAGTTATTG [352]
ATATATA TATATAT -GTATA TGCAAAATTC AAAGTTATTG [344]
ATATATA TATAT- GTATA TGCAAAATTC AAAGTTATTG [343]
ATATATA TATATAT--- -----GTATA TGCAAAATTC AGAGTTATTG [345]
ATATATA TATATATATA TATATGTATA TGCAAAATTC AGAGTTATTE53]
ATATATA TATATAT--- ----- GTATA TGCAAAATTC AAAGTTATTG [348]
ATATATA TATATATATA - [323]
ATATATA TATAT---- GTATA TGCAAAATTC AGAATTATTG [343]
ATATATA TATATA---- ------TATA TGCAAAATTC AAAGTTATTG [344]
ATATATA TATATAT--- ----- GTATA TGCAAAATTC AGAATTATTG [346]
ATATATA TATATATATA T----GTATA TGCAAAATTC AAAGTTATTG [351]
ATATATA TAT------- ----- GTATA TGCAAAATTC AGAATTATTG [343]
ATATATA TATATATA-- ----GTATA TGCAAAATTC AAAGTTATTG  [344]

ATATATA TATATATATA TATATGTATA TGCAAAATTC AAAGTTATT(352]

ATATATA TATAT----- -----GTATA TGCAAAATTC AGAATTATTG [344]
ATATATA TATATAT--- -----GTATA TGCAAAATTC AGAATTATTG [347]

380 390 400 410 420]
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ATCGAGG TTGAAGGAAG AATCGAATAT TCGAATATTC AGTCACT(398B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCC TATCACT(39P]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCC TATCACTRAD]
ATCAAGG TTGAAGGAAG AATCGAATAT TCAGTGATCC TATCACT(386]
ATCGAGG TTGAAGTAAA AATGGAATAT TCAGTGATCA AATCACTTBJ4]
ATCGAGG TTGAAGGAAA AATGGAATAT TCAGTGATCA AATCACTT262]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAD]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACT@B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAT]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRIWE]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACT@P]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAD]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRISE]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTT40B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTTA0B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTTA0B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAP]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAP]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTGH]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRB]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACT@B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTGAE]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRB]
---------------------------------------------- T [324]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTT40B]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTQISE]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTT406]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAT]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTGHEB]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTGWH]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAP]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTGE]
ATCGAGG TTGAAGGAAG AATCGAATAT TCAGTGATCA AATCACTRAT]

440 450 460 470 480]
. : : 1

TTGATAG GCCTTTTTTT TTT---AA-- ---CTGATTA ATCGGACGAG  [440]
TTGATAG GCCTTTTTTT TT----AA-- ---CTGATTA ATCGGACGAG  [443]
TTGATAG GCCTTTTTTT TTT---AA-- --CTGATTA ATCGGACGAG  [447]
TTGATAG GACTTTTTTT TTTTT-AA-- ---CTGATTA ATTGGACGAG  [435]
TTGATAG GCCTTTTTTT TT---GAAAA A--CTGATTA ATCGGACGAG [444]
TTGATAG GCCTTTTTTT TTT--GAAAA A--CTGATTA ATCGTACGAG [443]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [460]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAG [456]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAG [458]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACAAA [455]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAG [453]

344
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caulescens SR278
corraligemma SR549
foliosa IMG034
insignis SRsn
isoetifolia SR388
laxiflora SR467
laxiflora SR468
linearifolia SR311
multiflora SR310
northiae SR446
parviflora SR268
parviflora SR330
ritualis SR300
schimperi IMG036
stricta SR279
thomsonii JIMG031
triangularis SR299
typhoides NNBG
tysonii SR302
umbrina RGsn

TCC-----AG AGT
TCC-----AG AGT
TCC----AG AGT

uvaria SR186
uvaria SR211
[ 490
[
Bulbine latifolia SR61 AATAAAGAGA GAG

Bulbine semibarbata AJ290259 AATAAAGAGA GAG
Bulbine succulenta AJ290260 AATAAAGAGA GAG
Bulbine weisei AJ290261 AATAAAGAGA GAG
Bulbinella cuada-felis SR204 AATAAAGAGA GAG

Bulbinella cauda-felis AJ290262 ~ AATAAAGAGA GAG

[

Bulbine latifolia SR61
Bulbine semibarbata AJ290259
Bulbine succulenta AJ290260
Bulbine weisei AJ290261
Bulbinella cuada-felis SR204
Bulbinella cauda-felis AJ290262

ARARARARARARRARRARARRARARRARARRARRARRARAR

ARARARRARARARARARARRARARRARRRARARRARRR

acreae TD4626 AATAAAGAGA GAG
albescens SR314 AATAAAGAGA GAG
baurii SR285 AATAAAGAGA GAG
breviflora SR452 AATAAAGAGA GAG
bruceae SR171 AATAAAGAGA GAG
caulescens SR278 AATAAAGAGA GAG
corraligemma SR549 AATAAAGAGA GAG
foliosa IMG034 AATAAAGAGA GAG
insignis SRsn AATAAAGAGA GAG
isoetifolia SR388 AATAAAGAGA GAG
laxiflora SR467 AATAAAGAGA GAG
laxiflora SR468 AATAAAGAGA GAG
linearifolia SR311 AATAAAGAGA GAG
multiflora SR310 AATAAAGAGA GAG
northiae SR446 AATAAAGAGA GAG
parviflora SR268 AATAAAGAGA GAG
parviflora SR330 AATAAAGAGA GAG
ritualis SR300 AATAAAGAGA GAG
schimperi JIMG036 AATAAAGAGA GAG
stricta SR279 AATAAAGAGA GAG
thomsonii IMG031 AATAAAGAGA GAG
triangularis SR299 AATAAAGAGA GAG
typhoides NNBG AATAAAGAGA GAG

tysonii SR302
umbrina RGsn
uvaria SR186
uvaria SR211

AATAAAGAGA GAG
AATAAAGAGA GAG
AATAAAGAGA GAG

AATAAAGAGA GAG

550

GGAAAATCCG CCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG

acreae TD4626 GGAAAATCC? ???
albescens SR314 GGAAAA???? ?2??
baurii SR285 GGAAAATCCG TCG

breviflora SR452
bruceae SR171
caulescens SR278
corraligemma SR549
foliosa IMG034
insignis SRsn
isoetifolia SR388
laxiflora SR467
laxiflora SR468
linearifolia SR311
multiflora SR310
northiae SR446
parviflora SR268
parviflora SR330
ritualis SR300
schimperi IMG036
stricta SR279
thomsonii JIMG031
triangularis SR299
typhoides NNBG
tysonii SR302
umbrina RGsn

GGAAAACCCG TCA
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG

GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCA
GGAAAATCCG CCG
GGAAAATCCC CCG
GGAAAATCCC TCG

GGAAAATCCG TCG
GGAAAATCCG TCG
????°°2?2?7? 272
GGAAAATCCC TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCG
GGAAAATCCG TCC

TTGATAG ACCTTTTTTT T----GAAAA AA--TGATTA ATCGGACGAG [459]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [454]
TTGATAATCCTTTTTTT ----- GAAAA AA--TGATTA ATCGGACGAG  [451]
TTGATAA TCCTTTTTTT -----GAAAA AA--TGATTA ATCGGACGAG  [451]
TTGATAA TCCTTTTTTT -----GAAAA AA--TGATTA ATCGGACGAA  [454]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAA [463]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAA [463]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAA [455]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [453]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAG [456]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA TTCGGACGAG [463]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [458]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA ATCGGACGAG [375]
TTGATAATCCTTTTTTT - GAAAA AA--TGATTA ATCGGACGAG  [451]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [454]
TTGATAATCCTTTTTTT - GAAAA AA--TGATTA ATCGGACGAG  [454]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACAAG [461]
TTGATAG ACCTTTTTTT TTT--GAAAA AAA-TGATTA ATCGGACGAG455]
TTGATAG ACCTTTTTTT TT---GAAAA AA--TGATTA ATCGGACGAG [454]
TTGATAG ACCTTTTTTT TTT--GAAAA AA--TGATTA TTCGGACGAG [463]
TTGATAG ACCTTTTTTT T----GAAAA AA--TGATTA ATCGGACGAG [453]
TTG---- - CTTTTTTT T----GAAAA AA--TGATTA ATCGTACGAG [450]

500 510 520 530 540]
. . . 1

TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAO]
TCCCATT CTACATGTCA ATACCGACAA CAAGGAAATT TATAGTAABA3]
TCCCATT CTACATGTCA ATACCGACAA CAAGGAAATT TATAGTAABAT]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(ZA5]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(GBA4]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(GA3]
TCCCATT CTACATGTCA ATACCGACAG CAATGAAATT TATAGTAA[B20]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAA-T TATAGTAAG#L5]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAS]
TCCCTTT CTACATGTCA ATACCGACAA CAATGAATTT TATAGTAAGAS5]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BA3]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BA9]
TCCCATT CAACATGTCA ATACCGACAA CAATGAAATT TATAGTAA[SA4]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BA1]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAL]
TCCCATT CTACATGTCA ATACCGACAA CAATGAATTT TATAGTAA(A4]
TCCCTTT CTACGTGTCA ATACCGACAA CAATGAATTT TATAGTAA(GA3]
TCCCTTT CTACGTGTCA ATACCGACAA CAATGAATTT TATAGTAA(BA3]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAS]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGGAABA3]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAG]
TCCCTTT CTACATGTCA ATACCGACAG CAATGAAATT TATAGTAA[BA3]
TCCCATT CTACA????? 2222272227 22272222777 2227272727777 [518]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(ZR5]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAL]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(GA4]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(GA4]
TCCCTTT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAAGR1]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAS]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(GA4]
TCCCTTT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAABR3]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BA3]
TCCCATT CTACATGTCA ATACCGACAA CAATGAAATT TATAGTAA(BAO]

560  570]
. .1

ACTTT-A AAAATCGGGA G [530]
ACTTT-A GAAATCGTGA ? [533]
ACTTT-A GAAATCGTGA ? [537]
ACTTT-A GAAATCGTGA G [525]
ACTTTTA GAAATCGTGA G [535]
ACTTT-A GAAATCGTGA ? [533]

22 [546]
ACT’ [549]

ACTTT-A AAAATCGGGA G [545]
ACTTT-A GAAATCGTGA G [543]
ACTTT-A GAAATCGTGA G [549]
ACTTT-A GAAATCGAGA G [544]
ACTTT-A GAAATCGTGA G [541]
ACTTT-A AAAATCGGGA G [544]
ACTTT-A AAAATCGGGA G [553]
ACTTT-A AAAATCGGGA G [553]
ACTTT-A AAAATCGGGA G [545]
ACTTT-A AAAATCGGGA G [546]
ACTTT-A AAAATCGTGA G [553]
ACTTT-A GAAATCGGGA G [465]
ACTTT-A GAAATCGTGA G [541]
ACTTT-A GAAATCGTGA G [544]
ACTTT-A AAAATCGGGA G [551]
ACTTT-A AAAATCGGGA G [545]
ACTTT-A GAAATCGGGA G [544]
ACTTT-A AAAATCGGGA G [553]

34

C



K. uvaria SR186 GGAAAATCCG TCG ACTTT-A AAAATCGTGA G [543]
K. uvaria SR211 GGAAAATCCG TCG ACTTT-A GAAATCGTGA G [540]

34¢



Appendix 6: Final sequence alignments of thETS region

[
[

Bulbine latifolia SR61

10

TATCATTTAG AGGAA

Bulbinella cauda-felis SR204 2?2?7772 22777

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

ensifolia ensifolia JBsn

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii IMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
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drepanophylla RAL4816

TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
2?2?29?7°°2? 272?772
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA

ensifolia autumnalis SR448  TATCATTTAG AGGAA

TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA

20 30 40 50 60]
. . . . 1

GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
2?2222 2222222777 2222227777 22227727777 2227727277277 [60]
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
????? 222??727777 2222792777 2222000277 20027277777 [60]
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGACCCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
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triangularis SR299

triangularis obtusiloba SRsn  TATCATTTAG AGGAA

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

AR R AR R R R R R R AR R R AR R R R R R AR R R R R R R R R AR R R R R R AR R R R AR R R AR R AR AR R A R R A AR R AR R AR AR R AR ARARARARRARARRARARARAR

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549
drepanophylla RAL4816
ensifolia ensifolia JBsn

ensifolia autumnalis SR448

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485

TATCATTTAG AGGAA

TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA
TATCATTTAG AGGAA

70

CATTGTCGAG ACCCG
?0°222°°?? 22777
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT

CATTGTCGTA ACTAT

CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGCCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
2?2?29?7°°2? 22?772
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT

CATTGTCGTA ACTAT

CATTGTCGTA ACTAT

CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGCCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT
CATTGTCGTA ACTAT

CATTGTCGTA ACTAT

GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT
GGAGA AGTCGTAACA AGGTTTCCGT AGGTGAACCT GCGGAAGEAT

80 90 100 110 120]
. 1

AAA-G GACGACCGCG AACCGTTGAT CTCTTTCTAA CGGGCGCCa®]
292272 2222222277 2222277777 2222727272777 CGGGGGCA-- [118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACTAGTGAG CTCTCTC-AA AACTGGCG(QI118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]

AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA CACTGGCGasg]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA CACTGGCGQasg]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(QI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA AACCGGCG{1asg]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(QI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCGGTGAG CTCTCTC-AA TACTGGCGasg]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
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sarmentosa SR207 CATTGTCGTA ACTAT
schemperi SR391 CATTGTCGTA ACTAT
schemperi JMG036 CATTGTCGTA ACTAT
splendida SR548 CATTGTCGTA ACTAT
stricta SR279 CATTGTCGTA ACTAT
thodei SR407 CATTGTCGTA ACTAT
thomsonii IMG031 CATTGTCGTA ACTAT
thomsonii AMM CATTGTCGTA ACTAT
thomsonii CK4821 CATTGTCGTA ACTAT
triangularis SR264 CATTGTCGTA ACTAT
triangularis SR266 CATTGTCGTA ACTAT
triangularis SR299 CATTGTCGTA ACTAT
triangularis obtusiloba SRsn  CATTGTCGTA ACTAT
typhoides JB8084 CATTGTCGTA ACTAT
typhoides NNBG CATTGTCGTA ACTAT
tysonii SR302 CATTGTCGTA ACTAT
tysonii SR303 CATTGTCGTA ACTAT
umbrina RGsn CATTGTCGTA ACTAT
uvaria SR186 CATTGTCGTA ACTAT
uvaria SR201 CATTGTCGTA ACTAT
uvaria SR203 CATTGTCGTA ACTAT
uvaria SR211 CATTGTCGTA ACTAT
uvaria SR342 CATTGTCGTA ACTAT
uvaria SR344 CATTGTCGTA ACTAT
uvaria SR477 CATTGTCGTA ACTAT
130
ulbine latifolia SR61 TGCCTAGCTC CGACG

ulbinella cauda-felis SR204
acreae TD4626

. albescens SR314

. albomontana SR149

. angustifolia SR453

. angustifolia SR542

. ankaratrensis PBP5676

T-----GCTC CGGCG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

T-CCGGGCGC CGACG

. baurii SR275 T-CCGGGCGC CGACG
. baurii SR285 T-CCGGGCGC CGACG
. baurii SR360 T-CCGGGCGC CGACG
. baurii SR382 T-CCGGGCGC CGACG

. baurii NPB1923

. brachystachya SRsn
. brevifolia SR452

. bruceae SR171

. buchananii SR307

. caulescens SR270

. caulescens SR278

. caulescens NPB1821
. citrina SR176

. coddiana SRsn

. corraligemma SR549
. drepanophylla RAL4816
. ensifolia ensifolia JBsn T-CCGGGCGC CGACG
. ensifolia autumnalis SR448  T-CCGGGCGC CGACG
. fibrosa SR297 T-CCGGGCGC CGACG

. fluvitalis SRsn T-CCGGGCGC CGACG

. foliosa SR383 T-CCGGGCGC CGACG

. foliosa SR387 T-CCGGGCGC CGACG

. foliosa SR389 T-CCGGGCGC CGACG

. foliosa SR390 T-CCGGGCGC CGACG

. foliosa IMG034 T-CCGGGCGC CGACG
foliosa JIMG038 T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-CCGGGCGC CTACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

. galpinii SR312 T-CCGGGCGC CGACG
. gracilis SR321 T-CCGGGCGC CGACG
. gracilis NNBG T-CCGGGCGC CGACG
. grantii CP4154 T-CCGGGCGC CGACG
. hirsuta SR282 T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-ACGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

. ichopensis SR242
. ichopensis SR286
. ichopensis SR289
. insignis SRsn

. isoetofolia SR386
. isoetifolia SR388

. isoetifolia SR393

. latifolia RSSsn

. laxiflora SR283 T-CCGGGCGC CGACG
. laxifolia SR295 T-CCGGGCGC CGACG
. laxiflora SR467 T-CCGGGCGC CGACG
. laxiflora SR468 T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

. laxifloraC SRsn

. laxiflora NPB1810
. leucocephala NNBG
. linearifolia SR170
. linearifolia SR269
. linearifolia SR290
. linearifolia SR291
. linearifolia SR311
. linearifolia SR313
. linearifolia SR328
. linearifolia SR343
. littoralis SR200

. multifiora SR310

. multifiora SR315

AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA AACTGGCGHA8]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA CACTGGCGasg]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTA-AA AAATGGCG(118]
AAACG GACGA-CGCG AACAAGTGAG CTCTCTC-AA AACTGGCG(I18]
AAACG GACGA-CGCG AACAAGTGAG CTCTCTC-AA AACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
TAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACTAGTGAG CTCTCTC-AA AACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGTG(C18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(I18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQI18]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCGQ118]
AAACG GACGA-CGCG AACCAGTGAG CTCTCTC-AA TACTGGCG(118]

140 150 160 170
1

180]

CTCGC GCCCCGCTCC GGCGCCATGT CCTCC-GCG- ACGGGC--EII75]
TTGAC GCCCCGCCCC GCCGCTCCGT CCTC--ACGG ATGGAC--JI69]

CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCT- CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CTGAG ACCCCGGTGT GCCG- CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GTCG- CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GTCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT

CCGAG AACCCGGTGT GCCG- CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG- CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT

CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
T CCT--TGCGG ATGG-CATGT
T CCT--TGCGG ATGG-CATGT
CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCT-----T CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
TCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
T CCT--TGCGG ATGG-CATGT
T CCT--TGCGG ATGG-CATGT
T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT
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northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii IMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularis obtusiloba SRsn  T-CCGGGCGC CGACG

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204
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acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816

ensifolia ensifolia JBsn

ensifolia autumnalis SR448

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG

T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

T-CCGGGCGC CGACG

T-CCGGGCGC CGACG

T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCAGGCGC CGACG
T-CCAGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGTGCGC CGACG

T-CCGGGCGC CTACG

T-CCGGGCGC CTACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG
T-CCGGGCGC CGACG

190

CTGGG-CGAG -CGGC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CTTGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC

TCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC C--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

C-GGGACGAG ACGGC

CCGGGATCTC T--GC

CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCC- CCT--TGCGG ATGT-CATGT [169]
CCGAG AACCCGGTGT GCCG- CCT--TGCGG ATGG-CATGT [169]
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GTCG- CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG AACCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCC--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCTGGTGT GCCG- CCT--TGCGG ATGG-CATGT [169]
CCT--TGCGG ATGG-CATGT [169]
CCT--TGCGG ATGG-CATGT [169]
T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]
CCGAG ACCCCGGTGT GCCG-----T CCT--TGCGG ATGG-CATGT [169]

200 210 220 230 240]
. . . ]

GAAAC ATGACCCCCC -GGCGCGATT GGGCGCCAAG GAACACAT2G1]
GCAAC AAGACCCCCC CGGCGCGAT- GGGCGCCAAG GAACACARZE]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AATACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT[@E5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
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linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multifiora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii IMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularis obtusiloba SRsn

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

AR R AR R AR R R R AR AR R R AR RN AR R AR AR ARRARARRARARRARRRARARRARRAARR

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816

ensifolia ensifolia JBsn

ensifolia autumnalis SR448

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC C--GC

CCGGGATCTC C--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC C--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

CCGGGATCTC T--GC

CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC
CCGGGATCTC T--GC

250

GGAAGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGTCGGAGGG AGACG

CCGGGATCTC T--GC

GGTCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTT25]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACTTZ5]
GGAAC AAGACCCCCC -GGCGCGAT- GGGCGCCAAG GAACACT 5]

260 270 280 290 300]
. . . ]

GCGAC GCT- -CC T---GGAGCG CTCGCCCCGA [273]
GCGAC GCTTCCGGAT A-TATACGCC TC-CGGAGTT TTCCCCCCGEs4]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCTC[283]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCTC[283]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[aa3]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[283]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TCTCGGACCG TTCGCCC(Zaa]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[283]
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isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularis obtusiloba SRsn

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

AR AR AR AR AR ARARRARARARARARRRARRARRRARARARAR

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816

ensifolia ensifolia JBsn

GGCCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGTCGGAGGG AGACG
GGTCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGTCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

GGCCGGAGGG AGACG

GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG
GGCCGGAGGG AGACG

310

CCTCCGCAAC CGTAC
CCTCCGCAAC CGGAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC

ensifolia autumnalis SR448 ~ CCTCCGCAAC CGAAC

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390

CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC

GGCCGGAGGG AGACG

GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[283]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[283]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCCj283]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGATCG TTCGCCCC[283]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTACGCC TC-CGGACTG TCCGCCCO@38]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[aa3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCTC[283]
GCGTG CCT-CCGGGG GCTTTAAGCC TCT-GGACCG TTCGCCCC[283]
GCGTG CCT-ACGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCC[a83]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCUOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@23]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCO@a3]
GCGTG CCT-CCGGGG GCTTTAAGCC TC-CGGACCG TTCGCCCOa23]

320 330 340 350 360]
. . . . 1

ACTAT ATGAATTTTA TGACTCTCGG CAACGGATAT CTCGGCTCT[B33]
ACTAT ATTAATTTTA TGACTCTCGG CAACGGATAT CTCGGCTCT(344]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]

352
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foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC

triangularis obtusiloba SRsn  CCTCCGCAAC CGAAC

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204
K.
K. albescens SR314

K. albomontana SR149
K. angustifolia SR453
K. angustifolia SR542
K. ankaratrensis PBP5676
K. baurii SR275
K. baurii SR285
K. baurii SR360
K. baurii SR382
K.
K
K
K
K
K
K
K
K

acreae TD4626

baurii NPB1923

. brachystachya SRsn
. brevifolia SR452

. bruceae SR171

. buchananii SR307

. caulescens SR270

. caulescens SR278

. caulescens NPB1821
. citrina SR176

CCTCCGCAAC CGAAC

CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC

CCTCCGCAAC CGAAC

CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
CCTCCGCAAC CGAAC
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GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC

ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ#4]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ACAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTC[333]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCT®3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ3]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTZ43]
ACTAC ATAAACTGTA TGACTCTCGG CAACGGATAT CTCGGCTCTE43]

380 390 400 410 420]
. . . 1

GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARE3]
GTAGC TAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGANDA4]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC AAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARO3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
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coddiana SRsn
corraligemma SR549

drepanophylla RAL4816

ensifolia ensifolia JBsn

ensifolia autumnalis SR448

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multifiora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularis obtusiloba SRsn

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

ARAARARAR

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

GCATCGATGA AGAAC

GCATCGATGA AGAAC
GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC

GCATCGATGA AGAAC

GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
GCATCGATGA AGAAC
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CATCGAGTCT TTGAA
CATCGAGTTT TTGAA
CATCGAGTCT TTGAA
CATCGAGTCT TTGAA
CATCGAGTCT TTGAA
CATCGAGTCT TTGAA
CATCGAGTCT TTGAA

CATCGAGTCT TTGAA

CATCGAGTCT TTGAA
CATCGAGTCT TTGAA

GCATCGATGA AGAAC

GCATCGATGA AGAAC

GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGCGAA®]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAQ3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC AAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARO3]
GTAGC AAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARO3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGAAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]
GTAGC GAAATGCGAT ACTTGGTGTG AATTGCAGAA TCCCGTGARAQA3]

440 450 460 470 480]
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CGCAA GTTGCGCCCG AGGCCACCCG GCCGAGGGCA CGCCTGESB3G
CGCAA GTTGCGCCCG AGGCCACCCG GCCGAGGGCA CGCCTG83G
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
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baurii SR360 CATCGAGTCT TTGAA
baurii SR382 CATCGAGTCT TTGAA
baurii NPB1923 CATCGAGTCT TTGAA
brachystachya SRsn CATCGAGTCT TTGAA
brevifolia SR452 CATCGAGTCT TTGAA
bruceae SR171 CATCGAGTCT TTGAA
buchananii SR307 CATCGAGTCT TTGAA
caulescens SR270 CATCGAGTCT TTGAA
caulescens SR278 CATCGAGTCT TTGAA
caulescens NPB1821 CATCGAGTCT TTGAA
citrina SR176 CATCGAGTCT TTGAA
coddiana SRsn CATCGAGTCT TTGAA
corraligemma SR549 CATCGAGTCT TTGAA
drepanophylla RAL4816 CATCGAGTCT TTGAA
ensifolia ensifolia JBsn CATCGAGTCT TTGAA
ensifolia autumnalis SR448 ~ CATCGAGTCT TTGAA
fibrosa SR297 CATCGAGTCT TTGAA
fluvitalis SRsn CATCGAGTCT TTGAA
foliosa SR383 CATCGAGTCT TTGAA
foliosa SR387 CATCGAGTCT TTGAA
foliosa SR389 CATCGAGTCT TTGAA
foliosa SR390 CATCGAGTCT TTGAA
foliosa IMG034 CATCGAGTCT TTGAA
foliosa JIMG038 CATCGAGTCT TTGAA
galpinii SR312 CATCGAGTCT TTGAA
gracilis SR321 CATCGAGTCT TTGAA
gracilis NNBG CATCGAGTCT TTGAA
grantii CP4154 CATCGAGTCT TTGAA
hirsuta SR282 CATCGAGTCT TTGAA
ichopensis SR242 CATCGAGTCT TTGAA
ichopensis SR286 CATCGAGTCT TTGAA
ichopensis SR289 CATCGAGTCT TTGAA
insignis SRsn CATCGAGTCT TTGAA
isoetofolia SR386 CATCGAGTCT TTGAA
isoetifolia SR388 CATCGAGTCT TTGAA
isoetifolia SR393 CATCGAGTCT TTGAA
latifolia RSSsn CATCGAGTCT TTGAA
laxiflora SR283 CATCGAGTCT TTGAA
laxifolia SR295 CATCGAGTCT TTGAA
laxiflora SR467 CATCGAGTCT TTGAA
laxiflora SR468 CATCGAGTCT TTGAA
laxifloraC SRsn CATCGAGTCT TTGAA
laxiflora NPB1810 CATCGAGTCT TTGAA
leucocephala NNBG CATCGAGTCT TTGAA
linearifolia SR170 CATCGAGTCT TTGAA
linearifolia SR269 CATCGAGTCT TTGAA
linearifolia SR290 CATCGAGTCT TTGAA
linearifolia SR291 CATCGAGTCT TTGAA
linearifolia SR311 CATCGAGTCT TTGAA
linearifolia SR313 CATCGAGTCT TTGAA
linearifolia SR328 CATCGAGTCT TTGAA
linearifolia SR343 CATCGAGTCT TTGAA
littoralis SR200 CATCGAGTCT TTGAA
multifiora SR310 CATCGAGTCT TTGAA
multifiora SR315 CATCGAGTCT TTGAA
northiae SR263 CATCGAGTCT TTGAA
northiae SR446 CATCGAGTCT TTGAA
parviflora SR268 CATCGAGTCT TTGAA
paviflora SR330 CATCGAGTCT TTGAA
pauciflora HBsn CATCGAGTCT TTGAA
porphyantha SRsn CATCGAGTCT TTGAA
praecox SR529 CATCGAGTCT TTGAA
rigidifolia SRsn CATCGAGTCT TTGAA
ritualis SR300 CATCGAGTCT TTGAA
rooperi SR237 CATCGAGTCT TTGAA
rooperi SR485 CATCGAGTCT TTGAA
sarmentosa SR207 CATCGAGTCT TTGAA
schemperi SR391 CATCGAGTCT TTGAA
schemperi JIMG036 CATCGAGTCT TTGAA
splendida SR548 CATCGAGTCT TTGAA
stricta SR279 CATCGAGTCT TTGAA
thodei SR407 CATCGAGTCT TTGAA
thomsonii IMG031 CATCGAGTCT TTGAA
thomsonii AMM CATCGAGTCT TTGAA
thomsonii CK4821 CATCGAGTCT TTGAA
triangularis SR264 CATCGAGTCT TTGAA
triangularis SR266 CATCGAGTCT TTGAA
triangularis SR299 CATCGAGTCT TTGAA
triangularis obtusiloba SRsn  CATCGAGTCT TTGAA
typhoides JB8084 CATCGAGTCT TTGAA
typhoides NNBG CATCGAGTCT TTGAA
tysonii SR302 CATCGAGTCT TTGAA
tysonii SR303 CATCGAGTCT TTGAA
umbrina RGsn CATCGAGTCT TTGAA
uvaria SR186 CATCGAGTCT TTGAA
uvaria SR201 CATCGAGTCT TTGAA
uvaria SR203 CATCGAGTCT TTGAA
uvaria SR211 CATCGAGTCT TTGAA
uvaria SR342 CATCGAGTCT TTGAA
uvaria SR344 CATCGAGTCT TTGAA
uvaria SR477 CATCGAGTCT TTGAA

CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQBAE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQERE
CGCAA GTTGCGCCCG AAGCCACTCG GCTGAGGGCA CGCCTGQ4EBE
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Bulbine latifolia SR61

Bulbinella cauda-felis SR204

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

ensifolia ensifolia JBsn

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi JIMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299
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drepanophylla RAL4816

ensifolia autumnalis SR448

triangularis obtusiloba SRsn

490

GGCGTCACGC ATCGC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCGC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCGC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC

GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC
GGCGTCACGC CTCAC

GGCGTCACGC CTCGC

GGCGTCACGC CTCAC

GGCGTCACGC CTAAC

500 510 520 530 540]
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GTCGC TCCGCCAA-C CCTAACCCGG GCACAACGTG CTCCGCGEA]
GTCGC TCCGCTCACC CCT--CCCTT T-AGCAC-TA CGTGCTGGAF520]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGG&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACA-G GCACAATGTG CTTGTCGEE23]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGG&EA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCACC CCGCCACT-G GCACAATGTG CTTGTCGGEA2]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCACC CCGCCACT-G GCACAATGTG CTTGTCGGEA2]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCGCT-G GCACAATGTG CTTGTCGE22]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGG&EA3]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGE&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCACGCACC CCGCCACT-G GCACAATGTG CTTGTCG@bZ2]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-A GCACAGTGTG CTTGTCGG&EA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]

356



K. typhoides JB8084 GGCGTCACGC CTCGC
K. typhoides NNBG GGCGTCACGC CTCGC
K. tysonii SR302 GGCGTCACGC CTCAC
K. tysonii SR303 GGCGTCACGC CTCAC
K. umbrina RGsn GGCGTCACGC CTCAC
K. uvaria SR186 GGCGTCACGC CTCAC
K. uvaria SR201 GGCGTCACGC CTCAC
K. uvaria SR203 GGCGTCACGC CTCAC
K. uvaria SR211 GGCGTCACGC CTCAC
K. uvaria SR342 GGCGTCACGC CTCAC
K. uvaria SR344 GGCGTCACGC CTCAC
K. uvaria SR477 GGCGTCACGC CTCAC

[ 550

[

Bulbine latifolia SR61 ~ ------—- G G--GC

Bulbinella cauda-felis SR204 TG--GCGGCG G-T-C

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

baurii SR275 TCCCGCGTCG GATGC
baurii SR285 TCCCGCGTCG GATGC
baurii SR360 TCCCGCGTCG GATGC
baurii SR382 TCCCGCGTCG GATGC

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

GTCGC TCCGCGCAGC CCGCCACA-G GCACAATGTG CTTGTCGEE23]
GTCGC TCCGCGCAGC CCGCCACA-G GCACAATGTG CTTGTCGEE23]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGEEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGG&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEA3]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGGEAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGG&EAZ]
GTCGC TCCGCGCAGC CCGCCACT-G GCACAATGTG CTTGTCGG&EAZ]

560 570 580 590 600]
. . . . 1

GGCGG ACGCGGAGAT TGACCCTCCG TGCCTCCCGG CGCGGTEBT
GGCGG ACGCGGAGAT TGGCCCTCCG TGCCTCGCGG TGCGGTEEET
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]

drepanophylla RAL4816
ensifolia ensifolia JBsn
ensifolia autumnalis SR448

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT

[573]
[573]
[573]
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fibrosa SR297 TCCCGCGTCG GATGC
fluvitalis SRsn TCCCGCGTCG GATGC
foliosa SR383 TCCCGCGTCG GATGC
foliosa SR387 TCCCGCGTCG GATGC
foliosa SR389 TCCCGCGTCG GATGC
foliosa SR390 TCCCGCGTCG GATGC
foliosa IMG034 TCCCGCGTCG GATGC
foliosa IMG038 TCCCGCGTCG GATGC

galpinii SR312 TCCCGCGTCG GATGC
gracilis SR321 TCCCGCGTCG GATGC
gracilis NNBG TCCCGCGTCG GATGC
grantii CP4154 TCCCGCGTCG GATGC
hirsuta SR282 TCCCGCGTCG GATGC

ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn

TCCCGCGTAG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

laxiflora SR283 TCCCGCGTCG GATGC
laxifolia SR295 TCCCGCGTCG GATGC
laxiflora SR467 TCCCGCGTCG GATGC
laxiflora SR468 TCCCGCGTCG GATGC

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTAG GATGC
TCCCGCGTCG GATGC

TCCCGCGTCG GATGC

laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multiflora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529

rigidifolia SRsn TCCCGCGTCG GATGC
ritualis SR300 TCCCGCGTCG GATGC
rooperi SR237 TCCCGCGTCG GATGC
rooperi SR485 TCCCGCGTCG GATGC

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

sarmentosa SR207
schemperi SR391

-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [574]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
--------- AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
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schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCTCGCGTCG GATGC
TCTCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

triangularis obtusiloba SRsn  TCCCGCGTCG GATGC

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204
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acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542
ankaratrensis PBP5676
baurii SR275

baurii SR285

baurii SR360

baurii SR382

baurii NPB1923
brachystachya SRsn
brevifolia SR452
bruceae SR171
buchananii SR307
caulescens SR270
caulescens SR278
caulescens NPB1821
citrina SR176
coddiana SRsn
corraligemma SR549

drepanophylla RAL4816

ensifolia ensifolia JBsn

TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC
TCCCGCGTCG GATGC

610

CGAAGTGTCG GTCGT
CAAAGTGCCG GTCGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGT
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC

ensifolia autumnalis SR448  TGAAGTTTCT CACGC

fibrosa SR297
fluvitalis SRsn
foliosa SR383
foliosa SR387
foliosa SR389
foliosa SR390
foliosa IMG034
foliosa IMG038
galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multifiora SR310
multiflora SR315
northiae SR263
northiae SR446

TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACAC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC
TGAAGTTTCT CACGC

-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
-AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]
--------- AGAT TGGCCCTCCG TGCCTCGCGG TGCGGTGGGT [573]

620 630 640 650 660]
. . . |

CGGTC GAGCTTGGCA CGGCGAGTGG TGGACGGACA TGATCCT6205

CGGCC GGGCTTGGCA CGGCGAGTGG TGGACGGACA TGCTCCTE38G
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGATGGACA CGCTCCB33T
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUBGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCAGGCA CGGCGAGTGG TGGACGGACA CGCTCCB33T
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGAT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
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parviflora SR268 TGAAGTTTCT CACGC
paviflora SR330 TGAAGTTTCT CACGC
pauciflora HBsn TGAAGTTTCT CACGC
porphyantha SRsn TGAAGTTTCT CACGC
praecox SR529 TGAAGTTTCT CACGC
rigidifolia SRsn TGAAGTTTCT CACGC
ritualis SR300 TGAAGTTTCT CACGC
rooperi SR237 TGAAGTTTCT CACGC
rooperi SR485 TGAAGTTTCT CACGC
sarmentosa SR207 TGAAGTTTCT CACGC
schemperi SR391 TGAAGTTTCT CACGC
schemperi JMG036 TGAAGTTTCT CACGC
splendida SR548 TGAAGTTTCT CACGC
stricta SR279 TGAAGTTTCT CACGC
thodei SR407 TGAAGTTTCT CACGC
thomsonii IMG031 TGAAGTTTCT CACGC
thomsonii AMM TGAAGTTTCT CACGC
thomsonii CK4821 TGAAGTTTCT CACGC
triangularis SR264 TGAAGTTTCT CACGC
triangularis SR266 TGAAGTTTCT CACGC
triangularis SR299 TGAAGTTTCT CACGC
triangularis obtusiloba SRsn TGAAGTTTCT CACGC
typhoides JB8084 TGAAGTTTCT CACGT
typhoides NNBG TGAAGTTTCT CACGT
tysonii SR302 TGAAGTTTCT CACGC
tysonii SR303 TGAAGTTTCT CACGC
umbrina RGsn TGAAGTTTCT CACGC
uvaria SR186 TGAAGTTTCT CACGC
uvaria SR201 TGAAGTTTCT CACGC
uvaria SR203 TGAAGTTTCT CACGC
uvaria SR211 TGAAGTTTCT CACGC
uvaria SR342 TGAAGTTTCT CACGC
uvaria SR344 TGAAGTTTCT CACGC
uvaria SR477 TGAAGTTTCT CACGC

670

CGCCGGACGC CGTGG
CGCCGGACGC CGTGG
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

acreae TD4626
albescens SR314
albomontana SR149
angustifolia SR453
angustifolia SR542

ankaratrensis PBP5676 CGCCGGGCGC CGTGT
baurii SR275 CGCCGGGCGC CGTGT
baurii SR285 CGCCGGGCGC CGTGT
baurii SR360 CGCCGGGCGC CGTGT
baurii SR382 CGCCGGGCGC CGTGT
baurii NPB1923 CGCTGGGCGC CGTGT

CGCCGGGCGC CGTGC
CGCCGGGCGC CGTGT

brachystachya SRsn
brevifolia SR452

bruceae SR171 CGCCGGGCGC CGTGT

buchananii SR307 CGCCGGGCGC CGTGT
caulescens SR270 CGCCGGGCGC CGTGT
caulescens SR278 CGCCGGGCGC CGTGT

caulescens NPB1821
citrina SR176

coddiana SRsn
corraligemma SR549
drepanophylla RAL4816
ensifolia ensifolia JBsn CGCCGGGCGC CGTGT
ensifolia autumnalis SR448  CGCCGGGCGC CGTGT
fibrosa SR297 CGCCGGGCGC CGTGT

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

fluvitalis SRsn CGCCGGGCGC CGTGT
foliosa SR383 CGCCGGGCGT CGTGT
foliosa SR387 CGCCGGGCGT CGTGT
foliosa SR389 CGCCGGGCGT CGTGT
foliosa SR390 CGCCGGGCGT CGTGT
foliosa IMG034 CGCCGGGCGT CGTGT
foliosa IMG038 CGCCGGGCGT CGTGT

galpinii SR312 CGCCGGGCGC CGTGT
gracilis SR321 CGCCGGGCGC CGTGT
gracilis NNBG CGCCGGGCGC CGTGT
grantii CP4154 CGCCGGGCGC CGTGT
hirsuta SR282 CGCCGGGCGC CGTGT

ichopensis SR242
ichopensis SR286
ichopensis SR289

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

insignis SRsn CGCCGGGCGT CGTGT
isoetofolia SR386 CGCCGGGCGT CGTGT
isoetifolia SR388 CGCCGGGCGT CGTGT
isoetifolia SR393 CGCCGGGCGT CGTGT
latifolia RSSsn CGCCGGGCGC CGTGT
laxiflora SR283 CGCCGGGCGC CGTGT
laxifolia SR295 CGCCGGGCGC CGTGT
laxiflora SR467 CGCCGGGCGC CGTGT
laxiflora SR468 CGCCGGGCGC CGTGT

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269

CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOBGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCUEGHT
CGGTC GGGCCGGGCA CGGCGAGTGG TGGACGGACA CGCTCOEGHT
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AATCC CAGCTCGACG TCTG-ATACG GGACCGAG-A TGATAA-GAR77]
AAACC TAGCCCGATG CCGG-ATGTA TGACCGAGAA CAA-AA-GAR93]
AAACC CAGCCCGATG CCGG- [677]
AAACC CAGCCCGATG CCGG- [677]
AAACC CAGCCCGATG CCGG- [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGTCCGATG CCG C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-

C-ATAATGAA [677]
C-ATAATGAA [677]
A C-ATAATGAA [678]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC TAGCCCGATG CCG
AAACC TAGCCCGATG CCG
AAACC TAGCCCGATG CCG
AAACC TAGCCCGATG CCGG-
AAACC TAGCCCGATG CCGG-

A C-ATAATGAA [677]
C-ATAATGAA [677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
-A C-ATAATGAA [677]
-A C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ACAATGAA [678]
AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]
A C-ATAATGAA [677]
C-ATAATGAA [677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]
[677]

AAACC TAGCCCGATG CCG
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG- [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG-----= ======== A C-ATAATGAA [677]

C
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linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multifiora SR310
multifiora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii IMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGT CGTGT
CGCCGGGCGT CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGT CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

triangularis obtusiloba SRsn  CGCCGGGCGC CGTGT

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

Bulbine latifolia SR61

Bulbinella cauda-felis SR204

=

K.
K.
K.
K.
K.
K
K.
K.
K.
K.
K
K.
K.
K
K.
K
K
K.
K
K.
K.
K
K.
K
K
K
K
K
K
K
K.
K
K
K
K
K.
K
K
K.
K
K.
K.

acreae TD4626

. albescens SR314

. albomontana SR149

. angustifolia SR453

. angustifolia SR542

. ankaratrensis PBP5676
. baurii SR275

. baurii SR285

. baurii SR360

. baurii SR382

. baurii NPB1923

. brachystachya SRsn

. brevifolia SR452

. bruceae SR171

. buchananii SR307

. caulescens SR270

. caulescens SR278

. caulescens NPB1821

. citrina SR176

. coddiana SRsn

. corraligemma SR549
drepanophylla RAL4816
. ensifolia ensifolia JBsn

. ensifolia autumnalis SR448 ~ CCCAAACCGA AGGGC
. fibrosa SR297

. fluvitalis SRsn

. foliosa SR383

. foliosa SR387

. foliosa SR389

. foliosa SR390

. foliosa IMG034

. foliosa IMG038

. galpinii SR312

. gracilis SR321

. gracilis NNBG

. grantii CP4154

. hirsuta SR282

. ichopensis SR242
. ichopensis SR286
. ichopensis SR289
. insignis SRsn

. isoetofolia SR386
. isoetifolia SR388

CGCCGGGCGC CGTGT

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT
CGCCGGGCGC CGTGT

730

CCCAAACCGA AGGGC
CCCAAACCGA CAGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC

CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC
CCCAAACCGA AGGGC

AAACC CAGCCCGATG CCGG-

--A C-ATAATGAA 1677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-

[677]
[677]
[677]
[677]
[677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]
A C-ATAATGAA [677]
C-ATAATGAA [677]
--A C-ATAATGAA [677]
--A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- C-ATGACGAA [677]
AAACC TAGCCCGATG CCGG- -A C-ATAATGAA [677]
AAACC TAGCCCGATG CCGG- -A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]

C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-

A C-ATAATGAA [677]
C-ATAATGAA [677]
[677]
A C-ATAATGAA [678]
A C-ATAATGAA [678]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]
C-ATAATGAA [677]

AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-
AAACC CAGCCCGATG CCGG-

AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG- --A C-ATAATGAA [677]
AAACC CAGCCCGATG CCGG------ -==-===-- A C-ATAATGAA [677]
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GCA-C GCGCCATCGG ACCGCGACCC CAGGTCAGGC GGGACTACER}
GCATC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACTATEZT
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCARIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCABBL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIC
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIC
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCABBL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
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K. isoetifolia SR393 CCCAAACCGA AGGGC
K. latifolia RSSsn CCCAAACCGA AGGGC

K. laxiflora SR283 CCCAAACCGA AGGGC

K. laxifolia SR295 CCCAAACCGA AGGGC

K. laxiflora SR467 CCCAAACCGA AGGGC

K. laxiflora SR468 CCCAAACCGA AGGGC

K. laxifloraC SRsn CCCAAACCGA AGGGC
K. laxiflora NPB1810 CCCAAACCGA AGGGC
K. leucocephala NNBG CCCAAACCGA AGGGC
K. linearifolia SR170 CCCAAACCGA AGGGC
K. linearifolia SR269 CCCAAACCGA AGGGC
K. linearifolia SR290 CCCAAACCGA AGGGC
K. linearifolia SR291 CCCAAACCGA AGGGC
K. linearifolia SR311 CCCAAACCGA AGGGC
K. linearifolia SR313 CCCAAACCGA AGGGC
K. linearifolia SR328 CCCAAACCGA AGGGC
K. linearifolia SR343 CCCAAACCGA AGGGC
K. littoralis SR200 CCCAAACCGA AGGGC

K. multiflora SR310 CCCAAACCGA AGGGC
K. multifiora SR315 CCCAAACCGA AGGGC
K. northiae SR263 CCCAAACCGA AGGGC
K. northiae SR446 CCCAAACCGA AGGGC
K. parviflora SR268 CCCAAACCGA AGGGC
K. paviflora SR330 CCCAAACCGA AGGGC
K. pauciflora HBsn CCCAAACCGA AGGGC
K. porphyantha SRsn CCCAAACCGA AGGGC
K. praecox SR529 CCCAAACCGA AGGGC
K. rigidifolia SRsn CCCAAACCGA AGGGC

K. ritualis SR300 CCCAAACCGA AGGGC

K. rooperi SR237 CCCAAACCGA AGGGC
K. rooperi SR485 CCCAAACCGA AGGGC
K. sarmentosa SR207 CCCAAACCGA AGGGC
K. schemperi SR391 CCCAAACCGA AGGGC
K. schemperi IMG036 CCCAAACCGA AGGGC
K. splendida SR548 CCCAAACCGA AGGGC
K. stricta SR279 CCCAAACCGA AGGGC

K. thodei SR407 CCCAAACCGA AGGGC
K. thomsonii IMG031 CCCAAACCGA AGGGC
K. thomsonii AMM CCCAAACCGA AGGGC
K. thomsonii CK4821 CCCAAACCGA AGGGC
K. triangularis SR264 CCCAAACCGA AGGGC
K. triangularis SR266 CCCAAACCGA AGGGC
K. triangularis SR299 CCCAAACCGA AGGGC
K. triangularis obtusiloba SRsn CCCAAACCGA AGGGC
K. typhoides JB8084 CCCAAACCGA AGGGC
K. typhoides NNBG CCCAAACCGA AGGGC
K. tysonii SR302 CCCAAACCGA AGGGC

K. tysonii SR303 CCCAAACCGA AGGGC

K. umbrina RGsn CCCAAACCGA AGGGC
K. uvaria SR186 CCCAAACCGA AGGGC

K. uvaria SR201 CCCAAACCGA AGGGC

K. uvaria SR203 CCCAAACCGA AGGGC

K. uvaria SR211 CCCAAACCGA AGGGC

K. uvaria SR342 CCCAAACCGA AGGGC

K. uvaria SR344 CCCAAACCGA AGGGC

K. uvaria SR477 CCCAAACCGA AGGGC
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Bulbine latifolia SR61 GCTGAGCTTA AGCAT

Bulbinella cauda-felis SR204 GCTGAGTTTA AGCAT

GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC CCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCATIT
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCARIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIC
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIIT
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCA®ZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIC
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCA®ZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCARZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIIT
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCABBL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAMBI
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGATCATIIT
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAZL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
GCAAC GCGCCATCGG ATCGCGACCC CAGGTCAGGC GGGACCAIL
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ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [786]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [803]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATC [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [788]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT [787]

ARRARAR R AR AR ARARRARARARRARARARARARRRARRARARARR

acreae TD4626 GCTGAGTTTA AGCAT
albescens SR314 GCTGAGTTTA AGCAT
albomontana SR149 GCTGAGTTTA AGCAT
angustifolia SR453 GCTGAGTTTA AGCAT
angustifolia SR542 GCTGAGTTTA AGCAT
ankaratrensis PBP5676 GCTGAGTTTA AGCAT
baurii SR275 GCTGAGTTTA AGCAT
baurii SR285 GCTGAGTTTA AGCAT
baurii SR360 GCTGAGTTTA AGCAT
baurii SR382 GCTGAGTTTA AGCAT
baurii NPB1923 GCTGAGTTTA AGCAT
brachystachya SRsn GCTGAGTTTA AGCAT
brevifolia SR452 GCTGAGTTTA AGCAT
bruceae SR171 GCTGAGTTTA AGCAT
buchananii SR307 GCTGAGTTTA AGCAT
caulescens SR270 GCTGAGTTTA AGCAT
caulescens SR278 GCTGAGTTTA AGCAT
caulescens NPB1821 GCTGAGTTTA AGCAT
citrina SR176 GCTGAGTTTA AGCAT
coddiana SRsn GCTGAGTTTA AGCAT
corraligemma SR549 GCTGAGTTTA AGCAT
drepanophylla RAL4816 GCTGAGTTTA AGCAT
ensifolia ensifolia JBsn GCTGAGTTTA AGCAT
ensifolia autumnalis SR448 ~ GCTGAGTTTA AGCAT
fibrosa SR297 GCTGAGTTTA AGCAT
fluvitalis SRsn GCTGAGTTTA AGCAT
foliosa SR383 GCTGAGTTTA AGCAT
foliosa SR387 GCTGAGTTTA AGCAT
foliosa SR389 GCTGAGTTTA AGCAT
foliosa SR390 GCTGAGTTTA AGCAT
foliosa IMG034 GCTGAGTTTA AGCAT
foliosa IMG038 GCTGAGTTTA AGCAT

ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT

[787]
[787]
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galpinii SR312
gracilis SR321
gracilis NNBG
grantii CP4154
hirsuta SR282
ichopensis SR242
ichopensis SR286
ichopensis SR289
insignis SRsn
isoetofolia SR386
isoetifolia SR388
isoetifolia SR393
latifolia RSSsn
laxiflora SR283
laxifolia SR295
laxiflora SR467
laxiflora SR468
laxifloraC SRsn
laxiflora NPB1810
leucocephala NNBG
linearifolia SR170
linearifolia SR269
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR313
linearifolia SR328
linearifolia SR343
littoralis SR200
multiflora SR310
multiflora SR315
northiae SR263
northiae SR446
parviflora SR268
paviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
rigidifolia SRsn
ritualis SR300
rooperi SR237
rooperi SR485
sarmentosa SR207
schemperi SR391
schemperi JIMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM
thomsonii CK4821
triangularis SR264
triangularis SR266
triangularis SR299

triangularis obtusiloba SRsn

typhoides JB8084
typhoides NNBG
tysonii SR302
tysonii SR303
umbrina RGsn
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR342
uvaria SR344
uvaria SR477

GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT

GCTGAGTTTA AGCAT

GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT

GCTGAGTTTA AGCAT

GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT
GCTGAGTTTA AGCAT

GCTGAGTTTA AGCAT

ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATC
ATCAA TAAGCGGAGG AGAAGAAACT AACAAGGATT
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Appendix 7: List of haplotype generated by the TC&nalysis for full data set

A total of 56 haplotype were recognised by TCS biol 15 were internal node haplotypes. The remgidihare characterised below:
1. Haplotype SR549 (n=1): SR 549

Haplotype SR548 (n=1): SR 548

Haplotype SR468 (n=1): SR 468

Haplotype SR467 (n=3): SR 467, SR 330, SR398

Haplotype SR283 (n=1): SR 283

Haplotype SR311 (n=1): SR 311

Haplotype laxiCSRs(n=1):K. laxiflora CSRsn

Haplotype SR211 (n=4): SR 211, SR 201, RIM 102638R

Haplotype TD4477 (n=1): TD 4477

Haplotype KtypNNBG (n=11)K. typhoidesNNBG, SR186K. brachystachyé&SR sn SR 176, SR 529, SR 207, SR 203,

SR 202, SR 532, SR 528, SR 166

11. Haplotype CP4154 (n=1): CP 4154

12. Haplotype PBP5676 (n=1): PBP 5676

13. Haplotype SR275 (n=1): SR 275

14. Haplotype SR314 (n=8): SR 314, SR 452, SR 360, &R SR 448, SR 485, SR 344, SR 477

15. Haplotype NPB1923 (n=1): NPB 1923

16. Haplotype NPB1821 (n=1): NPB 1821

17. Haplotype RAL4816 (n=1): RAL 4816

18. Haplotype SR285 (n=5): SR 285, SR 1K1coddianaSRsn, TD 4638, RAL 4227

19. Haplotype SR328 (n=1): SR 328

20. Haplotype SR282 (n=2): SR 282, SR 295

21. Haplotype SR300 (n=27): SR 300, SR 279, SR 29B&R SR 149, SR 542, SR 297, SR R1gracilis NNBG, SR 242,
SR 289 K. latifolia RSSsn, NPB 1810, SR 291, SR 290, SR 280,paucifloraHB sn SR 407, SR 305, SR 485, RIM
1100, SR 561, SR 409, SR 441, SR 442, SR 558, 8R 46

22. Haplotype SR286 (n=1): SR 286

23. Haplotype SR400 (n=1): SR 400

24. Haplotype SR287 (n=1): SR 287

25. Haplotype SR269 (n=2): SR 269; SR 264

26. Haplotype TD4626 (n=11): TD 4626, SR 446, SR 268,382, SR 263, SR 237, SR 266, PBP 5579,SR 17333RSR
471

27. Haplotype SR391 (n=1): SR 391

28. Haplotype SR388 (n=4): SR 388, JMG 031, SR 38939R

29. Haplotype SR174 (n=1): SR 174

30. Haplotype SR307 (n=1): SR 307

31. Haplotype Chap9061 (n=1): Chapman & Chapman 9061

32. Haplotype insiSRsn (n=3): S&K. insighis AMM 2647, CK 4821

33. Haplotype JMGO034 (n=6): IMG 034, JMG 036, SR 3BIG 038, SR 386, SR 393

34. Haplotype SR310 (n=1): SR 310

35. Haplotype SR312 (n=1): SR 312

36. Haplotype SR383 (n=1): SR 310

37. Haplotype KporphSRs(n=1): K. porphyanthéSRsn

38. Haplotype RGsn (n=5): RGn, K. ensifoliadB sn, K. leucocephala\NBG, K. rigidifolia SR sn, K. triangularis subsp.
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39. Haplotype SR303 (n=1): SR 303
40. Haplotype SR453 (n=1): SR 453
41. Haplotype SR278 (n=4): SR 278, SR 270, RIM 9742BR
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Appendix 8: List of haplotype generated by the TC&nalysis for South African samples

A total of 42

© 0 N O g b~ W N PP

20

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

haplotype were recognised by TCS bfalv nine were internal node haplotypes. The reingiB3 are characterised below:

. Haplotype SR549 (n=1): SR 549

. Haplotype SR549 (n=1): SR 549

. Haplotype SR468 (n=1): SR 468

. Haplotype SR467 (n=3): SR 467, SR 330, SR398

. Haplotype SR283 (n=1): SR 283

. Haplotype SR311 (n=1): SR 311

. Haplotype laxiCSRs(=1): K. laxiflora CSRsn

. Haplotype SR211 (n=4): SR 211, SR 201, RIM 18F&30

. Haplotype KtypNNBG (n=11K. typhoidesNNBG, SR186K. brachystachy&Rsn SR 176, SR 529, SR 207, SR 203, SR

2, SR 532, SR 528, SR 166

Haplotype TD4477 (n=1): TD 4477

Haplotype SR275 (n=1): SR 275

Haplotype NPB1923 (n=1): NPB 1923

Haplotype SR314 (n=8): SR 314, SR 452, SR 380382, SR 448, SR 485, SR 344, SR 477
Haplotype NPB1821 (n=1): NPB 1821

Haplotype RAL4816 (n=1): RAL 4816

Haplotype SR285 (n=5): SR 285, SR IK1¢oddianaSRsn TD 4638, RAL 4227

Haplotype SR328 (n=1): SR 328

Haplotype SR282 (n=2): SR 282, SR 295

Haplotype SR286 (n=1): SR 286

Haplotype SR300 (n=27): SR 300, SR 279, SR 389302, SR 149, SR 542, SR 297, SR &Qyracilis NNBG, SR 242,

SR 289K. latifolia RSSsn NPB 1810, SR 291, SR 290, SR 2BO0paucifloraHB sn, SR 407, SR 305, SR 485, RIM 1100, SR

56
21

22.
23.
24,
25.
26.
27.
28.
29.
30.
31

1, SR 409, SR 441, SR 442, SR 558, SR 460

. Haplotype SR287 (n=1): SR 287

Haplotype SR400 (n=1): SR 400

Haplotype SR269 (n=2): SR 269; SR 264

Haplotype TD4626 (n=11): TD 4626, SR 446, SB, BR 342, SR 263, SR 237, SR 266, PBP 5579,SRSK337, SR 471
Haplotype SR174 (n=1): SR 174

Haplotype SR307 (n=1): SR 307

Haplotype SR310 (n=1): SR 310

Haplotype SR312 (n=1): SR 312

Haplotype SR303 (n=1): SR 303

Haplotype SR453 (n=1): SR 453

Haplotype RGsn (n=5): Rén K. ensifoliaJB sn, K. leucocephaladNNBG, K. rigidifolia SR sn, K. triangularis subsp.

obtusifoliaSRsn

32
33

. Haplotype KporphSRgn=1): K. porphyantheSRsn
. Haplotype SR278 (n=4): SR 278, SR 270, RIM SRI274
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Appendix 9: GeoDis input file at half degree grid sale (NCA: South African samples)

Kniphofia cpDNA
39

Iron Crown
2240000S293000E
Witbank
1253000S290000E
3 Lydenberg
4250000S300000E
4 Long Toms
1250000S 303000 E
5 Forbes reef
1260000 S310000E
6 Wakkerstroom
2270000 S300000E
7 Vryheid
1273000S303000E
8 Cath Peak
7283000S290000E
9 Estcourt
2283000S293000E
10 Rich Bay
1283000S320000E
11 Kamberg
5290000S293000E
12 Sani Pass
2293000S290000E
13 Pervensey
3293000S293000E
14 Howick
7290000S300000E
15 Greytown
4290000S303000E
16 Durban
4293000S303000E
17 Rhodes
2303000S273000E
18 Naudes Nek
7303000S280000E
19 Franklin
2300000S290000E
20 Weza
2303000S293000E
21 Ixopo

2300000 S300000E
22 Scottburgh
1300000 S303000E
23 Elliot
1310000S273000E
24 Mkambati
3310000S293000E
25 Post Chalmers
1320000S250000E
26 Seymour
8323000S263000E
27 Stutterheim
1323000S270000E
28 Komga
2323000S273000E
29 The haven
1320000S283000E
30 Matroosberg
2330000S193000E
31 George
1333000S220000E
32 The Crags
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2333000S230000E
33 Joubertina
1333000S233000E
34 Kareedouw
3333000S233000E
35 Port Eliza
4333000S253000E
36 Grahamstown
5330000 S 263000 E
37 East london
1330000S273000E
38 Fish River Mouth
1333000S270000E
39 Humansdorp
3340000 S243000E
21

Clade 1-2

3

456

001

4

20191418

3432337939303135
211000000
110112212
000000001
Clade 1-6

2

1314

01

5

36683538
10000
31211

Clade 1-8

4

16 17 18 19
0100

~
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coro®
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0000010000000

Clade 1-10

Clade 1-14
2

3233

00

5
352104
10000
11111
Clade 2-1

13432337939303135
2000000000
0321112212
Clade 2-2

2019141811131721158169 26 122422
2111000000000000
0060431133411111

Clade 2-3
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7

1824 2823291911
0100000
2211111
Clade 2-5

2

1-6 1-13

00

6
3668353821
412110
001001
Clade 2-6

3

1-7 1-15 1-10

3915352104
1100000
0021111
Clade 3-1

1343233793930313515352104
2321112212000000
0000001000121111
Clade 3-2

2019141811131721158169 26 12 24 22 2823
2171531133411111m0
010310000000003011

Clade 3-3

00010000
Total Cladogram

1343233793930313515352104 2019818111317 218 16

26 12 24 22 28 23 29 6 36 38 25 37 27
232111321212111100®@®@ 00000
000000000O0O0O

00000100003 0000022®B811341
141111000000
000000000102000010@®®» 12308
100100252111

END



Appendix 10: GeoDis input file at full degree gridscale (NCA: South African samples)

Kniphofia FullcpDNA

25

1 Iron Crown
2240000S290000E
2 Witbank
1250000S290000E
3 Lydenberg

7250000 S300000E
4 Wakkerstroom
3270000S300000E
5 Cath Peak
9280000S290000E
6 Kamberg
10290000 S 290000 E
7 Howick

1529 0000 S 300000 E
8 Naudes Nek
9300000S280000E
9 Kokstad
6300000S290000E
10 Elloit
1310000S270000E
11 Mkambati
3310000S290000E
12 Seymour
10320000 S 26 00 00 E
13 Komga
3330000S270000E
14 Matroosberg
2330000S190000E
15 Joubertina
3330000S230000E
16 Kareedouw
2330000S240000E
17 Port Eliza
4330000S250000E
18 Grahamstown
5330000 S260000E
19 East London
2330000S270000E
20 Humansdorp
4340000S240000E
21 Richards Bay
1280000S320000E
22 Scottbrough
1300000 S300000E
23 Cradock
1320000S250000E
24 The Haven
1320000 S280000E
25 George
1330000S220000E
20

Clade 1-2

3

456

010

3

978

100

210

001

Clade 1-3

2

78
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2016154514 2517
11200000
21111212
00000001
Clade 1-6

2

1314

01

5

1845172
10000
31211

Clade 1-8

4

16 17 18 19
0001

7
11813102496
1000000
1111100
0000010
0100001
Calde 1-9

4

20212223
1110

8

6897 5121122
10000000
711123111
00010000
00001000
Clade 1-10

2

24 25

01

5

1223191318
20000
61121
Cladel-11

2

26 27

01

Clade 1-13
2

3031

00

Clade 1-14
2
3233
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00

3

3221

100

311

Clade 2-1

2

1-11-4

11

9
12016154514 2517
200000000
032311213
Clade 2-2

2

1-21-9

10

8

97 865121122
31100000
113184111
Clade 2-3

Clade 2-4

2

1-51-8

10

7
81113102496
1000000
2211111
Clade 2-5

2

1-6 1-13
00

6
18451729
412110
001001
Clade 2-6

3

1-7 1-151-10
00 1

7
681223191318
1000000
0400000
0081121
Clade 2-7

2

1-11 1-14

0 0

5

2073221
11000
00411
Clade 3-1

2

2-12-7

13
12016154514251773221
2323112130000
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0100000001411
Clade 3-2

97 865121122131024
414284111000
10310020111
Clade 3-3

3

2-32-52-6

101

13
3418517296812231913
3100000000000
0143111000000
0010000148112
Total Cladogram

3

3-13-23-3

111

25
1201615451425177322198612 11 280124 18 23 19
242311213141100000@0®@000
0000041400000055913 11000
000023001031014180m®D511
END
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Appendix 11: GeoDis output file at half degree gridscale (NCA: South African samples

Differentiating population structure from history - Geodis 2.4

(c) Copyright, 1999-2005 David Posada and Alan Temp leton

Contact: David Posada, University of Vigo, Spain (d posada@uvigo.es)
Input file:

/Applications/phylosoft/GeoDis2.4/SYD/Half_deg/geodis_half.txt

Kniphofia cpDNA

Tue Jan 31 12:11:33 SAST 2006

PERMUTATION ANALYSIS OF Clade 1-2
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  6.6667

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.8820

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-2 -30 14'24" 29 16'48"
4 -30 30'00" 29 30'00"
5 -30 05'38" 29 20'38"
6 -30 30'00" 28 00'00"

CLADE 4 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE  35.7612  0.4260 1.0000

CLADE 5 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 53.0996 0.7970 0.3900
NESTED CLADE 51.5050 0.6790 0.5080

CLADE 6 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  126.0358 0.8100 0.3980

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE 39.8247 0.7970 0.3900
NESTED CLADE  -78.4667 0.3370 0.7610

PERMUTATION ANALYSIS OF Clade 1-3
BASED ON 1000 RESAMPLES
PART |. PERMUTATIONAL CONTINGENCY TEST:
OBSERVED CHI-SQUARE STATISTIC =  2.0000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-3 -26 19'60" 30 00'00"
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7 -2500'00" 30 00'00"
8 -27 00'00" 30 00'00"

CLADE 7 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE  148.1194  1.0000  0.5270

CLADE 8 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 74.0597 0.5270 1.0000

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  -74.0597 0.5270 1.0000

PERMUTATION ANALYSIS OF Clade 1-4
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 14.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.7430

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-4 -3224'19" 24 16'44"
9 -3330'00" 23 23'05"
10 -315527" 24 34'33"
11 -3330'00" 25 30'00"

CLADE 9 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 16.4443  0.0050  0.9980
NESTED CLADE 1482542  0.0190  0.9840

CLADE 10 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 414.2011  0.9550  0.0500
NESTED CLADE  394.7397  0.9680 0.0370

CLADE 11 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE  166.5674  0.4710  0.7360

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE  401.0457 0.9970 0.0040
NESTED CLADE  242.8228 0.9910 0.0100

PERMUTATION ANALYSIS OF Clade 1-6

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  1.4063

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN



OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-6 -3142'33" 27 27'26"
13 -330000" 26 30'00"
14 -3136'40" 27 31'47"

CLADE 13 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  169.2154 0.4420 1.0000

CLADE 14 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 297.8284  0.8840  0.5580
NESTED CLADE ~ 292.8996  0.8840  0.5580

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE  -297.8284 0.5580 0.8840
NESTED CLADE -123.6842 0.5580 0.8840

PERMUTATION ANALYSIS OF Clade 1-8

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 18.4500

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.7940

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-8 -3110'13" 28 22'24"
16 -3100'00" 29 30'00"
17 -313350" 28 05'02"
18 -30 00'00" 28 59'60"
19 -29 37'30" 28 52'30"

CLADE 16 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  108.8491 0.6800 0.5260

CLADE 17 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 91.1247  0.1770  0.8490
NESTED CLADE  104.4307  0.2000  0.8260

CLADE 18 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE ~ 143.1576  0.7440 0.3620

CLADE 19 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  107.2991 0.9020 0.1500
NESTED CLADE  188.5663 0.9790 0.0730

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=

WITHIN CLADE  -37.4751 0.9120 0.0910
NESTED CLADE 52.8541 0.9060 0.0970
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PERMUTATION ANALYSIS OF Clade 1-9
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 20.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.8990

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-9 -29 29'57" 29 41'30"
20 -28 59'60" 29 30'00"
21 -293222" 29 42'13"
22 -28 59'60" 30 00'00"
23 -28 30'00" 28 59'60"

CLADE 20 (Tip)
TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE  58.4769  0.2170  0.9030

CLADE 21 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 94.4665 0.5080  0.5120
NESTED CLADE ~ 94.0461  0.4690  0.5510

CLADE 22 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE ~ 62.9922  0.4050  0.7740

CLADE 23 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE ~ 129.7500  0.8990  0.2060

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=
WITHIN CLADE 94.4665 0.5080 0.5120
NESTED CLADE 10.3064 0.4960 0.5240

PERMUTATION ANALYSIS OF Clade 1-10
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.4773

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-10 -3231'17" 26 36'23"
24 -3230'00" 26 30'00"
25 -323121" 26 36'44"

CLADE 24 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  0.3640  1.0000
NESTED CLADE ~ 10.2425  0.3640  1.0000



CLADE 25 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 80.3518 0.8640 0.5000
NESTED CLADE 80.4357 0.8640 0.5000

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=

WITHIN CLADE 80.3518 1.0000 0.3640
NESTED CLADE 70.1932 1.0000 0.3640

PERMUTATION ANALYSIS OF Clade 1-11
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-11 -3151'26" 27 04'17"
26 -34 00'00" 24 30'00"
27 -28 59'60" 30 30'00"

CLADE 26 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE ~ 337.8429  0.5270  1.0000

CLADE 27 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  456.6681 1.0000 0.5270

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  118.8253 1.0000 0.5270

PERMUTATION ANALYSIS OF Clade 1-12

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-12 -2500'00" 30 24'00"
28 -2500'00" 30 00'00"
29 -2500'00" 30 30'00"

CLADE 28 (Interior)
TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
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NESTED CLADE 40.2725 1.0000 0.5270

CLADE 29 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE ~ 10.0681  0.5270 1.0000

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 1-13
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 2.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-13 -29 40'00" 29 46'40"
30 -28 30'00" 28 59'60"
31 -30 00'00" 30 00'00"

CLADE 30 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE ~ 149.9950 1.0000 0.5270

CLADE 31 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE ~ 42.7763  0.5270 1.0000

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 1-14
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.4000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-14 -26 06'40" 30 33'20"
32 -2500'00" 30 00'00"
33 -26 10'35" 30 35'18"

CLADE 32 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000  1.0000 1.0000
NESTED CLADE  135.4090  0.6840 0.6560

CLADE 33 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  160.3158 0.6560 0.6840
NESTED CLADE  158.6916 0.6560 0.6840



NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-1

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE = 0.0810

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-1 -3124'14" 24 50'46"
1-1 -24 00'00" 29 30'00"
1-4 -3222'10" 24 1421

CLADE 1-1 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  0.0910  1.0000
NESTED CLADE ~ 940.9851  1.0000  0.0070

CLADE 1-4 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 325.7980  0.0180  0.9890
NESTED CLADE ~ 390.5675  0.0180  0.9890

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-2

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 28.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE = 0.0180

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-2 -29 37'49" 29 37'07"
1-2 -30 14'24" 29 16'48"
19 -29 29'57" 29 41'30"

CLADE 1-2 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 53.0592  0.1470  0.8530
NESTED CLADE 957345 05580  0.4420

CLADE 1-9 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 93.2685 0.2080 0.7920
NESTED CLADE 97.1396 0.4450 0.5550

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=

WITHIN CLADE 40.2093 0.7770 0.2230
NESTED CLADE 1.4050 0.4420 0.5580
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PERMUTATION ANALYSIS OF Clade 2-3
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 2.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-3 -2529'60" 30 15'00"
1-3 -26 19'60" 30 00'00"
1-12 -25 00'00" 30 24'00"

CLADE 1-3 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 98.7463 0.8480 0.4840
NESTED CLADE  132.6438 1.0000 0.3320

CLADE 1-12 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 16.1090  0.4840  0.8480
NESTED CLADE  60.9604  0.4840 1.0000

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-4

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 2.5926

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-4 -3109'28" 28 27'25"
1-5 -3100'00" 29 30'00"
1-8 -3110'13" 28 22'24"

CLADE 1-5 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000  1.0000
NESTED CLADE  100.7671  0.7070  0.6140

CLADE 1-8 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 116.3956  0.6140  0.7070
NESTED CLADE ~ 117.1260  0.8150 0.5060

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE  116.3956 0.6140 0.7070
NESTED CLADE 16.3589 0.6140 0.7070
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PERMUTATION ANALYSIS OF Clade 2-5
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 6.5185

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.3740

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-5 -3119'54" 27 53'10"
1-6 -3142'33" 27 27'26"
1-13 -29 40'00" 29 46'40"

CLADE 1-6 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 284.1763  0.2180  0.8330
NESTED CLADE  308.4686  0.6580 0.3930

CLADE 1-13 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 66.6027 0.3900 0.6610
NESTED CLADE  268.5802 0.3770 0.6740

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-6

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE = 0.0190

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-6 -3200'13" 26 56'51"
1-7 -29 30'00" 28 59'60"
1-15 -30 30'00" 27 40'55"
1-10 -3231'17" 26 36'23"

CLADE 1-7 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  340.1983 1.0000 0.0480

CLADE 1-15 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 22.1496  0.1150  0.8860
NESTED CLADE  182.1967  0.8410 0.1600

CLADE 1-10 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 76.7020  0.0070  0.9930
NESTED CLADE  104.6628  0.0300  0.9700

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=

WITHIN CLADE  -60.0898 0.5430 0.4570
NESTED CLADE  117.0343 0.9690 0.0310
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PERMUTATION ANALYSIS OF Clade 2-7
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.5790

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-7 -26 46'14" 30 09'21"
1-11 -3151'26" 27 04'17"
1-14 -26 06'40" 30 33'20"

CLADE 1-11 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  388.7680 0.8210 0.2060
NESTED CLADE  660.5346 1.0000 0.0270

CLADE 1-14 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 157.3981  0.0770  0.9500
NESTED CLADE  192.1723  0.0770 0.9500

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 3-1

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 21.9363

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.0410

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 3-1 -29 41'27" 26 48'33"
2-1 -3124'14" 24 50'46"
2-7 -26 46'14" 30 09'21"

CLADE 2-1 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 454.0772  0.0010  0.9990
NESTED CLADE  559.8725  0.5590  0.4410

CLADE 2-7 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 245.9188  0.0100  0.9900
NESTED CLADE  555.0712  0.4470 0.5530

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE  -208.1584 0.0280 0.9720
NESTED CLADE -4.8014 0.4450 0.5550
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PERMUTATION ANALYSIS OF Clade 3-2
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 31.1949

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.0020

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 3-2 -3005'23" 29 15'07"
2-2 -29 37'05" 29 36'59"
2-4 -3108'14" 28 26'34"

CLADE 2-2 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 96.2076  0.0000  1.0000
NESTED CLADE ~ 117.4931  0.0190  0.9810

CLADE 2-4 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  114.9561 0.3850 0.6150
NESTED CLADE  167.2213 0.9450 0.0550

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-TDISTANCE PROB.<= PROB.>=

WITHIN CLADE 18.7485 0.7740 0.2260
NESTED CLADE 49.7281 0.9580 0.0420

PERMUTATION ANALYSIS OF Clade 3-3

BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 58.5556

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREATER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.0000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 3-3 -30 38'08" 27 54'04"
2-3 -2530'00" 30 15'00"
2-5 -3109'51" 2809'06"
2-6 -3158'07" 265819"

CLADE 2-3 (Tip)
TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 87.8417  0.1030  0.8970
NESTED CLADE ~ 615.9515  0.9980  0.0020

CLADE 2-5 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 295.2833  0.5470  0.4530
NESTED CLADE ~ 304.9098  0.5300 0.4700

CLADE 2-6 (Tip)

TYPE OF DISTANCE ~ DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 137.2891  0.0020  0.9980
NESTED CLADE ~ 216.0606  0.0000  1.0000

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
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TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE  166.9847 0.9580 0.0420
NESTED CLADE 16.1418 0.6110 0.3890

** ANALYSIS FINISHED **
It took 1.0600 seconds.
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Appendix 12: GeoDis output file at full degree gridscale (NCA: South African samples)

Differentiating population structure from history - Geodis 2.4

(c) Copyright, 1999-2005 David Posada and Alan Temp leton

Contact: David Posada, University of Vigo, Spain (d posada@uvigo.es)
Input file: /Applications/phylosoft/GeoDis2.4/SYD/F ULL Deg/geo_full2.txt

Kniphofia FullcpDNA

Tue Dec 06 18:16:50 SAST 2005

PERMUTATION ANALYSIS OF Clade 1-2
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 5.5556

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.679 0

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-2 -2954'06" 28 56'04"
4 -30 00'00" 28 59'60"
5 -2950'00" 29 10'00"
6 -30 00'00" 28 00'00"

CLADE 4 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 12.6188 0.6160 1.0000

CLADE 5 (Tip)

TYPE OF DISTANCE DISTANCE  PROB.<= PROB.>=
WITHIN CLADE 40.8798 0.6790 0.6040
NESTED CLADE 34.4699 0.6790 0.6040

CLADE 6 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 90.6033 0.8100 0.3980

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE = PROB.<= PROB.>=
WITHIN CLADE ~ -40.8798 0.6040 0.6790
NESTED CLADE 17.1411 0.6040 0.6790

PERMUTATION ANALYSIS OF Clade 1-3
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:
OBSERVED CHI-SQUARE STATISTIC =  2.0000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
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GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-3 -26 23'60" 30 00'00"
7 -2500'00" 30 00'00"
8 -27 00'00" 30 00'00"

CLADE 7 (Interior)

TYPE OF DISTANCE ~ DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000 1.0000
NESTED CLADE ~ 155.5254  1.0000 0.5270

CLADE 8 (Tip)

TYPE OF DISTANCE ~ DISTANCE ~ PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000 1.0000
NESTED CLADE ~ 66.6537  0.5270 1.0000

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 88.8717 1.0000 0.5270

PERMUTATION ANALYSIS OF Clade 1-4
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 10.3636

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.938 0

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-4 -3241'47" 23 12'37"
9 -3310'35" 23 31'46"
10 -3231'10" 22 59'60"
11 -3300'00" 25 00'00"

CLADE 9 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 59.7725 0.0300 0.9740
NESTED CLADE 75.6220 0.0100 0.9940

CLADE 10 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 265.7729 0.8940 0.1140
NESTED CLADE  261.8151 0.8900 0.1180

CLADE 11 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  170.4019 0.7680 0.4390

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE  PROB.<= PROB.>=
WITHIN CLADE  -210.8395 0.5940 0.4070
NESTED CLADE  -41.7617 0.7140 0.2870

PERMUTATION ANALYSIS OF Clade 1-6
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  1.4063



THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN

OR EQUAL TO THE OBSERVED CHI-SQUARE =

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

1.000

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE

Clade 1-6 -28 44'08" 27 49'23"
13 -3300'00" 26 00'00"
14 -28 22'52" 27 58'29"

CLADE 13 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 0.0000 1.0000
NESTED CLADE  504.5870 0.8990

CLADE 14 (Tip)

TYPE OF DISTANCE ~ DISTANCE ~ PROB.<=
WITHIN CLADE ~ 403.9716  0.6590
NESTED CLADE ~ 414.5933  0.5430

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE |-T DISTANCE PROB.<=

WITHIN CLADE  -403.9716 0.7830
NESTED CLADE 89.9936 0.8990

PERMUTATION ANALYSIS OF Clade 1-8
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 18.4500

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
0.794

OR EQUAL TO THE OBSERVED CHI-SQUARE =

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE

Clade 1-8 -3118'32" 27 5307"
16 -3100'00" 28 59'60"
17 -313336" 27 3824"
18 -30 00'00" 28 59'60"
19 -29 31'35" 28 28'25"

CLADE 16 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 0.0000 1.0000
NESTED CLADE  111.3849 0.4440

CLADE 17 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 97.5123 0.4630
NESTED CLADE  104.4916 0.2490

CLADE 18 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 0.0000 1.0000
NESTED CLADE  180.2473 0.7440

CLADE 19 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<=
WITHIN CLADE ~ 73.4280  0.7640
NESTED CLADE ~ 208.4031  0.9590

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE = PROB.<=

WITHIN CLADE -3.7763 0.2810
NESTED CLADE  -92.1045 0.0710

0

PROB.>=
1.0000
0.5430

PROB.>=
0.7830
0.8990

PROB.>=
0.6590
0.5430

0

PROB.>=
1.0000
0.7620

PROB.>=
0.5630
0.7770

PROB.>=
1.0000
0.3620

PROB.>=
0.2880
0.0930

PROB.>=
0.7220
0.9320
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PERMUTATION ANALYSIS OF Calde 1-9
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 10.7265

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.583 0

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Calde 1-9 -2928'15" 29 22'51"
20 -2859'60" 28 59'60"
21 -2932'21" 29 23'31"
22 -2859'60" 30 00'00"
23 -28 00'00" 28 59'60"

CLADE 20 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 64.0286 0.2430 1.0000

CLADE 21 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  106.5239 0.4680 0.6280
NESTED CLADE  106.2516 0.4350 0.6610

CLADE 22 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 79.6219 0.7450 0.7140

CLADE 23 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  167.5621 0.9390 0.2010

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ -99.1774 0.6280 0.4680
NESTED CLADE 63.6848 0.8940 0.1360

PERMUTATION ANALYSIS OF Clade 1-10
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.4773

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-10 -3225'54" 26 03'09"
24 -3200'00" 26 00'00"
25 -3227'38" 26 03'22"

CLADE 24 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 0.4010 1.0000
NESTED CLADE 48.1984 0.3640 1.0000



CLADE 25 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 94.0316 1.0000 0.3640
NESTED CLADE 93.8446 0.8920 0.4720

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ -94.0316 0.3640 1.0000
NESTED CLADE  -45.6462 0.3640 1.0000

PERMUTATION ANALYSIS OF Cladel-11
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.0000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Cladel-11 -3256'51" 25 15'47"
26 -3400'00" 24 00'00"
27 -2859'60" 30 00'00"

CLADE 26 (Interior)

TYPE OF DISTANCE ~ DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000 1.0000
NESTED CLADE ~ 165.4498  0.5270 1.0000

CLADE 27 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  1.0000 1.0000
NESTED CLADE ~ 629.0113  1.0000 0.5270

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE  PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  -463.5615 0.5270 1.0000

PERMUTATION ANALYSIS OF Clade 1-13
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.0000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-13 -2911'60" 28 59'60"
30 -28 00'00" 28 59'60"
31 -3000'00" 28 59'60"

CLADE 30 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  133.3075 1.0000 0.5270
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CLADE 31 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE 88.8717 0.5270 1.0000

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 1-14
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  0.6000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 1-14 -26 09'60" 30 23'20"
32 -2500'00" 30 00'00"
33 -26 14'07" 30 24'42"

CLADE 32 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  135.3351 0.6790 1.0000

CLADE 33 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 209.8508 1.0000 0.6790
NESTED CLADE  208.6634 0.8380 0.8410

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-1
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 18.0000
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.045 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-1 -3126'38" 24 02'38"
1-1 -24 00'00" 28 59'60"
1-4 -3241'47" 23 12'37"

CLADE 1-1 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ 0.0000  0.0750 1.0000
NESTED CLADE ~ 959.5455  1.0000 0.0050

CLADE 1-4 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<= PROB.>=
WITHIN CLADE ~ 213.5975  0.0050 1.0000
NESTED CLADE ~ 305.2983  0.0050 1.0000

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP
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PERMUTATION ANALYSIS OF Clade 2-2
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 17.2083

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA
OR EQUAL TO THE OBSERVED CHI-SQUARE = 0.023

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-2 -2932'09" 29 18'49"
1-2 -2954'06" 28 56'04"
1-9 -2928'15" 29 22'51"

CLADE 1-2 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<=
WITHIN CLADE ~ 38.2989  0.0100
NESTED CLADE  75.2995  0.1340

CLADE 1-9 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE  106.4647 0.7900
NESTED CLADE  108.2847 0.8700

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-T DISTANCE PROB.<=
WITHIN CLADE 68.1658 0.9840
NESTED CLADE 32.9852 0.8970

PERMUTATION ANALYSIS OF Clade 2-3
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.3333

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-3 -2552'30" 30 00'00"
1-3 -26 23'60" 30 00'00"
1-12 -2500'00" 30 00'00"

CLADE 1-3 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 93.3152 1.0000
NESTED CLADE  116.6440 1.0000

CLADE 1-12 (Interior)
TYPE OF DISTANCE DISTANCE PROB.<=

WITHIN CLADE 0.0000 0.5100
NESTED CLADE 97.2034 0.5100

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-4

TER THAN

0

PROB.>=
0.9900
0.8660

PROB.>=
0.2100
0.1300

PROB.>=
0.0160
0.1030

TER THAN

0

PROB.>=
0.5100
0.5100

PROB.>=
1.0000
1.0000
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BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC =  2.5926
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  1.000 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-4 -3116'07" 27 53'20"
1-5 -30 00'00" 28 00'00"
1-8 -3118'32" 27 5307"

CLADE 1-5 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE 0.0000 1.0000 1.0000
NESTED CLADE  141.3188 0.7070 0.5990

CLADE 1-8 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  115.0567 0.5990 0.7070
NESTED CLADE  115.4667 0.5990 0.7070

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 115.0567 0.5990 0.7070
NESTED CLADE  -25.8520 0.5990 0.7070

PERMUTATION ANALYSIS OF Clade 2-5
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 6.5185
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE = 0.374 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-5 -28 46'49" 27 56'11"
1-6 -28 44'08" 27 49'23"
1-13 -2911'60" 28 59'60"

CLADE 1-6 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 421.5012 0.9200 0.1310
NESTED CLADE  420.9898 0.9200 0.1310

CLADE 1-13 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE  106.6460 0.4210 0.6300
NESTED CLADE  156.2353 0.1090 0.9420

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 2-6
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:
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OBSERVED CHI-SQUARE STATISTIC = 36.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.000

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-6 -3202'52" 26 21'55"
1-7 -28 59'60" 28 59'60"
1-15 -30 00'00" 28 00'00"
1-10 -3225'54" 26 03'09"

CLADE 1-7 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 0.0000 1.0000
NESTED CLADE  422.1125 1.0000

CLADE 1-15 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE 0.0000 0.0230
NESTED CLADE  275.6257 0.9990

CLADE 1-10 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<=
WITHIN CLADE ~ 90.9617  0.0030
NESTED CLADE ~ 101.1576  0.0010

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE PROB.<=
WITHIN CLADE ~ -90.9617 0.1480
NESTED CLADE  203.7655 1.0000

PERMUTATION ANALYSIS OF Clade 2-7
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 1.0000

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.203

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 2-7 -26 54'37" 29 49'37"
1-11 -3256'51"  2515'47"
1-14 -26 09'60" 30 23'20"

CLADE 1-11 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE ~ 263.0417 0.7710
NESTED CLADE  810.6780 1.0000

CLADE 1-14 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE ~ 204.5896 0.1050
NESTED CLADE  231.5518 0.0550

NO INTERIOR/TIP CLADES EXIST IN THIS GROUP

PERMUTATION ANALYSIS OF Clade 3-1
BASED ON 1000 RESAMPLES

TER THAN
0

PROB.>=
1.0000
0.0620

PROB.>=
1.0000
0.0010

PROB.>=
0.9970
0.9990

PROB.>=
0.8520
0.0000

TER THAN

0

PROB.>=
0.2560
0.0270

PROB.>=
0.9220
0.9720
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PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 22.4792
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.004 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 3-1 -30 06'44" 25 44'33"
2-1 -3126'38" 24 02'38"
2-7 -26 54'37" 29 49'37"

CLADE 2-1 (Tip)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 399.5099 0.0190 0.9810
NESTED CLADE  508.8250 0.0490 0.9510

CLADE 2-7 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<= PROB.>=
WITHIN CLADE ~ 295.0503 0.0840 0.9160
NESTED CLADE  640.8546 0.9700 0.0300

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE |-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE  -104.4596 0.2540 0.7460
NESTED CLADE  132.0296 0.9720 0.0280

PERMUTATION ANALYSIS OF Clade 3-2
BASED ON 1000 RESAMPLES

PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 24.4286
THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA TER THAN
OR EQUAL TO THE OBSERVED CHI-SQUARE =  0.002 0
PART Il. GEOGRAPHIC DISTANCE ANALYSIS:
GEOGRAPHICAL CENTERS LATITUDE LONGITUDE
Clade 3-2 -301821" 28 40'49"
2-2 -2932'09" 29 18'49"
2-4 -3116'07" 27 53'20"

CLADE 2-2 (Interior)

TYPE OF DISTANCE ~ DISTANCE ~ PROB.<= PROB.>=
WITHIN CLADE ~ 103.3165  0.0010 0.9990
NESTED CLADE ~ 144.6634  0.1360 0.8640

CLADE 2-4 (Tip)

TYPE OF DISTANCE ~ DISTANCE ~ PROB.<= PROB.>=
WITHIN CLADE ~ 116.2646  0.3350 0.6650
NESTED CLADE  164.5546  0.6510 0.3490

PART Ill. TEST OF INTERIOR VS. TIP CLADES:

TYPE OF DISTANCE I-T DISTANCE PROB.<= PROB.>=
WITHIN CLADE =~ -12.9481 0.2510 0.7490
NESTED CLADE  -19.8912 0.3010 0.6990

PERMUTATION ANALYSIS OF Clade 3-3
BASED ON 1000 RESAMPLES
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PART |. PERMUTATIONAL CONTINGENCY TEST:

OBSERVED CHI-SQUARE STATISTIC = 56.5083

THE PROBABILITY OF A RANDOM CHI-SQUARE BEING GREA

OR EQUAL TO THE OBSERVED CHI-SQUARE =

PART Il. GEOGRAPHIC DISTANCE ANALYSIS:

GEOGRAPHICAL CENTERS LATITUDE LONGITUDE

Clade 3-3 -3007'40" 27 21°27"
2-3 -2552'30" 30 00'00"
2-5 -28 46'49" 27 56'11"
2-6 -3202'52" 26 21'55"

CLADE 2-3 (Tip)

TYPE OF DISTANCE ~ DISTANCE  PROB.<=
WITHIN CLADE ~ 109.3538  0.1200
NESTED CLADE ~ 541.5202  0.9930

CLADE 2-5 (Interior)

TYPE OF DISTANCE DISTANCE PROB.<=
WITHIN CLADE ~ 395.4836 0.8380
NESTED CLADE  426.7021 0.9110

CLADE 2-6 (Tip)

TYPE OF DISTANCE ~ DISTANCE ~ PROB.<=
WITHIN CLADE ~ 130.7005  0.0010
NESTED CLADE ~ 267.6463  0.0000

PART Ill. TEST OF INTERIOR VS. TIP CLADES:
TYPE OF DISTANCE I-T DISTANCE PROB.<=

WITHIN CLADE  268.6643 1.0000
NESTED CLADE  109.2606 0.9020

** ANALYSIS FINISHED **
It took 0.9330 seconds.

TER THAN

0

PROB.>=
0.8800
0.0070

PROB.>=
0.1620
0.0890

PROB.>=
0.9990
1.0000

PROB.>=
0.0000
0.0980
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Appendix 13: Data matrix used for the leaf transedbnal phenetic analysis

acraea TD4626
albesens SR314
angustfolia SR453
baurii SR174
baurii SR285
baurii SR360
baurii NPB1923
brachystachya SRsn
breviflora SR452
bruceae SR171
buchananii SR305
buchananii SR307
buchananii SR458
caulescens SR270
caulescens SR278

1070000111 10111
1210010011 10111
1000000111 10111
1211010111 10111
1010010111 10111
1011100111 10111
1110000111 10111

1210000111 10111

1021000111 10111

1010110111 10111
1000000111 10111
1001010111 10111
1200010111 10111
1200000111 10111
1200010111 10111

11112 0020010010 1010100010 1110001111 0000000110
11112 0010010011 1110101110 1110101111 0000000110
11112 0010020011 1111101110 1110111111 0000000110
11111 0010010011 1111101110 1110101111 0000100110
11111 0010010011 1011101110 1110101111 0000000110
11112 0010010011 1111101110 1110101111 0000001110
11112 0010010011 1111101110 1110101111 0000000110
11112 0020020011 1111101110 1110111111 0000000110
11112 0020010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000001110
11112 0020010010 1010101110 1110101111 0000000110
11112 0010020011 1111101110 1110111111 0000000110
11112 0020010010 1010101110 1110101111 0000000110
11111 0010010011 1111000000 0000001111 1010100110
11111 0010010011 1010000000 0000001111 1111110171

citrina SR176 1000110111 10111 11111 0010010011 1111101110 1110101111 0000001110
coddiana SRsn 1200010711 10111 11112 0010010010 1011101110 1110001111 0000000110
coddiana RAL4820 1210010711 10111 11111 0010010011 1011101110 1110101111 0000000110
coralligemma SR549 1011010111 10111 11112 0010010011 1110101110 1110001111 1111110111
drepanophylla RIM1100 1000010711 10111 11111 0010010011 1111101110 1110101111 0000000110

ensifolia autumnalis SR448 1110000111 10111
ensifolia ensifolia JBsn 1011000111 10111

11112 0020010011 1111101110 1110101111 0000000110
11111 0020010011 1111101110 1110101111 0000000110

R R R AR R R AR R R AR R AR AR R R AR R R R R R R R R R AR R R R R R AR R R AR R R R R R R R R R R R AR R R R AR R R AR R AR AR R A AR AR R AR R A AR R AR R AR ARARRARARARRARARARRARARARARAR

fibrosa SR297
fibrosa PBP 5579
fluviatilis SRsn
gracilis SR308
gracilis SR321
galpinii SR312
hirsuta SR282
ichopenesis SR241
ichopenesis SR242
ichopensis SR409
latifolia RSSsn
laxiflora SR253
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR468
laxifloraC SRsn
leucocephala NNBG
linearifolia SR151
linearifolia SR170
linearifolia SR182
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia JPsn
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
parviflora SR268
parviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
praecox TD4461
rigidifolia SRsn
ritualis SR300
rooperi SR237
sarmentosa SR207
splendida SR548
stricta SR279
thodei SR407
triangularis SR264
triangularis SR266
triangularis SR267
triangularis SR299
triangularis SR304

triangularis obtusiloba SRsn

typhoides JB8084
tysonii SR199
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria TD4477
uvaria SR337

2200000111 10011
2201000111 10111

1001010111 10011

1071000111 10111
1211000111 11111
10??000111 10111
1100010111 10111
1211000111 10111
1211000111 10111
1110000111 10111
1011010111 10111
1210000111 10111
1011000111 10111
1010000111 10111
1010010111 11111
1011010111 11111
1110000111 11111
1010000111 10111

2200000111 10111

1011010111 10011
1111110111 10111
1211100111 10111
1010110111 10111
1110100111 10111
1010010111 10111
1010010111 10111
1010000111 10111
1010010111 10111
1011010111 10111
1010000111 10111
1010010111 10111
1010000111 10111
1010100111 11111
0000010110 10000
0000010110 10000
1010010111 10111
2200000111 10111
2200000101 10011
1217000111 10111
1010000111 10111
1010010111 11111
1010010111 10111
1010010111 10111
1211000111 11011

1200000111 10111

1210010111 10111
0000000170 10000
1110000111 10111
1010000111 10100
1010000111 10111
1010000111 10111
1010000111 10100
1211010111 10111

1210000111 10111
1211010111 10111
1010010111 10111
1010010111 11111
1010010111 11111

1011010111 10111
1011110111 10111
1017000111 10111
1201010111 10111
1200010110 10111
1101010111 10111
1010110111 10111
1010110111 10111

1110000111 10111

11112 0020020011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110111111 0000000110
11112 0010010011 1111101110 1110111111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0020010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110111111 0000000110
11111 0020010011 1111101110 1110101111 0000000170
11112 0020010010 1010101110 1110101111 0000000110
11112 0010010010 1010101110 1110101111 0000000110
11111 0020010011 1111111110 1110101111 0000000110
11112 0010010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1100001111 0000000000
11112 0020010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110101111 0000000110
11112 0020010011 1111101110 1110001111 0000001110
11111 0010010011 1111101110 1110001111 1010101111
11111 0010010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110001111 1010100110
00111 0010010011 1111101110 1110001111 0010100110
11111 0010010011 1111101110 1110001111 0010100110
11112 0010010011 1111101110 1110101111 0000100110
11111 0010010011 1111101110 0010101111 0000000110
11112 0020010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110001111 1010100100
11112 0000010011 1111101110 1110001111 0000000110
11111 0010010011 1111101110 1110101111 0000000110
11110 0010010000 1011000010 1110100111 0000000010
11110 0010010000 1010000010 1110101111 0000000010
11111 0010010011 1111101110 1110111111 0000000110
11111 0010010011 1111101110 1110111111 0000000110
11111 0010010011 1110101110 1110001111 0000000110
11112 0010010010 1?1?101110 1110111111 0000000110
11111 0010010011 1111101110 1110101111 0000000001
11112 0020010010 1011101110 1110101111 0000000110
11111 0010010011 1111101110 1110001111 0000100110
11111 0010010011 1111101110 1110001111 0010100110
11111 0000010011 1111101110 1110101111 0000000110
11112 0020010010 1?1?101110 1100001111 1010100721
11112 0010010010 1110101110 1110101111 0000000110
11110 0020010000 1111000010 1110110111 0000000010
11112 0010010011 1111101110 1110111111 0000000110
00101 0010010011 1111101110 1110111111 0000000110
11112 0010020011 1111101110 1110111111 0000000110
11112 0010010011 1111101110 1110111111 0000000110
11112 0020020011 1111101110 1110111111 0000000110
11112 0010010011 1111101110 1110111111 0000000110
11111 0010010011 1111101110 1110111111 0000000110
11111 0010010011 1111101110 1110111111 0000000100
11111 0000010011 1111101110 1110101111 0000000110
11111 0010010011 1111101110 1110101111 1010100110
11111 0010010011 1111101110 1110001111 1010100111
11111 0010010011 1011101110 1110101111 0010100110
11111 0010010011 1111101110 1110111111 0000000010
11112 0010010011 1111101110 1110101111 0000001110
11112 0020010011 1111101110 1110101111 0000000110
11112 ??20010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110001111 1010100111
11112 0020010011 1111101110 1110101111 0000000110
11112 0020020011 1111101110 1110111111 0000001110
11111 0020010011 1111101110 1110101111 0000001110
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uvaria SR342
uvaria SR471
uvaria SR172
uvaria SR477
uvaria SR344

acraea TD4626
albesens SR314
angustfolia SR453

. baurii SR174

baurii SR285
baurii SR360

. baurii NPB1923

brachystachya SRsn
breviflora SR452

. bruceae SR171

buchananii SR305
buchananii SR307
buchananii SR458

. caulescens SR270

caulescens SR278
citrina SR176

. coddiana SRsn

coddiana RAL4820
coralligemma SR549

drepanophylla RIM1100

1011110111 10111
1210110111 10111
1010000111 10111
1011100111 10111
1001110111 10111

07?000
07?000
00000
01000
00000
01000
01000
07?000
01000
01010
0?7000
0?7000
0?7000
07000
1?2000
01000
07?000
01000
1?2000
0?7000

ensifolia autumnalis SR448 0?2000

ensifolia ensifolia JBsn
fibrosa SR297
fibrosa PBP 5579
fluviatilis SRsn
gracilis SR308
gracilis SR321
galpinii SR312
hirsuta SR282
ichopenesis SR241
ichopenesis SR242
ichopensis SR409
latifolia RSSsn
laxiflora SR253
laxiflora SR283
laxiflora SR295
laxiflora SR441
laxiflora SR442
laxiflora SR468
laxifloraC SRsn
leucocephala NNBG
linearifolia SR151
linearifolia SR170
linearifolia SR182
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia JPsn
littoralis SR200
multiflora SR310
northiae SR263
northiae SR274
parviflora SR268
parviflora SR330
pauciflora HBsn
porphyantha SRsn
praecox SR529
praecox TD4461
rigidifolia SRsn
ritualis SR300
rooperi SR237
sarmentosa SR207
splendida SR548
stricta SR279
thodei SR407
triangularis SR264
triangularis SR266
triangularis SR267
triangularis SR299
triangularis SR304

01000
00000
00000
07000
07?000
01000
0?7000
0?7000
07000
01000
0?7000
01000
01000
00000
01000
01000
01000
0?7000
0?7000
00000
01100
01000
01000
11000
01000
11000
11000
11000
01000
00000
01000
11000
01000
01000
00100
00000
0?7000
00000
00000
0?7000
00000
01000
07000
01000
00000
1?2000
01000
00001
0?7000
01000
01000
07?000
01000
00000

triangularis obtusiloba SRsn 01000

typhoides JB8084
tysonii SR199
tysonii SR302
tysonii SR303
tysonii SR460
umbrina RGsn
uvaria SR166
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211

00000
01000
1?2000
1?2000
11000

01000
00000
07?000
00000
10000
07?000

11112 0020010011 1111101110 1110001111 0000100110
11111 0020010011 1111101110 1110101111 0000000110
11112 0010010011 1111101110 1110101111 0000000110
11112 0020010011 1111101111 1110101111 0000001110
11112 0020010011 1111101110 1110101111 0000001110

39¢



ARRRAAR

uvaria TD4477
uvaria SR337
uvaria SR342
uvaria SR471
uvaria SR172
uvaria SR477
uvaria SR344

07?000
01000
01000
01000
01000
01070
01000
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Appendix 14: Data matrix used for the SEM leaf surice phenetic analysis

AR R R N AR R R AR R R R R R R AR R R AR R R R R R AR R R AR R R R R R R R R R R R R R R R AR R R AR R AR R R AR R AR R R AR R AR AR R A R R R AR R AR AR R AR R AR RAARRARARARRARARARR

acraea TD4626
albescens SR314
angustifolia SR453
angustifolia SR542

ankaratrensis PBP5676

baurii SR174

baurii SR275

baurii SR285
brachystachya SRsn
breviflora SR452
breviflora SRsn
bruceae SR171
buchananii SR307
caulescens SR270
citrina SR176
coddiana SRsn
coralligemma SR549

drepanophylla RIM1100
ensifolia autumnalis SR448
ensifolia ensifolia JBsn

fibrosa PBP5579
fluvialitis SRsn
foliosa IMG034
galpinii SR312
gracilis SR308
gracilis SR321
grantii CIP4154
hirsuta SR282
ichopensis SR242
insignis SRsn
insignis TT30
isoetifolia JIMG033
latifolia RSSsn
laxiflora SR253
laxiflora SR295
leucocephala NNBG
linearifolia SR151
linearifolia SR170
linearifolia SR182
linearifolia SR269
linearifolia SR287
linearifolia SR290
linearifolia SR291
linearifolia SR311
linearifolia SR328
linearifolia SR343
linearifolia SR400
linearifolia JPSsn
littoralis SR200
multiflora SR310
northiae SR263
parviflora SR268
pauciflora HBsn
porphyantha SRsn
praecox SR529
praecox TD4461
pumila Friss1079
rigidifolia SRsn
ritualis SR300
rooperii SR237
rooperii SRsn
sarmentosa SR207
schemperi IMG036
splendida SR548
stricta SR279
thodei SR407
thomsonii JIMG031
thomsonii AMM2647
thomsonii CK4821
triangularis SR264
triangulari SSR266
triangularis SR267
triangularis SR299
triangularis SR304

1001110110 0002

0001010110 0002
0000000110 0002
0001010110 0002

1000010010 1002

0110000110 0001
0001111111 1002
1001111110 0002
0001010110 0001
1000010110 0002
0000000110 0002
1001000111 1001
1000010110 0002
0001010110 0002
0000000111 1001
1000010110 0001
1001111110 0002

1000010111 1002
1001010110 0002

1001010110 0002
0000000000 0001

0110000110 0002

0771010110 0002
1001000101 1002
1000010111 0001
1001010011 0002
0001010110 0001
1001111111 0111

0001010110 0002
1001000000 0002
1001010000 0001

0001010000 0002
1000010010 0001
0001010110 0002
0001010110 0002

0000000110 0001

0000000000 0002
1001010111 1001
0000000111 1001
1000010110 0001
0001010110 0001
1000010001 1001
1000011000 0001
1000000010 0001
1001011111 1002
1001011011 0001
0000000001 1002
1110010000 0001

1000010010 0002

1000011011 0001

1000100111 0002

0??0000000 0002
0001010110 0001

1001011110 0001
0001010111 1001
1000011111 0001
1001010100 0001

0000000000 0001
1770010010 0001

1001100111 1002

1071011110 0002
0000000110 0002
1000010110 0001

1001010111 0001

0000000111 1002

0000000110 0002
0001010110 0001
1001010110 0002

0001010110 0001

1000010000 0002

1000010000 0001

1001010000 0001

1000010111 0001

0000000110 0002

triangularis obtusifolia SRsn 1000010010 0002

typhoides JB8084
tysonii SR199
tysonii SR303
umbrina RGsn
uvaria SR165
uvaria SR172
uvaria SR186
uvaria SR201
uvaria SR203
uvaria SR211
uvaria SR337
uvaria SR342
uvaria SR344
uvaria SR471

0000000110 0002
1001010111 1002
1001010101 0001

1000010110 0002
0000000110 0002
1000011111 0001
1000010111 1001
1000010110 1001
1000000011 1001
1000000110 0002
1001010110 0002
1701111111 1002
0000000110 0002
1700011111 0001

200
200
200
200
200
100
200
211
100
200
200
100
200
200
100
100
201
100
200
200
100
200
200
100
100
200
100
200
200
200
100
100
100
200
200
100
200
100
100
100
100
100
100
100
100
100
100
100
200
200
200
200
200
100
100
200
100
100
100
200
200
200
100
200
100
200
100
200
100
200
100
200
100
200
200
200
200
100
200
200
200
100
100
100
201
211
201
200
200
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K. uvaria SR477 0000000110 0002 200
K. uvaria TD4477 0000000110 0001 100
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