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ABSTRACT 

Many stress situations limit plant growth, resulting in crop production difficulties. Population growth, limited 

availability and over-utilization of arable land, and intolerant crop species have resulted in tremendous strain 

being placed on agriculturalists to produce enough to sustain the world's population. An understanding of the 

principles involved in plant resistance to environmental stress will enable scientists to harness these 

mechanisms to create stress-tolerant crop species, thus increasing crop production, and enabling the farming 

of previously unproductive land. This research project uses computational and bioinformatics techniques to 

explore the promoter regions of genes, encoding proteins that are up- or down-regulated in response to 

specific abiotic stresses, with the aim of identifying common patterns in the cis-elements governing the 

regulation of these abiotic stress responsive genes. 

An initial dataset of fifty known genes encoding for proteins reported to be up- or down-regulated in 

response to plant stresses that result in water-deficit at the cellular level viS(; drought, low temperature, and 

salinity, were identified, and a postgreSQL database created to store relevant information pertaining to these 

genes and the proteins encoded by them. The genomic DNA was obtained where possible, and the promoter 

and intron regions identified. The Neural Network Promoter Prediction (NNPP) software package was used 

to predict the transcription start signal (TSS) and the promoter searching software tool, TESS (Transcription 

Element Search Software) used to identify known and user-defined cis-elements within the promoter regions 

of these genes. 

Currently available promoter prediction software analysis tools are reported to predict one promoter per 

kilobase of DNA, whilst functional promoters are thought to only occur one in 30-40 kilobases, which 

indicates that a large perccntage of predictions are likely to be false positives (pedersen ,/ al., 1999). NNPP 

was chosen as it was rated as the highest performing promoter prediction software tool by Fickett and 

Hatzigeorgiou (1997) in a thorough review of eukaryotic promoter prediction algorithms, however results 

were less than promising as very few predicted TSS were identified in the area 50 bps up- and downstream of 

the gene start site, where biologically functional TSSs are known to occur (Reese, 2000; Fickett and 

Hatzigeorgiou, 1997). 

TESS results seemed to support the hypothesis that drought, low-temperature and high salinity plant stress 

response proteins have similar as-elements in their promoter regions, and suggested links to various other 

gene regulation mechanisms viZ' gibberellin-, light-, auxin- and development-regulated gene expression, 

highlighting the vast complexity of plant stress response processes. Although far from conclusive, results 

provide a valuable basis for future comparative promoter studies that will attempt to deduce possible 

conunon transcriptional initiation of abiotic stress response genes. 
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CHAPTER 1 - Literature Review 

CHAPTER 1 LITERATURE REVIEW 

1.1. Introduction 

The environment in which we live is dynamic and ever changing. Plants are unique in that they are sedentary 

organisms and are thus unable to escape the elements (Knight, 2000). As a result, they have evolved an 

abundance of stress response strategies to counteract the continual fluctuations in their immediate 

environment, and exhaustively monitor their surroundings and adjust their metabolic systems in order to 

maintain homeostasis (Bailey-Serres , I ai, 1999; Knight, 2000; Knight and Knight, 2001; Pas tori and Foyer, 

2002). External conditions that adversely affect the growth, development and/or productivity of plants, are 

tenned 'stresses' and may be biotic i.e. imposed by other organisms, or abiotic i.e. arising from an excess or 

deficit in the physical or chemical environment of the plant. Abiotic stresses that may cause plant damage 

include water-logging, drought, high or low temperature, excessive soil salinity, inadequate mineral nutrients 

in the soil, and an excess or deficit of light (Bray ,I ai, 2000) . 

This literature review outlines the abiotic stresses encountered by plants, specifically those causing water 

deficit at the cellular level, namely drought/dehydration, low temperature, and high salinity, and the 

mechanisms adopted by plants to respond to these environmental stresses. 

1.1.1. Motivation 

Statistics published by the U.S. Census Bureau in April 2004 indicate that the world population is increasing 

at a steady rate, and is expected to continue to do so in the foreseeable future (Figure 1). As a result, 

agriculture is under mounting pressure to provide for an ever-increasing volume of people, whilst at the same 

time competing with urban development for premium arable land. 
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Figure 1: World Population: 1950-2050 

(Source: u.s. Census Bureau, International Database, April 2004 version - Figure adapted from URL 18). 
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This trend is clearly demonstrated in Sub-Saharan Africa, where population growth rates are high and the vast 

majority of inhabitants poverty stricken or dying of starvation. This is evidence enough that agriculture is not 

meeting the needs of the population, be it from bad management/fanning practises or sub-optimal 

conditions e.g. non-perennial water supply, high salinity soil, high diurnal temperature variation. This 

increasing demand coupled with diminishing resources, has driven scientific and commercial interest in 

unlocking the mechanisms by which plants respond to stress; the end goal of which would be to utilise this 

knowledge to enhance plant productivity in sub-optimal environments. Engineered mechanisms of stress 

tolerance will hopefully facilitate survival through periods of intense or prolonged stress, or maintain high 

plant productivity under conditions of moderate environmental stress (Oliver and Bewley, 1997; Bray ,I ai, 

2000) . 

1.1.2. The Drought Environment 

Simply defined, drought is a period with little or no rainfall. In terms of agriculture, drought is viewed as a dry 

spell leading to a drop in crop yields below that predicted under optimal water conditions. To the plant, 

however, drought is the combination of environmental stresses resulting from lack of rainfall (Thomas, 1997; 

Figure 2). 

High temperature 
high respira tion 

damage to metabolic processes and 
cell structure 

Accumulation of salts in the top-soil and 

around the roots 

osmotic and toxic stress 

Soil hardness increases as soil dries 
detrimental to root growth 
reduced leaf growth 
reduced photosynthesis 

High solar irradiance 
phoro-inhibition 
photo-oxidation 

eventually death of leaves 

High evaporative load 
due to low humidity, high temperature, 
high isolation and strong winds 

water loss from leaves exceeds that 
which can be taken up by the roots 

Unavailability of nutrients 
upper soil strata are most mineral rich, 
but dry most rapidly 

Low soil moisture availability 

limits water supply to the roots 

Figure 2: Environmental stresses acting on the whole plant during drought. 
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It is evident from figure 2 that a single environmental stress e.g. drought, results in a number of stresses when 

viewed from the whole plant perspective. It follows that plant responses are consequently multifaceted, and 

that there is likely considerable overlap in cellular responses elicited by different environmental stresses. This 

review therefore concentrates on those environmental stresses that cause water-deficit at the cellular level viZ' 

drought/dehydration, high salinity and low temperature. 

1.1.3. The role of water in the plant 

Water performs a number of functions, which show different sensitivities to water stress. These are: 

• Acting as a 'skeletal' material. Plants contain large vacuoles consisting primarily of water. These permit a 

small amount of dry matter to be spread over a large area or volume, enabling better exploration of the 

soil by the plant roots and more effective exploitation of the armosphere and solar energy by the foliage 

(Thomas, 1997). 

• Acts as a medium for metabolism, since many gases, salts and organic compounds are water-soluble 

(Thomas, 1997), e.g. 

Nutrients are taken up from the soil in solution and transported to the leaves in the xylem flow. 

Gas exchange for photosynthesis, occurs via the ftlrn of water in and on mesophyll cells. 

Metabolites move through the plant in solution in the phloem. 

• Maintains constant temperature by evaporating water from the leaves, thus cooling them and preventing 

overheating (Thomas, 1997). 

1.2. The Stress Response Mechanism 

Plants respond to different environmental signals in many different ways, however, a common chain of 

events can be identified which occurs in three stages (Figure 3): 

• Sensing of environmental stress signals by specific receptor or sensor systems. 

• Transduction of the signals by a sequence of processes that operate directly on metabolism or by altering 

gene expression. Metabolic changes can be rapid and induce fine changes, whilst the alteration of gene 

expression is slower and more energy consuming and thus is thought of as 'course control'. 

• Initiation of a physiological response, enabling the phenotype to adapt to the current environment. 

(Thomas, 1997; Xiong el aL, 2002) 

The key components of the stress response relationship are oudined in Figure 3, namely the stress stimulus, 

signals, transducers, transcription regulators, target genes, and stress responses i.c. morphological, 

biochemical, and physiological changes (pastori and Foyer, 2002). 

Gene expresslOn is primarily regulated at the initiation of transcription and is controlled by one or more 

interacting transcription factors that bind to specific cis-elements in the promoter region (pas tori and Foyer, ., 
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2002). In order to activate or repress transcription, transcription factors must be located in the nucleus, bind 

DNA and interact with the underlying transcription apparatus (Ramanjulu and Bartels, 2002). The rate of 

transcription under particular environmental conditions, whereby a specific promoter is activated or repressed 

is often governed by multiple protein-protein and/or DNA-protein interactions (pas tori and Foyer, 2002). 

Many receptors/ Membrane 

physical changes 

Transducers 

(signalling molecules/ signalling gt.'flcs) 

Transcription Factors 

TARGET GENES 

(transcription fuc(Ors bind to 

aI-clements in the promoter) 

STRESS 

I 
J I '-

7\ 

1 
STRESS TOLERANCE/ ACCLIMATION 

Figure 3: Components of the stress response mechanism in plants 

(Figure adapted from Paswri and Foyer, 2002) 
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1.3. Biological Pathways Implicated in Drought, Salinity and Low-Temperature Stress-Response 

The phyto-hormone, abscisic acid, is a key signal in response to environmental stresses relating to cellular 

water deficit, such as dehydration, high salinity and low temperature (Shinozaki and Yamaguchi-Shin ozaki, 

2000; Grover '101.,2001; Kirch '101., 2002; Ramanjulu and Bartels, 2002). It was discovered in the 1950s 

affecting leaf abscission and bud dormancy, and has since been shown to mediate various developmental and 

physiological processes that affect agronomic crop performance, vi" embryo maturation, germination and the 

response of vegetative tissues to osmotic stress (Skriver and Mundy, 1990; Ramanjulu and Bartels, 2002) . 

Water stress i.e. dehydration, low-temperature and high salinity, is thought to elicit the accumulation of ABA, 

which then activates various stress-associated genes (Xing and Rajashekar, 2001; Kirch ,I 01.,2002; Ramanjulu 

and Bartels, 2002). Kirch ,I 01. (2002) report that all studies to date regarding the molecular events triggered in 

response to water deficit suggest a complex network of regulatory systems that mediate stress-induced gene 

expression, that involve both ABA-dependent and ABA-independent signal transduction pathways (Figure 4) 

(Kermode, 1997; Kirch ,I 01., 2002). At least four independent signal pathways have been identified under 

drought conditions. Two of these are ABA-dependent and two are ABA-independent. Additionally, two 

ABA-independent pathways are thought to function under low-temperature stress conditions. There is a 

common signal transduction pathway between dehydration and cold stress involving the DRE/CRT cir-acting 

element (Shinozaki and Yarnaguchi-Shinozaki, 2000). 

1.3.1. ABA-independent Regulation of dehydration-stress response 

Many genes induced by exogenous ABA treatment are also induced by cold or dehydration in ABA-deficient 

(abo) or ABA-insensitive (obI) Arabidopsis Iho/iollo mutants, which implies that these genes are not induced by 

the accumulation of endogenous ABA, however do respond to ABA (Shin ozaki and Yamaguchi-Shinozaki, 

2000; Chaves ,I 01., 2003). Two dehydration- and cold-inducible Arabidopsis genes that have been thoroughly 

researched are rd29A/ /li78/ cor78 and corl5a. Rd29A transcription in abil and obal mutants indicates that 

cold- and drought-regulated expression does not require ABA (Shinozaki and Yamaguchi-Shinozaki, 2000). 

Yarnaguchi-Shinozaki and Shinozaki (1994) identified a tis-acting promoter element, dehydration-responsive 

element/C-repeat (DRE/CRT) that responds to osmotic stress but not to ABA. DRE is a 9-bp conserved 

sequence (i.e. TACCGACAT) that is essential for the initial rapid, ABA-independent induction of RD29A 

stress-responsive genes in A . tha/iana. DRE-related motifs, which include the CCGAC motif that forms the 

core of the DRE sequence vii: CRT and low temperature-responsive element (LTRE), have since been 

identified in several other osmotic stress-responsive genes Oaglo-Ottosen ,I 01., 1998; Shinozaki and 

Yamaguchi-Shinozaki, 2000; Grover el 01., 2001; Kirch el 01., 2002). Protein factors that bind to the 

DRE/CRT tis-element are classified into two groups, CBFl (Stockinger ,I 01., 1997)/DREBI and DREB2. 

Other promoter studies indicate that cis-elements other than DRE/CRT may be involved the ABA-

~ 
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independent stress response. This suggests that there is a second ABA-independent signalling cascade 

involved in dehydration stress response (Kirch ,I aI., ZOOZ; Chaves ,I aI., Z003). 

1.3.Z. ABA-dependent regulation of dehydration-stress response 

A number of ABA-inducible genes depend on protein biosynthesis for their induction by ABA, suggesting 

that ABA-dependent pathways that are involved in the regulation of gene expression in response to 

dehydration-stress. Current research indicates that there are at least two ABA-dependent pathways govetrting 

drought stress response (Shinozaki and Yamaguchi-Shinozaki, 2000; Kirch el aI., 2002; Chaves el aI., 2003). 

The slower ABA-dependent response of RD29A is controlled via a bZIP / ABRE (ABA responsive element) 

cir-e1ement, which depends on the accumulation of endogenous ABA to trigger the signalling cascade (Kirch 

el aI., 2002; Chaves el aI., 2003). 

A second ABA-dependent signalling pathway has been identified which requires de 1l0VO protein synthesis to 

initiate the expression of genes induced by dehydration (Guerrero and Mullet, 1986; Shinozaki and 

Yamaguchi-Shinozaki, 2000; Kirch el aI., 2002) . In A. Ihalialla, the induction of a dehydration-responsive gene, 

rd22, is ABA-dependent, however the promoter does not include any sequence that corresponds to the 

consensus ABRE sequence, although it does contain recognition sites for some transcription factors i.e. 

MYC, MYB, and GT-1. The fact that rd22 expression requires protein synthesis suggests that rd22 expression 

might be regulated by trans-acting protein factors whose synthesis is dehydration- or ABA-induced (Iwasaki ,I 

aI., 1995; Shinozaki and Yamaguchi-Shinozaki, 2000). 

This MYC/MYB system is thought to act in a slow and adaptive stress response process. The discrepancy in 

the timing of the induction of stress-responsive genes can be accounted for by the various regulatory 

elements functioning in their promoter regions vit DRE/CRT, ABRE, and MYB/MYC (Shinozaki and 

Yamaguchi-Shinozaki,2000) . 

The rd29A promoter, in Arabidopsir contains both the DRE and ABRE cir-elements. The ABRE cir-element 

and bZIP transcription factors function in ABA-responsive gene expression, whilst the DRE cis-element 

functions in ABA-independent gene expression, thus indicating that rd29A expression is mediated by more 

than one independent regulatory system. These results show that molecular responses to various 

environmental stresses may be controlled by both complex regulatory systems of gene expression and signal 

transduction, and by cross-talk between these mechanisms (Kermode, 1997; Shinozaki and Yamaguchi­

Shinozaki, 2000). 
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1.3.3. Signal Perception 

Knowledge of the mechanisms that govern dehydration stress perception and signalling is still very limited, 

however a number of postulations have been made on how plants initially sense stress. These include: 

Changes in membrane properties i.e. loss of turgor (Guerrero and Mullet, 1986; Guerrero et aI., 1990; 

Chaves et aI., 2003) and increased Ca'+ levels (Knight, 2000; Grover et aI., 2001; Xiong et aI., 2002; Kirch el 

aI., 2002). Cold, drought and salinity stress have been shown to induce transient Ca'+ influx to the 

cytoplasm, thus the Ca'+ channels responsible for this influx may represent one mechanism of stress 

perception (Knight, 2000; Chaves et aI., 2003). The activation of these channels is thought to result from 

physical changes in cellular structures i.e. loss of tugor due to water loss, or changes in membrane fluidity 

and cytoskeletal reorganisation as a result of low temperature (Knight, 2000; Xiong et aI., 2002). 

• ATHK1 is transcriptionally upregulated in response to external osmolarity changes, and likely functions 

as an osmosensor transmitting a stress signal to a downstream MAPK (Mitogen-activated protein kinase) 

cascade (Urao el aI., 1999). The gene product of the ATHK1 gene (isolated by Urao et aI., 1999) in A. 

Iha/ialla shows a high degree of homology with the yeast osmosensor SLN1. In addition, ATHK1 

transcript levels were seen to accumulate under high and low osmolarity conditions (Urao et aI., 1999; 

Xiong et aI., 2002; Kirch et aI., 2002). 

• Phospholipase D (PLD) plays an important role in the initial events leading to desiccation tolerance in 

Craterostigma plantagineum (Frank el aI., 2000; Chaves el aI., 2003). Phospholipases C, D, and A, are known 

to playa role in signalling pathways in animal cells by cleaving phospholipids present in the membrane, 

resulting in the formation of phosphatidic acid. Phosphatidic acid acts as a secondary messenger 

amplifying the original stress signal. A member of the phospholipase D (PLD) family was cloned from the 

resurrection plant, C. p/anlaginellm. PLD activity in C. plantagillellm was shown to increase significantly 

within minutes of exposure to dehydration (Kirch el aI., 2002; Xiong el aI., 2002). Additionally, Frank et al. 

(2000) report changes in the subcellular localization of the PLD protein. 
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1.3.4. Signalling Components 

A number of factors have been proposed to act downstream of signal perception and upstream of 

transcription factor binding. A few of these have been summarised in table 1 below. 

Table 1: Signal transduction components implicated in the expression of water-deficit stress-related genes 

Component Reference 

Protein kinases 

AtDBF2 - salt, osmotic, heat and cold responsive, A.thalial1a 
Grover et aI., 2002 

ARSKI - dehydration, ABA, and salt stress responsive, A.tha/ialla 

PKABA1 - ABA-responsive. Oryza sativa 
Hwang and Goodman, 1995 

RPKI - dehydration, low temperature, salt and osmotic stress responsive, P.salivllm 
Kirch " ai, 2002 

Calcium-dependent protein kinases 

Dehydration-inducible, A.thaliana Kirch ,'ai, 2002 

Mitogen-activated kinases (MAPK) 

Activated by drought stress and/ or ABA, A.tha/ialla, Cp/anlaginmtn 
Kirch " ai, 2002 

Induced by low temperature, drought and ABA, Alfalfa 

Phosphatases 
Grover el 01., 2002 

AIPTP1 - high salt inducible, and negatively regulated by cold, A.tha/iana 
Kirch el 0/., 2002 

AtPP2C - ABA-inducible, A.lha/iana 

caZ+ binding proteins 

AtCBL 1,2, and 3 - cold, drought, salt and wounding responsive, A.thaliana Grover el aI., 2002 

AtCP - high salt-inducible , A.lha/ialla 

Phospholipases 

AtPLC - drought-induced, A.tha/iana 
Kirch ,'ai, 2002 

PIP5K J - dehydration-responsive, A.lha/iana 
Xiong " ai, 2002 

PLD - desiccation-inducible, C.p/antagintlltJI; ABA-responsive, barley. 

1.3.5. Transacting factors 

Promoter cir-elements function in collaboration to recruit trans-acting, DNA-binding proteins that interact 

with RNA polymerase II at the exact time and location required for the initiation of transcription. 

Transcription factors are trans-acting proteins that bind to specific cir-elements (Ferl and Paul, 2000). A 

sizeable portion of all eukaryotic genomes are comprised of transcription factor genes, the majority of which 

can be classified into a selection of different, often large, gene families defined by their structural features, 

principally by the type of DNA-binding domain that they encode (Riechmann and Radcliffe, 2000), whilst 
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subfamilies are determined by the number and spacing of conserved residues occurring in the most similar 

domain (liu ,I of, 1999). 

1.3.6. Plant Transcription Factors 

A typical plant transcription factor contains a DNA-binding region, an oligomerisation site, a transcription 

regulation domain and a nuclear localisation signal (liu ,I of, 1999). 

• DNA~binding domain.f - are often basic in character, and contain those amino acid residues determine the 

specificity of the protein by binding to the cir-acting element in the promoter. The base-recognition 

residues are often highly conserved, and their spatial organisation is important for specificiry. Other 

residues enhance transcription factor binding by non-specific DNA contact through interaction with 

either phosphate or deoxyribose moieties. Many plant transcription factors possess both specific and non­

specific DNA-binding domains, with the latter occasionally required for trans-activation of genes. The 

secondary structure of DNA-binding domains is also thought to affect their affinity and selectivity. Each 

plant transcription factor only contains one type of DNA-binding domain, which can occur in single or 

multiple copies e.g. most Myb-related proteins have two Myb domains (Liu ,I 01., 1999). 

• Oligonmisation sile - many plant transcription factors form hetero- and/or homo- oligomers, which affect 

the DNA-binding specificity, the affinity for promoter elements and the nuclear localisation of the 

transcription factor. The amino acid sequences of these domains are usually highly conserved, with each 

type combining with DNA-binding regions to form discrete three-dimensional arrangements. The 

oligomerisation domain length may vary within the same family of transcription factors. Variations in 

oligomerisation increase the flexibility of the transcription apparatus, allowing them the capacity to 

modulate gene expression (Liu ,I of, 1999). 

• Transcription r1!glllotioll domains - are regions within the protein that tend to diverge from one another. It is 

these differences in their regulation domains that allow transcription factors of the same family to have 

distinct actions. Regulation domains, and hence transcription factors, function as either activators or 

repressors, depending on whether they inhibit or stimulate the transcription of target genes (riu ,/ al., 

1999). 

• Nlle/,ar ucalisatioll signals (NLSs) - plant transcription factors contain nuclear localisation signals 

characterised by a core peptide enriched in arginine (R) and lysine (K) that allow them to selectively enter 

the nucleus. F1anking residues influence the action of the basic core. Within plant transcription factors , 

nuclear localisation signals vary in sequence, organisation and number (liu et aI., 1999). 

Plant transcription factor genes may be expressed constitutively or may be dependent on organ type, external 

stimulus (e.g. drought, low-temperature, high salinity, ABA), development stage or cell cycle (Liu et aI., 1999) . 

Transcription factor genes may respond to multiple environmental cues, e.g. the low-temperature induced 

protein 15 (mLIPI5) from maize, has the ability to bind to the wheat histone gene (H3) and the low­

temperature-inducible gene (Adhl) promoters (Liu et 01., 1999). In addition, transcription factor genes of the 

10 



CHAPTER 1 - Literature Review 

same family do not necessarily respond to the same envimnmenta! stimulus, e.g. members of the bZIP family 

have been shown to be induced by light (Liu e/ aI., 1999; Terzaghi e/ aI., 1997), abscisic acid (Lee ,/ aI., 2003), 

drought (Ramanjulu and Bartels, 2002), auxin (Baumann et aI., 1999), and salicyclic acid (Liu e/ aI., 1999). 

1.3.7. Plant transcription factors implicated in dehydration andlor water deficit stress response 

Severa! classes of plant transcription factors have been identified as having a role in plant response to 

dehydration/water deficit stress response (Ramanjulu and Bartels, 2002; Kirch et af., 2002). These are 

summarised in table 2 and discussed below. It is the interaction between these factors and pre-existing factors 

that ultimately determines the response mechanism that results in stress-induced gene expression and stress 

adaptation (Riechmann and Ratcliffe, 2000; Ferl and Paul, 2000; Bray et aI., 2000; Ramanjulu and Bartels, 

2002). The complexiry of this response is shown in figure 4 above. In order to induce or inhibit transcription, 

transcription factors need to be located in the nucleus, bind to the DNA and interact with the basal 

transcription machinery, thus dehydration may affect one or a combination of these processes (Ramanjulu 

and Bartels, 2002). 

T able 2 : PI ant transcnpuon actors t h fu at ncUon 1n dhdra I ehye non water-d Ii a! e lot Slj:!m trans d ucUon 
DNA Consensus 

Transcription factor class Examples References 
Sequence 

Wheat EmBP-l 

Tobacco - TAF-l (Ingram and Bartels, 1996: 
Ba~ic leucine zipper (bZIP) CACGTG (ABRI ·~ 

Rice - 058/:8, OsZIP-la, TRABl RamanjuJu and Bartels, 2002; Kirch 
protein (G-box - ACGI) 

A lhaliana - ABF2, ABF3, ABI;4, ABRE- tl 0/., 2002; Grover tl a/., 2001 ) 

binding proteins (AREBl and AREB2) 

TACCGAC.\T (Ingram and Bartels, 1996; 

AP2 (APETALA2) (DRE/CRT/I:mE) DREB and CBr> proteins i.e. DREB1A, Stockinger ct ,u., 1997; Ramanjulu 

EREBP domain (Core sequence - DREB2A, CBl'l, CBF2, C8F3 and Bartels, 2002; Kirch tl a/., 2002; 

CCGAt:) Grover tl ai , 2001) 

(Ingram and Bartels, 1996; 
liD-Zip (1 lomcodomain- HOE consensus 

leucine zipper) protein CAAT(X)A 1TG 
C. ph"la,!/ntlim - CPHB-I, CPHB-2 Ramanjulu and Bartels, 2002; Kirch 

tl aL, 2002; Grover tl a/., 2001 ) 

(Ingram and Bartels, 1996; 

i .... 1YB-like protein TGAACT 
A. IhaYana - Alm)'h2 

Ramanjulu and Bartels, 2002; Kirch 
C. pJanlagintllm - 'PnJ-7, Ipm-10 

tl a1, 2002; Grover ~I 0/,2001 ) 

(In8"lm and B:utels, 1996; 
MYC-like Basic hclix-loop-

CANNl'G A . lhaliana - rd22 BPI RamanjuJu and Bartels, 2002; Kirch 
helix (bl J I.H) protein 

tl ai , 2002; Grover tl 0/.,2001) 

1.3.7.1. bZIP proteins 

The basic-leucine zipper (bZIP) domain contains a DNA-binding and dimerisation motif, and has been 

found in the transcription factors of a variety of eukaryotes. The DNA-binding motif is an approximately 25 

amino acid stretch rich in basic residues, and immediately adjacent to the leucine zipper (ZIP) (Kirch et aL, 

2002). bZIP proteins create a scissors-like dimmer that binds in the major groove of the DNA. Each 
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monomer contains a ex-helix with a leucine at every seventh residue. These face one another in the dimer 

forming a structural arrangement that "zips" the helices together into a coiled coil, which holds the basic 

region in position within the major groove of the DNA (Ferl and Paul, 2000). 

The G-box binding factors are a family of bZIP proteins that freely form heterodimers. The G-box motif 

(ACGT) is widespread in its distribution, thus heterodimers with slightly different binding affinities confer 

specificity among the diversity of promoters that contain the G-box (Ferl and Paul, 2000). Many plant bZIP 

proteins bind to elements with the G-box core sequence, ACGT. The ABA-responsive element (ABRE) is 

the best-known G-box cis-element in relation to dehydration stress tolerance and contains the palindromic 

motif CACGTG (Kirch et aI., 2002). 

Several bZIP factors that bind ABA-responsive elements (ABREs) are candidates for ABA-responsive 

transcription factors that trigger gene expression by dehydration and/or ABA (Ramanjulu and Bartels, 2002; 

Kirch et aI., 2002). The transcription of ABRE-binding proteins, AREBl and AREB2, is drought-, high-salt­

and ABA-responsive. Both proteins were shown to activate transcription of a reporter gene driven by ABRE 

and were dependant on ABA for their activity, thus it is thought that these proteins act as transcription 

factors in an ABA-dependant signalling pathway (Ramanjulu and Bartels, 2002). 

The maize VPl and Arabidopsis ABI3 proteins are homologues of transcription factors necessary for ABA 

activity in seeds (Kirch et al., 2002). TRAB1, an ABRE-binding bZIP transcription factor from rice, has been 

shown to interact with VP1, suggesting that VPl functions by binding to a factor that interacts with ABRE, 

thereby regulating ABA-induced transcription (Ramanjulu and Bartels, 2002) . Thus VPl/ ABI3 proteins are 

thought to be transcriptional co-activators that interact with ABRE-binding proteins (Kirch et aI., 2002). 

1.3.7.2. APZ (APETALA2) EREBP domain 

Protein factors that specifically bind to the 9-bp DRE cis-element (previously discussed) have been identified 

in nuclear extracts prepared from either dehydrated or adequately watered Arabidopsis plants (Shinozaki and 

Yamaguchi-Shin ozaki, 2000). DREB1A and DREB2A are DRE-binding proteins that specifically interact 

with the DRE cis-element in the promoter of the Arabidopsis gene, rd29A. Similarly, CBF-l is a DRE/CRT­

binding protein that binds to the CRT /DRE motif in several cold regulated genes (Shinozaki and Yamaguchi­

Shinozaki, 2000; Grover et aI., 2001; I<irch et aI., 2002; Ramanjulu and Bartels, 2002). 

DREB and CBF proteins contain a conserved DNA-binding motif, AP2 domain, that is also found in the 

EREBP (ethylene-responsive element binding protein) family and AP2 protein, which is encoded from the 

Arabidopsis floral homeotic gene, APETELA2 (Shinozaki and Yamaguchi-Shinozaki, 2000; I<irch et al., 2002; 

Ramanjulu and Bartels, 2002) . Protein factors that bind to the DRE/CRT cis-element are classified into two 

groups, CBF1/DREBl and DREB2 (I<irch et aI., 2002). The groups contain similar AP2 domains but have 
1? 
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low sequence similarity outside that domain. There are three DREBl proteins, DREB1B, DREB1A, and 

DREB1C, and two DREB2 proteins, DREB2A and DREB2B. DREBlB is identical to CBF1, and DREB1A 

and DREB1C, are homologous to CBF3 and CBF2 respectively. Both DREB1A and DREB2A bind 

specifically to DRE/CRT and function as transcriptional activators, however expression of the 

DREBIA/CBF3 gene and its two homologues (i.e. DREB1B/CBFl and DREBIC/CBF2) is induced by low 

temperature stress, whereas the two DREB2 genes are induced by dehydration (Shinozaki and Yamaguchi­

Shin ozaki, 2000; Kirch el al., 2002; Ramanjulu and Bartels, 2002) . These results indicate that at least two 

separate families of C-repeat/DRE binding factors function as transcription factors in independent signal 

transduction pathways (Ramanjulu and Bartels, 2002; Kirch et aI., 2002), i.e. DREBl proteins function in 

cold-specific gene expression, whereas DREB2 proteins are involved in dehydration-specific gene expression 

(Shinozaki and Yamaguchi-Shinozaki, 2000). 

1.3.7.3. HD-Zip (Homeodomain-leucine zipper) protein 

The homeodomain (HD) is a DNA-binding domain that is conserved throughout eukaryotes (Kirch ,I aI., 

2002). Homeodomain-leucine zipper (HD-ZIP) proteins, as yet only identified in plants, are putative 

transcription factors thought to regulate development and responses to environmental cues. They are 

characterised by a ZIP motif immediately following the homeodomain (Kirch et aI., 2002; Ramanjulu and 

Bartels, 2002). Five HD-Zip transcripts have been reported to be upregulated in response to dehydration. 

Two HD-ZIP family II genes from C planlagineum, CPHB-l and CPHB-2, were shown to be dehydration­

inducible, but showed different responses to ABA. This difference suggests that CPHB-l and CPHB-2 act in 

different branches of the dehydration-induced network (Ramanjulu and Bartels, 2002). The accumulation of 

ATHB-7 transcripts from Arabidopsis, were shown to be upregulated in response to water stress and ABA. 

ATHB-6, and ATHB-12 were also identified as water-stress-responsive in an ABA-dependant transduction 

pathway (Lee et aI., 2001; Kirch el aI., 2002; Ramanjulu and Bartels, 2002). 

1.3.7.4. MYB-protein 

The MYB domain is classified as the DNA-binding domain of the proto-oncogene Myb, and is composed of 

three copies of an approximately 50 amino acid repeat containing conserved tryptophan residues. These 

tryptophan residues are organised 18-19 residues apart and form the hydrophobic core of the protein (Kirch 

et aI., 2002). Myb proteins appear to be a conserved family of ubiquitous transcription factors. The expression 

of Myb-related genes, rpm7 and rpml0, from C plantaginellm, is upregulated by dehydration and ABA 

respectively. As the expression of rpm7 is restricted to roots, which represent a plant'S primary sensor of water 

deficit, it is thought that the encoded product acts as a transcription factor inducing genes responsive to 

dehydration (Neale el aI., 2000; Ramanjulu and Bartels, 2002) . The Atmyb2 gene from Arabidopsis is a 

homologue of Myb, and is dehydration-responsive. Atmyb2 transcripts have also been shown to accumulate 

upon salt stress and in response to exogenous ABA (Kirch et aI., 2002) . 
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1.3.7.5. MYC-like Basic helix-loop-helix (!:>HLH) protein 

Helix-loop-helix (HLH) proteins are composed of two a-helices separated by an intervening loop. HLH 

factors always bind the DNA as a dimer - one helix of each monomer works to hold the dimer together by 

interacting with its counterpart, whilst the other pair forms a scissors-like structure where each "blade" fits 

into the adjacent major groove on the DNA (Ferl and Paul, 2000). 

Myc-like proteins contain the basic helix-loop-helix (bHLH) domain, composed of two sub domains: the basic 

region responsible for DNA binding and the helix-loop-helix (HLH) region responsible for dimerisation 

(Ramanjulu and Bartels, 2002; Kirch et aI., 2002). bHLH proteins bind cis-elements with a CANNTG core 

consensus sequence, however flanking residues are also important for binding and detennine the specificity 

of the protein (Kirch et aI., 2002). The Arabidopsis rd22 BPI gene encodes a Myc homologue transcription 

factor that has been shown to be dehydration-, high-salt- and ABA-responsive (Ramanjulu and Bartels, 2002). 

1.4. Products of Genes Up-Regulated in Response to Water-Deficit 

Environmental stresses that result in water-deficit trigger the expression of an array of new proteins that 

enable the plant to respond appropriately in order to adapt and survive under stress conditions. These 

proteins have been shown to perform a variety of cellular functions (Bray, 1993; Ingram and Bartels, 1996; 

Grover et aI., 2001; Ramanjulu and Bartels, 2002). These are summarised in Figure 5 and discussed in the text 

below. 

Regulation and Signalling 
Transcription factors, protein kinases, RNA binding proteins, nuclear proteins 

Metabolism 

Enzymes - osmolyte synthesis, 

sugar metabolism 

Removal of Toxins 

Enzymes that detoxify active 

oxygen specIes 

Osmotic Adjustment 

Osmolyte Synthesis 

Water channel proteins 

c:=.g. aquapo11l1s 

Protection of Cellular Structures 

Protein Repair 

(chaperone, protease 
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Protein Degradation 
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Cell wall lignification 

LE..A. proteins - ion sequestration, enhanced water binding capacity, chaperones, preservation 
of membrane structure, water replacement 

Figure 5: Predicted functions of the gene-products of water-deficit induced genes 

(Fif,'UCe adapted from Bray, 1993) 
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1.4.1. Protection of Cellular Structures 

A number of water-deficit-induced gene products are predicted ro function in protecting cellular structures 

from damage caused by water loss. These genes, frequently called lea, encode late embryogenesis abundant 

(LEA) proteins (Bray, 1993; Bohnert el a/., 1995; Oliver and Bewley, 1997; Swamy and Smith, 1999; Bray ,I aI., 

2000; Grover el aI., 2001; Ramanjulu and Bartels, 2002). They were initially identified as genes that are 

expressed during the maturation and desiccation phases of seed development (Bray, 1993). It has 

subsequently been shown that these genes are also expressed in vegetative tissues experiencing water-deficit 

resulting from drought! dehydration, osmotic and low-temperature stress (Bray, 1993; Oliver and Bewley, 

1997; Ramanjulu and Bartels, 2002). Lea genes in seeds and vegetative tissue are also induced by ABA 

(Swamy and Smith, 1999; Ramanjulu and Bartels, 2002). 

At least six groups of lea genes have been identified (Bray, 1993; Swamy and Smith, 1999; Bray el aI., 2000; 

Ramanjulu and Bartels, 2002). These are defined according to their amino acid sequence homologies, 

biochemical properties and alignment with proteins from cotton (Swamy and Smith, 1999; Ramanjulu and 

Bartels, 2002). The majority of the LEA proteins are predominantly hydrophilic, biased in amino acid 

composition, lacking in cysteine and tryptophan, and are predicted to be located in the cytoplasm (Bray, 1993; 

Ramanjulu and Bartels, 2002). Specific functions for each group of LEA proteins were proposed after careful 

analysis of the individual amino acid sequences and predicted structures of the proteins (Bray, 1993). Each 

group has a characteristic stretch of amino acid sequence that is highly conserved (Swamy and Smith, 1999; 

Rarnanjulu and Bartels, 2002). The six groups of LEA proteins are summarised in table 3 below. 

Table 3: The SLX groups of LEA proteins 
(table adapted from Bray et aI, 2000; references consulted - Bray, 1993; Bray et aI, 2000; Swamy and Smith, 1999; 
InJl'1"am and Bartels 1996; Ramaniulu and Bartels, 2002) 

Group Representative Protein 
Conserved Amino acids / 

Proposed function 
consensus sequence 

Group 1 Early Met-labelled protein (Em) High percentage of charged 
Enhanced water-binding capacity 

1D-19-LEA fanuM I (\~'heat) residues and glycine residues 

Chaperone function or onc that 
Group 2 

preserves protein strUcmrc I.C. 
D-II -LEA D-II (Cotton) EEKKGIMDKlKELPG 

stabili!'es proteins structure 
(Dehydrin') 

amino acid motif, 
Sequestration nf Ions that are 

Group 3 I1 -mer 
0 -7 (Cotton) concentrated during cellular 

D-7-LEA TAQAAKEKAGE 
dehydration 

The N-tenninus ammo acid 
Replaces Group 4 

sequence which is thought to 
water to preserve 

D-95-LEA 
D-95 (Soybean) 

membrane structure 
form an ex-helix is c005erved 

11-mer repeat - each ammo 
Group 5 0 -113 (Cotton) 

acid In the motif has similar Sequesters ions during water loss 
D-I13-LEA LE25 ([omato) 

chemical oroocrties to (![Quo 3 

Group 6 
Mar be similar to group 3 (Swamy 

0 -29 Similar to group 3 and Smith. 1999); some references 
D-29-LEA 

onlvlist5 ,rouP' CBrav uaf, 2000) 
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1.4.2. Osmotic Adjustment 

Plants maintain total water potential during water deficit by osmotic adjustment (Bray, 1993; Bohnert ,I aI., 

1995; Ingram and Bartels, 1996; Ramanjulu and Bartels, 2002). Cellular water potential is reduced to below 

the external water potential by decreasing osmotic potential, thus allowing water to move into the cell. This is 

achieved by the accumulation of osmolytes (compatible solutes) in the cytoplasm e.g. pyrroline-5-carboxylate 

synthase, betaine aldehyde dehydrogenase (Bray, 1993; Bohnert ,/ aI., 1995; Ingram and Bartels, 1996; 

Rarnanjulu and Bartels, 2002), and glycine betaine (Xing and Rajashekar, 2001). Genes that encode enzymes 

involved in the synthesis of these osmolytes have been identified, and in some cases, have been shown to be 

induced by water deficit (Bray, 1993; Bohnert ,/ aI., 1995). Some examples of osmolytes include sugars, 

polyols, proline, quaternary ammonium compounds and tertiary sulfonium compounds (Bohnert ,/ aI., 1995; 

Ramanjulu and Bartels, 2002; Pnueli ,/ aI., 2002). 

Ion and water channels are hypothesised to play an essential role in regulating water flux during drought­

stress. This hypothesis has been supported by the isolation of channel protein genes that are induced in 

response to water deficit (Guerrero ,/ aI., 1990; Bohnert ,I aI., 1995; Ingram and Bartels, 1996; Grover ,/ aI., 

2001). Channel proteins accumulate in the tonoplast during stress facilitating the movement of water or 

solutes from the vacuole to the cytoplasm resulting in the alteration of either the water content or the 

osmotic potential of the cytoplasm (Bray, 1993; Bohnert ,I aI., 1995). 

The aquaporins are an important element of the cellular water transport mechanism (Bohnert ,/ aI., 1995; 

Ramanjulu and Bartels, 2002). These are a complex family of channel proteins that facilitate the transport of 

water along transmembrane water potential gradients (Bohnert ,/ aI., 1995; Ramanjulu and Bartels, 2002). 

Aquaporins can regulate the hydraulic conductivity of membranes and potentially increase water permeability 

by 10 - 20-fold. Dehydration mediates the regulation of expression and activity of these proteins (Ramanjulu 

and Bartels, 2002; Chaves ,/ aI., 2003). 

1.4.3. Structural Modification 

Drought stress can result in adjustments in the chemical and physical properties of the cell wall e.g. wall 

extensibility (Ingram and Bartels, 1996). These alterations may include the genes encoding S­

adenosyhnethionine synthetase (Espartero ,/ ai, 1994). Under normal conditions, increased expression of S­

adenosyhnethionine synthetase genes can be linked to reg;ons where lignification is occurring, thus it is 

reasonable to conclude that increased expression in drought-stressed tissues could also be due to the 

lignification of the cell wall. Cell elongation is halted during prolonged drought stress, and seems to be 

followed by the initiation of lignification processes (Ingram and Bartels, 1996). 

Suberisation is a process similar to lignification and may even have preceded lignification. In evolutionary 

terms, suberisation was of the utmost importance to plants developing the ability to live on land. Suberised 
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tissues are found in underground organs e.g. roots, and in periderm layers e.g. bark, and are formed as 

multilamellar domains composed of alternate polyaliphatic and polyaromatic layers. These layers contribute to 

cell wall strength and form impenetrable barriers that provide a mechanism to limit uncontrolled water loss 

by the whole plant (Croteau el aI., 2000). 

1.4.4. Degradation and Repair 

Genes encoding two types of protein-degrading mechanisms, namely proteases and ubiquitin, are induced by 

watcr deficit (Bray, 1993; Chaves el 01., 2003). Proteins with sequence similarity to proteases have been 

isolated in more than one plant species, and have been shown to be induced by drought e.g. pA1494 from 

A.lha/iana and 150 from P.salivllm. These enzymes are thought to degrade proteins irreparably damaged by the 

effects of abiotic stress conditions (Ingram and Bartels, 1996; Grover et 01., 2001) and to dispense with 

redundant proteins and depolymerise vascular storage peptides, thereby freeing up amino acids for use in the 

large-scale production of new proteins (Bray, 1993; Ingram and Bartels, 1996). A. Iha/iana, shows increased 

levels of mRNA encoding ubiquitin extension protein in the initial stages of drought stress. Ubiquitin 

extension protein is a fusion protein that is a precursor to active ubiquitin, and is derived by proteolytic 

processing. Ubiquitin functions in the degradation process by tagging proteins for destruction (Ingram and 

Bartels, 1996). 

Counteracting the above-mentioned degradation mechanisms are chaperones and protease inhibitors, which 

are also induced by water deficit (Bray, 1993; Bohnert el 01., 1995). During drought stress, protein residues can 

be altered by chemical processes i.e. dearnination, isomerisation, or oxidation, thus one can safely deduce that 

enzymes that playa role in protein repair are upregulated as a result (Ingram and Bartels, 1996; Oliver and 

Bewley, 1997; Ramanjulu and Bartels, 2002) . For example, the synthesis and activity of L-isoaspartyl 

methyl transferase is enhanced by water-deficit in wheat seedlings, and converts modified L-isoaspartyl in 

damaged proteins back to L-aspartyl (Ramanjulu and Bartels, 2002). Two drought-induced gene products 

with similarity to heat shock proteins have been isolated by differential screening (Kiyosue el 01., 1994). These 

are most likely chaperonins, that function in protein repair by assisting other proteins, denatured or mis­

folded during water stress, to refold into their native conformation (Bohnert el 01., 1995; Ingram and Bartels, 

1996; Pnueli el 0/., 2002; Haralampidis el aI., 2002) . 

1.4.5. Removal of toxins 

The expression of enzymes involved in the removal of toxic intermediates produced during oxygenic 

metabolism (e.g. glutathione reductase, glutathione S-transferase, superoxide dismutase, and ascorbate 

peroxidase) increases in response to drought stress and is thought to be very important in stress tolerance 

(Bohnert el 01., 1995; Ingram and Bartels, 1996; Grover el 01., 2001). Declining leaf water content and resultant 

stomatal closure leads to reduced availability of CO, and the production of active oxygen species e.g. 

superoxide radicals. In addition, elevated photorespiratory and glycolate-oxidase activity go hand in hand 
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during drought, and result in the production of H,O,. It follows that genes encoding enzymes that detoxify 

active oxygen species have been shown to be upregulated in response to drought (Ingram and Bartels, 1996). 

1.4.6. Regulation and Signalling (discussed in more detail in section 3) 

Genes encoding proteins with probable involvement in the regulation and signalling process during periods 

of water deficit, i.e. protein kinases, calcium-dependent kinases, mitogen-activated kinases, phospholipases, 

and phosphatases have been identified. Transcription factors that recognise DNA elements within drought­

induced promoters have also been identified vi" bZIP, AP2/EREBP, HD-Zip, MYB-like and MYC-like 

bHLH proteins (Bray, 1993; Shinozaki and Yamaguchi-shinozaki, 2000; Grover el aI., 2001; Kirch e/ aI., 2002; 

Ramanjulu and Bartels, 2002) . 

1.5. Research Strategies 

Dehydration tolerance in plants has traditionally been investigated using three main approaches: 

Examining tolerant systems i.e. specific structures or species that can survive severe desiccation, Vti: 

certain seeds and resurrection/ desiccation-tolerant plant species, for example, angiosperms, mosses, and 

ferns. A thorough molecular investigation of such tolerant systems should ideally reveal evidence of 

expressed genes that encode for desiccation tolerance (Bohnert ,I aI., 1995; Ingram and Bartels, 1996). 

• Analysing mutants from genetic model species, for example A. Iha/ialla. The advantage of using model 

species is that there is extensive genetic information, a wide vatiety of mutants, and the viability of 

positional gene cloning (Bohnert ,/ aI., 1995; Ingram and Bartels, 1996). 

• Analysing the effects of stress on agticulturally relevant plants. This method is useful because as a 

consequence of years of exhaustive breeding or ill vilro selection, lines are available with varying degrees of 

tolerance, thus correlative evidence can be elucidated for genes implicated in drought response (Bohnert ,I 

aI., 1995; Ingram and Bartels, 1996). 

The last few decades havc seen dramatic growth in the amount of sequence data stored in public databases 

vi" GenBank, EMBL, and DDBJ (Figure 6). A significant amount of wet-bench research has already been 

done on plant responses to dehydration/water deficit stress, the bulk of which is freely available from the 

public databases. This project aims to collect this information into a central database, and using available 

software tools, perform an in-si/ito analysis of it. 
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Figure 6: Growth of data stored in public biological databases 

(Figure adapted from URL 36). 

1.6. Project Outline 

1.6.1. Problem Statement 

Many stress situations limit plant growth, resulting in crop production difficulties (Hawkes ford, 2001). The 

world population is steadily increasing, and will be for the foreseeable future. Arable land is in short supply 

and over-utilization of this land increases the salinity of the soil. The majority of crop species are intolerant to 

environmental stresses. The combination of these factors has resulted in a tremendous strain being placed on 

agriculturalists to produce enough to sustain the world's population. 

An understanding of the principles involved in plant resistance to environmental stress will enable scientists 

to harness these mechanisms to create stress-tolerant crop species, thus increasing crop production, and 

enabling the farming of previously unproductive land (Hawkes ford, 2001). 

This project seeks to explore the promoter regIOns of genes, encoding proteins that are up- or down­

regulated in response to specific abiotic stresses, with the aim of identifying common patterns, which can 

then be used to identify novel genes involved in specific plant stress responses. 

1.6.2. H)'pothesis 

Drought, low-temperature and high salinity plant stress response proteins have similar dr-elements in their 

promoter regtons. 
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1.6.3. Objectives 

• Identify known genes encoding for proteins that have been reported to be up- or down-regulated in 

response to drought, low temperature and salinity plant stresses. 

• 

• 

• 

• 

• 

Create a database to store relevant information pertaining to these genes and the proteins encoded by 

them. 

Using available software identify known dr-elements within these genes. 

Identify novel cis-elements within these genes. 

Identify significant patterns in the dr-elements. 

Identify novel genes that may be involved in drought, low temperature and salinity plant stress response. 
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CHAPTER 2 MATERIALS AND METHODS 

2.1. System Configuration 

• Operating System - Fedora Core 2 Linux, with kernel version 2.6.8-1.521. 

2.2. Database Specifications 

2.2.1. Database Development 

PostgreSQL 7.4 

URL: hn:p;llwww.po"t~7!esqL()q! 

PostgreSQL is an object-relational database management system (ORDBMS) based on POSTGRES, Version 

4.2 CURL 10). The database, athlee_db, was created using PostgreSQL, in order to store sequence 

infonnation of known genes encoding for proteins that are reported to be up- or down-regulated in response 

to drought, low temperature, and salinity plant stresses and relevant infonnation pertaining to each gene. 

2.2.2. Perl Database Interface 

Pg.pm 

URL: http://st;3rch.cpan.oriT / -meqTl / pgStll l2erl5-1 .9.0 / Pg.pm 

Pg is a PerlS extension for PostgreSQL, and allows the user access to all the functions of the Libpq interface 

of PostgreSQL. Pg uses blessed references as objects, with the Libpq functions serving as virtual methods 

after a new connection or result object is created. These functions can be divided into three categories, 

Connection, Result, and Large Objects CURL 11). 

The Pg module was used to facilitate querying, manipulation, and insertion of data into athlee_db from 

within a perl script, and is identified at the top of the various perl scripts by "use Pg;". 

2.3. Programming 

2.3.1. Perl 5 

Perl is the programming language of choice for bioinfonnatics as it simplifies many routine bioinformatics 

tasks, for example, it processes and manipulates long strings easily, thus is uniquely suited to sequence 

manipulation and retrival of infonnation in flat flies (ASCII text fIles) which is typically how data is stored in 

public biological databases such as GenBank and PDB (Tisdall, 2001). 
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Where possible perl scripts were written to automate the various data manipulations necessary to accomplish 

project objectives. These are detailed in the Appendices section and discussed in Chapter 3 of this report. 

2.3.2. BioPerl-1.4 

URI..: http:/ / www.bioperl.com 

The Bioper! server is a web-based resource of modules, scripts, and web-links for developers of open-source 

Perl-based software tools for bioinformatics, genomics and life science research CURL 16). Specific Bioperl 

modules used are identified by the "use" keyword at the start of each perl script i.e. "use Bio::SearchIO;". 

2.4. Inputs, Outputs, and Processes 

INPUT 

PROCESS 

OUTPUT 

Figure 7: Project process diagram 

DATABASE 
(athlee_db cr~at t:d lbmg 

pt lstgrc:-'Q:L) 

Plant Stress Response proteins 

• Information gathered from literature 
and searching public databases: 

o accession 0 mol type 
number c product 

o gene name 0 CDS 
0 organIsm 0 gene, 
0 description promoter 
0 author 0 CAATsignal 
0 reference 0 TATA signal 
0 inducing stress 0 poly A signal 

0 misc. features. 

Processes 

• 

• 

Obtain genomic DNA sequence far all 
possible entries. 
Extract promoter and intran sub­
sequences. 
Run through promoter prediction and 
promoter searching software 

DB Interface 

• Java Graphical User Interface (GUI). 
• Queries the db usingJDBC. 
• Outputs a summary of information 

stored in the db i.e. collated data and 
results. 
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2.5. Promoter Prediction 

NNPP: Neural Network Promoter Prediction 

• Version: NNPP2.2 

• Program: fa2TDNNpred.linux - NNPP for LINUX (eukaryotic) 

• URL: hrm:: Iwww.fruittly.org/ sc(,j, rooh; / prommer.html 

NNPP is an implementation of a feed-forward neural network model of the structural and compositional 

properties of eukaryotic and prokaryotic core-promoter regions. It uses the time-delay neural network 

architecture to make promoter predictions for DNA sequences and is applied to the question of predicting 

potential transcription start sites in genomic sequences (Reese, 2000; Fickett and Hatzigeorgiou, 1997; URL 

3). 

2.5 .1. Time-delay Neural Networks QDNN) 

Neural networks are machine-leaming methods that originally stem from the field of signal and speech 

recognition. Promoter modelling uses a particular type of neural network, the time-delay neural network 

(TDNN) architecture, initially developed for the analysis of speech sequence patterns in time series with local 

time shifts. Sequence patterns are transformed into input patterns by extracting a sub-sequence within a fixed 

window. The window is then moved over all positions in the sequence and the sub-sequences converted into 

input activities (Reese, 2000). 

Essential promoter specific features that have to be learned by the network include (Reese, 2000): 

• Recognition of sub-sequences occurring at non-fixed positions within the input window i.e. the sub­

sequence is feature-independent of shifts in its position. 

• Recognition of features albcit their appearance at various relative positions. 

2.5.2. NNPP 

NNPP combines two distinct neural networks, one for the TATA-box recognition and one for the Inr 

recognition, which were trained independently. During this initial training the statistical properties of the 

nucleotides in the binding sites were learned. The combined two-layered time-delay neural network then 

incorporates these individual networks and captures possibly important dependencies between the individual 

binding sites. The 51 base pair sequence, that spans the transcription start site from position -40 to +11 and 

includes the TATA-box and Inr, is used as input to the final TDNN. The initial single-feature time-delay 

neural networks are transferred into the combined TDNN and training is performed. The resulting neural 

network logs high order correlation between the various features and their relative distancc into a complex 

weight matrix (Reese, 2000; Fickett and Hatzigeorgiou, 1997; URL 3). 
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NNPP was chosen as the promoter prediction tool of choice as it is freely available for download to academic 

institutions, thus could be installed and run locally, and was rated as the highest performing promoter 

prediction software tool by Fickett and Hatzigeorgiou (1997) in a thorough review of eukaryotic promoter 

prediction algorithms. 

2.6. Promoter Searching 

TESS: Transcription Element Search Software on the ""'WW, (Schug and Overton, 1997; URL 17). 

URI..: hn:p:/ / www.cbil.upenn.edu/ tess 

TESS is a web-based software tool that locates putative transcription factor binding sites (cis-elements) in a 

DNA sequence. The program performs string, flltered-string and weight matrices searches of a DNA 

sequence based on TRANSFAC and/or user-defined sequences, allowing mismatches and variable cut-offs 

(Schug and Overton, 1997; URL 3). 

2.6.1. Database Preparation 

TESS makes use of the TRANSFAC database as its transcription factor reference data source. TRANSFAC is 

a store of transcription factor binding sites, consensus sequences, and weight matrix data collated from the 

literature and maintained as a relational database (Schug and Overton, 1997; URL 21; URL 3; Rombauts et aI., 

2003). 

TRANSFAC is distributed in flat flle and relational form. T he flat-flle form is composed of six EMBL files 

corresponding to six of the main relational tables. TESS pre-processes these flat files to generate a set of 

indexed tables, thus facilitating a much more rapid access and querying process (Schug and Overton, 1997). 

2,6.2. Binding Site Searches 

TESS performs two types of searching corresponding to the two forms of data accessed from TRANSFAC. 

• String searching - uses the information in the SITES table 

• Weight matrix searching - uses the information in the MATRIX table 

Both searches attempt all alignments A € A of a model of the binding site with the input sequence. The 

definition of 'model' is dependant on the search method being used. Nand WM indicate the length of the 

input sequence and model respectively. The string matching algorithm requires that the model lie entirely 

within the input sequence. Alignments are allowed in both the normal and reverse-complement sense, thus 

there are 2(N - W" + 1) possible alignments for each model (Schug and Overton, 1997). 
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2.6.2.1. String Searching 

The majority of transcription factors held in the FACTOR table ofTRANSFAC are related to one or more 

entries in the SITES table indicating short sequences of DNA containing a binding site for a factor. During 

string searching, the model of the factors' binding site is merely the set of sequences taken searched one after 

the other. The sequence set for each factor is collected and ordered according to length, longest to shortest, 

prior to each search. The search program calculates the score of each legal alignment for every sequence. The 

positions of the sequence covered by the alignment are marked when an alignment score exceeds the 

minimum cut-off threshold. Subsequent alignments of shorter sequences that overlap with the marked bases 

are considered illegal and are not evaluated. All bases are released prior to searching for each new factor, thus 

the longest match that can be made to a specific location, given the cut-off parameter, is recorded (Schug and 

Overton, 1997). 

The user is able to specify the following search parameters (Schug and Overton, 1997): 

• Percentage mismatches allowed (recommended/default value = 10%) 

• Minimum sequence length (default value = 6) - matches to sites that are too short are less significant and 

are likely to be excluded by a match with a longer sequence. 

• Minimum score (recommended/default value = 12.0) 

• Secondary scoring threshold - used in the Java display to highlight the very good matches. 

TESS was chosen as the promoter searching tool of choice as it allows a filtered search of TRANSFAC 

(results are fIltered according to a user-selected parameter e.g. organism classification) as well as the option to 

input user-defined search sequences. 

2.7. Database Interface 

2.7.1. Graphic Display 

Java is a high-level, object-orientated programming language developed by Sun Microsystems in the early 

1990s. It is accompanied by a library of extra software, the Java API, that provides the ability to create 

graphics, communicate over networks, interact with databases and so on. 

A Graphical User Interface (GUI) is a program interface or well-defined layout of interactive graphical 

components, that utilises the computer's graphics capabilities in order to facilitate easy use of the program 

(Lewis and Loftus, 2003; URL 40). 

A graphic display was created in JAVA to allow a user to search athlee_db (facilitated by the JDBC Java API 

- detailed below in section 2.7.2) and to display a concise summary of the search results. 
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2.7.2. Database Querying 

Java Database Connectivity ODBC) is a Java API that facilitates the execution of SQL statements by Java 

programs, thus allowing a java program to interact with any SQL-compliant database (URL 40). The 

PosgreSQL JDBC Driver enables a Java program to connect to a PostgreSQL database, using standard Java 

code (URL 9). 

The JDBC API is considered the industry standard for database-independent connectivity between Java and a 

wide variety of databases. The JDBC API basically allows the user to do three things (URL 8): 

• Establish a database connection 

• Send SQL statements 

• Process the results 
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3.1. Database Design, Creation and Population 

• 
• 

~1RNA records 

D 
mRNA Database Tables 
• BlascResulrs 

Search_SeqInfo 
Search_Seqs 

• 
• 

NNPPres uIts 
Dambase mble storing NNPP results. 

FOREI(jN KEY -+ link REFERENCES 

Source.id 

{ 

Plant stress response information 
collated from literature and public 

databases 

Source Database Table 
I'RL\1ARY KEY -+ id 

,.. 

V 

FOREIGN KEY -+ link REFERENCE..") 

Source.id 

Promoter and intron subsequences 

Run subsequences through promoter 
prediction and searching software 

Parse n::sults files and write to athlee_db 

Figure 8: Outline of the flow of information through the database 
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Genomic DNA records 

} 

Genomic DNA Database Tables 
Genorrllc_Searchlnfo 

• CDS_Seq Info 
• Genomic_SearchSeqs 

• 
• 

TESSresults 
Database mble storing TESS results 

FOREIGN KEY -+ link REFERENCES 

Source.id 

An initial working set of fifty genes encoding for proteins that have been reported to be up- or down­

regulated in response to drought, low temperature, and high salinity plant stresses, were identified by 

manually searching the available literature, and public databases. The search process could unfortunately not 

be automated as there seems to be no consistency in the nomenclature used i.e. dehydration, drought, water­

deficit and water stress are used interchangeably when referring to plant stress associated with reduced water 

availability. 

The accession numbers were stored in a text file, and a perl script (populate.pl- Appendix Al) written which 

reads these into an array\ assigns a unique identifier to each record:! (the first two characters of the accession 

number and a number that increments with the addition of each new record), and populates the id and 

accession fields' of the primary table in the database, the Source table. Accession numbers were not used as 

• Superscript numbers in the text preceding each figure in this section correspond to those in the highlighted sections of Perl 
code in the figure that follows. 
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the primary key as some of the flatftles contained more than one sequence of interest, thus the accession 

number was not a unique identifier for each record. 

1. open (accessIons, IISource.Accessions"); 
@accessions = <accesSlOns>; 

2. for (Snum = 0; $num < scalar@accesslons;Snum++){ 
chomp @accessions(Snum]; 
$acc = @accesslOm.(Snum]; 
$id = substr($acc,0,2) . "_11 . $num; 

3. $res=$conn->execC'INSERT INTO Source (ld, accesslOn) VALUES C ld', 'Sacc');"); 

Figure 9: Htghlighted seetlons from Populate.pl 

Table 4 below outlines the structure of the Source table as well as the format and description of the 

information it was created to store. Similar summaries of the auxiliary tables are detailed in the appendices 

section of this report. 

Table 4: Source Database Table Outline 

Field Name PostgreSQL Field Format Description 

Id Text PRIMARY KEY 
Unique identifying number for each new r(.'Cord generated by populate. pl. 

Foreign key of auxiliary tables reference Source.id 

Accession Number varchar (40) Obtained from NCBI nucleotide database fla t-file 

Organism varchar (60) e.g. Arabidopsis thaliana 

Gene Name varchar (60) Obtained from NCBI nucleotide dat:J.ba~e flat-file 

Description Text Description of nucle()tide 

Author Text Primaryauthor(s) 

Reference Text Journal, vol (no.), PP (Y('":lr) 

Inducing stress/condition Text Low (Cmperarure, Drought/ Dehydration, Iligh salinity. Osmotic, Abscisic Acid 

Mol_ type vnrchar (60) Genomic DNA, mRNA 

Product Text Protein product 

CDS T ext Identified Coding Region 

Gene Text Gene-region 

Promoter Text Promoter-region 

CAA T_Signnl Text Identified CAAT_Signal 

TATA_Signal Text Identified 'lATA_Signal 

PolyA_Signal Text Identified PolyA_Signal 

Sequence Text Nucleotide sequence 

Misc_I'L':tture Text Putative/s uggcsK-d. fearurcs i.e. ds-ck'mL'flts identified in the promoter region 
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PopulateSource.pl (Appendix A2) then reads the id and accession numbers from the database' , retrieves a 

stream of the corresponding segIO objects from GenBank', and calls a series of sub-routines' (Appendix A2) 

to extract relative information and populate the remaining fields in the Source table' , with the exception of 

the 'inducins.-stress' field, which was entered manually. 

1. $conn :::: Pg:oconnectdbC'dbname ::::athlee_db user=g9610081 password=asm120478"); 
$conn->reset; 

Sres::::Sconn->execC'SELECT Id FROM Source;"); 
whtle (@td_nos=$res->fetchww) { 

foreach Sld(@td_nos){ 
pUSh(@lds.$l<J); 

Sres=$conn->exec(,SELECT aCCtSSlon FROM Source;!!); 
while (@row= Srcs-> fetchrow){ 

foreach Sacc(@row){ 
push(@accession_nrs,Sacc); 

2. Sgb = new B,o: DB::GenBankO; 

3. wlule(Sclone :::: Sseql0->nexcseq) { 
Sldnum = @ids[Sx]; 
FetchRefAnnotatlOns(Sclone, Sldnum); 
FetchDescnpoon(Sclooe, Sldnum); 
Fetch..l::)equence(Sclone, $ldnum); 

foreach Sfeacobject ($clone->gecSeqFeatures) { 
FetchGeneName($feacobJect, Sldnum); 
foreach Sk(@seqfeatures){ 

FetchSeqFeature(Sk, Sfcacobject, $lClnum); 
) 
foreacb l(@sourceFeatures){ 

FetchSourceFearures(SI, SfeacobJect. $idnum); 

$x++; 

Figure 10: Highlighted secUons from PopulateSource.pl 

3.2. Retrieval of Genomic Promoter and Intron Sequences 

The nucleotide information collated in the Source table primarily occurs in rwo forms, namely mRNA and 

genomic DNA. Sections 3.2.1 and 3.2.2 describe how the afore-mentioned source information was processed 

in order to extract the subsequences of interest vii.: the promoter and intron regions. 
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3.2.1. mRN A Records 

In order to obtain the genomic DNA for the mRNA records, a perl script, remoteBlast.pl (Appendix Bl), 

selects all mRNA records from the Source table' , writes them in FASTA format to an input ftle' , performs a 

remote BLAST (program: blastn, evalue: le-lO) of each record against the non-redundant nucleotide 

database' , and writes the resulting BLAST report to individual output ftles'. 

1. Sconn = Pg::connectdb C'dbname=athlee_db user=g96l008l password=asm120478"); 
Sconn->reset; 

Pg::doQuery (Sconn."SELECT accession, organism, seq FROM Source WHERE mol_type ~'" 'mRNA':",\@aq); 
open (FILEIN," >mRNArnputseq"); 

2. for SI(O .. S#ary){ 
@orgName = spht(! I ,Sary[Si][l]); 
pnnr FILEIN ">Sary[Sij[O]_$orgName[O]_SorgName[!j \ o"; 
PrUlt FlLEIN "Sary[Si] [2]'\0\ 0"; 

3. m)' Sprog ::: 'blastn'; 
my Sdb = 'nr'; 
my Se_val = 'le- lO', 

my @params = ( '-prog' 
'-data' 

=>Sprog, 
=>Sdb, 

'-expect' =>$e_"'aJ, 
'-readmethod'=>'SearchIO,); 

my $factory = BIO::Tools::Run::RemoteBlast->new(@params); 
Sfactory->proxy(rhttpl , 'http://g961008173370082Y@cache3.ru.ac.za:3128' ); 

my Sst< = BlO::SeqIO->oew(-£ile=>'mRN:\tnputseq'); 

my $r = Sfactory->subrrll,-blast(mRNAlrlputseq); 

wlule(my @<Ids = Sfactory->each_cd) { 
foreach my nd(@rids){ 

my $rc = Sfacrory->retac:ve_blast(Srid); 
lfOrd(Src)) { 

If(Src<O){ 
Sfactory->remove_rid(Srld); 

} 
print STDERR " " if(Sv>O), 
sleep 5; 

}else{ 
4. my Sresult = Src->nexcresultQ; 

my Sfliename = Sresult->query_oameQ "\.out"; 
Sfacrory->save_output($fileoame); 
Sfactol)'->rt:move_ud($rid); 
prlOt "\ nQuery Name:", $result->query_nameO," \n"; 

while(my $hlt = $result->oext_hlt) ( 
ne.xt unless (Sv>O); 
prun "\ tHit name: ", Slut->name,"\n", 
while (my Shsp = Shlt->oex,-hsp){ 

pnnt "\ t\ tScore IS ",Shsp->score,"\n". 

Figure 11: Htghlighted sccOons from remotcBlast.pl 
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The BLAST output files! were then parsed (parse_blast.pl- Appendix B2) in order to fllter out' all unwanted 

hits. Hits were flltered on the following three selection criteria: 

Must have greater than or equal to seventy-five percent identity with the query mRNA sequence 

• Must be of the same species as the query sequence 

• Must not be a cDNA or mRNA record 

This process reduces the number of hits per query sequence to approximately 0 - 6 per query. Selected 

information on each hit was then extracted' and written' to the Blast_Results table (Appendix B3) in the 

database. 

1. my dir = "/ home/ g9610081 / BlastReportFiles"; 
my@blastrep01t_files = < Sdir/ *.OU[>. 

my Sin = new Blo::SearchIO(-format = > 'blast', 
-file => Sfile.name); 

2. while (my Sresult = Sm->ne.,,<cresult) { 

3. 

while (my Shit = Sresult->ne.xUut) { 
while(my Shsp = Shit->no.xt_hsp) { 

u(Shsp->percenCldencty >= 75) ( 
If(Shit->descnptwn =-/[\s\w]+(Sspecies)[\s\w]+/i) { 

If(Shlt->descripnon =-/[\s\w]+(mRNA I cDNA)+ [\s\w]*/i) { 
} else { 

Shicname = $hlt->name. 
Shicacc€'sslOn = Shit->accessl0n: 
Slucdescriprion = Slut->descnpcon; 
Shi,-descnpnon =- s/\'/ J r;. 
$length = Shsp->lengthCtotal'); 
SpercenCld = Shsp->percenCldentity; 
$e_value = Shsp.>e\-alue; 
Sstart_~uery = Shsp->startCquery'); 
Send_query = Shsp->end(query'); 
Ssta.r,-hit = Shsp->stan(hit'); 
Send_hit = Shsp->end(hit'); 

If (Shi,-name =_/Agbl) ( 
Shlcseq=FetchGBSequence(Slucaccessl0n); 

\ else{ 
Slucseq=FetchEMBLSequence(Slucaccessl0n); 

4. Sres=Sconn->exec(nINSERT INTO Blast..Results (accession, 1ur_name, lucaCCeSSlOll, 
hit..descnprion, length, pcrcenCld, e_value, s tatt..query. end_query, start_lut, end_rut. ruLs~q) 
VALUES ~Saccession'. 'Shlcname', 'Shicaccessl0n', 'Shtcdescnpcon'. 'Slength', tSpet'cenLld', 
'$e_ value', tSstarcquery', 'Send_query', 'Sstarchit'. 'Send_hit', 'Sluc~eq?;"); 

Figure 12: HIghlighted sections from parse_blast.pl 

The hits for each record were manually reviewed and where possible a series of consecutive hits on the same 

genomic sequence identified. The promoter and intron start and end positions were defined and entered into 

11 
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the Search_Seqlnfo table (Appendix B4), e.g. the blasr results for query AB039924 included six consecutive 

hits with the genomic DNA sequence, I\C002332. The evaluation process is detailed in table 5 bdow. 

T bl 5 a e : E xamplc 0 fBLAST eva uatlon process 
~,AB039924 Hit, AC002332 

Quer), 4 -174 175 - 325 324 - 410 410 - 508 504 - 632 631 935 

Hit 50298 - 50128 49853 - 49703 49621 - 49535 49439 - 49341 49253 - 49125 48991 - 48688 

, 
~ .... ", 

" 
.. ' ' '-.. .' . ...- ........ 

..?- • .-- • • ~ ... 

EJ:0!ll0l!::[ ang InlIon S!Jbs~qn~m;~::! 

Promoter 46688 48687 

Intron 1 48992 - 49124 

Jntron 2 49252 - 49340 

Intton 3 49440 - 49534 

Intton 4 49622 - 49702 

Intton 5 49854 - 50127 

SearchSeqFetch.pl (Appendix BS) and Fetchlntrons.pl (Appendix B6) reads these values into a senes of 

arrays', retrieves the corresponding nucleotide subsequences from GenBank' , and writes them to the 

Search_seqs table' (Appendix B7) . 

1. conn = Pg::connectdbC'dbname=athlee_db user=g9610081 password=asm120478")~ 
Sconn->reser; 

Sres=$conn->exec(,SELECT TESSprom_start FROM Search_Seqlnfo;"); 
wlule (@rowsl=S«.->fetehrow){ 

foreaeh Sstarr l (@rowsl) f 
push(@starlnesl ,Sstartl); 

2. foreach $eotry(@hiracceSSlOtLors) { 
Saccessloo::::@accesSlon_nrs[Smdex]; 
Spromoter2000=FetchSequence(Sentry,@srarlnrsl [Sindex],@endnrsl[Smdex]); 
SpromoterlOOO=FetchSequence(Sentry,@srarrrus2[Sindex],@endnn;2ISmdex]); 

3. $res=$conn->execC'INSERT INTO Search_Seqs (accession, hiLaccessioo. promote.r2000, promoterlOOO) VALUES 
CSaccesslon', 'Sentry' ,'Spromoter2000', 'Spromoter 1 000');"), 

$res=$conn->exec("UPDA TE Search_Seqs SET seq :;:: BlascResu1~.hiLseq where hlcaccession :;:: 
BlascResults. lm_accessl0n;"); 

sub FetchSequence { 

my (55Oarch term, $stUll1r, Sendnr) = @....; 

' ? 



Sgb - new Bio::DB::GenBankO; 
Sgb-> proxy(fhttp1, 'http:// g96l008l :733700829@cacht3.ru.ac.za:3l28' ); 
Sseqobj = Sgb->gecSeq_by_acc(Ssearch_term); 
Sretrieved_seq = Sseqobj->subseq(Sstarmr,$endru); 
Sretrieved_seq; 

Figure 13: Highlighted sectlOnS from SearchSeqFetch.pl 

3.2.2. Genomic DNA records 

CHAPTER 3 - Implementation 

GenomicSearchlnfo.pl (Appendix B8) selects all genomic DNA records from the Source table, retrieves the 

corresponding promoter and intron seqFeatures from GenBank\ and writes the start and end informacion to 

the Genomic_Searchlnfo table' (Appendix Bll). Additionally, GenomicSearchlnfo.pl identifies split location 

CDS seqFeatures', retrieves the start and end information for each CDS sub-location, and writes it to the 

CDS_Seqlnfo table (Appendix B9). 

1. $gb = new Bio::DB::GenBankO: 
$gb->proxy(fhttp1 , 'http.// g961008l :i 33700829@cache3.tuac.za:3128' ), 
SseqlO = Sgb-> get_StJ:eam_by_acc([@accession_nrs]); 

wlule(Sclone = SseqlO-> nexcseq) { 
foreach Sfeacobject (Sclone->gecSeqFearurfs) { 

FetchPromott"r(Sfeacoh)ect) Slds[$x]), 
FetchIntJ:on( fear_obJect. Slds[Sx]); 
FetchCDSsuboeqs($feacobJecr, Slds[Sx]); 

Sx++; 

2. sub FetchPrornoter { 

my (Sfearobj, Sldentiry) = @....: 
1£ ($fe'atobj-> primary_tag eq "promoter") { 

start = featobj->start; 
Sres=Sconn->e-.xecC'UPDATE Geno1ll1c_Searchlnfo SET prom_start = '$start' \x'HERE lmk = 'SIde-nuty';"); 
Send = Sfeatobj->end; Sres=Sconn->exec("UPDATE Genorruc_Searchlnfo SET prom_end = ' end' WHERE 
hnk = 'Slde-.noty';''); 

sub Fetchlntron { 

my ($featobJl, Sldtnotyl) = @....: 
If (Sfeatobjl-> pnmaI)'_tag t:q "intron") [ 

Sstartl = Sfeatobj1->start; 
Sendl = Sfeatobjl ->end; 
@tags = $featobjl->geuIUagsO; 
If ($fearobJ 1->has_tag( numberi) ( 

@num = Sfeatobj l ->geLta~values{'number'); 

$n = @ num[OJ; 
Jelst{ 

Sn = 1; 

Sfidd = "intron" . Sn; 
$fieldl = Sfield . "_start"; Sfidd2 = Sfield. "_cnd"; 
$re,=Sconn->execCUPDA TE GenomIc_Searchlnfo SET Sfieldl = 'S,tartl' WHERE link = 'Sidenot)'l ';"); 
Sres=$conn->exec("UPDA TE Geno1ll1c_Searchlnfo SET $field2 = ' endl' 'WHERE hnk = '$Idenntyl';''), 
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3. sub FetchCDSsubseqs { 

my (Sfeatobj2, $ldentity2) = @~ 
my $y=l; 

if ($featobj2->locaoon->isa(,Bio::Locatlon::SplitLocationI,) && S{eaLoblect->prunaty_rag eq 'CDS,) 
foreach Slocanon (Sfeatobj2->location->sub_Location) { 

SEnd::: Slocatton->end; 
SStarr::: location->start; 
SStartFlekl ::: "Start$y"; 
SEndFleld ::: "EndSy"; 
Sres=$conn->cxec("UPD.\TE CDS_Seqlnfo SET SStartFleld = 'SSwt' WHERE link = 'Sldennty2';"); 
Sres=Sconn->cxec("UPD.\TE CDS_Seqlnfo SET SEndField = 'SElld' WHERE link = 'Sldenoty2';"); 
$y++; 

Figure 14: Highlighted sectlons from GenoffilcSearchlnfo.pl 

PopulateGenomic_Searchlnfo.pl (Appendix B10) uses the CD S sub-location information to define the 

promoter and intron start and end positions" and writes this information to the Genomic_Searchlnfo table'. 

1. Scunn ::: Pg.:connectdb(,dbnaroc=athlee_db user=:g9610081 password:::asm120478"); 
$conn->reset; 

2. 

for (Sx = I: SX < 14: Sx++){ 
y = Sx + I; 

SIntronStarr = "lntron" Sx: . !I _ start"; 
SIntronEnd ::: lIlntron" . $x ."_e.nd", 
$CDS_fieldl = "CDS_Seqlnfo.endSx", 
SCDS_field2 = "CDS_Seqlnfu.srartSy"; 

Sres=$conn->exec('UPDATE Genonuc_SearchInfo 
CDS_SeqInfo.link;"): 

$re.s=$conn->exec(,UPDATE Genonuc_Searchlnfo 
CDS_Seqlnfo.link;"): 

SET SIntronStart 

SET SIntronEnd 

Figure 15: Highlighted sectlons from PopulateGenomlc_SearchInfo.pl 

= SCDS_fieldl 

= SCDS_field2 

+ 1 WHERE link = 

1 WHERE link = 

As with the mRNA records, two perl scripts, SearchSeqFetch2.pl (Appendix B12) and Fetchlntrons2.pl 

(Appendix B13), read these values into a series o f arrays, retrieve the corresponding nucleotide subsequences 

from GenBank, and write them to the Genomic_SearchSeqs table (Appendix B14). 

3.3. Promoter Prediction and Searching 

3.3.1. Promoter prediction using NNPP 

PromoterFastaFiles2.pl (Appendix C3) writes each promoter subsequence in FASTA format to individual 

text files', which are then used as input for NNPP (Neural Network Promoter Prediction - outlined in 

14 
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section 2.5). The NNPP eukaryotic program, fa2TDNNpred.linux, was used with a threshold confidence 

value of 0.95. Reese (2000) reports false positive rates of 0.39% and 0.077% at confidence levels of 0.8 and 

0.99 respectively for a set of representative eukaryotic sequences. A confidence level of 0.95 was thus chosen 

so as not to eliminate possibly interesting results whilst still maintaining a low false positive rate 

(approximately 0.14%) . 

1. $conn = Pg::connectdbC'dbname=arhlee_db user=g9610081 password=asm120478"); 
Sconn->ceset; 

Pg::doQuery($COlln,"SELECT accessIon, hicaccession, promoter2000. hnk FROM Search_Seqs;",\@ary); 

for $i(O .. S#ary) { 
open (FILEIN, ">N- PPlnpurFiles\/5ary[Si][3J_mRNA_Promoter.fa"); 
prlnt FlLEIN "> ID I Sary[SiJ[3J-Sourco l Sary[SiJ [OJ_Hit I ary[S~[!J_PromoterSequencc2000bps\n" ; 
prlnt FILEIN "$:Iry[Si][2J\ n \n"; 
close FILEIN; 

Figure 16: HJghlighted sections from PromoterFasraFiles.pl 

NNPPrun.pl (Appendix C4) reads all the NNPP input fJ.lenames into an array" runs each promoter FASTA 

sequence through NNPP', and writes the results to separate output fJ.les'. 

1. my Sd.u: = "t home/ g% 10081! NNPPlnputFIles"; 
my @.NNPP_fastaFiles = <Sd.u:/,.fa>; 

2. f"reach .file (@NNPP_fa""Files) \ 
SresultFile = 'nnppRESULT_'; 
SresultFile = substr(Sfile,30); 
open (FILEOUT, "> PPoutputFiles\/SresultFIlo'~; 
prlnt FlLEOUT "SresultFIle\ n\ n", 
my Sresult = qx'/home/g9610081/N PP/NNPP2 2/bm/ fa2TDNNpred.hnux -t 0.95 -r Sfilc'; 

3. pruu FILEOUT "Sresult\ n"; 
close FILEOllT; 

Figure 17: HJghlighted sectlons from NNPPrun.pl 

The output fJ.les were then parsed by parseNNPP.pl (Appendix C5), which retrieves the highest scoring TSS 

(Transcription Start Site) prediction and the associated information and writes it to the NNPPresults Table 

(Appendix C6). 

1. my Sd.u: = "/ home/ g9610081 / NNPPoutputFiles"; 
my @NNPPresultFiles = <Sdir/' .fa>; 

2. foreach my Sfile (@NNPPresultFiles) { #open file handles 
open(IN, "SfUe"); 
open(OUT. "> > \/home \ / g961 0081 \/NNPPresults"); 
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while «IN» { #wlule reading the current NNPP report 

elsif (L =- I'Predicnon:\s(.{8})\-+/) { 
push(@confidVals,$I); #find the hit WIth the highest confidence value 
If (SconfidVals[$x-IJ > SconfidVals[SindexJ)I 

Smdex = Sx- l ; #record the mdex of the highest confidence value thus far 

3. $res=Sconn->execC'INSERT INTO N tPPresults ~ lutno, confidence. regtonstart, reglOnend. slgnalstart, pattern, 
strand, length, forwardPattem) \' ALVES C$Sow:ce', '$hu:no[Sindex]', 'SconfidVals[.mdex]', 'SPatternSnu:t[l;ll1dex]', 
'SPattemEnd[$mdex]'. 'SSlgnalS tart[Smdex]', 'Spa tterns [Smdex]'. 'Sstrand[Smdex]" 'Slgth', '$focwardPattem'); "); 

Figure 18: HJghlighted scctlons from parseNNPP.pl 

3.3.2. Promoter searching using TESS 

PromoterFastaFiles.pl' (Appendix Cl) and IntronFastaFiles.pl' (Appendix C2) write the promoter and intron 

subsequences in FASTA format into a series of text files. These files were used as input for the promoter 

searching software tool, TESS (Transcription E lement Search Software - outlined in section 2.6). 

L Sconn = Pg.:connectdbC'dbname=athlee_db user=g9610081 password=asm120478"); 
$conn->reset; 

Pg::doQuery($conn,"SELECT acceSSIon, lucacces~lOn. promoter2000, link FRUM Search_Seqs;" ,\ @ ary), 
open (FILEIN ," > TESSmputFiles \ / mRN A_Promoter2000Fasras"); 

fot Sl(O .. S#ary) I 
prInt FlLEIN ">10 I Sarr[l;~ [3J_Source I $arY[Sl][OJ_Hlt I Sary[S~[IJ]romoterSequence_2000bps\n" ; 
print FILEIN "Sary[S~[2J ' \1l\n" , 

close FILEIN; 

2. Sconn = Pg::connectdbC'dbname= athlee_db user= g9610081 password=asm120478"); 
Sconn->re~et; 

Pg::doQuery($conn,"SELECT accession, rucaccesslOn, mtwnl , hnk """ROM Search_Seqs;".\ @ary); 
open (FILEIN ,"> TESSmputFiles \I mRN}dnrronl Fa",,,"): 

for Si(O .. $#ary) { 
print FILEIN "> ID I Sary[Si][3J_Source I Sary[SiJ [OJ_Hit I Sary[S~[11-1nrronl \ n "; 
print FlLEIN "Sary[S~[2J\n\I1" ; 

close FILEIN; 

Figure 19: Highlighted seetlans from PromoterFastaFiles.pl and IntronFastaFiles.pl 

Two batch searches were performed. The first run was a string search for three user-defined DNA consensus 

sequences of plant transcription factors obtained from literature, namely ABRE, DRE/CRT /LTRE, and 
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MYB (refer to section 1.3.7). The second was a filtered string search of only plant strings from TRANSFAC. 

Apart from filtering the second search to include only plant sequences (Organism Classification = 

viridiplalltae), the default parameters were used. These are detailed in Table 6 below. 

Table 6: TESS Search parameters 
Search Program selected I. String·based Search Query 

2. Filtered String-based Search Query 

String Databases 1. Search My Strings 

• CACGTG 

• TACCGACAT 

• TGAACT 

2. Search TRANSFAC Strings 

• ~: Organism Classification :;:: lJiridiplalltae 

String Scoring Parameters 

• Use only core positions for TRANSF AC stJ:ings Yes 

• Maximum Allowable String ~1ismatch % 10 

• :Minimum log-likelihood ratio score 12 

• ~1inimum string length 6 

Output Control 

• Secondary Lg.Likelihood Deficit 3.0 

• Count significance threshold 1.0c·2 

Although TESS is a web-based analysis tool, it includes a facility to email result reports to the user. These 

reports were saved into a separate directory and parsed by two perl scripts, ParseTESS.pl (Appenclix C7) and 

ParseTESS2.pl (Appenclix C8), in order to extract selected information', calculate relative positioning of 

preclicted TESS sites on the corresponcling nucleotide sequence' and write it to the TESSresults table' 

(App endix C9). 

L my Sdir = "/bome/ g9610081 / TESSreports"; 
my @TESSreports :;:: <Schr/1'.tessreport>; 

foreach Sreport (@TESSreports) { 
open(IN, "$report"); 

while « IN» { 
chomp; 
if ($_ =- r SEQ\s+(>.+)/) { 

@ftleName = sp~t(!\ I 1,51); 
@flleNamel = split(!.J ,SftleName[I]); 
SflleNm = SflleNamel[O] . "_" . SflleNamel[I], 
open(OUT, "»TESSoutputFiles\l$flleNm.tess"); 
@heading = split(! _I, SflleNamejS#flleName]); 

) elsif (S =- rHIT I) { 
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@fields split(/\s+/ ,SJ; 
pnnt OUT "SSouree SseqTable Stable Sheading[l] Sfi<lds[2] Sfields[3] Sfields[4] Sfields[5] $fielcb[61 
Sfields[7] Sfields[8] Sfields[9] Sfields[IO] Sfields[ll] Sfields[12] Sfields[13] \ n\n"; 

} 
close (IN); 
close (OUl); 

2. Sconn :;: Pg.:connectdbC'dbname:=;athlec_db user=g9610081 password=asm120478"); 
Sconn-> reset; 

3. 

my Soo = "/ home/ p;9610081 /TESSoutputFiles"; 
my @TESSoutputFiles = <500/' tess>; 

foreaeh .file (@TESSoutputFil<s) { 
open (IN, "Sfile"); 

1 

wIllie «I, » { 

) 

@ fields = split(/ / ,SJ ; #split each line into an array 
Stable = -£ields[2]; # table 

If ($fields [3] eq 'PromoterSequenee') { 
$fieldName :;: 'TESSprom'; #dt: temune db field name 

lelse{ 
SfielcL"1ame = Sfields[3]; 

SfieldStart = SfieldNamc . "_start"; 
$fieldEnd = $fieldName "_end"; 

# read start posioon of promoter on orlgmal sequence 
$res=Seonn->exee('SELEcr SfieldStart FROM Stable WHERE link = 'SId';"); 
Sstart = $res->fetchro\\,; 

#cakulare start position of site on the onginal sequence 
S,lte_start = Sstart + Sfields[6] - 2; 

Sres=$conn->exec('INSERT INTO TESSresults (lmk, SIte_name, source, sue_start. slte_Iength, sequence) 
VALUES CSld', 'STRANSP.'\Csltc\ 'SSourcc', 'Ssae_start', 'Slength\ 'Sseq);"); 

close (IN); 

Figute 20: Highlighted sections from ParseTESS.pl and ParseTESS2.pl 

3.4. Database Graphical User Interface 

A Graphical User Interface (GUI) was created using JAVA and JDBe, in order to facilitate easy searching of 

the athlee_db and concise display of the resulting information. 

Figure 21 and 22 are schematic diagrams of the Search and SearchResults GUI respectively and indicate the 

primary panels forming the framework of the GUI and the layout managers controlling the positioning of the 

components held within them. 
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The search GUI allows the user to select a field name from the Source, TESSresults and NNPPresults tables, 

and enter search terms in the text fields provided (refer to Appendix D1 - DBsearch.java and Appendix D2-

DBsearchGUI.java). Clicking the 'Start Search' button at the bottom left of the screen triggers the 

ButtonListener class to call the Search.java class (Appendix D3). 

Prima;y GUI Panels 

- labels indicate the outer 3 llbiotic Plant Stress Response DataBase 
layers and layou[ managers 

OuterPanci and lnncrPancl - --1:Sel"n ... rch fields and enter search nittrii. 

SearcbPanel - Gridl ,ayout 

---- ---r.~-----------------; I 

Start Search 

Figure 21: Schematic Diagram of the Database Search GUI 

Search. java performs a search of the database using the keywords and fields selected by the user, returns the 

result as a list of record ids stored in an array, and triggers the search results GUI window to open, displaying 

the list of ids in the top left comer of the screen, as shown in figure 22 (refer to Appendix D4 -

D BsearchResul ts. java). 

The user now selects an id from the list, and clicks the 'Display Results' button. This triggers the 

ButtonListener to call the RetrieveSourceInfo, RetrieveTessInfo, and RetrieveNnppInfo classes (Appendices 

D5, D6 and D7) to extract a summary of information for the selected record from the corresponding 

database tables and display the results in the appropriate display components on the screen. 

In order to display the results of another record in the result set, the user need only repeat the process; 

alternatively they may close the GUI window and rerun DBsearchGUI.java to perform another search. 

1<) 
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Figure 22: Schematic Diagram of the Database Search Results G UI 
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CHAPTER 4 RESULTS AND DISCUSSION 

4.1. Database 

The database was created in postgreSQL and initially populated with fifty entries obtained from literature and 

public databases. Entries were selected to represent genes reported to be up- or down-regulated in response 

to dehydration, low temperature and high salinity, as well as those reported to be regulated by a combination 

of the afore-mentioned abiotic plant stresses. The composition of the nucleotide sequence information of the 

dataset was approximately 3:2 mRNA:genomic DNA. The reason for this ratio is due to the limited amount 

of genomic DNA information available, which is primarily from plant genomes that have been completely 

sequenced, namely A. Ihal;alla and O. saliva. mRNA entries were thus included to provide a dataset that was 

more representative of all plant species that contain genes regulated in response to abiotic plant stress. 

Flow of information through athlee_db was, for the most part, automated using the various perl scripts 

discussed in chapter 3, however there were three stages where manual processing was necessary vii; the initial 

search process, BLAST hit evaluation and TESS batch runs. Future work will involve increasing the data set 

to include all known genes encoding for proteins that have been reported to be up- or down-regulated in 

response to drought, low temperature, and salinity plant stresses, at which stage these manual procedures will 

create significant "bottle-necking" of data throughput. Thus high priority should be placed on future 

automation of these processes if at all possible, in order to facilitate high throughput screening of new entries. 

4.2. Promoter Prediction 

Transcriptional initiation appears to be controlled by the coordinated binding of various proteins to "s­

elements in the promoter, and in some cases to enhancer sequences. The combination, order, and positioning 

of these binding sites relative to one another and to the transcription start signal (TSS) are thought to suggest 

the particular expression context of the gene in question (Fickett and Hatzigeorgiou, 1997; Terai el aI., 2004). 

The primary objective of this project was to determine whether or not drought, low-temperature and high 

salinity plant stress response proteins have similar cis-elements in their promoter regions, as a basis for 

attempting to deduce possible common transcriptional initiation of these genes. It was for this reason that we 

chose to include prediction of the transcription start signal. 

Figure 24 depicts the relative position of the NNPP predicted Transcription Start Signals upstream of the 

gene start site. These points were obtained by subtracting the position of the predicted TSS (information held 

in the NNPPresults table) from the end of the promoter region (information held in the genomic_searchlnfo 

and search_seqlnfo tables for genomic DNA and mRNA records respectively), and then plotting against the 
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relative confidence value. The corresponding postgreSQL query statements are highlighted in figure 23 below 

- the sections highlighted in red indicate where the relative upstream position was retrieved from the 

database. 

• SELECT nnppresult<; link, nnppcesults .confidence, genunuc_ o;earchmfo tel'>sprom~nd . nnpprc",ulb Slgnal"'tatt FROM 

genonllc_seacchinfu, nnppresults \x'HERE genomic_searchinfo.link = nnppresults.link. 

• SELECT nnppresuln..link. nnppresults.confidence. search_:-.eqlllfn re!o.'promcnd 

search_seqinfo, nnppresults WHERE search_seqlOfo.link = nnppresults.link; 

nnpprc",uln. "\lgnabClrt FROM 

Figure 23: PostgreSQL database query statements used to retrleve NNPP predicted TSS information 
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Figure 24: Relatlve upstream posmon of NNPP predicted Transcnption Start Sites of sequences stored in 

athlee_db 

Currently available promoter prediction software analysis tools are reported to predict one promoter per 

kilobase of D NA, whilst functional promoters are thought to only occur one in 30-40 kilobases, which 

indicates that a large percentage of predictions are likely to be false positives (pedersen ,/ aI., 1999; Rombauts 

e/ aI., 2003). NNPP predicts the TSS by combining TATA box and lllr recognition using a time-delay neural 

network architecture. These basal promoter features are known to occur in the region approximately 40 bps 

up- and downstream of the TSS (Reese, 2000; Fickett and Hatzigeorgiou, 1997; Pedersen e/ aI. , 1999). The 

two vertical blue lines in figure 24 delimit the area 50 bps up- and downstream of the gene start site, thus the 
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NNPP predicted TSSs lying within or near this region are more likely to be accurate than those that are 

farther removed. 

The core promoter is a binding region for RNA polymerase and the general transcription factors (GTFs). 

RNA polymerase II and the GTFs assemble together to form a pre-initiation complex with the core 

promoter in order to initiate basal transcription (pedersen ,/ al., 1999). Figure 25 below is a diagrammatic 

representation of this complex, adapted from Pedersen ,/ al (1999). 

C3 -r---__ --./"..---

TAFs 

RNA-polymerase II 

TBP 
TFIIA TFIIB 

TATA Inc DNA 

Figure 25: Pre-initiation complex 

(adapted from Pedersen fI ai, 1999). 

Other promoter prediction algorithms approach promoter prediction by combining the recognition of this 

minimal set of transcription fac tor binding sites, with some description o f the arrangement of these sites 

(Fickett and Hatzigeorgiou, 1997). TESS results identified two of these, namely TEl' and TAF-1 (highlighted 

in yellow in Table 7 below), thus future promoter analysis could possibly include combining the NNl'l' 

results with those from a second promoter prediction tool of the afore-mentioned type, to provide clearer, 

more accurate results. 

4.3. Promoter Searching 

Table 7 below is a summary of the transcription factors predicted to bind to associated cis-elements in the 

promoter and intron regions of sequences stored in the database. This list was obtained from the following 

postgreSQL query statement, "SELECT DISTINCT site_name FROM [essresulrs;" and the associated infonnation 

collated from the corresponding TRANSFAC flatfile (URL 21). The records highlighted in grey indicate 

those transcription factors where gene expression has been reported (in TRANSFAC) to be regulated, 

induced or repressed by environmental plant stresses/conditions, plant hormones and/ or plant 

developmental stage. 
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Table 7: 

Factor 

BBFl 

BZlP910 

BZIP911 

CG-l 

CPRF-l 

Dof2 

EBP 

EmBP-lb 

GAmyb 

GBFl 

GBF12 

GBF2 

GT-2 

HBP-l 

HBP-la 

HBP-la(l) 

HBP-

la(c14) 

HBP-lb 

UPIS 

MNBla 

OBF3.1 

Opaque-2 

OBF3.2 

OBF4 

OBF5 

OSBZ8 

PBF 
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Summary of Transcription Factors predicted by TESS to bind in the promoter and intron regions of 

sequences stored in athlee_db 
(Information collated from TRANSFAC flatfiles - URL 21) 

TRANSFAC Accession DNA-binding 
Full Name Induced/Repressed 

Number domain 

rolB domam factor T02695 
Dof-type Zi11C-

AU.X1n 
finger 

BZIP910 T02789 Leucine zipper -

BZIP911 T02790 Leucine zipper -

CG-I TOOl26 - -

Common plant regulatory factor 1 TOI091 Leuctne Z1pper l..1ght 

DNA-binding with One Finger 2 T02690 
Dof-type zinc-

-
finger 

Ethyletle-l'esponslve element b1!lchng 
T02658 AP2domam Ethylene 

protem 

EmBP-I b TO 1098 Leuctne ;appet ABA 

Glbberellin-regulated Myb T02679 - Gibberellin 

G-box bmding facTOr 1 TOI078 LeUClnt: upper Blue hght 

G-box binding factor 12 T02676 Lt:ucine zipper -

G-box bmdmg factor 2 TOI079 Leucme zlppe.r Blue hght 

- TOI097 - Light 

- TOO354 Leucine zipper -

- TOO937 Leucine zipper -

- T01394 Leucine ~ippcr -

- T01395 Leucine zipper -

- TOO938 Leucine zipper -

• Low temperature 

• AB.-\ 
Low tcmpemture-rnduced protem 15 T02803 Leuane zIpper 

• Salt 

• Anaerob10s1S 

TOI059 
Dof-type Z111C-

Light -
finger 

Ocs element binding factor 3.1 T02662 Leucine zipper -

- TOO668 Leucine zippet -

Ocs element binding factor 3.2 T02663 Leucine zipper -

Ocs element bindmg factor 4 T02659 Leucme zIpper Ethylene 

Ocs element binding- factor 5 T02661 Leucine zipper -

• Dehydranon 

• Development 
Oryza satlva bZIP protem 8 T02807 Leucme Zlpp e-.t 

• ABA 

• Salt 

Prolamin box binding factor T02692 
Dof-type zinc-

-
finger 
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TRANSFAC Accession DNA-binding 
Factor Full Name Induced/ Repressed 

Number domain 

Putative }illA Respons1ve Element Consensus Taken from literature (refer Bas]c Leucme 
ABA 

ABRE Sequence to Table 2, sectIon 1.3.7) Zipper (bZIP) 

Putative Dehydranon Respons1ve: Element! C- AP2 
Taken from literature (refer • D ehydranon 

DRE/ CRT repeat/ Low Temperature Responsive (APET.'ti-\ 2) 
to Table 2, sectlon 1.3.7) • Low temperature 

/ LTRE Element Consensus Sequence EREBP domam 

Putative Taken from literature (refer 

MYB-like 
Myh-hke Consensus Se:quence 

to Table 2, seCQon 1.3.7) 
Mj'b-like D ehydraoon 

REB - T02808 uucine zipper -

RF2a - T028 11 Leucine zipper -

RITA-I - T02786 uucUle ZIpper Seed development 

ROMI - T02809 Leucl1le u pper D evelopment 

ROM2 - T028 10 Leucule z1ppt'r Development 

SBF-I - T00739 - -

SEF4 Soybean embrvo faeror 4 TOllO! - D evelopment 

SPA Storage protem aCQvator T02787 LeUClllC ZIpper Development 

SsDBP-I Single strand DNA-binding protein 1 T01l78 - -

• Dehydration 
TAF-I - TOI090 Leucine zipper 

• ABA 

TBP-I TAT A-binding protein 1 T00799 - -
TGAI - T02794 Leucine zipper -

TGAla - T00829 Leuc1I1e Zipper Xenohl00c-5tress 

TGAlb - T00830 Leucine zipper -

TGA2 - T02795 Leucine zipper -
TGA3 - T02796 Leucine zipper -

T GA6 - T02797 Leucine zipper -

ZIP-lA - T02804 Leuc1I1e ZlPoer AB.\ 

Zmhoxla - TOO922 Leucine zipper -

ZPT2-I - T02325 Zinc-finger -

• Dehydratlon 

• Deve.lopment 
ZPT2-2 T02447 Zinc-finger 

• \X'ounding 

• l..1ttav1<)1<t-B hght 

All the sequences stored in athlee_db are reported to be up- or down-regulated in response to one or more of 

the abiotic plant stresses of interest vi" dehydration, low temperature and high salinity. Additionally, many are 

reported to be up- or down-regulated in response to ABA. This in formation was stored in the 

'inducing..stress' field of the Source table in athlee_db. 

T able 8 below summarises these inducing stresses (as reported in literature) and the transcription factors 

predicted to bind to associated eir-elements in the promoter and intron regions of sequences reported to be 

regulated in response to them. 
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This information was retrieved from the athlee_db with the following postgreSQL query statement: 

SELECT DISTINCT tessresults.sitt:_name, source.inducin~stress FROM tessresults, source WHERE source.inducin~strcss 

- * 'SInducing Stress'! AND sourcejd = tessresults.link; 

Table 8: TESS sites found on promoter/intron sequences and associated abiotic stresses 

High Salinity ABA Dehydration Low Temperatwe 

BBFI X X X X 

BZIP910 X X X 

BZIP911 X X X X 

CG-l X x X X 

CPRF-l X X X 

Dof2 X X X X 

EBP X X X 

EmBP-lb X 

GAmyb X 

GBFI X X X X 

GBF12 X 

GBF2 X X X 

GBF9 X X 

GT-I X X X X 

GT-2 x 

HBP-I X X X X 

HBP-la X X X 

HBP-la(l) X X 

HBP-Ia(cI4) X X 

HBP-Ib X X X 

LIPts X X X X 

MNBla X X X X 

OBF3.I X X X 

Opaque-2 X X 

OBF3.2 X X X 

OBF4 X 

OBFS X 

OSBZ8 X X X X 

PBF X X X x 

Putative ABRE X X X X 

Putative 
X 

DRE/CRT/LTRE 

Putative MYB-like X X X X 

REB X X X X 

RF2a X 

RlTA-l X X X X 

ROMI x 

I $lnducing Stess indicates where each inducing factor/abiotic stress indicated in table 8, was inserted for each query i.e. high 
salinity, ABA, dehydration, low temperature, osmotic. 
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High Salinity ABA Dehydration Low Temperature 

ROM2 X X 

SBF-l X X X X 

SEF4 X X X X 

SPA X X X X 

SsDBP-l X X 

TAF-l X X X X 

TBP-l X X X X 

TGAl X X X X 

TGAla X 

TGAlb X 

TGA2 X X 

TGA3 X 

TGA6 X X 

ZIP-lA X X 

Zmhoxla X X X X 

ZPT2-1 X X X 

ZPT2-2 X X X 

The phyto-hormone, abscisic acid (ABA), is a key signal in response to environmental stresses relating to 

cellular water deficit, such as dehydration, high salinity and low temperature (Shinozaki and Yamaguchi­

Shin ozaki, 2000; Grover ,/ aL, 2001; Kirch ,/ ai, 2002; Ramanjulu and Bartels, 2002). Dehydration is thought 

to elicit the accumulation of ABA, which then activates various stress-associated genes (Kirch ,/ aL, 2002; 

Ramanjulu and Bartels, 2002) . Studies to date regarding the molecular events triggered in response to water 

deficit suggest a complex network of regulatory systems that mediate stress-induced gene expression, that 

involve both ABA-dependent and ABA-independent signal transduction pathways. The slower ABA­

dependent response is thought to involve mediation via a bZIP / ABRE (ABA responsive element) cis­

element, which depends on the accumulation of endogenous ABA to trigger the signalling cascade (Kirch ,/ 

aL,2002) . 

Examples of ABA Responsive Elements (ABRE) taken from literature, as laid out in table 2, namely EmBP-

1, TAF-1, OSBZ8, were identified by TESS in the promoter regions of genes reported to be induced under 

afore-mentioned abiotic stress conditions (refer to records highlighted in green in table 8 above). EmBP-1 

was predicted to bind in the promoter region of genes regulated in response to dehydration, whilst TAF-1 

and OSBZ8 were predicted to bind in the promoter region of genes regulated in response to ABA and high 

salinity, dehydration and low temperature plant stresses. 

These results suggest that the ABRE dr-element may mediate gene expression in response to low temperature 

and high salinity plant stresses, as well as in response to dehydration. Alternatively, it may indicate that similaz 

genes are regulated in response to onc or more of the afore-mentioned stress albeit by different regulatory 

mechanisms. 
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Research done by Shinozaki and Yamaguchi-Shinozaki (2000) on the Arabidopsis rd29A promoter suggests 

that the second of these hypotheses is more likely. The rd29A promoter was found to contain both the DRE 

and ABRE tis-elements. These are reported to function in ABA-independent and ABA-dependent gene 

expression respectively, which indicated that rd29A expression was mediated by more than one independent 

regulatory system. 

LIP15 Qow temperature induced protein 15) was identified by TESS in the promoter region of genes reported 

to be induced by ABA and high saliniry, dehydration, and low temperature plant stresses. In addition, the 

putative ABRE and Myb-like (consensus sequences taken from li terature - refer to table 2, section 1.3.7) were 

identified in the promoter region of genes reported to be induced by ABA and high salinity, dehydration, and 

low temperature plant stresses. These results therefore further corroborate the hypothesis that there is 

considerable overlap in the mechanisms governing the regulation of genes induced in response to the afore­

mentioned abiotic stresses. 

A large number of the transcription factors predicted to bind in the promoter and intron regions of our data 

set are of the basic leucine zipper family. Members of this family of transcription factors exhibit differential, 

although often overlapping, binding preference for eir-elements containing an ACGT core sequence. Binding 

specificity is determined by the nucleotides flanking the core ACGT sequence. ACGT elements have been 

associated with abscisic acid, auxin, wounding, salicyclic acid, and anaerobiosis and with the expression of 

genes involved in light-regulated processes e.g. photosynthesis, and flavonoid (antioxidant) biosynthesis 

(Meier and Gruissem, 1994; Martinez-Garcia et aI., 1998). A major group of these bZIP transcription factors 

bind to G-box tis-elements which contain the palindromic CACGTG motif (Meier and Gruissem, 1994; 

Martinez-Garcia et aI., 1998). The ABA-responsive element (ABRE) is the best-known G-box cir-clement in 

relation to dehydration stress tolerance (Kirch e/ aI., 2002). 

Martinez-Garcia ,/ al. (1998) suggest that a number of bZIP transcription factors may be able to interact with 

any particular ACGT target, and that the result of such multiple interactions depends on the relative affinity 

of each bZIP factor for the ACGT target, the relative abundance of these factors under prevailing 

environmental conditions or at each phase of development, as well as the availability of other interacting 

proteins. 

One can thus speculate that differential specificity for the ACGT target sequence plays a central role in the 

expression of abiotic stress responsive genes. Table 9 below outlines selected examples taken from athlee_db 

where various ACGT-binding transcription factors induced under different conditions were predicted by 

TESS to bind at overlapping positions in the same promoter. This data seems to support the hypothesis that 
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differential specificity for the ACGT target sequence plays a central role in regulating the expression of 

abiotic stress responsive genes, under different environmental conditions, at specific stages in development 

and in response to various physiological cues. 

Table 9: Examples taken from .thlee_db that support the hypothesis that the _-\CGT target sequence plays a 
I I h f b" centra ro e 1Il t e expreSSIOn 0 a lotte stress responsive genes 

Database Id Site Name Source Site start Site length Sequence 

RITA-I 5336 10 GTGACGTCAC 
DI_2 TRANSFAC 

OSBZ8 5367 6 TACGTG 

RITA-I 62 10 GACACGTGtC 
S7_27 TRANSFAC 

EmBP-Ib 61 11 GGACACGTGgC 

RITA-I 670 10 GTGACGTGGc 
AJ_25 TRANSFAC 

U PI5 671 6 ACGTGG 

GBFI TRANSFAC 22021 8 CCACGTGG 
X8_43 

Putative ABRE User Defined 22022 6 CACGTG 

Transcription factors induced by environmental and physiological cues other than abiotic stresses relating to 

water deficit, were also predicted by TESS to bind to cir-elements within the promoter region of some of the 

gene sequences stored in athlee_db (highlighted in grey in table 7 above). Those that are worth mentioning 

vi" gibberellin, light, development and auxin, are outlined in more detail in sections 4.3.1 - 4.3.4 and possible 

links to water stress response discussed in the text that follows. 

4.3.1. Gibberellin 

The transcription factor, GAmyb, was predicted by TESS to bind to its associated cif-element, GARE 

(Gibberellin Response E lement), in the promoter region of genes regulated in response to dehydration. The 

expression of GAmyb is reported to be induced by gibberellin (GA) (URL 21; Cercos et al., 1999; Gubler et 

aI., 1999). 

Gibberellins are a large family of phyto-hormones that control an array of plant development processes e.g. 

fruit development, seed germination and maturation, stem elongation and leaf expansion (Cercos el al., 1999; 

Sun, 2000; Olszewski el aI., 2000; Ishida et aI., 2004). 

Sun (2000) suggests that the basal state of GA signalling is most probably repressive, and that a GA signal is 

required in order to activate the GA pathway to stimulate growth and development. Transcriptional initiation 

of GA responsive genes requires the transcriprion factor GAmyb (Cercos et aI. , 1999; G ubler et aI. , 1999; Sun, 

2000; Olszewski et aI., 2000). ABA has been shown to suppress the majority of GA responses (Cercos el aI. , 

1999; Olszewski et aI., 2000), thus the regulation of many GA-inducible genes is hypothesised to be co­

ordinately controlled by GA and ABA via the expression of GAmyb (Cercos el aI., 1999). 
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Dehydration elicits the accumulation of ABA, which then activates various stress-associated genes (Kirch et 

aI., 2002; Ramanjulu and Bartels, 2002). The second of the two ABA-dependent signalling pathways 

implicated in dehydration stress response (discussed in section 1.3.2) requires de novo protein synthesis to 

initiate the expression of genes induced by dehydration (Shin ozaki and Yamaguchi-Shinozaki, 2000; Kirch et 

aI., 2002). In A. thaliana, the induction of a dehydration-responsive gene, rd22, is ABA-dependent, however 

the promoter does not include any sequence that corresponds to the consensus ABRE sequence, although it 

does contain recognition sites for some transcription factors i.e. MYC, MYB, and GT-1 (Iwasaki et aI., 1995; 

Shinozaki and Yamaguchi-Shinozaki, 2000). 

It is thus possible that this second ABA-dependent pathway functions in the regulation of GA responsive 

genes involved in plant growth processes, whereby dehydration-induced ABA suppresses synthesis of 

GAmyb under dehydration stress conditions. 

4.3.2. 

The auxin-induced (URL21) transcription factor, BBF, was predicted by TESS to bind to associated cis­

elements in the promoter region of genes regulated in response to abiotic plant stresses. Baumann et al. (1999) 

report that BBF is involved in tissue-specific and auxin-regulated gene expression. 

Auxin signal transduction is known to mediate a diverse range of plant processes. These include the 

regulation of a number of processes during plant growth and development, e.g. cell division and elongation, 

abscission, flowering (Hooley, 1998), the ubiquitination of target proteins marking them for degradation 

(Kepinski and Leyser, 2002), and the activation of stomatal opening (Schroeder et aI., 2001 ). 

One could, thus, make several deductions as to the role auxin-induced BBF plays in the regulation of abiotic 

stress responsive genes, depending on the function of the encoded protein. For example, A. thaliana, shows 

increased levels of mRNA encoding ubiquitin extension protein in the initial stages of drought stress. 

Ubiquitin extension protein is a fusion protein that is a precursor to active ubiquitin, and is derived by 

proteolytic processing. Ubiquitin functions in the apoptotic process by tagging proteins for degradation 

(Ingram and Bartels, 1996). Protein degradation plays a duel role under abiotic stress conditions in that it 

degrades proteins irreparably damaged by stress and is thought to function in dispensing with redundant 

proteins and depolymerising vascular storage pep tides, thereby freeing up amino acids for use in the large­

scale production of new proteins (Bray, 1993; Ingram and Bartels, 1996). One could thus speculate that the 

auxin-induced transcription factor, BBF, may function to upregulate abiotic stress responsive genes encoding 

proteins involved in protein degradation. Alternatively, one could suggest that BBF is involved in the 

'iO 



CHAPTER 4 - Results and D iscussion 

dowruegulation of genes encoding proteins facilitating plant growth and development processes in response 

to abiotic stress. 

4.3.3. Light 

The transcription factors, CPRF-1, GBF1, GBF2, GT-2, MNB1a and ZPT2-2 were predicted by TESS to 

bind to associated as-elements in the promoter region of genes regulated in response to abiotic plant stresses. 

Expression of the afore-mentioned transcription factors is reported to be light-induced CURL 21 ). 

Plants have evolved mechanisms to monitor the quality, quantity, direction and duration of light conditions in 

order to ensure optimal growth via photosynthesis (Kircher e/ aI., 1999; Kim e/ aI., 2004). It follows that light­

induced transcription factors likely effect changes in gene expression relating to plant growth and 

development. 

CO, acqwsltlon from the atmosphere for assimilation during photosynthesis, is facilitated by stomatal 

opening, a process which is driven by H' extrusion through the plasma membrane H ' -A TPases, resulting in 

hyperpolarisation of the membrane which is thought to force K' uptake by the guard cells. Guard cells are 

known to respond to various physiological indicators, including red and blue light, CO" plant pathogens, 

phytohonnones e.g. ABA, GA, auxin and cytokinin and other environmental cues (Schroeder e/ aI., 2001 ). 

Stomatal opening can be activated by auxins, red and blue light (Schroeder e/ aI., 2001). Conversely, ABA 

which accumulates in response to water deficit results in partial stomatal closing thus inhibiting 

photosynthesis and minimising water loss via transpiration (Mansfield and Atkinson, 1990; Schroeder e/ aI., 

2001; Chaves e/ aI., 2003). Inhibition of photosynthesis via stomatal adjustment has a two-fold benefit for the 

drought-stressed plant in that it reduces free radical production resulting from an excess of photosynthetic 

excitation energy, and water loss by transpiration (Chaves e/ aI., 2003) . 

Auxin and gibberellin have also been implicated in the activation of stomatal adjustment (Schroeder e/ aI., 

2001) and are known to function in the regulation of various processes during plant growth development 

(Cercos e/ aI., 1999; Sun, 2000; Olszewski e/ aI., 2000; Hooley, 1998). As previously discussed in sections 4.3.1 

and 4.3.2, auxin- and gibberellin-induced transcription factors were predicted to bind to associated as­
elements in the promoter region of genes regulated in response to abiotic plant stresses stored in athlee_db, 

thus one can speculate that these phytohortnones function in a similar way to regulate growth and 

development via the mediation of photosynthesis. 

Terzaghi e/ al. (1991) suggest that light-regulated phosphorylation of GBF in the cytoplasm may affect its 

nuclear uptake and consequently the activation of target genes. Phosphorylation cascades have also been 
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implicated in the regulation of genes in response to abiotic plant stresses, specifically Phospholipase D, which 

is reported to increase significantly within minutes of exposure to dehydration (Kirch e/ aI., 2002; Xiong e/ 01., 

2002; refer to section 1.3.3). This points to differential expression of abiotic stress responsive genes, based on 

changes in cytosolic phosphorylation levels modulating the NLS activity of various transcription factors by as 

yet unknown mechanisms. 

Three adaptive responses, namely homeostasis, growth control and stress damage control and repair, are 

essential for plant survival under abiotic stress conditions (Olszewski ,I of., 2000). One can hypothesise that 

abiotic stress responsive genes that contain cis-elements in their promoters that bind light-induced 

transcription factors function in all of the afore-mentioned adaptive responses. Under physiological 

conditions, one may predict that light-induced transcription factors are allowed into the nucleus where they 

activate genes involved in plant growth processes. Similarly, under water stress conditions, abiotic stress­

induced transcription factors are likely to function in an antagonistic manner by repressing growth. Figure 26 

below is a diagrammatic representation of this hypothesis. 

Bohnert ,t of. (1995) report that the abiotic stress tolerant plant species, Mes,mbryanlhen11lm crystal/illllm, exhibits 

stomatal opening only at night thereby reducing water loss by transpiration. This points to a further 

explanation of our observation of light-induced transcription factor binding sites in the promoter region of 

genes known to be regulated in response to abiotic plant stress. 

Physiological Conditions Environmental Stress Conditions 
• Open stoma[a • Closed stoma[a 

• Photosynthesis • Inhibition of photosynthesis by stress-induced ABA 

:, Abiotic 'tress induced transcription factors • Light induced transcription factors 

• 
• 

Cytosolic phosphorylation modulating NLS activity of light-induced transcription factors 

ABA 

Transcription Factor • 

at-elements_ 1 ABRE I_ I GBF2 1_ 

ucleus 

Abiotic stress-responsive gene 

• Up- or down regulation of gene expression depending on protein function 
Upregulated - growth • Downregulated - growth 
Dowregulated - oxidative damage control • Upregulated - oxidative damage control 

Genes encoding enzymes chac detoxify active oxygen 

species have been shown co be upregulaccd in response 

to droughc (Ingram and Barrels, 1996). 

Figure 26: Proposed model of differential control of abiotic stress responsive genes 
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4.3.4. Development 

The development-induced transcription factors RITA-1 and ROM-1 (URL 21) were predicted by TESS to 

bind in the promoter region of genes reported to be regulated in response to abiotic plant stresses resulting in 

water deficit. Izawa ,I 01. (1994) report that RITA-1 is expressed in developing rice seeds, and speculate that it 

may function in the regulation of genes expressed during seed development. A bZIP transcription factor, 

ROM1, was isolated from immature bean embryos; highest levels were observed during the cotyledon stage 

and decreased rapidly at the onset of maturation. ROM1 was suggested to function as a transcriptional 

repressor of lecrin and storage protein genes (Chern ,I aI., 1996). 

During development, seeds undergo a process of varying histodifferentiation which is characterised by an 

increase in fresh mass, reserve accumulation, accompanied by a rapid rise in dry mass content, and maturation 

drying. During maturation drying, dry mass accumulation is halted and fresh mass decreases as there is a net 

water loss from the seeds. Prior to maturation drying, seeds acquire desiccation tolerance and the ability to 

germinate (pammenter ,t aI., 1999). 

ABA concentrations in seeds were found to increase prior to dehydration and not in response to dehydration, 

and functions to prevent precocious germination and promote the acquisition of desiccation tolerance (Ho, 

1982). ABA levels decrease as seed development progresses, resulting in reduced tissue-sensitivity to ABA, 

and thus germination is no longer inhibited (Hetherington and Quatrano, 1991). Proteins responsible for 

desiccation tolerance are upregulated by ABA during seed maturation (Ingram and Bartels, 1996). In addition, 

seed germination is strongly inhibited by abscisic acid, high salinity and low water availability (Finkelstein and 

Lynch,2000). 

The acquisition of desiccation tolerance during seed maturation, and the inhibition of seed germination by 

ABA and abiotic plant stresses relating to water deficit, points to a definite overlap in the mechanisms 

regulating gene expression during development and in vegetative tissue exposed to abiotic stress. It is, 

therefore, not surprising that development-induced transcription factors were predicted by TESS to bind in 

the promoter region of genes reported to be regulated in response to abiotic stress, and that different 

transcription factors mediate expression of similar genes during seed development and in response to abiotic 

stress. 
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CHAPTER 5 CONCLUSION 

A postgreSQL database was created and initially populated with fifty entries obtained from literature and 

public databases representative of genes reported to be up- or down-regulated in response to dehydration, 

low temperature and high salinity, as well as those reported to be regulated by a combination of the afore­

mentioned abiotic plant stresses. Information pertaining to each of these genes was collated and stored in the 

database, athlee_db. Nucleotide sequences were processed in order to retrieve subsequences of interest viZ. 

the promoter and in tron sequences. These subsequences were run through promoter prediction and 

promoter searching software analysis tools (NNPP & TESS). Output mes were then parsed and results 

written to the database, athIee_db and a java GUI created to facilitate easy searching of the database and 

concise display of the resulting information. 

NNPP was chosen as it was rated as the highest performing promoter prediction software tool by Fickett and 

Hatzigeorgiou (1997) in a thorough review of eukaryotic promoter prediction algorithms, however results 

were less than promising as very few predicted TSS were identified in the area 50 bps up- and downstream of 

the gene start site, where biologically functional TSSs are known to occur (Reese, 2000; Fickett and 

Hatzigcorgiou, 1997). 

TESS results seemed to support the hypothesis that drought, low-temperature and high salinity plant stress 

response proteins have similar cis-elements in their promoter regions, and suggested links to various other 

gene regulation mechanisms viZ. gibberellin-, light-, auxin- and development-regulated gene expression, 

highlighting the vast complexity of plant gene regulation. 

ABA responsive elements (ABREs) were found in many of the abiotic stress responsive genes stored in 

athlee_db, confirming the involvement of ABA-dependent signalling pathways in response to dehydration. Its 

presence in the promoter region of genes up- and down-regulated in response to other abiotic stresses 

relating to water deficit viZ. high salinity and low-temperature, indicate a possible convergent signalling 

mechanism for all stresses relating to water deficit. 

The identification of LIP15 and the ABRE- and Myb-like consensus sequences in the promoter region of 

genes reported in literature to be regulated in response to water stress, further corroborates the hypothesis 

that there is considerable overlap in the mechanisms governing the regulation of genes induced in response to 

water deficit. 



CHAPTER 5 - Conclusion 

The ACGT target sequence (core sequence of G-box elements) plays a central role in the expression of 

abiotic stress responsive genes, as many of the TESS-predicted transcription factors bind to ci.r-c1ements 

containing this core sequence. 

The presence of GAmyb binding sites in many of the dehydration-responsive gene promoter sequences held 

in athlee_db, suggests the involvement of the ABA-dependent pathway which may activate de novo protein 

synthesis which, in turn, regulates GAmyb mediated gene expression, thereby repressing Gr\ -regulated 

growth and development processes. 

The predicted binding of the auxin-induced transcription factor, BBF, in the promoter region of genes 

regulated in response to water stress is not surprising as aux..in is implicated in the mediation of target protein 

ubiquitination. This suggests that BBF may function to up-regulate abiotic stress responsive genes encoding 

proteins involved in apoptosis, thereby ensuting the integrity of the plants cells. 

Plants have evolved mechanisms to monitor the quality, quantity, direction and duration of light conditions in 

order to ensure optimal growth via photosynthesis (Kirscher et aL, 1999). It follows that light-induced 

transcription factors likely effect changes in gene expression relating to plant growth and development. 

Therefore, under abiotic stress conditions, the expression of these genes would need to be down-regulated in 

order to repress plant growth and development. The majority of the light-induced transcription factors 

pretlicted by TESS to bind in the promoter region of abiotic stress responsive genes stored in athlee_db were 

also identified in genes reported to be regulated by ABA (Table 8). 

ABA is known to cause partial stomatal closure thereby inhibiting photosynthesis and consequently growth 

and development. ABA may, therefore, indirectly or directly regulate the phosphorylation of light-induced 

transcription factors, resulting in the repression of proteins involved in plant growth and development. 

The acquisition of desiccation tolerance during seed maturation, and the inhibition of seed germination by 

ABA and abiotic plant stresses relating to water deficit, points to a definite overlap in the mechanisms 

regulating gene expression during development and in vegetative tissue exposed to abiotic stress. It is, 

therefore, not surprising that development-induced transcription factors were predicted by TESS to bind in 

the promoter region of genes reported to be regulated in response to abiotic stress, and that different 

transcription factors mediate expression of similar genes during seed development and in response to abiotic 

stress. 

Future investigations could include comparative promoter analysis using TRES (Transcription Regulatory 

Element Search - URL 15). Instead of searching a single sequence, TRES makes use of known information 

on transcription factor bintling sites/as-elements from PLACE (plant as-acting regulatory DNA elements -
'i'i 
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Higo et aI., 1999; URL 19), TRANSFAC (URL 21) and ooTFD (URL 4) databases to perform a simultaneous 

search of several related sequences, thus facilitating the identification of common regulatory motifs (Katti et 

aI., 2000). Furthermore it is able to predict possible new motifs and gives information about the conservation 

of identified motifs relative to one another, the TSS and the TATA-box (Katti et aI., 2000). In addition, a 

software package developed by Terai e/ al. (2004) could be used to provide information regarding the order, 

presence and spatial arrangement of conserved motifs within the promoter region. This information would 

provide valuable insight into the precise mechanism of transcriptional regulation of these genes, as the order 

of and distance separating elements within the promoter is suggested to play an important role in determining 

gene expression (Terai et aI., 2004). Finally possible novel genes involved in drought, low temperature and 

high salinity plant stress response could be identified by developing a consensus nucleotide sequence and 

performing a BLAST-like search against complete and near-complete plant genomes (Appendix E) . 

Further research objectives and database improvements include: 

• Automation of the initial search procedure and evaluation of BLAST results for mRNA records 

• Increasing the data set to include all known genes encoding for proteins that have been reported to be 

up- or down-regulated in response to drought, low temperature, and salinity plant stresses. 

• Development of a java applet to graphically display results in the form of a sequence diagram. 

Although far from conclusive, this preliminary study demonstrates the value of this approach in collating the 

extensive data available on plant abiotic stress responses in order to gain a holistic perspective of this research 

area, and a valuable basis for future comparative promoter studies which will attempt to deduce possible 

common transcriptional initiation of stress response genes. 
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APPENDICES 

Appendix Al - populate.pl 

#l/usr/bin/perl 

# Athlee Nac lear 

H MSc Eioinformatic s & Computatiol1al Mo lecul a r Biology 2 004 

Hhodes Un.i-;!ersi ty , GrahaIrst ()VJll, Sou t"Ji Africa 

# popula te .pl 

- rea ds a list of accession nuniliers stored in a text file 

- cr.-2a Les d. unique id t:.o be u:2:;ea as the PF.IMARY KEY 

# - i nserts e ach accession a11d associated id as a l1ew record into athlee_db 

use Pg; 

#db connection 

$conn = Pg: :connectdb( "dbname=athlee_db user=g9610081 password=asm120478" ); 

$conn- >reset ; 

"open fil e-handle co r ead access i()n~:; 

open (accessions. "SourceAccessions" ); 

@accessions <accessions>; 

for ( $num 0 ; $num < scaIar@accessions ; $num++) 

chomp @accessions [ $numl; 

$acc = @accessions [ $numl; 

Sid = substr ($acc . O. 2 ) . $num ; 

$res = $conn->exec ( "INSERT INTO Source (id. accession) VALUES ( ' $id '. ' $acc ' ) ;" ); 

#cIose file-handle 

close (accessions) ; 
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Appendix A2 - populateSource.pl 

#!/usr/bin/perl 

#F.thlee Maclear 

#MS c Bioinfol~mat ics & Computational Molecll iar blO~Ogy 2 004 

flRhodes Universit-y, Gor'ahamsto'wl:l, Sout.b Afl' ica 

#populateSource .pl 

# - readf.; ctccession and ,-i,d fr om d.Lh.J.c.c db. S()'ll. J ,-C C~ 'T'a.blr:: 

- ret ri.eves correspondil1g sequen ce, and select e d seqFeatures and annotatio lls from GenBank 

pcpu.lat2s Lhere1d t- :.l.\Te f ield.s :Ln t.he Source t~"iblc: 

use Bio: : Perl; 

use Bio: :SearchIO; 

use Bio: : Annotation: :Collection; 

use Bio: : SeqIO; 

use Pg; 

#db connec ti on 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset ; 

#r-'e:ad Source . i d fr om db and .push onto aTi a:r::t"ay 

$res = $conn-> exec ( "SELECT id FROM Source;" ); 

while (@id_nos =$res -> fetchrow ) { 

foreach $id (@id_nos ) { 

push (@ids , $ id ) ; 

#rea d Source. accession from db and push onto an array 

$res =$conn->exec ( "SELECT accession FROM Source;" ); 

while (@row=$res -> fetchrow ){ 

foreach $acc (@row ) { 

push ( @accession_nrs , $acc ) ; 

#d efine source a_no s eq f~:::at,ure::: to be .:cet r:i evec1 

@sourceFeatures = ( ' orgctnism' , 'mol_.type' , 'product' ); 

@seqfeatures ( 'CDS' , 'gene' , ' promoter ' , 'CAr\T_s ignal ' , 

'mise_feature' ) ; 

#dccess GcnP~"ink 

$gb = new Bio: :DB: :GenBank(); 

, 'T'A'1';\_5 ignal ' , 

$gb->proxy ([ 'http' ], 'http://g9610081: 1 33700829@cache3.ru.ac.za : 3128' ); 

#scream o f seqIO objects foy' ~ s t of ac:c:cs sions 

' p olyA_signal' , 



$x=O; #declare incrsnent variable 

#while-loop to go through stream (If seqID objects 

while( $clone = $seqio->next_ seq) 

$idnurn = @ids [ $x]; 

#p,,'l .rse seqTC) obj eeL dnd id to subroutines 

FetchRefAnnotations( $clone , $idnurn); 

FetchDescription( $clone , $idnurn ); 

FetchSequence( $clone , $idnurn ); 

#Lise for each loop to go t .hrough SeqFeatures from each seqIO object 

foreach $feat_object ($clone->get_SeqFeatures ) 

FetchGeneNarne( $feat_object , $idnurn); 

#fetch selected source 3nd seq fe6tur~s 

foreach $k (@seqfeatures ) ( 

FetchSeqFeature( $k , $feat_object , $idnurn); 

foreach $l (@sourceFeatures ) ( 

FetchSourceFeatures( $l , $feat_object , $idnurn); 

$x++; 

########NNH#####################~############# 

sub FetchSeqFeature { 

my ( $key , $featobj , $identity ) @ , - , 

#retrieve start, end, and tag values for defined seqFeature 

if ($featobj ->prirnary_tag eq " $key") ( 

my $start = $featobj ->start ; 

my Send = $featobj ->end ; 

my $field = $featobj ->prirnary_ tag ; 

@tags = $featobj ->get_ all_tags (); 

if ($featobj ->has_ tag ( 'noLe' )){ 

@notes = $featobj ->get_tag_values ( 'noL8' ); 

$note = @notes [O]; 

#wl::ite t.O db 

print $field , $start I "" Send , .." $note 1 "\ n "; 
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$res=$conn->exec ( "UPDATE Source SET $field 

' $identity ' ; " ); 

' $start Send , $note ' WHERE id 

sub FetchRefAnnotations { 

my ($seqiol , $identl ) @_ ; 

#retrieve annotation from seqIO object 

my $anno_ collection = $seqiol ->annotation (); 

#g~t all reference annotatiollS 

my @annotations = $anno_collection- >get_all_Annotations ( 'lefetence' ); 

#retrieve origil1al author and location and write to db 

my $authors = @annotations [O]->authors (); 

$res =$conn- >exec ( "UPDATE Source SET author 

my $ref = @annotations [O]-> location (); 

$res=$conn- >exec ( "UPDATE Source SET reference 

sub FetchSourceFeatures { 

my ($sourceFeat , $seqio2 , $ident2 ) @ . - , 

#retrieve selected SOtlYCe features 

if ($seqio2 - >has_ tag ( "$sourceFeat " )) { 

' $authors ' WHERE id 

' $ref ' WHERE id 

my @feat = $seqio2 - >get_ tag_ values ( "$sourceFeat " ); 

my $feature = @feat [O]; 

#wri te t.e db 

, $identl ' ; " ) ; 

' $identl ';" ) ; 

$res =$conn-> exec ( "UPDATE Source SET $sourceFeat ' $feature ' WHERE id , $ident2 ' ; " ) ; 

sub FetchGeneName { 

my ($seqio3 , $ident3 ) @ . - , 

#retrieve gene name 

if ($seqio3 ->has_ tag ( 'gene" )) { 

my @geneName = $seqio3 - >get_ tag_values ( "gene" ); 

my $g ene = @geneName [O]; 

#vJri te t.o db 

$res =$conn-> exec ( "UPDATE Source SET gene_name ' $gene ' WHERE id , $ident3 ' ; " ) ; 

nO 
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sub FetchDescription { 

my ($seqio4 , $ident4 ) @ . - , 

#retrieve description and write to db 

my $description = $seqio4 ->desc (); 

$res=$conn->exec ( "UPDATE Source SET description ' $description ' WHERE id ' $ident4 ' ; " ) ; 

sub FetchSequence { 

my ($seqio5 , $ident5 ) @ • - , 

my $retrieved_seq = $seqio5->seq (); 

$res=$conn->exec ( "UPDATE Source SET seq ' $retrieved_seq ' WHERE id , $ident5 ' ; " ) ; 
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Appendix B1- remoteBlast.pl 

#I/usr/bin/perl 

#l\t.hlee Maclear 

#"["18c Bioinformatics (~ Compu t ational Holecula ~c Biology- 200~1 

#RhodeS University, G:rahamsto\"vTI.! Scut.h !'~fL'ir::a 

#-remot.eDlaf:;t .. pl 

# - se l ects accession, organism} seq 'f :r: c:m ':i thlee_db/ ::;ou.r:ce T:""ible "Jrte"re rnRNA. data availabl.e 

- i.-'lrite SC:.qs i n FAST.~ format to an input. file 

- remo te: BLASiI' para.meters =>~ blas"t:n , l".lr, le - l0 

#Adc:li t .ional Perl I-{odu l es required 

use Bio: :Tools: :Run::RemoteBlast; 

use Bio: : Perl; 

use Pg; 

#db connection. 

$conn = Pg: :connectdb( "dbname=athlee_db user=g9610081 password=asm120478" ); 

$conn->reset ; 

#qu.ery db "tOL" only rnRNi\ reccL"ds 

Pg: :doQuery( $conn , "SELECT 

, rnRNA' ; " , \ @ary ) ; 

accession, organism, 

#open fi.l e bandle t o \>Jrit.E? info t .o text fi l e 

open (FILEIN, " >rnRNAinputseq") ; 

seq 

#for-loori to go through ar.r:(.'i.y of info x'ead frorn tlle db 

for $i (O .. $#ary ) { 

FROM Source WHERE 

#spl i t cLganism name into aX'r"ay i.e. "}\rab.idops i s tha lianal! -> (UAX'abidopsis", lI thal i and") 

@orgName = sp1it (/ /, $ary [ $i ] [1]); 

#wr.i.t:J:? info t<)Y" all records .in F!-~.STJ~. fermat. into an input "fi.le 

print FILEIN "> $ary [ $i ] [O]_$orgName [O]_$orgName [l] \ n "; 

print FILEIN "$ary [ $i ] [2]* \ n \ n "; 

Hclose file handle 

close FILEIN; 

print "Finished generating BLAST input file ... \ n " ; Ift. r ack progress of program 

#EiLl\::;T pa:r.-anlt2ters 

my $prog = 'bias tn' ; #nucleC"Jt.ide-nucleotide blast 

my $db = 'nr' ; #non·-r ,2dunclant db 

my $e_val = . le-l 0' ; # t.hre;:;hold e-value 

my @params (' -prog' 

'-data' 

=> $prog , 

=> $db , 

'-expect' => $e_val , 

, -readmethod' => ' S,,:ClrchI0' ) ; 

-* 



:fFRelTlot2 BL/\;:'::;T 

my $factory = Bio: :Tools: :Run: :RemoteBlast- >new( @params ); 

$factory- >proxy ([ 'ht.t.p' ], 'ht.t.p:! g9 6100Rl:733700829@cache3 . . l:u . ac . za : 312S ' ); 

#$v is just to turn messages en and off 

my $v = 1; 

my $str = Bio: :SeqIO->new(- file= > 'mRNA.i.nputseq' ); 

pri nt "File read . . . \ n "; #track progress 

H sUbmit,_b.l.asc ($input) 

my $r = $factory- >submit_ blast ( ' mHN,'\inpu t seq' ); 

print STDERR "wai ting ... " if ($v>O) ; 

#ljJhi.l.e there a.re st . .i.l.1 more BLJ:....S'T hit~s 

while(my @rids = $factory- >each_rid ) { 

foreach my $rid (@rids ) { 

my $rc = $factory- >retrieve_blast ($rid); 

if( !ref( $rc )) { 

if( $rc<O) { 

$factory->remove_rid ($rid) ; 

p r int STDERR 

sleep 5; 

}else{ 

if( $v>O); 

my $result = $rc- >next_ result (); 

#save the (lutpUt. 

my $filename = $resul t ->query_name () . " \ .out" ; 

$fac t ory- >save_output ( $filename ) ; 

$factory- >remove_rid ($rid ) ; 

print " \ n Query Name : " , $result- >query_name (), " \ n " ; 

while(my Shit = $result->next_hit ) { 

next unless ( $v>O); 

print " \ t Hit name: " $hit->name , " \ n " ; 

while(my $hsp = $hit- >next_ hsp ) { 

print " \ t \ t Score is " , $hsp->score , " \ n " ; 
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Appendix B2 - parse_blast.pl 

#I/usr/bin/perl 

#At.hlee Maclear 

#HSc Bioinformdtics (~: Cc:mpul;.::ltionaJNolecular: Biology 2004 

#Ehodes Universit,y, G:cahamstGwn, South Africa 

#parse __ blast . . pI 

# - parses Blast Report fil~s filtering out Ul1wanted hits 

- v/rites s--::lcct'2d info co an output fiJ.E:' D.na t.c athl I2·2_db. B12:1st,_Results table 

# - "ret.rieve.s c:-tnd \I·.1.r.::i.tes hit sequences LO 3tbJ.C":2 db, 31a.st_Fc.s-ult~s table 

~fAdditional Perl l/lodules required 

use Bio: : Perl; 

use Bio: :SearchIO; 

use Pg; 

Helb connf2.ce:i.J)r1 

$conn = Pg: : connectdb( "dbname=athlee_db user=g9610081 password=asm120478" ); 

$conn- >reset ; 

#read all . out £ilenalnes in BlastReportFiles directory lnco and array 

my $dir = " / home / g9610081 / BlastReportFiles" ; 

my @blastreport_files = <$dir /*.out>; 

#open file-handles to \I\rrit.(~ -lY'ir __ C to t.ext file 

open(files, ">filenames" ); 

open (genomic_hits, ">Genomic_Hits" ); 

#£oreach Bl ast report retrieve just the filename from the file path 

foreach $i (@blastreport_files ) { 

$file = substr ($i ,15); 

print files "$file \ n " ; Hwrite to a text file 

#close file handle 

close(files) ; 

#open file handle to I"aaa in il1fo 

open (filenames , "filenames" ); 

@files = <filenames >; 

#declare il1crement val~iable 

$x=O ; 

#retrieve accession and organism from eacll filename 

foreach $filename (@files ){ 

chomp $filename ; 

@name = split (/_I, $fi l ename ); 

$accession = @name [O] ; 

@name [2] =- I (\w+) (.out$) I i ; 

$species = $1 ; 
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$genus @name [l] ; 

#parse e(~\ch Blost :report file 

my Sin = new Bio::SearchIO(-format => 'hl.asl' , 

-file => $filename ); 

#filter results 

while(my $result $in- >next_result ) { 

while(my Shit $result- >next_hit ) 

while(my $hsp = $hit - >next_hsp ) 

# ,filt.er lE:'Jel .1 ::::> pt?r:c\~nt i dent it,,/ 

if( $hsp->percent_identity >= 75) { 

#level 2 => same species as query 

if ($hit->descr iption =- / [ \ s \w] + ($species ) [ \s\w] +/i) 

if( $hit->description =- / [ \s\w]+(rnRNAlcDNA)+[ \s\w]*/i) 

else { 

$x++; Uincrement x 

#save output to text file 

print genomic_hits "$x Hit: 

" \ nHit Accession_no:" , 

" \ nHi t Description: " 

" \ n Length: 

" \ n Percent_id: 

" \ n E-value: 

" \ nStart (Query): 

" \ n End (Query ) : 

" \ n Start (Hit ) : 

" \ n End (Hit): 

print genomic_hits " \ n \ n \ n " ; 

#declare cll1d instantiate db variables 

Shit_name = $hit->name ; 

Shit_accession = $hit - >accession ; 

Shit_description = $hit- >description ; 

Shit_description =- s/\'/_/g; 

$length = $hsp-> length ('total'); 

$percent_id = $hsp - >percent_identity ; 

$e_value = $hsp->evalue ; 

$start_query = $hsp-> start ('query'); 

Send_query $hsp->end ( 'query '); 

$start_hit $hsp- >start ('hit'); 

Send_hit = $hsp- >end ('hit'); 

$hit- >name , 

$hit - >accession , 

$hit- >description , 

$hsp-> length ( , tolal ' ) , 

$hsp- >percent_identity , 

$hsp- >evalue , 

$hsp- >start ( 'query' ) , 

$hsp- >end ( 'query' ) , 

$hsp- >start ( 'hit' ) , 

$hsp- >end ( 'hi t' ) ; 

if ($hit_name =- /~gb/) { 

$hit_seq=FetchGBSequence( $hit_accession ) ; 

}else{ 

$hit_seq=~etchEMBLSequence( $hit_accession ) ; 
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#write output to athlee_~), Blast_Results table 

$res =$conn->exec ( " INSERT INTO 

h i t_ac cess i on , hit_descri pt i on, 

end_query , sta rt_hi t , end_hit, 

Blast_Results (accession , 

length, percent_id, e_value , 

hi t_seq ) VALUES ( ' $accession ' , 

Appendices 

hit_name, 

start_query , 

, $hi t_name ' , 

, $hi t_accession ' , ' $hi t_description ', ' $length ' , ' $percent_id ' , ' $e_value ' , 

' $start_query ' , ' $end_query ', ' $start_hit ', ' $end_hit ' , ' Shit_seq ' ) ; " ); 

print ' $x iteration s \ n " ; 

#clC);-:.;e fi Ie handles 

close(filenames) ; 

close (genomic_hits) ; 

####################H##############NNN################HI##NNN### 

sub FetchGBSequence{ 

my $search_term = $_ [0]; 

chomp $search_term; 

$gb = new Bio: : DB: : GenBank ( ); #access GenBank 

$gb->proxy ( [ 'http' ], ' http: //g9610081:733700829@cache3 . ru. ac. za: 3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj ->seq (); 

$retrieved_seq ; 

sub FetchEMBLSequence{ 

my $search_term = $_ [0]; 

chomp $search_term ; 

$embl = new Bio: : DB : : EMBL ( ); l1acc'2ss El'1BL 

$embl ->proxy (['http'], 'http:/ / g9610081:733700829@cache3.ru.ac.za:3128' ); 

$seqobj = $embl ->get_Se~by_acc ( $search_term ); 

$retrieved_seq = $seqobj ->seq (); 

$retrieved_seq ; 
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Appendix B3 - BlasCResults Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession text Accession number of the query mRNA record 

Hit Name text e.g. gb I AC003970.11 

Hit Accession text Hit accession number 

Hit Description text Description of bit nucleotide 

Length int Length of bit with the query 

Percent Id int Percent identity between bit and query 

E-Value int E-value score of match 

Start query int Start position of match on the query sequence 

End query int End position of match on the query sequence 

Start bit int Start position of match on the bit sequence 

End bit int End position of match on the bit sequence 

Hit seq text Hit Sequence 

Link text FOREIGN KEY referencing Source.id 

Appendix B4 - Search_Seqlnfo Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession varchar(80) Accession number of the query mRNA record 

Hit Accession varchar(80) e.g. gb I AC003970.1I 

TESSprom_start int 2000 bps upstream of gene start 

TESSprom3nd int 1 bp upstream of gene start 

Intronl_start Int Start position of Intron 1 

Intronl_end int End position of Intron 1 

Intron2_start int Start position ofIntron 2 

Intron2_end int End position of Intron 2 

t 
• Intron8_start int Start position of Intron 8 

Intro8_end int End position of Intron 8 

TRESprom_start int 1000 bps upstream of gene start 

TRESprom3nd int , 1 bp upstream of gene start 

Link text FOREIGN KEY referencing Source.id 
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Appendix B5 - searchSeqFetch.pl 

#l/usr/bin/perl 

#Athlee Hac lear 

tfHSc BiointDrmatics [..: C()mput~at. i()nd.1 HO:LE:cu:L:lr: Biology 2004 

#Ehodes Uni\/ersity, (}r:ahamst.0vJI1. south l\.fr:i.ca 

#seaz"chSeqFetcll.pl 

# - re(.':ld.s prorcot:e:r.- start a,nd. end info .frorn. at.hlee __ db, Searcb Seqlnfo table 

- uses info t.c r>~trievc promot.er ~-;;UbSt::?qu'2nces 

- v~'.-r:j, tes prC:'mot(;~r subscqs tr) a thJ..~~c~ __ d·b I 30a.rch_,seqs t~at):l.e 

use Bio: : Perl; 

use Pg; 

#db connection 

$conn = Pg: :connectdb( "dbname=athlee_ db user=g9610081 password=asm120478" ); 

$conn- >reset ; 

$res =$conn-> exec ( "SELECT accession FROM Search_ Seqlnfo ; " ); 

while (@row=$res -> fetchrow ) { 

foreach $number (@row ) { 

push (@accession_nrs , $number ) ; 

$res =$conn- >exec ( "SELECT hit_ accession FROM Search_ Seqlnfo;" ); 

while (@rows =$res - >fetchrow ) { 

foreach $ l i ne (@rows ) { 

push (@hitaccession_nrs , $line ) ; 

$res =$conn- >exec ( "SELECT TESSprom_start FROM Search_Seqlnfo;" ); 

while (@rowsl =$res -> fetchrow ) { 

foreach $startl (@rowsl ) { 

push (@startnrsl , $startl ) ; 

$res=$conn->exec ( "SELECT TESSprom_end FROM Search_Seqlnfo;" ); 

while (@rowsll =$res -> fetchrow ) { 

foreach $endl (@rows l l ){ 

push (@endnrsl , $endl ) ; 
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$res =$conn->exec ( "SELECT TRESpromarea_start FROM Search_ SeqInfo;" ); 

while (@rows2 =$res -> fetchrow ) { 

foreach $start2 (@rows2 ){ 

push (@startnrs2 , $start2 ) ; 

$res =$conn->exec ( "SELECT TRESpromarea_end FROM Search_SeqInfo;" ); 

while (@rows22 =$res -> fetchrow ) { 

foreach $end2 (@rows22 ) { 

push (@endnrs2 , $end2 ) ; 

#declare il1crement variable 

$index = 0; 

#:r·2t.rie\7e .promoter subsequences Ctno wri t .e to athle(-= __ db, :::ea:rch_S02qs t able 

foreach $entry (@hitaccession_nrs ) { 

print "Fetching $entry ... \ n " ; #track progress 

$accession=@accession_nrs [ $index]; 

$promoter2000=FetchSequence( $entry , @startnrsl [ $index], @endnrsl [ $index]); 

$promoterlOOO=FetchSequence( $entry , @startnrs2 [ $index ] , @endnrs2 [ $index ]); 

print "Writing promoter sequence to database .. . \ n " ; #t.rack progrC'Sf: 

Appendices 

$res =$conn->exec ( "INSERT INTO Search_Seqs (accession, 

promoterlOOO) VALUES (' $accession ' , ' $entry ', ' $promoter2000 ' , 

hit_accession, promoter2000, 

' $promoterlOOO ' ) ;" ); 

$res =$conn->exec ( "UPDATE Search_Seqs SET seq = Blast_ Resul ts. hi t_seq where hi t _ accession 

Blast_Results.hit_accession;" ); 

$index++; #incl"'?rnent 

###################################HHH########1 

sub FetchSequence { 

my ($search_ term , $startnr , $endnr ) = @_ ; 

$gb = new Bio: :DB : :GenBank(); #acc'2ss GenEctnk 

$gb- >proxy (['http'], 'http://g9610081:733700829@cache3.ru.ac.za:3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term ); 

$retrieved_ seq = $seqobj - >subseq ($startnr , $endnr ); #retrie"ve ;3ub-scquence 

$retrieved_seq; 



Appendix B6 - Fetchlntrons.pl 

#!/usr/bin/perl 

#AUll ee Hac l ea r 

#1"'lSc Bioinformatics E.: ( 'ompu t at. i c)na l I"Iolecu li~r Biology 2 004 

#Ehodes Uni ',/(?r ~:d, t.y, Gr:ahamstovlll! South Arl." ica 

#FetchI ntrons.pl 

# l."ea.ds int:r:o-n. start. cl,nd end ir1"to Lrom at:hlee_db, Sei.."l1:-Ch_S8qln.to t.a.ble 

\lSeS info to recrieve i ntron subsequellces 

;'\!.r -ites ,i..n,tron subsr-=:qs t, {~) at.hlee db, :3'=dLch. __ Seqs t.EibJ.,e 

#Adcl.it.ional Perl 110clu l es r equil-ed 

use Bio: : Perl; 

use Pg; 

#db connection 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm12047 8"); 

$conn->reset ; 

$res =$conn->exec ( "SELECT accession FROM Search_SeqInfo;" ); 

while (@row=$res -> fetchrow ) ( 

foreach $number (@row ) ( 

push (@accession_nrs , $number ) ; 

$res =$conn->exec ( "SELECT link FROM Search_SeqInfo;" ); 

while (@rowl =$res -> fetchrow ) ( 

foreach $ident (@rowl ) ( 

push (@ids , $ident ) ; 

$res =$conn->exec ( "SELECT hit_accession FROM Search_SeqInfo;" ); 

while (@rows =$res -> fetchrow ) ( 

foreach $line (@rows ) ( 

push (@hitaccession_nrs , $line ) ; 

$res=$conn->exec ( "SELECT intronl_start FROM Search_SeqInfo;" ); 

while (@rowsl =$res -> fetchrow ) ( 

foreach $startl (@rowsl ) ( 

push (@startnrsl , $startl ) ; 
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$res =$conn- >exec ( "SELECT intronl_end FROM Search_Seqlnfo;" ); 

while (@rowsll =$res - >fetchrow ) ( 

foreach $endl (@rowsll ){ 

push (@endnrsl , $endl ) ; 

$res =$conn->exec ( "SELECT intron2 start FROM Search_Seqlnfo;" ); 

while (@rows2 =$res - >fetchrow ){ 

foreach $start2 (@rows2 ){ 

push (@startnrs2 , $start2 ) ; 

$res =$conn- >exec ( "SELECT intron2 end FROM Search_Seqlnfo;" ); 

while (@rows22 =$res -> fetchrow ) ( 

foreach $end2 (@rows22 ) ( 

push (@endnrs2 , $end2 ) ; 

$res =$conn->exec ( "SELECT i ntron3 start FROM Search_Seqlnfo;" ); 

while (@rows3 =$res -> fetchrow ){ 

foreach $start3 (@rows3 ){ 

push (@startnrs3 , $start3 ) ; 

$res =$conn->exec ( "SELECT intron3_end FROM Search_Seqlnfo;" ); 

while (@rows33 =$res -> fetchrow ){ 

foreach $end3 (@rows33 ){ 

push ( @endnrs3 , $end3 ) ; 

$res =$conn-> exec ( "SELECT intron4 start FROM Search_Seqlnfo;" ); 

while (@rows4 =$res -> fetchrow ) ( 

foreach $start4 (@rows4 ){ 

push (@startnrs4 , $start4 ) ; 

$res =$conn- >exec ( "SELECT i ntron4 end FROM Search_Seqlnfo;" ); 
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while (@rows44 =$res -> fetchrow ) { 

foreach $end4 (@rows44 ) { 

push (@endnrs4 , $end4 ) ; 

$res =$conn->exec ( "SELECT intron5 start FROM Search_Seqlnfo;" ); 

while (@rows5 =$res -> fetchrow ){ 

foreach $start5 (@rows5 ) { 

push (@startnrs5 , $start5 ) ; 

$res =$conn->exec ( "SELECT intron5_end FROM Search_Seqlnfo;" ); 

while (@rows55 =$res -> fetchrow ) { 

foreach $end5 (@rows55 ){ 

push (@endnrs5 , $end5 ) ; 

$res =$conn->exec ( "SELECT intron6 start FROM Search_Seqlnfo;" ); 

while (@rows6 =$res -> fetchrow ) { 

foreach $start6 (@rows6 ) { 

push (@startnrs6 , $start6 ) ; 

$res =$conn->exec ( "SELECT intron6_end FROM Search_Seqlnfo;" ); 

while (@rows66 =$res -> fetchrow ) { 

foreach $end6 (@rows66 ){ 

push (@endnrs6 , $end6 ) ; 

$res =$conn->exec ( "SELECT intron7 start FROM Search_Seqlnfo;" ); 

while (@rows7 =$res -> fetchrow ){ 

foreach $start7 (@rows 7 ) { 

push (@startnrs7 , $start7 ); 

$res =$conn->exec ( "SELECT intron7_end FROM Search_Seqlnfo;" ); 

while (@rows 77 =$res -> fetchrow ) { 

foreach $end7 (@rows77 ) { 

push (@endnrs7 , $end7 ) ; 
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$res =$conn-> exec ( "SELECT intron8 start FROM Search_Seqlnfo;" ); 

while (@rows8 =$res -> fetchrow ) { 

foreach $start8 (@rows8 ) { 

push (@startnrs8 , $start8 ) ; 

$res =$conn->exec ( "SELECT intron8_end FROM Search_Seqlnfo;" ); 

while (@rows88 =$res -> fetchrow ) { 

foreach $end8 (@rows88 ) { 

push (@endnrs8 , $end8 ) ; 

#declc.:i .. rs i 1"lc:cern2.rlL "Jari':lble 

$index = 0; 

foreach $entry (@hitaccession_nrs ){ 

#id of recQ,rd 

Sid = @ids [ $index]; 

print "Fetching introns from hit: $entry ... \ n " ; #track 1'1"og,-e";5 

$intronl =FetchSequence( $entry , @startnrsl [ $index ] , @endnrsl [ $index]); 

$intron2 =FetchSequence( $entry , @startnrs2 [ $index ], @endnrs2 [ $index ]); 

$intron3 =FetchSequence( $entrY , @startnrs3 [ $index ] , @endnrs3 [ $index ]); 

$intron4=FetchSequence( $entry , @startnrs4 [ $index ] , @endnrs4 [ $index]); 

$intron5 =FetchSequence( $entry , @startnrs5 [ $index ] , @endnrs5 [ $index ]); 

$intron6 =FetchSequence( $entry , @startnrs6 [ $index ] , @endnrs6 [ $index ]); 

$intron7 =FetchSequence( $entry , @startnrs 7 [ $index ] , @endnrs 7 [ $index ]); 

$intron8=FetchSequence( $entry , @startnrs8 [ $index ] , @endnrs8 [ $index ]); 

print "Writing entry to database .. . \ n " ; 

H\Vl"ite to at.hl eE:~_db, Search_S(-::qs tabl e 

$res=$conn->exec ( "UPDATE Search _Seqs SET intronl ' $intronl ' WHERE 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron2 ' $intron2 ' WHERE 

$res =$conn->exec ( "UPDATE Search_Seqs SET intron3 ' $intron3 ' WHERE 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron4 ' $intron4 ' WHERE 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron5 ' $intron5 ' WHERE 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron6 ' $intron6 ' WHERE 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron7 ' $intron7 ' WHERE 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron8 ' $intron8 ' WHERE 

# i,ncrernent", 

$index++; 

Appendices 

link ' $id ' ;" ) ; 

link ' $id ' ; " ) ; 

link ' Sid ' ;" ) i 

link ' $id ' ;" ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ;" ) ; 
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#if no subseq to ret_L- ic'..:e; enters ct ' 1 ' - clear from db 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron1 WHERE intron1 '1' ; n ) ; 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron2 WHERE intron2 '1 ' ;" ) ; 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron3 WHERE intron3 '1' ; " ) i 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron4 WHERE intron4 '1' ;" ) ; 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron5 WHERE intron5 I I' ; ") ; 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron6 WHERE intron6 '1' ;" ) ; 

$res =$conn- >exec ( "UPDATE Search_Seqs SET intron7 WHERE intron7 '1' ; " ) ; 

$res =$conn- >exec ( "UPDATE Search _Seqs SET intron8 WHERE intron8 11' i" ) i 

#####NH######################N##############I" 

sub FetchSequence { 

my ($search_term, $startnr , $endnr ) = @_ ; 

$gb = new Bio: : DB: : GenBank ( ); #access (;enEi'tnk 

$gb- >proxy (['http'j, 'http: //g96100 81 :733 700829@cache3 .ru. ac.za : 3128' ); 

$seqobj = $gb- >get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj - >subseq ($startnr , $endnr ); #ret:::' ievc sub-:o'cq 

$retrieved_ seq ; 

Appendix B7 - Search_Seqs Table 

Field Name PostgreSQL Field Format Description 

Appendices 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession varchar(80) Accession number of the query mRN A record 

Hit Accession varchar(80) e.g. gb I AC003970.1 1 

Promoter2000 Text 2000 bps putative promoter subsequence 

Intronl Text I ntron subsequences 

A 

V 
Intron8 Text 

Promoterl000 Text 1000 bps promoter subsequence (IRES only takes 1000bps) 

Link Text FOREIGN KEY referencing Source.id 
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Appendix B8 - GenomicSearchlnfo.pl 

#I/usr/bin/perl 

#At.hlee Haciear 

#MSc Bio informati~s & Computational Molecular Biology 2004 

#Ebodes Universicy, G.1::ah ams t,0\~nll South i.\.fr: i ca 

#GeI10mi cSearch l rlfo.pl 

~ - reLr:l.2v2s promoter, inLron dnd CU3 .seqFea t u r es for Genmnic Teccnd,'; 

use Bio: : Perl; 

use Bio:: SeqIO; 

use Pg; 

#db conn~~c:t.lon 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reseL ; 

#select li11k (= Source.id -> f oreign key) and push on t o an array 

$res =$conn->exec ( "SELECT link FROM Genomic_Searchlnfo;" ); 

while (@id_ nos =$res -> fetchrow ) { 

foreach $id (@id_ nos ){ 

push (@ids , Sid) ; 

:/:I:s(31ect acc·~ssion and push onto an d r ray 

$res =$conn->exec ( "SELECT accession FROM Genomic_Searchlnfo;" ); 

while (@row=$res -> fetchrow ) { 

foreach $acc (@row ) { 

push ( @accession_ nrs , $acc ) ; 

Ilaccess GC11Bank and r·~trieve seqIO stream 

$gb = new Bio: :DB: :GenBank(); 

$gb->proxy ( [ 'http' ], ' http://g9610081:733700829@cache3 . ru. ac. za: 3128' ); 

$seqio = $gb-> get_Stream_by_acc ([ @accession_ nrs ]); 

#dec l are increment variable 

$x=O; 

#ret.rieve ·p.y',-omctc:r I int.ro"(: dnd CDS sc-,:qF'ea t.uTes f.:com €.'lch seqlCJ ohj eeL 

while( $clone = $seqio->next_ seq ) { 

foreach $feat_object ($clone->get_SeqFeatures ) 

FetchPromoter( $feat_object , $ids [ $x ]); 

Fetchlntron( $feat_ object , $ids [ $x ]); 

FetchCDSsubseqs( $feat object , $ids [ $x]); 
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$x++; #il1Crement x 

######HH####################HH##############H###### 

sub FetchPromoter { 

my ($featobj , $identity ) = @_ ; 

if ($featobj ->primary_tag eq "promoter" ) { 

$start = $featobj - >start ; 

$res=$conn->exec ( "UPDATE Genomic Searchl nfo -
' $identity ' ;" ) ; 

Send = $featobj - >end ; 

$res =$conn- >exec ( "UPDATE Genomic Searchlnfo 

' $identity ' ;" ); 

sub Fetchlntron { 

my ($featobjl , $identityl ) = @_ ; 

#retrieve irltron seqFeatures 

if ($featobjl - >primary_tag eq "intron" ){ 

$startl = $featobjl ->start ; 

$endl 

@tags 

$featobjl - >end ; 

$featobjl ->get_all_ tags () ; 

n~ret int.:ccn number 

if ($featobjl ->has_tag ( 'number' )){ 

@num = $featobj 1 ->get_tag_values ( ' numb81 ' ) ; 

$n = @num [Ol; 

}else{ 

$n = 1; 

$ field = "intron" . $n ; 

$fieldl 

$field2 

$field 

$field 

" _start" ; 

"_end" ; 

SET 

SET 

prom_ start ' $start ' 

prom_ end ' Send ' 

#write start and end values to athlee_db : Genomic_Searc]1Info table 

$res =$conn->exec ( "UPDATE Genomic_Searchlnfo 

' $identityl ' ;" ); 

$res=$conn->exec ( "UPDATE 

' $identityl ' ;" ); 

sub FetchCDSsubseqs { 

Genomic Searchlnfo 

my ($featobj2 , $identity2 ) @ ; 

SET $fieldl ' $startl ' 

SET $field2 ' $endl ' 

Appendices 
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WHERE link 

WHERE link 
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my $y=l; #eX()D Dumber 

#reLrieve CDS splitLocation seqFeatures 

Hi.e. CDS => >1 subseq (exons) - can therefore defi11e introns 

if ($featobj2 - >location- >isa ('Bio: :Location: :SplitLocationI') 

&& $feat_object- >primary_tag eq 'CDS' ) 

RIJ:=t.J::ieve start dnd end of eac.h exon 

foreach $location ( $featobj2 - >location- >sub_Location ) 

$End = $location- >end ; 

$Start = $location->start ; 

$StartField = "Start$y " ; 

$EndField = "End$y " ; 

#write info to athlee_db, CDS_Seqlnfo table 

$res =$conn- >exec ( "UPDATE CDS_ Seqlnfo 

' $identity2 ' ; " ) ; 

$res=$conn->exec ( "UPDATE 

' $identity2 ' ; " ); 

$y++ ; #increment y 

Appendix B9 - CDS_Seqlnfo Table 

Field Name PostgreSQL Field Format 

SET 

SET 

$StartField 

$EndField 

' $Start ' WHERE 

' $End ' WHERE 

Description 

Appendices 

link 

link 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the query mRNA record 

Link Text FOREIGN KEY referencing Source.id 

Start and end positions of CDS split-location seq Features - indicate where 

Startl Text the exons start and end. PopulatcGenomicSearchlnfo.pl uses these values 

to define the intron regions 

Endl Text 

~ 

V 
Start9 Text 

End9 Text 
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Appendix B10 - populateGenomic_Searchlnfo.pl 

#!/usr/bin/perl 

#Athl ee Haclear 

#I'1Sc Bioin£ormdtics &: Comput.at. i onal I:,;Iolcculal:: Biology 2004 

#EhocleS Uni\/ersiz:.y : GJ:. .::;.:.hams t,O\!,i11 1 South Africa 

#populdteGenomic ...... Sl?.:?G'tJ:'chTl1fo. pJ 

# - defines intron and prcmGccr st.art and lOmd pOE;it.ions Lrorn i nfo obtained from 

splitLocation CDS seqFeatures 

# t;~·,rite.s info t .CJ cl.th..Lee_db, Genomic SeL!.]~·c '1:T1J.fo t;:-:tbl.es 

#Additional Per l l:ioc1ules required 

use Bio:: Perl; 

use Pg; 

~fclli connection 

$conn = Pg: :connectdb("dbname=athlee_db user=g96100Bl password=asmI2047B"); 

$conn->reset ; 

for ($x = 1; $x < 14; $x++) { 

$y = $x + 1; 

$IntronStart = "intron" . $x . "_start" ; 

$IntronEnd = 

$CDS_fieldl 

$CDS_field2 

" intron" . $x . " _end" ; 

"CDS_Seqlnfo.end$x " ; 

"CDS_Seqlnfo.start$y " ; 

print $IntronStart . "" $CDS_fieldl . " \ n " ; 

Appendices 

$res=$conn->exec ( "UPDATE Genomic_Searchlnfo SET $IntronStart $CDS_ fieldl + 1 WHERE link 

CDS_Seqlnfo.link;" ) ; 

$res =$conn->exec ( "UPDATE Genomic_Searchlnfo SET $IntronEnd $CDS_field2 - 1 WHERE link 

CDS_SeqInfo.link;" ) ; 

$res =$conn->exec ( "UPDATE Genomic_SearchInfo SET Prom_start CDS_Seqlnfo. startl - 2000 WHERE 

link = CDS_SeqInfo.link;" ); 

$res =$conn->exec ( "UPDATE Genomic_SearchInfo SET Prom_end CDS_SeqInfo.startl - 1 WHERE link 

CDS_SeqInfo.link;" ) ; 
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Appendices 

Appendix Bll- Genomic_Searchlnfo Table 

Field Name PostgreSQL Field Format Description 

ld serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the genomic DNA record 

Prom_start lnt Upstream of gene start 

Prom_end lnt 1bp upstream of gene start 

Intron1_start lnt Start position of lntron 1 

Intron1_end lnt End position of lntron 1 

Intron2_start lnt Start position of lntron 2 

Intron2_end lnt End position ofIntron 2 

lntron 13_start lnt Start position of lntron 13 

Intro13_end lnt End position ofIntron 13 

TESSprom_start lnt 2000 bps upstream of gene start 

TESSprom3nd lnt 1 bp upstream of gene start 

Link Text FOREIGN KEY referencing Source.id 
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Appendix B12 - searchSeqFetch2.pl 

#l/usr/bin/perl 

#.".thlee Haclear 

#MSc Bioinformat ics & Computational Molecular Biology 2004 

#Ehodes Univer'f;ity , GJ"ahamst.o\·vTI Sout.h Afr:ica 

#searcllSeqFetch2 . pJ 

#: reads prornoter start and 0Ild info Genolui c Search Info 

# - uses .i.nfo to :r-etrl.2V2 prcrnotr::r s -u bseclu2IlCeS 

- writes promoter subseqs to athl ee db Genomic_SearchSeqs table 

#Addit~ional Pt~1:1 l .. rodul c-:.,s ·r' E.~ou .. "i.rt=d 

use Bio: :Perl; 

use Pg; 

#db connc:c Lion 

$conn = Pg: :connectdb("dbname=athlee_db user=g96l008l password=asm120478"); 

$conn->reset ; 

$res =$conn-> exec ( "SELECT accession FROM Genomic_ Searchlnfo;" ); 

while (@row=$res -> fetchrow ) { 

foreach $number (@row) { 

push (@accession_nrs , $number ) ; 

$res =$conn->exec ( "SELECT link FROM Genomic_Searchlnfo;" ); 

while (@rowl =$res -> fetchrow ) { 

foreach $numberl (@rowl ) { 

push (@ids , $numberl ) ; 

$res =$conn->exec ( "SELECT prom_ start FROM Genomic_ Searchlnfo;" ); 

while (@rowsl =$res -> fetchrow ) { 

foreach $startl (@rowsl ) { 

push (@startnrsl , $startl ) ; 

$res =$conn->exec ( "SELECT prom_end FROM Genomic_ Searchlnfo;" ); 

while (@rowsll =$res -> fetchrow ){ 

foreach $endl (@rowsll ) { 

push (@endnrsl , $endl ) ; 

$res =$conn->exec ( "SELECT TESSprom_ start FROM Genomic_Searchlnfo;" ); 

while (@rows2 =$res -> fetchrow ){ 

foreach $start2 (@rows2 ){ 

push (@startnrs2 , $start2 ) ; 
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$res =$conn-> exec ( "SELECT TESSprom_end FROM Genomic_SearchInfo;" ); 

while (@rows22 =$res -> fetchrow ) ( 

foreach $end2 (@rows22 ) ( 

push ( @endnrs2 , $end2 ) ; 

#d·~c lar l~ i nCreITl2.nt ;jdJ.' id.b'le 

$index = 0; 

foreach $entry (@accession_nrs ) ( 

print "Fetching $entry ... \ n " ; #track progress 

$accession = @accession_ nrs [ $index]; 

Sid = @ids [ $index ]; 

$prom=FetchSequence( $entry , @startnrs1 [ $index ] , @endnrs1 [ $index ]); 

$prom2000=FetchSequence( $entry , @startnrs2 [ $index ] , @endnrs2 [ $index]); 

print "Writing promoter sequences to the database ... \ n " ; #track progress 

Appendices 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter = ' $prom ' WHERE link = ' Sid ' ;" ); 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter2000 ' $p rom2000 ' WHERE link 

' $id ' ; " ) ; 

$index++; #increment 

# i£ no subseq LO r"etrieve , enters a 'J' c l ea r from db 

$res =$conn- >exec ( "UPDATE Genomic_SearchSeqs SET promoter = " WHERE promoter = '1' ;,, ); 

$res =$conn-> exec ( "UPDATE Genomic_SearchSeqs SET promoter2000 = " WHERE promoter2000 = '1';" ); 

#################H############################# 

sub FetchSequence { 

my ($search_term, $startnr , $endnr ) @ • - , 

$gb = new Bio: :DB: :GenBank(); #access GenBank 

$gb->proxy ( [ 'http' ], ' http: //g9610081:73370 0829@cache3 . ru. ac. za: 3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term ); 

$retrieved_ seq = $seqobj ->subseq ($startnr , $endnr ); jtret.r i eve sUDseqs 

$retrieved_seq; 
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Appendix B13 - Fetchlntrons2.pl 

#I/usr/bin/perl 

nMSc Bioin!ormatics &: Computdt:J..ondJ Molecular Biology 2004 

#Hhodes Univc~rsiLY, G,-rab arns town. Sotl.t.h !\f~r' ic a 

#Fe Lchln trc ns:.pl 

# - r(?a.ds int r CYll sta,r: t and end in.Eo Lr:ern 3.thlee db, Genom:i..c Search,Info tdb1e 

uses info to retrieve il1tron subsequences 

#l .. dditional Perl l',1odu1es l~eq1JiJ:'ed 

use Bio:: Perl; 

use Pg; 

#db connection 

$conn = Pg: :connectdb("dbnarne=athlee_db user=g9610081 password=asrn120478"); 

$conn->reset ; 

$res =$conn->exec ( "SELECT accession FROM Genornic_ Searchlnfo;" ); 

while ( @row=$res -> fetchrow ){ 

foreach $nurnber (@row ) { 

push (@accession_nrs , $nurnber ) ; 

$res =$conn->exec ( "SELECT link FROM Genornic_ Searchlnfo;" ); 

while (@rows =$res -> fetchrow ) { 

foreach $line (@rows ) { 

push (@ids , $line ) ; 

$res =$conn->exec ( "SELECT intronl_start FROM Genornic_Searchlnfo;" ); 

while (@rowsl =$res -> fetchrow ) { 

foreach $startl (@rowsl ) { 

push ( @startnrsl , $startl ) ; 

$res =$conn->exec ( "SELECT intronl_end FROM Genornic_ Searchlnfo;" ); 

while (@rowsll =$res -> fetchrow ){ 

foreach $endl (@rowsll ){ 

push (@endnrsl , $endl ) ; 

$res =$conn->exec ( "SELECT intron2_start FROM Genornic_Searchlnfo ; " ); 

while (@rows2 =$res -> fetchrow ){ ' 

foreach $start2 (@rows2 ){ 
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push (@startnrs2 , $start2 ) ; 

$res =$conn->exec ( "SELECT intron2_end FROM Genomic_Searchlnfo;" ); 

while (@rows22 =$res -> fetchrow ) { 

foreach $end2 (@rows22 ) { 

push (@endnrs2 , $end2 ) ; 

$res =$conn->exec ( "SELECT intron3_start FROM Genomic_Searchlnfo;" ); 

while (@rows3 =$res -> fetchrow ) { 

foreach $start3 (@rows3 ){ 

push (@startnrs3 , $start3 ) ; 

$res =$conn->exec ( "SELECT intron3_end FROM Genomic_Searchlnfo;" ); 

while (@rows33 =$res -> fetchrow ) { 

foreach $end3 (@rows33 ){ 

push (@endnrs3 , $end3 ) ; 

$res =$conn->exec ( "SELECT intron4_start FROM Genomic_Searchlnfo;" ); 

while (@rows4 =$res -> fetchrow ){ 

foreach $start4 (@rows4 ) { 

push (@startnrs4 , $start4 ) ; 

$res =$conn->exec ( "SELECT intron4_end FROM Genomic_ Searchlnfo;" ); 

while (@rows44 =$res -> fetchrow ) { 

foreach $end4 (@rows44 ) { 

push (@endnrs4 , $end4 ) ; 

$res =$conn->exec ( "SELECT intron5_start FROM Genomic_Searchlnfo;" ); 

while (@rows5 =$res -> fetchrow ) { 

foreach $start5 (@rows5 ) { 

push (@startnrs5 , $start5 ) ; 

$res =$conn->exec ( "SELECT intron5_end FROM Genomic_Searchlnfo;" ); 

while (@rows55 =$res -> fetchrow ){ 

foreach $end5 (@rows55 ) { 

push (@endnrs5 , $end5 ) ; 
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$res =$conn->exec ( "SELECT intron6_start FROM Genomic_ Searchlnfo;" ); 

while (@rows6 =$res -> fetchrow ) { 

foreach $start6 (@rows6 ){ 

push (@startnrs6 , $start6 ) ; 

$res =$conn->exec ( "SELECT intron6_ end FROM Genomic_ Searchln fo;" ); 

while (@rows66 =$res -> fetchrow ){ 

foreach $end6 (@rows66 ) { 

push (@endnrs6 , $end6 ) ; 

$res =$conn->exec ( "SELECT intron7_start FROM Genomic_Searchl nfo;" ); 

while (@rows 7=$res -> fetchrow ){ 

foreach $start7 (@rows7 ){ 

push (@startnrs 7 , $start7 ); 

$res =$conn->exec ( "SELECT intron7_ end FROM Genomic_ Searchlnfo;" ); 

while (@rows 77 =$res -> fetchrow ){ 

foreach $end7 (@rows77 ){ 

push ( @endnrs7 , $end7 ) ; 

$res =$conn->exec ( "SELECT intron8_ start FROM Genomic_Searchlnfo;" ); 

while (@rows8 =$res -> fetchrow ){ 

foreach $start8 (@rows8 ) { 

push (@startnrs8 , $start8 ) ; 

$res =$conn->exec ( "SELECT intron8_end FROM Genomic_Searchlnfo;" ); 

while (@rows88 =$res -> fetchrow ) { 

foreach $end8 (@rows88 ) { 

push (@endnrs8 , $end8 ) ; 

$res =$conn->exec ( "SELECT intron9_start FROM Genomic_Searchlnfo;" ); 

while (@rows9 =$res -> fetchrow ) { 

foreach $start9 (@rows9 ){ 

push (@startnrs9 , $start9 ) ; 

$res=$conn->exec ( "SELECT int ron9_end FROM Genomic_ Searchlnfo;" ); 

while (@rows99 =$res -> fetchrow ) { 
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foreach $end9 (@rows99 ) { 

push (@endnrs9 , $end9 ) ; 

$res =$conn->exec ( "SELECT intronlO_start FROM Genomic_Searchlnfo;" ); 

while (@rowslO =$res -> fetchrow ){ 

foreach $startlO (@rowslO ) { 

push (@startnrslO , $startlO ) ; 

$res =$conn->exec ( "SELECT intronlO_end FROM Genomic_Searchlnfo;" ); 

while (@rowslOlO =$res -> fetchrow ){ 

foreach $endlO (@rowslOlO ) { 

push ( @endnrslO , $endlO ) ; 

$res =$conn->exec ( "SELECT intronll_start FROM Genomic_Searchlnfo;" ); 

while (@rowsll =$res -> fetchrow ) { 

foreach $startll (@rowsll ) { 

push (@startnrsll , $startll ) ; 

$res =$conn->exec ( "SELECT intronll_end FROM Genomic_Searchlnfo;" ); 

while (@rowsllll =$res -> fetchrow ) { 

foreach $endll (@rowsllll ) { 

push (@endnrsll , $endll ) ; 

$res =$conn->exec ( "SELECT intron12_start FROM Genomic_Searchlnfo;" ); 

while (@rows12 =$res -> fetchrow ) { 

foreach $start12 (@rows12 ) { 

push (@startnrs12 , $start12 ) ; 

$res =$conn->exec ( "SELECT intron12_end FROM Genomic_Searchlnfo;" ); 

while (@rows1212 =$res -> fetchrow ) { 

foreach $end12 (@rows1212 ){ 

push (@endnrs12 , $end12 ) ; 

$res =$conn->exec ( "SELECT intron13_start FROM Genomic_Searchlnfo;" ); 

while (@rows13 =$res -> fetchrow ) { 

foreach $start13 (@rows13 ) { , 

push (@startnrs13 , $start13 ) ; 
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$res =$conn->exec ( "SELECT intron13_end FROM Genomic_Searchlnfo;" ); 

while (@rows1313 =$res -> fetchrow ) { 

foreach $end13 (@rows1313 ){ 

push (@endnrs13 , $end13 ) ; 

#declare .i..Ilcremer';.L 'Jar.i3.ble 

$index = 0; 

#:r:etrieve intron subsequences dnd vn: i te to "lth12? d1:} G'2nomic S(::ctrchlnfo table 

foreach $entry (@accession_nrs ) { 

# i.d of rec'c'rd 

Sid = @ids [ $index]; 

print "Fetching introns from: $entry ... \ n " ; #track progress 

$intronl =FetchSequence( $entry , @startnrsl [ $index ] , @endnrsl [ $index ]); 

$intron2 =FetchSequence( $entry , @startnrs2 [ $index ] , @endnrs2 [ $index]); 

$intron3 =FetchSequence( $entry , @startnrs3 [ $index ] , @endnrs3 [ $index ]); 

$intron4=FetchSequence( $entry , @startnrs4 [ $index ] , @endnrs4 [ $index]); 

$intron5=FetchSequence( $entry , @startnrs5 [ $index ] , @endnrs5 [ $index ]); 

$intron6 =FetchSequence( $entry , @startnrs6 [ $index ] , @endnrs6 [ $index ]); 

$intron7 =FetchSequence( $entry , @startnrs7 [ $index ] , @endnrs7 [ $index ]); 

$intron8 =FetchSequence( $entry , @startnrs8 [ $index ] , @endnrs8 [ $index]); 

$intron9 =FetchSequence( $entry , @startnrs9 [ $index], @endnrs9 [ $index ]); 

$intronlO=FetchSequence( $entry , @startnrslO [ $index ] , @endnrslO [ $index ]); 

$intronll=FetchSequence( $entry , @startnrsll [ $index ] , @endnrsll [ $index ]); 

$intron12 =FetchSequence( $entry , @startnrs12 [ $index ], @endnrs12 [ $index ]); 

$intron13 =FetchSequence( $entry , @startnrs13 [$index], @endnrs13 [ $index]); 

print "Writ i ng entry to database ... \ n " ; #o. ,"ck p::·ogreEE 

$res =$conn- >exec ( "UPDATE Genomic_SearchSeqs SET intronl 

$res =$conn- >exec ( "UPDATE Genomic_SearchSeqs SET intron2 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron3 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron4 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron5 

$res =$conn->exec ( "UPDATE Genomi c_SearchSeqs SET intron6 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron7 

$res =$conn-> exec ( "UPDATE Genomic_SearchSeqs SET intron8 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron9 

' $intronl ' WHERE l ink 

' $intron2 ' WHERE l ink 

' $intron3 ' WHERE link 

' $intron4 ' WHERE link 

' $intron5 ' WHERE link 

' $intron6 ' WHERE link 

' $intron7 ' WHERE link 

' $intron8 ' WHERE link 

' $intron9 ' WHERE link 
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' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ;" ) ; 

' $id ' ; " ) ; 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intronlO ' $intronlO ' WHERE link 

' $id ' ;" ) ; 

$res =$conn->exec ( "UPDATE Genomic_Sear chSeqs SET intronll ' $intronll ' WHERE link 

' $id ' ;" ) ; 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron12 ' $intron12 ' WHERE link 

' $id ' ;" ) ; 

$res =$conn-> exec ( "UPDATE Genomic SearchSeqs SET intron13 ' $intron13 ' WHERE link 
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' $id ' ;" ) ; 

$index++; #increment 

# :L f no subscq t o _ret _r· _ie\/(~:;, c; r.l_ t.e l_-;:~ a '1' - clear fJ:.~C)rn db 

$res =$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron1 WHERE intron1 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intron2 WHERE intron2 

$res =$conn-> exec ( "UPDATE Genorni c_SearchSeqs SET intron3 WHERE intron3 

$res=$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron4 WHERE int ron4 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intronS WHERE intronS 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intron6 WHERE intron6 

$res =$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron7 WHERE intron7 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intron8 WHERE intron8 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intron9 WHERE intron9 

$res =$conn->exec ( "UPDATE Genornic_SearchSeqs SET intron10 WHERE intron10 

$res =$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron11 WHERE intron11 

$res =$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron12 WHERE intron12 

$res =$conn->exec ( "UPDATE Genornic_ SearchSeqs SET intron13 WHERE intron13 

#############################################1# 

sub FetchSequence { 

my ( $search_terrn , $startnr , $endnr ) @ . 
- ' 

$gb = new Bio: :DB: :GenBank(); #ac cess GenBank 

$gb->proxy ( [ 'http' 1, ' http://g9610081:733700829@cache3 . ru. ac. za: 3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_terrn ); 

$retrieved_seq = $seqobj ->subseq ($startnr , $endnr ); j;r,~t:ri '=:ve sub-E:eq 

$retrieved_seq ; 

Appendix B14 - Genomic_SearchSeqs Table 

Field Name PostgreSQL Field Format Description 

Appendices 

I I' ; " ) ; 

I I ' ;" ) ; 

'1' ;" ) ; 

'1' ; " ) ; 

'1' ;" ) i 

'1' i" ) ; 

'1' ;" ) ; 

I I' i" ) ; 

I I' ; " ) ; 

I I' ; ,. ) i 

I I' i" } i 

I I ' ; ") ; 

' I' ; " ) ; 

Td serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the query mRNA record 

Link Text FOREIGN KEY referencing Source.id 

Promoter Text Promoter subsequence 

Intronl Text T ntron subsequences 

Intron13 Text 

Promoter2000 Text 2000bp promoter subsequence 

, 
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Appendix Cl- PromoterFastaFiles.pl 

#I/usr/bin/perl 

#Athle'" ~laclear 

#MSc Bioirlformatics & Computational Molecular Biology 2004 

HRhodc:s Uni\le:csit.y: G:t-~"ihamst0\.v11! 80ut.1-: i\.fl:.1..CS. 

#PromoterFastaFiles .pl 

"AJ.ritQS .in FASTA format to a series of input filc-=s 

used .. ,.s irlpuL .for TE~~3 promote}" searc i1il1g program 

#Addit.ional Perl l'1odules required 

use Bio:: Perl; 

use Pg; 

#db connection 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asmI20478"); 

$conn->reset ; 

Pg: :doQuery( $conn , "SELECT 

Search_Seqs;" ,\ @ary ); 

accession, hit_accession, 

open (F1LE1N,">TESSinputFiles\/rnRNA_Promoter2000Fastas"); 

for $i (O .. $#ary ) { 

promoter2000, link FROM 

print F1LE1N ">101 $ary [$i l [3l _Source 1 $ary [$i l [Ol _Hit 1 $ary [$i l [1 L PromoterSequence_2000bps \n" ; 

print F1LE1N " $ary [$i l [21*\n\n"; 

close F1LE1N; 

Pg: : doQuery ($conn , "SELECT 

Search_Seqs;" ,\ @aryl ); 

accession, hit_accession, 

open (F1LE1Nl,">TRESinputFiles\/mRNA_PromoterlOOOFastas "); 

for $j (0 .. $#aryl ) { 

promoterlOOO, link 

print F1LE1Nl " >1D I $aryl [ $ j 1 [3 L Source I $aryl [$j 1 [0 L Hit I $ar yl [$j 1 [ll _promotersequence_100 0bps \n " ; 

print F1LE1Nl " $aryl [ $j l [21*\n\n " ; 

close F1LE1Nl; 

#Genomic IlNA Prornot:.e.r Sequences 

Pg: : doQuery( $conn , "SELECT accession, link, promoter2000 FROM Genomic_SearchSeqs;" ,\ @ary2 ); 

open (F1LE1N2, ">TESSinputFiles\/GenomicONA_Promoter2000Fastas"); 

for $k (O .. $#ary2 ) { 

print F1LE1N2 ">10 1 $ary2 [ $k l [11 _Accessionl $ary2 [ $k l [01 _PromoterSequence_2000bps \n " ; 

print F1LE1N2 " $ary2 [ $k l [21*\n\n " ; 

close F1LE1N2; 
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Appendix C2 - IntronFastaFiles.pl 

#!/usr/bin/perl 

nT0_Sc Biointol"matics 8( C.'omputa.tiotla1 J.·Yolecular B.i ulcg y 2004 

#IllLronFascaFiles . pl 

- used 3S .1. .. nput for TESS 

use Bio: : Perl; 

use Pg; 

#db c:onnec:tion 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset ; 

#mP.l'fA In tron Sequences 

Appendices 

Pg: :doQuery( $conn , "SELECT accession, hit_accession, intronl, link FROM Search_ Seqs;" ,\ @ary ); 

open (F1LE1N, ">TESSinputFiles\/mRNA_1ntronlFastas") ; 

for $i (O .. $#ary ) { 

print F1LE1N ">IDI $ary [ $i l [3 L Sourcel Sary [ $i l [O L Hit I $ary [ $i l [ll _1ntronl \n " ; 

print F1LE1N "$ary [ $i l [2l \n\n " ; 

close F1LE1N; 

Pg: : doQuery ($conn , "SELECT accession, hit_accession, intron2, link FROM Search_Seqs;" ,\ @aryl ); 

open (F1LE1Nl, ">TESSinputFiles\/mRNA_1ntron2Fastas"); 

for $j (O .. $#aryl ) { 

print F1LE1Nl ">IDI $aryl [ $j l [3 L Sourcel $aryl [ $j l [O L Hitl $aryl[ $j l [l L 1ntron2 \n " ; 

print F1LE1Nl " $aryl [ $j l [2l\n\n " ; 

close F1LE1Nl; 

Pg: :doQuery( $conn , "SELECT accession , hit_accession , intron3, link FROM Search_Seqs;" ,\@ary2 ); 

open (F1LE1N2,">TESSinputFiles\/mRNA_1ntron3Fastas"); 

for $k (O .. $#ary2 ) { 

print F1LE1N2 ">101 Sary2 [ $k l [3l _Sourcel Sary2 [ $k l [Ol _Hitl $ary2 [ $k l [ll _1ntron3 \n " ; 

print F1LE1N2 " $ary2 [ $k l [2l\n\n " ; 

close F1LE1N2; 

Pg: :doQuery( $conn , "SELECT accession, hit_accession, intron4 , link FROM Search_Seqs;" ,\@ary3 ); 

open (F1LE1N3,">TESSinputFiles\/mRNA_1ntron4Fastas"); 

for $1 (0 .. $#ary3 ) { 
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print FILEIN3 ">IDi $ary3 [ $1 ] [3 L Sourcei $ary3 [ $1 ] [O L Hiti $ary3 [ $1 ] [l L lntron4 \n " ; 

print FILEIN3 " $ary3 [ $1 ] [2] \n\n " ; 

close FILEIN3; 

Pg: : doQuery( $conn , "SELECT accession, hit_accession, intron 5 , link FROM Search_ Seqs;" ,\ @ary4 ); 

open (FILEIN4,">TESSinputFiles\/rnRNA_Intron5Fastas"); 

for $m (O .. $#ary4 ) { 

print FILEIN4 "> IDi $ary4 [ $m] [3 L Sourcei $ary4 [ $m ] [O L Hit i $ary4 [ $m ] [1] _Intron5 \n " ; 

print FILEIN4 " $ary4 [ $m ] [2] \n \n " ; 

close FILEIN4; 

Pg::doQuery( $conn , "SELECT accession , hit_ accession, intron6 , l ink FROM Search_ Seqs ; " ,\@ary5 ); 

open (FILEIN5, ">TESSinputFiles\/rnRNA_Intron6Fastas"); 

for $n (O .. $#ary5 ) { 

print FILEIN5 ">IDi $ary5 [ $n ] [3 L Sourcei $ary5 [ $n ] [O] _ Hit i Sary5 [ $n ] [l L lntron6 \n " ; 

print FILEIN5 " $ary5 [ $n ] [2]\n\n " ; 

close FILEIN5; 

Pg::doQuery( $conn , "SELECT accession, hit_ accession, intron7, link FROM Search_ Seqs ; " ,\ @ary6 ); 

open (FILEIN6, ">TESSinputFiles\/rnRNA_Intron7Fastas"); 

for $0 (0 .. $#ary6 ){ 

print FILEIN6 " >ID i $ary6 [ $0 ] [3] _Sourcei $ary6 [ $0 ] [0] _ Hiti $ary6 [ $0 ] [1] _Intron 7 \n " ; 

print FILEIN6 " $ary6 [ $0 ] [2]\n\n"; 

close FILEIN6; 

Pg: : doQuery( $conn , "SELECT accession, hit_ accession, intron8 , lin k FROM Search_ Seqs;" ,\@ary8 ); 

open (FILEIN8, ">TESSinputFiles\/rnRNA_Intron8Fastas"); 

for $pp (O .. $#ary8 ) { 

print FILEIN8 ">IDi $ary8 [ $pp ] [3 L Sourcei $ary8 [ $pp ] [0] _Hi t i $ary8 [ $pp ] [l L lnt ron8 \n " ; 

print FILEIN8 "$ary8 [ $pp ] [2]\n\n " ; 

close FILEIN8; 

#Genomic: DNA Irlt.ron S8qU i:::nc8s 

Pg: : doQuery( $conn , "SELECT accession , link, intronl FROM Genomic_SearchSeqs; " , \ @aryll ); 

open (FILEINll,">TESSinputFiles\/GenomicDNA_IntronlFastas"); 

for $q (O .. $#aryll ){ 

print FILEINll ">ID i $aryll [ $q] [l L Accession i $aryll [ $q] [O L lntronl \n " ; 

print FILEINll "$aryll [ $q ] [2] \n \n " ; 

close FILEINll; 

Pg: : doQuery( $conn , " SELECT accession, link, intron2 FROM Ge nomic SearchSeq s;" ,\ @ary22 ); 
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Appendix Al- populate.pl 

#! /usr /bin/perl 

# p opuJ a t e . pI 

re~ds a lis t o f a ccession mnilier s s t ored i n a t ex t f ile 

# 

# Ad c1i tionc'tl Pc:,rl Hod ul·2! s l'equired 

use Pg; 

#db connec t ion 

$c onn = Pg: :connectdb( lIdbname=athlee_db user=g9610081 password=asm120478" ); 

$c onn->reset ; 

#open f i l e - handle t o r e a d in a ccession s 

open (accessions, ISourceAccess i ons" ); 

@accessions <accessions>; 

for ( $num 0 ; $num < scalar@accessions ; $num++) 

chomp @access i ons [ $num]; 

$acc = @accessions [ $nuro]; 

Sid = substr ( $acc , 0 , 2 ) 

#r e a d in t o a t h lee db 

. $nuro ; #crea.t e :lei 

$res = $conn->exec ( "I NSERT INTO Source (id, accession) VALUES (' $id ', ' $acc ' );" ); 

#c lose f i l e - h a ndle 

close (accessions) ; 
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Appendix A2 - popuiateSource. pI 

#l/usr/bin/perl 

#MBc Bioinformatics & Computat ional Mo lecular Biology 2004 

#populateSo~rce.pl 

# - 'rea.cis GlCCE~ssion arl e. i(1 .from ~i.thle(::.~ __ (lbJ SC)t.11.-ce Tl:iL;1e 

- retrieves corresr~nding sequ ence , and selected seqFeatures and annota tions fr om GenBank 

#Additiona l Perl Modu les required 

use Bio:: Perl; 

use Bio: :SearchIO; 

use Bio: :Annotation::Collection; 

use Bio:: SeqIO ; 

use Pg; 

#db cC;.nn,:::c t ,ion 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset ; 

#rec d Sourc e . id fr om db and, puo:: 11 onto a n a r ray 

$res = $conn-> exec ( "SELECT id FROM Source;" ); 

while (@id_nos =$res -> fetchrow ){ 

foreach $id (@id_nos ){ 

push (@ids , Sid ) ; 

tread Sou rce. accession fr om db a nd push onto an array 

$res =$conn->exec ( "SELECT accession FROM Source;" ); 

while (@row=$res -> fetchrow ){ 

foreach $acc (@row) { 

push (@accession_nrs , $acc ) ; 

#define source tG1d s eq featu res t o be retrieved 

@seqfeatures ( 'CDS' , I r) J:.~ornc~t e x: t I 

#a.ccess GenEank 

$gb = new Bio: :DB::GenBank(); 

$gb- >proxy ( [ ' h t..t,T) , ], 'h t l'p : / I 9 961 () n 8:L : 'i 3 3 '/ () n s ,-:; 9 (? (;:el e li ,,;:] . I'u • i.l C . ~~',a : ) 1 ! f;:' ); 

#strec.m of sE:qIU .)bjec:t::; for list o f a c:ce::;eions 

$seqio = $gb-> get Stream by acc ([ @accession nrs ]); 



#"vihile -l()()p te· g(J tn.rC)U.grl str"C:c=trn e.,f r.-;C;(J.) () ()1)j'2cts 

whi1e( $clone = $seqio->next_seq ) 

$idnum = @ids [ $x ]; 

#parse s e q IO object a nd id to subrout i ~es 

FetchRefAnnotations( $c l one , $idnum); 

FetchDescription( $clone , $idnum); 

FetchSequence( $clone , $idnum); 

foreach $feat_object ($c l one->get_SeqFeat ures ) 

FetchGeneName( $feat_object , $idnum); 

# f et ch selected source and -eq f e a tur es 

foreach $k (@seqfea t ures ){ 

FetchSeqFeature( $k , $feat_object , $idnum); 

foreach $l (@sourceFeatures ){ 

FetchSourceFeatures( $l , $feat_object , $idnum); 

$x++; 

##########################H###H############### 

sub FetchSeqFeature { 

my ( $key , $featobj , $identity) @_ ; 

if ($featobj ->primary_tag eq "$key"){ 

my $start = $fea tobj ->start ; 

my Send = $featobj ->end ; 

my $fiel d = $featobj ->p r imary_tag ; 

@tags = $featobj ->get_all_tags (); 

if ($featobj ->has_tag ( 'note' )){ 

@notes = $featobj ->get_tag_va l ues ( ' notJ2' ) ; 

$note = @notes [O]; 

#vJ:r it.e t . .:; c1.1J 

print $field , $start , "" Send , "" $note , " \ n " ; 
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$res=$conn->exec ( "UPDATE Source SET $field 

' $identity ' ; " ) ; 

' $start Send , $note ' WHERE id 

sub FetchRefAnnotations { 

my ( $seqiol , $identl ) @_ ; 

# r etr ieve ann o t a t ion fr om seqI O ob ject 

my $anno_collection = $seqiol ->annotation (); 

#get all re f eren ce annota tions 

my @annotat i ons = $anno_col l ection->get_all_Annotations ( ' .r".=;.fcr. c:mc.>:'", ) ; 

#retrieve origi n~l author a n d loca ti on and write t o db 

my $authors = @annotations [O]->authors (); 

$res=$conn->e x ec ( "UPDATE Source SET author 

my $ref = @annotations [O]-> location (); 

$res=$conn->exec ( "UPDATE Source SET reference 

sub FetchSourceFeatures { 

my ( $sourceFeat , $seqio2 , $ident2 ) @_ ; 

if ($seqio2 ->has_tag ( "$sourceFeat " )){ 

' $authors ' WHERE id 

' $ref ' WHERE id 

my @feat = $seqio2 ->get_tag_values ( "$sourceFeat " ); 

my $feature = @feat [O]; 

#wri t e to d b 

, $identl ' ; " ) ; 

' $identl ' ;" ); 

$res =$conn-> e x ec ( "UPDATE Source SET $sourceFeat ' $feature ' WHERE id , $ident2 ' ; " ) ; 

sub FetchGeneName { 

my ( $seqio3 , $ident3 ) @ . - , 

#retr i eve g ene name 

if ($seqio3 ->has_tag ( "gene" )){ 

my @geneName = $seqio3 ->get_ tag_values ( lgene" ); 

my $gene = @geneName [O]; 

#writ e to db 

$res=$conn->e x ec ( "UPDATE Source SET gene_name ' $gene ' WHERE id , $ident3 ' ; " ) ; 

nO 



Appendices 

sub FetchDescription { 

my ( $seqio4 , $ident4 ) @_ i 

#:r::et.:rie\je d.e~~ c r'i }~tion ,1Ile'( vll,,· i t. e L O db 

my $description = $seqio4->desc () i 

$res=$conn->exec ( "UPDATE Source SET description ' $description ' WHERE id ' $ident4 ' i" ) i 

sub FetchSequence { 

my ($seqio5 , $ident5 ) @ . 
- ' 

my $retrieved_seq = $seqio5->seq () i 

$res=$conn->exec ( "UPDATE Source SET seq ' $r etrieved_seq ' WHERE id , $ident5 ' i " ) i 

()1 



Appendix Bl- remoteBlast.pl 

#!/usr/bin/perl 

#J\thl ee Mac l'?cu: 

#T'1.Sc .Bi oin.! Or nlat.:. ic s &: C:C}ITl')u t .atio"n<l.l lYlt)IE:.C1.1 1 a.r.- t5l () _L cgy 2 00 4 

- wri te seqs i n FASTA f ormat t o a n inpu t f i l e 

# - remote BLAST - para mece : s => bla stn . nr . 1e-10 

use Bio: :Tools::Run::RemoteBlast; 

use Bio:: Perl; 

use Pg; 

#db c o n n e c t i on 

$conn = Pg: :connectdb( "dbname=athlee_db user=g9610081 password=asm120478" ); 

$conn->reset ; 

#quer y db f or on ly mEl\Jj\ n -=-ccrds 

Pg: :doQuery( $conn , "SELECT 

, rnRNA' ; " , \ @ary ) ; 

accession, organism, 

l open file h a ndle to wri t e info t o text file 

open (FILEIN, ">rnRNAinputseq") ; 

for $i (O .. $#ary ) { 

seq FROM Source WHERE 
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-* 

#sp l it o rga n ism name i nto ar r ay ~ . c . "Ar abidops i s tha l ian a " - > ( "Arabidops i s". " thaliana " ) 

@orgName = split ( / / , $ary [ $i ] [1]); 

print FILEIN "> $ary [ $i ] [O]_$orgName [O]_$orgName [l] \ n "; 

print FILEIN "$ary [ $i ] [2]* \ n \ n "; 

#_1 0 8e f ile handle 

close FILEIN; 

print "Finished generating BLAST input file ... \n " ; li trac k progr'?ss of program 

#I.=SLA. :::T par am'?t. e rs 

my $prog = 'bId ,;: tn' ; #m.Jc l eo t. .1. de - nuclectide blast. 

my $db = ' nr ' ; ifnon-r ,:::dundant db 

my $e_val = '1 e·· 1 G' ; #thr<?shold e-\!al~h:: 

my @params (' -prog' 

'-data' 

'-expect' 

=> $prog , 

=> $db , 

=> $e_val , 

, -readmethod' => ' ~::;'::?( l!.·cb.T ") ' ) ; 
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my $factory = Bio: :Tools::Run::RemoteBlast->new( @params ); 

$factory->prox y ( [ . b lL p ' ], ' hL Li-i: / 9 96 1 O() 8 1 : -73 Y 7JO;:;;': ,)(Cl c:" l(;I>::<3 . .L i1 . de. :-,:a: 312 () ' ); 

#$v .i. s j U.st'. to tlJ.rrl rnE::ssag"e s c.n. ;:1."r10 e ff-

my $v = 1; 

my $str = Bio: :SeqIO- >new(-file=> ' [1;}).t lAi n ];. utF(:'q ' ); 

print "File read ... \ n " ; # tra c ~ progr ess 

my $r = $factory->submi t_blast ( 'rnFT:J_"\irrput.:H:x I ! ) ; 

print STDERR "waiting ... " if( $v>O); 

#\-\rh.i.:Le t h.e .r.··c a. re st .. i.ll rno:Ct? I->Ljl~\.SiT }1. .i . t~. s 

while(my @rids = $factory->e ach_rid ){ 

foreach my $rid (@rids ){ 

my $rc = $fac tory->re t rieve_blast ($rid ); 

if( !ref( $rc )) { 

if( $rc<O) { 

$factory->remove_ rid ($rid); 

print STDERR 

sleep 5; 

}else{ 

if( $v>O); 

my $result = $rc ->next_result (); 

#J a~e the ou t p u t 

my $filename = $result->query_name (). " \ .out" ; 

$factory- >save_output ($filename ) ; 

$factory->remove_rid ($rid); 

print " \nQuery Name:" , $resul t ->query_name () , " \ n " ; 

while(my Shit = $r esult->next_hit ) { 

nex t unless ( $v>O); 

print " \ t Hi t name: " $hi t ->name , " \ n " ; 

while(my $hsp = $hit->next_hsp ){ 

print " \ t \ t Score is " , $hsp->scor e , " \ n " ; 
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Appendices 

Appendix B2 - parse_blast.pl 

#1/usr/bin/perl 

#l~hocleS TJIli versi t~/ I (}x.-a.han\st.<) \-\TI1, Scut11 lA r:r: ic: a. 

# - 1)a.~rs es E?· l a.s t:. E.e.po L"t. files f~ilt ~?y..~irlg Otl. t U.l'lVJctIlt(::!.cl 11i.t::S 

- wri tes selected i n fo t o an output fil e a nd t o atbl e e_db . Blast_Results table 

r· E-;·t:. J.~.i t?V (:? i:; ~~. 11d v-J:r'i t E:?: S :h .i. t: S;eCfLl.e i 'lC (2S LC'. 3. t :hl(:-; '-?._(l.l') I R1 a.s t I\.e.s·u J_ t:s l':.:.a.~b1 e 

#fl.dditi ona l Per l Modules requir ed 

use Bio: :Perl; 

use Bio: :SearchIO; 

use Pg; 

#db C011·11ec ti.oD 

$con n = Pg: :connectdb( lIdbname=athlee_db user=g9610081 password=asm120478" ); 

$conn->reset ; 

t read all .out filenames in Blas tReportFiles direc tory into and array 

my $dir = I/home/g96 1 0081 / BlastReportFiles" ; 

my @bl as trepor t_files = <$dir/*.out>; 

#ope11 f i le-handles t.o '!,iT i t. e info t.o t.ext f il e 

open(files, ">filenames" ); 

open (genomic_hits, I>Genomic_Hits" ); 

iforea ch Blast report retri eve just the filename from the fi le path 

foreach $ i ( @blas trepor t _files ){ 

$file = substr ( $i ,15); 

print files "$ file \n "; #wr ite t.o a tex t fi l e 

#c10se fil e ha ndle 

close(files); 

Hopen f ile handle t o r ead i n in fo 

open(filenames, "filenames" ) ; 

@fi l es = <filenames>; 

#declare increment var i a ble 

$x=O; 

# r ,~t.rievE: (;'I.ccession and Ol"CJCln:lSm from "-"dell f ilenaHlE, 

foreach $filename (@fi l es ){ 

chomp $fi l enarne ; 

@name = split ( /_I, $filename ); 

$accession = @name [O]; 

@name [2] =- I (\w+) (.out$) Ii; 

$ species = $1 ; 
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$genus @name [l] i 

#pars e e a ch Bl a st repor t file 

my Sin = new Bio: : SearchIO (-format => 'LJ ,L;L ' , 

-file => $filename)i 

# filter resu lt!', 

while(my $result $in->next_result ) { 

while(my Shit $result->next_hit ) 

while(my $hsp = $hit->next_hsp ) 

#filter level 1 => per cent ide ntity 

if( $hsp->percent_identity >= 75) { 

if( $hit->description =- /[\s\w]+( $species ) [\s\w]+/i) 

if( $hit->description =-/[\s\w]+(mRNAlcDNA)+[\s\w]*/i) 

else { 

$X++i #i n c r e ment x 

#save o utput t o tex t fi e 

print genomic_hits " $x Hit: 

" \nHit Accession_no:" , 

" \nHit Description: " 

" \nLength: 

" \nPercent_id: 

" \nE-value: 

" \nStart (Query): 

" \nEnd (Query): 

" \nStart (Hit): 

" \nEnd (Hit): 

print genomic_hits " \n\n\n" i 

Shit_name = $hit->name i 

Shit_accession = $hit->accession i 

Shit_description = $hit->description i 

Shit_description =- s/\'/_/gi 

$length = $hsp-> l ength ('total') i 

$percent_id = $hsp->percent_identitY i 

$e_val ue = $hsp->evalue i 

$start_query = $hsp->start ('querY')i 

$ end_query $hsp->end ('query') i 

$start_hit $hsp->start ('hit') i 

Send_hi t = $hsp->end ('hit') i 

$hit->name , 

$hit->accession , 

$hit->description , 

$hsp->length ( 'total ' ) , 

$hsp->percent_identity , 

$hsp->evalue , 

$hsp->start ( 'qu e ry ' ) , 

$hsp->end ( ' q uery' ) , 

$hsp->start ( 'hit' ) , 

$hsp->end ( 'hit' ) i 

if ( $hi t_name =_/Agb/){ 

$hit_seq=FetchGBSequence( $hit_accession ) i 

}else{ 

$hit_seq=FetchEMBLSequence( $hit_accession ) i 
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#write output to a th l ee_db, Blast R~sults table 

$res =$conn->exec ( "INSERT INTO Blast_Results (accession, hit_name, 

hit_accession, hit_description, length, percent_id, e_value, start_query, 

end_query, start_hit, end_hit, hit_seq) VALUES (' $accession ', ' $hit_name ', 

' $hi t_accession ' , ' $hi t_description ' , ' $length ', ' $percent_id ', ' $e_value ', 

' $start_que ry ', ' $end_query ', ' $start_hit ', ' $end_hit ', ' $hit_seq ' ); " ) ; 

print "$X iterations \ n " ; 

Hcl ose f ile handles 

close(filenames); 

close(genomic_hits); 

H################HHHH#############HHH#HH##################H#H### 

sub FetchGBSequence{ 

my $search_term = $_ [0]; 

chomp $search_term; 

$gb = new Bio: : DB: : GenBank ( ); #access (;enBant: 

$gb->proxy (['http'], 'http://g9610081:733700829@cache3.ru.ac.za:3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj ->seq (); 

$retrieved_seq ; 

sub FetchEMBLSequence{ 

my $search_term = $_ [0]; 

chomp $search_term; 

$embl = new Bio: : DB: : EMBL (); Haccess EHBL 

$embl ->proxy (['http'], 'http://g9610081:733700829@cache3.ru.ac.za:3128' ); 

$seqobj = $embl ->get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj ->seq (); 

$retrieved_seq ; 
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Appendix B3 - Blast_Results Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession text Accession number of the query mRNA record 

Hit Name text e.g. gb I AC003970.11 

Hit Accession text Hit accession number 

Hit Description text Description of hit nucleotide 

Length int Length of hit with the query 

Percent Id int Percent identity between hit and query 

E-Value int E-value score of match 

Start query int Start position of match on the query sequence 

End query int End position of match on the query sequence 

Start hit int Start position of match on the hit sequence 

End hit int End position of match on the hit sequence 

Hit seq text Hit Sequence 

Link text FORE IGN KEY referencing Source.id 

Appendix B4 - Search_Seqlnfo Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession varchar(80) Accession number of the query mRNA record 

Hit Accession varchar(80) e.g. gb I AC003970.11 

TESSprom_start int 2000 bps upstream of gene start 

TESSprom_end int 1 bp upstream of gene start 

Intron l_start Int Start position of Intron 1 

Intronl_end int End position of Intron 1 

Intron2_start int Start position of Intron 2 

Intron2_end int End position of Intron 2 

Intron8_start int Start position of Intron 8 

Intro8_end int End position of Intron 8 

TRESprom_start int 1000 bps upstream of gene start 

TRESprom_end int 1 bp upstream of gene start 

Link text FOREIGN KEY referencing Source.id 
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Appendix B5 - searchSeqFetch.pl 

#!/usr/bin/perl 

#A.t.hlee Ha c leaL 

#MBc Bioinformatics & Computational Molecular Biology 20 04 

#searchSeqFetch.pl 

# - r e ads promoter st a rt and end info from a thlee_db, Search Seqlnfo t a ble 

wr ites promoter sub~eqs to athl ee_db, Search_Seq- table 

#lddi tiona l Perl NOGulo::!s required 

use Bio:: Perl i 

use Pgi 

#db connection 

$conn = Pg: :connectdb( IIdbname=athl ee_db user=g9610081 passwor d=asm120478" ) i 

$conn->reset i 

$res =$conn->exec ( "SELECT accession FROM Search_Seqlnfoi" ) i 

while (@row=$res -> fetchrow){ 

foreach $number (@row){ 

push (@access i on_nr s , $number ) i 

$res =$conn->exec ( "SELECT hit_accession FROM Search_Seqlnfoi" ) i 

while (@rows =$res -> fetchrow){ 

foreach $line (@rows ){ 

push (@hitaccession_nrs , $line )i 

$res =$conn->exec ( "SELECT TESSprom_start FROM Search_Seqlnfoi" )i 

while (@rowsl =$res -> fetchrow ){ 

foreach $startl (@rowsl ){ 

push (@startnrsl , $start l ) i 

$res =$conn->exec ( "SELECT TESSpr om_end FROM Search_Seqlnfoi" )i 

while (@rowsll =$res-> fetchrow){ 

foreach $endl (@r owsll ){ 

push (@endnrsl , $endl ) i 
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$res =$conn->exec ( "SELECT TRESpromarea_start FROM Search_SeqInfo;" ); 

while (@rows2 =$res -> fetchrow ){ 

foreach $start2 (@rows2 ) { 

push (@startnrs2 , $start2 ); 

$res =$conn->ex ec ( "SELECT TRESpromarea_end FROM Search_SeqInfo;" ); 

while (@rows22 =$res -> fetchrow){ 

foreach $end2 (@rows 22 }{ 

push (@endnrs2 , $end2 ) ; 

$index = 0; 

foreach $entry (@hitaccession_nrs ){ 

print "Fetching $entry ... \n " ; # tra ck progress 

$access i on=@accession_nr s [ $index ]; 

$promoter2 000=FetchSequence( $entry , @startnrsl [$index], @endnrsl [ $ index]); 

$promoterlOOO=FetchSequence( $en try , @startnr s 2 [ $index], @endnrs 2 [ $index]); 

print "Writing promoter sequence to database ... \n " ; # t. r ack progress 

Appendices 

$ r es =$conn->exec ( "INSERT INTO Search_Seqs (accession, hit_accession, promoter2000, 

promoterlOOO) VALUES (' $access i on ', ' $entry ', ' $promoter2000 ', ' $promoterl OOO ' ) ;" ); 

$res=$conn->exec ( "UPDATE Search_Seqs SET seq = Blast_Results. hit_seq where hit_accession 

Blast_Results.hit_accession;" ) ; 

$index++; #inC1:'2men t 

# ## # ### # ############ # ############# ## ### ######## 

sub FetchSequence { 

my ( $search_term, $startnr , $endnr ) = @_ ; 

$gb = new Bio: :DB: :GenBank(); #ai:; c. ,:::ss G~=;nBank 

$gb->prox y ( ['http'], 'http:/ / g9610081:733700829@cache3 .ru.ac. za:3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj ->subseq ($startnr , $endnr ); #retri.eve .3ub-sequence 

$retrieved_seq ; 
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Appendix B6 - F etchln trons.pl 

#! / usr / bin/ perl 

#l-;.thlee Haclea:r 

# Fetchlnt.:cons.pl 

# 

# 

# 

rea ct=:; intr o n. star t~ and e n d infoCt'on1 aUJ,lee_db, Sea rch SeqI n f o table 

uses i nfo to r eel: i evc: int ro,11. s ubs ecluences 

wr it e s i ntron sub~eqs t o a~h]e _ db , Sear c h_Seqs t able 

# Addi t. iona l Perl Modu les l e q uil:'cd 

use Bio: : Perl i 

use Pgi 

ff db connec t. ion 

$conn = pg::connectdb("dbname=athlee_db user=g9610081 password=asm120478") i 

$conn->reset i 

$res =$conn->exec ( "SELECT accession FROM Search_SeqInfoi" )i 

while (@row=$res -> fetchrow ){ 

foreach $number (@row ) { 

push (@accession_nrs , $number )i 

$res=$conn->exec ( "SELECT link FROM Search_SeqInfoi" )i 

while (@rowl =$res -> fetchrow ) { 

foreach $ident (@rowl ) { 

push (@ids , $ident )i 

$res =$conn->exec ( "SELECT hit_accession FROM Search_SeqInfoi" ) i 

while (@rows =$res -> fetchrow ) { 

foreach $line (@rows ){ 

push (@hitaccession_nrs , $line ) i 

$res =$conn->exec ( "SELECT intronl_start FROM Search_SeqInfoi" )i 

while (@rowsl =$res - >fetchrow ){ 

foreach $startl (@rowsl ) { 

push (@startnrsl , $startl )i 
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$res=$conn->ex ec ( "SELECT intronl_end FROM Search_Seqlnfo;" ); 

while (@rowsll =$res -> fetchr ow) { 

foreach $endl (@rowsll ){ 

push (@endnrsl , $endl ); 

$res =$conn->exec ( "SELECT intron2_start FROM Search_Seqlnfo;" ); 

while (@rows 2 =$res -> f etchr ow){ 

foreach $start2 (@rows2 ) { 

push (@startnrs2 , $start2 ) ; 

$r es =$con n ->exec ( "SELECT intron2_end FROM Search_Seqlnfo;" ); 

while (@rows22 =$res -> fetchrow ){ 

foreach $end2 (@rows22 ){ 

push (@endnrs2 , $end2 ); 

$res =$conn->exec ( "SELECT intron3_start FROM Search_Seqlnfo;" ); 

while (@rows3 =$res ->fetchrow){ 

foreach $star t3 ( @r ows3 ){ 

push (@startn rs3 , $s t a rt3 ); 

$r es =$conn->e x ec ( "SELECT intron3_end FROM Search_Seqlnfo;" ); 

while (@rows33 =$res -> fetchr ow){ 

foreach $end3 (@rows33 ){ 

push (@endnr s3 , $end3 ); 

$res=$conn->exec ( "SELECT intron4_start FROM Search_Seqlnfo;" ); 

while (@rows 4=$res -> fetchrow ){ 

foreach $start4 (@rows 4 ){ 

push (@startnr s 4 , $start4 ); 

$res =$conn->exec ( "SELECT intron4_end FROM Search_Seqlnfo;" ); 
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while (@rows4 4 =$res -> fetchr ow){ 

foreach $end4 (@rows 4 4 ) { 

push (@endnrs4 , $end4 ) ; 

$res =$conn->exec ( "SELECT intron5 start FROM Search_Seqlnfo;" ); 

while (@rows5 =$res ->fetchrow){ 

foreach $start5 (@rows5 ){ 

push (@start nrs5 , $start5 ); 

$res=$conn->exec ( "SELECT intron5_end FROM Search_Seqlnfo;" ); 

while (@rows55 =$res-> fetchrow){ 

foreach $end5 (@rows55 ){ 

push (@endnrs5 , $end5 ) ; 

$r es =$conn->e x ec ( "SELECT intron6 start FROM Search_Seqlnfo;" ); 

while (@rows6 =$res ->fe t chrow){ 

foreach $start6 (@r ows6 ){ 

push (@star tnrs 6 , $star t6 ); 

$ r es =$conn ->e x ec ( "SELECT intron6_end FROM Search_Seqlnfo;" ); 

while (@rows66 =$res -> fetchr ow){ 

foreach $end6 (@rows66 ){ 

push (@endnrs6 , $end6 ); 

$res =$conn->exec ( "SELECT intron7 start FROM Search_Seqlnfo;" ); 

while (@rows7 =$res -> fetc h r ow) { 

foreach $start7 (@rows7 ){ 

push (@startnrs7 , $start7 ) ; 

$ r es=$conn->exec ( "SELECT intron7_end FROM Search_Seqlnfo;" ); 

while (@rows77 =$res -> f etchrow){ 

foreach $end7 (@rows77 ){ 

push (@endnrs7 , $end7 ); 
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$res =$conn->exec ( "SELECT intron8_start FROM Search_Seqlnfo;" ); 

while (@r ows8 =$res -> fet c hrow ){ 

foreach $start8 (@rows8 ) { 

push (@startnrs8 , $start8 ) ; 

$res =$conn->e xec ( "SELECT intron8_end FROM Search_Seqlnfo;" ); 

while (@rows88 =$r es -> fetchrow) { 

foreach $end8 (@rows 8 8 ){ 

push ( @endnrs8 , $end8 ) ; 

#declare incr ement v a r i able 

$index = 0; 

foreach $entry (@hitacc ession_nrs ){ 

#id of record 

Sid = @ids [ $index]; 

print "Fetching introns from hit: Sentry ... \ n " ; # track prog r e ss 

$intronl =FetchSequence( $entry , @startnrsl [ $index], @endnrsl [ $index]); 

$intron2 =FetchSequence( $entry , @startnrs2 [ $index], @endnrs2 [ $index]); 

$ i ntr on3 =FetchSequence( $entry , @startnrs3 [ $index ] , @endnrs3 [ $index]); 

$intron4 =FetchSequence( $entry , @startnrs4 [ $index ] , @endnrs4 [ $index]); 

$intron5=FetchSequence( $entry , @star t nrs5 [ $index ] , @endnrs5 [ $index]); 

$intron6 =FetchSequence( $entry , @startnrs6 [ $index ] , @e ndnrs6 [ $index]); 

$intron7 =FetchSequence( $entry , @startnrs7 [ $index], @endnrs7 [ $index]); 

$intron8=FetchSequence( $entry , @star tnrs8 [ $index], @endnrs8 [ $in dex ]); 

# t. r a.ck progress 

print "Writing entry to database ... \ n " ; 

#v.Jl" i t.e t.o athlee_db, Search_Seqs table 

$res =$conn ->exec ( "UPDATE Search _Seqs SET intronl ' $intronl ' WHERE 

$res=$c onn->e x e c ( "UPDATE Search _Seqs SET intr on2 ' $intron2 ' WHERE 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron3 ' $intron3 ' WHERE 

$res=$conn->exec ( "UPDATE Search_Seqs SET intron4 ' $intro n 4 ' WHERE 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron5 ' $intron5 ' WHERE 

$re s =$conn->exec ( "UPDATE Search _Seqs SET intron6 ' $intron6 ' WHERE 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron7 ' $intron7 ' WHERE 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron8 ' $intron8 ' WHERE 

# in CL"'2!1'."ler l t 

$ind ex++; 
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link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ); 

link ' $id ' ; " ); 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 
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Hif no subseq to re t rieve. e nte rs a ' I' - clear fD~m db 

$res =$conn->exec ( II UPDATE Search _Seqs SET intron1 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron2 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron3 

$:r"es =$conn->exec ( "UPDATE Search _Seqs SET intron4 

$res =$conn->exec ( II UPDATE Search _Seqs SET intron5 

$res=$conn->exec ( "UPDATE Search _Seqs SET intron6 

$res =$conn->exec ( "UPDATE Search_Seqs SET intron7 

$res =$conn->exec ( "UPDATE Search _Seqs SET intron8 

##### ######## ###########HH###H##############HH# 

sub FetchSequence { 

my ($search_term, $startnr , $endnr ) = @_ i 

$gb = new Bio: :DB::GenBank() i #a c cess GenBank 

WHERE 

WHERE 

WHERE 

WHERE 

WHERE 

WHERE 

WHERE 

WHERE 

intron1 '1' ;" ) ; 

intron2 '1' i If ) ; 

intron3 '1' ; 11 ); 

intron4 '1' i" ) i 

intron5 '1' i" ) i 

intron6 I I' i" ) i 

intron7 '1' i It ) i 

intron8 '1'; " ) i 

$gb->proxy ( [ 'http' ], ' http://g9610081:733700829@cache3 . ru. ac. za: 3128' ) i 

$seqobj = $gb->get_Se~by_acc ( $search_term)i 

$retrieved_seq = $seqobj ->subseq ($startnr , $endnr ) i #rctTio\h? sub- :'<eq 

$retrieved_seq i 

Appendix B7 - Search_Seqs Table 

Field Name PostgreSQL Field Format Description 

Appendices 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession varchar(80) Accession number of the query mRNA record 

Hit Accession varchar(80) e.g. gb I AC003970.11 

Promoter2000 Text 2000 bps putative promoter subsequence 

Intronl Text Intron subsequences 

~ 

V 
Intron8 Text 

Promoterl000 Text 1000 bps promoter subsequence (TRES only takes 1000bps) 

Link Text FOREIGN KEY referencing Source.id 
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Appendix B8 - GenomicSearchlnfo.pl 

#!/usr/bin/perl 

#)\th:Leei>1ac lear 

#MSc Bioinformatics & Computational Molecular Bio l ogy 2004 

#Cen omicSear chlnfo. pl 

# - retrieves promot er , i ntron a nd CDS seqFe atures f rr Genomic records 

- writes sta rt and end info to a:~:e0 db. Genomi c Searchlnf o t~ble 

use Bio: : Perl i 

use Bio: : SeqIO; 

use Pg; 

connec t-lon 

$conn = Pg: :connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset i 

Ii .3 ~2! lect link (:::: Sourc,:':!. id --> f oreign k,,;~y) and push on t o an a :rTay 

$res=$conn->exec ( "SELECT link FROM Genomic_Searchlnfo;" ); 

while (@id_nos =$res -> fetchr ow ){ 

foreach $id ( @id_nos ){ 

push ( @ids , Si d ) ; 

$res =$conn->exec ( "SELECT accession FROM Genomic_Searchlnfoi" ); 

while ( @row=$res -> fetchrow){ 

foreach $acc (@row) { 

push (@accession_nrs , $acc ) ; 

#access GcmBank and r ,:':!t. r i '2ve seqIO s tr""am 

$gb = new Bio: :DB: :GenBank(); 

$gb->prox y ( [ I http' ], I http: //g9610081:733700829@cache3 . ru. ac. za: 3128 I ); 

$seqio = $gb-> get_Stream_by_acc ([ @accession_nrs ]); 

#decl are incremenc variable 

$X=Oi 

#r etrieve promOLer , i n t r on and CDS seqFeatures from each seqIO obj ec t 

while( $clone = $seqio->next_seq) { 

foreach $feat_object ($clone->get_SeqFeatures ) 

FetchPromoter( $feat_ object , $ids [$x ]); 

Fetchlntron( $feat_object , $ids [ $x ]) i 

FetchCDSsubseqs( $feat object , $ids [ $X ])i 
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$x++; #increment x 

## # # ######H#### ######### ####### # ## ####### # # # # ###### 

sub FetchPromoter { 

my ($featobj , $identity) = @_ ; 

#retrieve promoter seqFeature and wri te start anD end values to athlee_db . Genomic Searchlnfo 

if ($featobj ->primary_ tag eq "promoter" ) { 

$start = $featobj ->start ; 

$res =$conn->exec ( "UPDATE Genomic - Searchlnfo 

' $identity ' ; " ) ; 

Send = $featobj ->end ; 

$r es=$conn->exec ( "UPDATE Genomic - Searchlnfo 

' $identity ' ; " ) ; 

sub Fetchlntron { 

my ($featobj1 , $identity 1 ) = @_ ; 

#retrieve intron seqFedtures 

if ($featobj1->primary_ tag eq "intron" ){ 

$start1 = $featobj1->start ; 

$end1 $f eatobj1->end ; 

@tags $featobj1->get_all_ tags (); 

if ( $featobj1 ->has_tag ( ' n~~uber' )){ 

@num = $featobj 1 ->get_tag_values ( ' numbc'Y' ) ; 

$n = @num [O]; 

}else{ 

$n = 1; 

$field = "intron" . $n ; 

$field1 

$field2 

$field 

$field 

"_start" ; 

"_end" ; 

SET prom_ start ' $start ' 

SET prom_end ' Send ' 

#write s tart and end values to athlee_db . Genomic Searchlnfo table 

$res =$conn->exec ( "UPDATE Genomic_Searchlnfo SET $field1 

' $identi tyl ' ;" ) ; 

$res=$conn->exec ( "UPDATE 

' $identityl ' ;" ) ; 

sub FetchCDSsubseqs { 

my ($featobj2 . $identity2 ) 

Genomic_Searchlnfo SET $field2 

@ . - , 

' $startl ' 

' $end1 ' 

WHERE link 

WHERE link 

WHERE link 

WHERE link 
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my $y=l; # exorl . . r.i.u mbe 1.' 

#retrieve CDS spli tG~cation s eqFeatures 

Hi .e. CDS => >1 s ubseq [exons) - c an therefore define in t r on s 

if ($featobj2 -> location-> isa ('Bio::Location::SplitLocationI') 

&& $feat_object->primary_ tag eq . CDE; ' ) 

#retrieve start ~1d end of each exon 

foreach $location ($featobj2 ->location->sub_Location ) 

$End = $location->end ; 

$Start = $location->start ; 

$StartField = "Start$y " ; 

$EndField = "End$y " ; 

#write info to athlee_ db. CDS Seqlnfo table 

$res=$conn->exec ( "UPDATE CDS_SeqInfo SET $StartField 

' $identity2 ' ;" )i 

$res =$conn-> exec ( "UPDATE 

' $identity2 ' ;" ); 

$y++; # in.crenent y 

SET $EndField 

' $Start ' WHERE link 

' $End ' WHERE link 

Appendix B9 - CDS_Seqlnfo Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the query mRNA record 

Link Text FOREIGN KEY referencing Source.id 

Start and end positions of CDS split-location seqFeatures - indicate where 

Startl Text the exons start and end. PopulateGenomicSearchlnfo.pl uses these values 

to define the intron regions 

Endl Text 

Start9 Text 

End9 Text 
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Appendix B10 - populateGenomic_Searchlnfo.pl 

#!/usr/bin/perl 

#l\thJ.ee Hacl '=:ar 

#popuJ.~teGenomic_Searchlnfo .pl 

# de fines int ron and promoter start and end pos i tions from inf o obtained from 

splitLocation CDS seqFeatures 

\~ites info t o athlee_db, Genomi c Searchlnfo t a bles 

#lddi t.ional Perl Module s r equired 

use Bio:: Perl; 

use Pg; 

#db connect.ion 

$eonn = Pg::connectdb("dbname=athlee_db user=g9610081 password=asm120478"}; 

$e onn->rese t ; 

for ( $x = 1; $x < 14; $x ++){ 

$y = $x + 1; 

$IntronStart = "intron" . $x . "_start" ; 

$IntronEnd = "intron" . $x . "_end" ; 

$CDS_field1 "CDS_Seqlnfo.end$x " ; 

$CDS_field2 "CDS_Seqlnfo.start$y " ; 

print $IntronStart , "" $CDS_field1 , " \n " ; 

Appendices 

$res=$conn->exec ( "UPDATE Genomic_Searchlnfo SET $IntronStart $CDS_field1 + 1 WHERE link 

CDS_Seqlnfo.link;" }; 

$res=$conn->e x ec ( "UPDATE Genomic_Searchlnfo SET $IntronEnd $CDS_field2 - 1 WHERE link 

CDS_Seqlnfo.link;" ); 

$res =$conn->exec ( "UPDATE Genomic_Searchlnfo SET Prom_start CDS_Seqlnfo. start1 - 2000 WHERE 

link = CDS_Seqlnfo.link;" ); 

$res =$conn->exec ( "UPDATE Genomi c_Searchlnfo SET Prom_end CDS_Seqlnfo.start1 - 1 WHERE link 

CDS_Seqlnfo.link;" }; 
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Appendix Bll- Genomic_Searchlnfo Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the genomic DNA record 

Prom_start Int Upstream of gene start 

Prom_end Int 1 bp upstream of gene start 

Intron l_start Int Start position of Intron 1 

Intronl_end Int End position of Intron 1 

Intron2_start Int Start position of Intron 2 

Intron2_end Int End position of Intron 2 

Intron13_start Int Start position of Intron 13 

Intro133nd Int End position of Intron 13 

TESSprom_start Int 2000 bps upstream of gene start 

TESSprom_end Int 1 bp upstream of gene start 

Link Text FOREIGN KEY referencing Source.id 
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Appendix B12 - searchSeqFetch2.pl 

#!/usr/bin/perl 

#Athlee Ha clear 

#MSc Bio info r ma tics & Computational Molecular Biology 2004 

#sea rchSeqFet c h2 .pl 

# - reads p romo t er sta rt and ena l nr0 fr om a thlee_db . Gen omic Sea rchln f o table 

# - uses ir.lfo t() .y..· · e t:r.~i e-"J(.::: r.:..~} ... ()rnotF.:: r Stll:)S eq"Ller1. C~::s 

- wri tes promoter s u bseqs to athl ee_ c b. Ge~)mic_SearchSeqs t a b l e 

use Bio: : Perl i 

use Pgi 

#db connec t :i.on 

$conn = Pg: :connectdb(lIdbname=athlee_db user=g9610081 password=asm120478")i 

$conn->reset i 

#:.cetrie'Je .:1.n[o f r om a t hL.:.-:e ___ db . Geno.mic_Searchl nfo tab l e 

$res =$conn->exec ( "SELECT accession FROM Genomic_Searchlnfoi" ) i 

while (@row=$res -> fetchrow ){ 

foreach $number (@row ) { 

push (@accession_nrs , $number ) i 

$res =$conn->exec ( "SELECT link FROM Genomic_Searchlnfoi" )i 

while (@rowl =$res -> fetchrow ) { 

foreach $numberl (@rowl ){ 

push (@ids , $numberl )i 

$res =$conn->exec ( "SELECT prom_start FROM Genomic_Searchlnfoi" )i 

while (@rowsl =$res -> fetchrow ){ 

foreach $startl (@rowsl ) { 

push (@startnrsl , $startl ) i 

$res=$conn->exec ( "SELECT prom_end FROM Genomic_Searchlnfoi" )i 

while (@rowsll =$res -> fetchrow ){ 

foreach $endl (@rowsll ){ 

push (@endnrsl , $endl )i 

$res =$conn->exec ( "SELECT TESSprom_start FROM Genomic_Searchlnfoi" )i 

while (@rows2 =$res -> fetchrow ){ 

foreach $start2 (@rows2 ) { 

push (@startnrs2 , $start2 )i 
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$res =$conn->exec ( "SELECT TESSprom_end FROM Genomic_Searchlnfo;" ); 

while (@rows22 =$res -> fetchrow ){ 

foreach $end2 (@rows22 ){ 

push (@endnrs2 , $end2 ) ; 

#declare incr~ment vari a ble 

$index = 0; 

#retrieve prorr~ter subsequences and wr ite to athlee_db. Genomic_SearchSeqs t a ble 

foreach $entry (@accession_nrs ){ 

print "Fetching $entry ... \ n " ; # tracL pLog:teSS 

$accession = @accession_nrs [ $index]; 

Sid = @ids [ $index]; 

$prom=FetchSequence( $entry , @startnrs1 [ $index], @endnrs1 [ $index ]); 

$prom2000=FetchSequence( $entry , @startnrs2 [$index], @endnrs2 [$index ]); 

pri nt "Writing promoter sequences to the database ... \ n " ; # tr'ack progres::;' 

Appendices 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter = ' $prom ' WHERE link = ' $id ';" ); 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter2000 ' $prom2000 ' WHERE link 

' $id ' ; " ) ; 

$index++; #inc r ement 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter = " WHERE promoter = '1' ;" ); 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET promoter2000 = " WHERE promoter2000 = '1';" ); 

################# ##### ############N# H##### ##### 

sub FetchSequence { 

my ( $search_term, $startnr , $endnr ) @_ ; 

$gb = new Bio::DB: :GenBank(); #access GenB~nk 

$gb->proxy ( [ 'http' ], , http: // g9610081:733700829@cache3 . ru. ac . za: 3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term); 

$retrieved_seq = $seqobj ->subseq ($startnr , $endnr ); #retrisvs subseqs 

$retrieved_seq ; 
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Appendix B13 - Fetchlntrons2.pl 

#!/usr/bin/perl 

#1\thlee Hacl':?dl 

#}"{hocles t.Jn.i.\!ersit<\/r C; ::raharnst.0\v'11 1 Soutl1 i\.f :r:i r.:;a 

#Fetchlntrons2.01 

uses info to r etr iev e intron subseqG~nces 

#.:\ddi t.ional Perl Modules r .:::q uired 

use Bio:: Perl i 

use Pgi 

#db connec t.i on 

$conn = pg::connectdb(IIdbname=athlee_db user=g9610081 password=asm120478") i 

$conn->reset i 

#retrieve i nfo fr o m athlee_db . Genomi c Sear chlnf o table 

$res =$conn->exec ( "SELECT accession FROM Genomic_SearchInfoi" ) i 

while (@row=$res -> fetchrow){ 

foreach $number (@r ow) { 

push (@accession_nrs , $number ) i 

$res =$conn->exec ( "SELECT l ink FROM Genomic_SearchInfoi" ) i 

while (@rows =$res ->fetchrow ) { 

foreach $line (@rows ){ 

push (@ids , $line )i 

$res =$conn->exec ( "SELECT intronl_start FROM Genomic_ SearchInfoi" ) i 

while (@rowsl =$res -> fetchrow ){ 

foreach $startl (@rowsl ){ 

push (@startnrsl , $startl )i 

$res =$conn->exec ( "SELECT intronl_end FROM Genomic_SearchInfoi" )i 

while (@rowsll =$res -> fetchrow ){ 

foreach $endl (@rowsll ){ 

push (@endnrsl , $endl ) i 

$res =$conn->exec ( "SELECT intron2_start FROM Genomic_SearchInfoi" ) i 

while (@rows2 =$res -> fetchrow ){ 

foreach $start2 (@rows2 ){ 
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push (@startnrs2 , $start2 )i 

$res =$conn->exec ( "SELECT intron2_end FROM Genomic_Searchlnfoi" )i 

while (@rows22 =$res -> fetchrow ){ 

foreach $end2 (@rows22 ) { 

push (@endnrs2 , $end2 )i 

$res =$conn->exec ( "SELECT intron3_start FROM Genomic_Searchlnfoi" )i 

while (@rows3 =$res -> fetchrow ){ 

foreach $start3 (@rows3 ){ 

push (@startnrs3 , $start3 )i 

$res =$conn->exec ( "SELECT intron3_end FROM Genomic_Searchlnfoi" )i 

while (@rows33 =$res -> fetchrow ){ 

foreach $end3 (@rows33 ){ 

push (@endnrs3 , $end3 ) i 

$res =$conn->exec ( "SELECT intron4_start FROM Genomic_Searchlnfoi" )i 

while (@rows4 =$res -> fetchrow ) { 

foreach $start4 (@rows4 ){ 

push (@startnrs4 , $start4 )i 

$res =$conn->exec ( "SELECT intron4_end FROM Genomic_Searchlnfoi" )i 

while (@rows4 4=$res -> fetchrow ){ 

foreach $end4 (@rows44 ) { 

push (@endnrs4 , $end4 )i 

$res =$conn->exec ( "SELECT intron5_start FROM Genomic_Searchlnfoi" )i 

while (@rows5 =$res -> fetchrow ) { 

foreach $start5 (@rows5 ){ 

push (@startnrs5 , $start5 ) i 

$res=$conn->exec ( "SELECT intron5_end FROM Genomic_Searchlnfoi" )i 

while (@rows55 =$res -> fetchrow ){ 

foreach $end5 (@rows55 ){ 

push (@endnrs5 , $end5 ) ; 
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$res =$conn->exec ( "SELECT intron6_start FROM Genomic_SearchInfoi" )j 

while (@rows6 =$res -> fetchrow ){ 

foreach $start 6 (@rows6 ){ 

push (@startnrs6 , $start6 )i 

$res =$conn->exec ( "SELECT intron6_end FROM Genomic_SearchInfoj" )j 

while (@rows66 =$res -> fetchrow ){ 

foreach $end6 (@rows66 ){ 

push (@endnrs6 , $end6 ) i 

$res =$c onn->exec ( "SELECT intron7_start FROM Genomic_SearchInfoi" )i 

while (@rows7 =$res -> fetchrow ){ 

foreach $start7 (@rows7 ){ 

push (@startnrs7 , $start7 )i 

$res =$conn->exec ( "SELECT intr on7_end FROM Genomic_SearchInfoj" )j 

while (@rows77 =$res -> fetchrow ){ 

foreach $end7 ( @r ows77 ){ 

push (@endnrs7 , $end7 )j 

$res =$conn->exec ( "SELECT intron8_start FROM Genomic_ SearchInfoj " )i 

while (@rows8 =$res -> fetchrow ){ 

foreach $star t8 (@rows8 ){ 

push (@startnrs8 , $start8 )i 

$res =$conn->exec ( "SELECT intron8_end FROM Genomic_SearchInfoj" )i 

while (@rows88 =$res -> fetchrow ){ 

foreach $end8 ( @rows88 ){ 

push (@endnrs8 , $end8 )i 

$res =$conn->exec ( "SELECT intron9_start FROM Genomic_SearchInfoj" )i 

while (@rows9 =$res -> fetchrow ){ 

foreach $start9 (@rows9 ){ 

push (@startnrs9 , $start9 ) i 

$res =$conn->exec ( "SELECT intron9_end FROM Genomic_SearchInfoi" )i 

while (@rows99 =$r es -> fetchr ow){ 
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foreach $end9 ( @rows99 ){ 

push (@endnrs9 , $end9 ) ; 

$res =$conn->exec ( "SELECT intronl0_start FROM Genomic_Searchlnfo;" ); 

while (@rowslO =$res -> fetchrow) { 

foreach $startlO (@rowslO ) { 

push (@startnrslO , $startlO ); 

$res =$conn->exec ( "SELECT intronl0_end FROM Genomic_Searchlnfo;" ); 

while (@rowsl010 =$res -> fetchrow ) { 

foreach $endl0 (@rowsl010 ) { 

push (@endnrsl0 , $endlO ) ; 

$res =$conn->exec ( "SELECT intronll_start FROM Genomic_Searchlnfo;" ); 

while (@rowsll =$res -> fetchrow ){ 

foreach $startll (@rowsll ) { 

push (@startnrsll , $startll ) ; 

$res =$conn->exec ( "SELECT intronll_end FROM Genomic_Searchlnfo;" ); 

while (@rowsllll =$res -> fetchrow ){ 

foreach $endll (@rowsllll ) { 

push (@endnrsll , $endll ); 

$res =$conn->exec ( "SELECT intron12_start FROM Genomic_Searchlnfo;" ); 

while (@rows12 =$res -> fetchrow ) { 

foreach $start12 (@rows12 ) { 

push (@startnrs12 , $start12 ); 

$res =$conn->exec ( "SELECT intron12_end FROM Genomic_Searchlnfo;" ); 

while (@rows1212 =$res -> fetchrow ){ 

foreach $end12 (@rows1212 ){ 

push (@endnrs12 , $end12 ) ; 

$res =$conn->exec ( "SELECT intron13_start FROM Genomic_Searchlnfo;" ); 

while (@rows13 =$res -> fetchrow ) { 

foreach $start13 (@rows13 ){ 

push (@startnrs13 , $start13 ); 
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$res =$conn->exec ( "SELECT intron13_end FROM Genomic_Searchlnfo;" ); 

while (@rows1313 =$res -> fetchrow ){ 

foreach $end13 (@rows1313 ){ 

push (@endnrs13 , $end13 ) ; 

#declare increment variable 

$index = 0; 

foreach $entry (@accession_nrs ){ 

# i.C1 ().f. :r t::cc'r cl 

Sid = @ids [ $index); 

print "Fetching introns from: $entry ... \n " ; # track progress 

$intronl=FetchSequence( $entry , @startnrsl [ $index), @endnrsl [ $index)); 

$intron2 =FetchSequence( $entry , @startnrs2 [ $index), @endnrs2 [ $index)); 

$intron3 =FetchSequence( $entry , @startnrs3 [ $index), @endnrs3 [ $index)); 

$intron4=FetchSequence( $entry , @startnrs4 [ $index), @endnrs4 [ $index)); 

$intron5=FetchSequence( $entry , @startnrs5 [ $index), @endnrs5 [ $index)); 

$intron6 =FetchSequence( $entry , @startnrs6 [ $index), @endnrs6 [ $index)); 

$intron7 =FetchSequence( $entry , @startnrs7 [ $index), @endnrs7 [ $index)); 

$intron8=FetchSequence( $entry , @startnrs8 [ $index ) , @endnrs8 [ $index)); 

$intron9 =FetchSequence( $entry , @startnrs9 [ $index), @endnrs9 [ $index)); 

$intronlO=FetchSequence( $entry , @startnrslO [$index ), @endnrslO [ $index )); 

$intronll=FetchSequence( $entry , @startnrsll [$index), @endnrsll [ $index)); 

$intron12 =FetchSequence( $entry , @startnrs12 [$index), @endnrs12 [ $index)); 

$intron13 =FetchSequence( $entry , @startnrs13 [ $index), @endnrs13 [ $index)); 

print "Writing entry to database ... \n " ; #t:cJ.c:;k p :L'ogre .:: s 

#wri t e t .o a thl.:'>'2_db , (;E~rl()rni c - Searcl1 _S -2qs L'tble 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intronl ' $intronl ' WHERE 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron2 ' $intron2 ' WHERE 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron3 ' $intron3 ' WHERE 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron4 ' $intron4 ' WHERE 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron5 ' $intron5 ' WHERE 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron6 ' $intron6 ' WHERE 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron7 ' $intron7 ' WHERE 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron8 ' $intron8 ' WHERE 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron9 ' $intron9 ' WHERE 

Appendices 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ;" ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

link ' $id ' ; " ) ; 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intronlO ' $intronlO ' WHERE link 

' $id ' ; " ) ; 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intronll ' $intronll ' WHERE link 

' $id ' ; " ) ; 

$res=$conn->ex ec ( "UPDATE Genomic_SearchSeqs SET intron12 ' $intron12 ' WHERE link 

' $id ' ;" ) ; 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET intron13 ' $intron13 ' WHERE link 
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' $id ' ;" ) ; 

$index++; # incremen t 

# i f no subseq to retrieve. enter s a '1' - c l ea r fro m db 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res=$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->e x ec ( "UPDATE Genomic_ SearchSeqs SET 

$res =$conn->e x ec ( "UPDATE Genomic_ SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$r es =$conn->exec ( "UPDATE Genomi c_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

$res =$conn->exec ( "UPDATE Genomic_SearchSeqs SET 

############8## #####8## ########### #### ######### 

sub FetchSequence { 

my ( $search_term, $startnr , $endnr ) @ . 
- ' 

$gb = new Bio: :DB: :GenBank(); #acces::; Gf::~nB~'ink 

intronl 

intron2 

intron3 

intron4 

intron5 

intron6 

intron7 

i ntron8 

intron9 

intronlO 

intronll 

intron12 

intron13 

WHERE intronl 

WHERE intron2 

WHERE intron3 

WHERE intron4 

WHERE intron5 

WHERE intron6 

WHERE intron7 

WHERE intron8 

WHERE intron9 

WHERE intronlO 

WHERE intronll 

WHERE intron12 

WHERE intron13 

$gb->proxy ( ['http'], 'http://g9610081:733700829@cache3 .ru.ac. za:3128' ); 

$seqobj = $gb->get_Se~by_acc ( $search_term); 

$retrieved_ seq = $seqobj ->subseq ($startnr , $endnr ); #r et l"ieV 9 sub -seq 

$retrieved_ seq ; 

Appendix B14 - Genomic_SearchSeqs Table 

Field Name PostgreSQL Field Format Description 

Appendices 

'1' ;" ) ; 

'I' ; ") ; 

'1' ; " ) ; 

'1' i" ) ; 

'1 t ; " ) i 

11' i" ) i 

I I' ill ) i 

'1'; II ) ; 

11' ; It ) ; 

'1' ill ) i 

I I' in ) i 

' 1' ; " ) ; 

'1' i It ) ; 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Accession Text Accession number of the query mRNA record 

Link Text FOREIGN KEY referencing Source.id 

Promoter Text Promoter subsequence 

Intronl Text Intron subsequences 

~ 

V 
Intron13 Text 

Promoter2000 Text 2000bp promoter subsequence 
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Appendix Cl- PromoterFastaFiles.pl 

#!/usr/bin/perl 

#Rrlc)ci2S {JIli ",./e l~·si t'yT: Cira.haInstO\·v1:1 ! Sout_11 Af:! .. i ca 

# PromoterFastaF iles.pl 

it - 'Nr:i tE:S in FAST.z\ f ormat to a :::(;~riiC~S o f inpu t f i les 

promot er sear ch: ng program 

#J:\.dc1i t.ional Per l 1"1cxlu l '2s r e q uil-ed 

use Bio: : Perl; 

use Pg; 

#d b conrH?ctJ.on 

$c onn = Pg::connectdb{"dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset ; 

#rnHN}\ Pr omoter Sequenc es 

Pg: : doQuery ($conn , "SELECT 

Search_Seqs; II , \ @ary ) ; 

accession, hit_accession, 

open (FILEIN,I>TESSinputFiles\/InRNA_Promoter2000Fastas"); 

for $i {O .. $#ary ) { 

promoter2000, link FROM 

print FILEIN ">ID I $ary [$i l [3l _Source I $ary [$i l [Ol _Hit I $ary [$i l [ll _PromoterSequence_2000bps \n" i 

print FILEIN "$ary [$i ] [2]*\n\n"; 

close FILEIN; 

Pg: : doQuery ( $conn , "SELECT 

Search_Seqs;" ,\ @aryl ) ; 

access i on, hit_accession, 

open (FILEIN1,I>TRESinputFiles\ / mRNA_PromoterlOOOFastas"); 

for $j {O . . $#aryl ) { 

promoterlOOO, link 

print FILEINl II >ID I $aryl [$j 1 [3 L Source I $aryl [$j 1 [O L Hit I $ar yl [$j 1 [1 L Pr omoterSequence_1000bps \ n II i 

print FILEINl " $aryl [ $j ] [2]*\n\n " ; 

close FILEIN1; 

# (~enonti c: I ;Nl\ f)~cornot.e.r Seq.1J erl C(:;s 

Pg: : doQuery {$conn , II SELECT accession, link, promoter2000 FROM Genomic_SearchSeqs;" ,\ @ary2 ); 

open (FILEIN2,">TESSinputFiles \/GenomicDNA_Promoter2000Fastas"); 

for $k {O .. $#ary2 ) { 

print FILEIN2 ">IDI $ary2 [ $k ] [l] _Accessionl $ary2 [ $k ] [O] _PromoterSequence_2000bps \n " ; 

print FILEIN2 " $ary2 [ $k ] [2]*\n\n " ; 

close FILEIN2; 

FROM 



Appendix C2 - IntronFastaFiles.pl 

#!/usr/bin/perl 

#i\t111ee r··1ac lea r 

#IvJ.Sc Bi (J in.f () 1~n1atic.s £: C'CJffi1)ut.ati.OIlal ~IoIEClll a r: Bi c1c)gy 2 004 

#IntronFasca Files. 0 1 

writes i n FASTA forma t to a series a f inpu t filb s 

# us e d as inpu t fa r TESS - promoter searching program 

#h ddic.i onal Perl :Mccl-ul .2.s req uired 

use Bio: : Perl j 

use Pgj 

#db connec t ion 

$conn = pg::connectdb(lIdbname=athlee_db user=g9610081 password=asm120478") j 

$conn->reset j 

Appendices 

Pg: : doQuery ($conn , II SELECT accession, h i t_accession, intronL link FROM Search_Seqs j II , \ @ary ) j 

open (FILEIN,I>TESSinputFiles\ / mRNA_IntronlFastas") j 

for Si lO .. $#ary ) { 

print FILEIN ">IDI $ary [ $i ] [3] _Sourcel $ary [ $i ] [O] _Hitl $ary [ $i ] [l] _Intronl \n " j 

print FILEIN "$ary [ $i ] [2] \n\n " j 

close FILEINj 

Pg: : doQuery ($conn , II SELECT accession, hit_accession, intron2, link FROM Search_Seqsj" ,\ @aryl )j 

open (FILEIN1,I>TESSinputFiles\/mRNA_Intron2Fastas")j 

for $j (O .. $ #aryl ) { 

print FILEINl ">IDI $aryl[ $j ] [3] _Sourcel $aryl [ $j ] [O] _Hitl $aryl [ $j ] [l] _Intron2 \n " j 

print FILEINl " $aryl [ $j ] [2]\n\n " j 

close FILEINlj 

Pg: :doQuery( $conn , II SELECT accession, hit_accession, intron3, link FROM Search_Seqsj" ,\@ary2 )j 

open (FILEIN2,I>TESSinputFiles\/mRNA_Intron3Fastas")j 

for $k (O .. $#ary2 ) { 

print FILEIN2 ">IDI $ary2 [ $k ] [3] _Sourcel $ary2 [ $k] [O] _Hitl $ary2 [ $k] [l] _Intron3 \n " j 

print FILEIN2 " $ary 2 [ $k ] [2]\n\n " j 

close FILEIN2j 

Pg: : doQuery ($conn , II SELECT accession, hit_accession, intron4, link FROM Search_Seqsj" ,\@ary3 )j 

open (FILEIN3,I>TESSinputFiles\/mRNA_Intron4Fastas")j 

for $1 (0 .. $#ary3 ){ 
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print FILEIN3 ">IDI $ary3 [ $1 ] [3] _Sourcel $ary3 [ $1 ] [0] _Hitl $ary3 [ $1 ] [1] _Intron4 \n " ; 

print FILEIN3 " $ary3 [ $1 ] [2]\n\n " ; 

close FILEIN3; 

Pg: : doQuery ($conn , "SELECT accession, hit_accession, intronS, link FROM Search_Seqs;" ,\ @ary4 ); 

open (FILEIN4,">TESSinputFiles\/mRNA_Intron5Fastas"); 

for $m (O .. $#ary4 ) { 

print FILEIN4 ">ID I $ary4 [ $m] [3] _Source I $ary4 [ $m] [0] _Hit I $ary4 [ $m] [1] _IntronS \n " ; 

print FILEIN4 " $ary4 [ $m ] [2]\n\n " ; 

close FILEIN4; 

Pg: :doQuery( $conn , "SELECT accession, hit_accession, intron6, link FROM Search_Seqs;" ,\ @aryS ); 

open (FILEINS,">TESSinputFiles\/mRNA_Intron6Fastas"); 

for $n (O .. $#ary5 ) { 

print FILEIN5 ">ID I$ary5 [ $n ] [3] _Sourcel $ary5 [ $n ] [0] _Hitl $ary5 [ $n] [1] _Intron6 \n " ; 

print FILEINS " $aryS [ $n ] [2]\n\n " ; 

close FILEIN5; 

Pg: :doQuery( $conn , "SELECT accession, hit_accession, intron7, link FROM Search_Seqs;" ,\@ary6 ); 

open (FILEIN6,">TESSinputFiles\/mRNA_Intron7Fastas"); 

for $0 (0 .. $#ary6 ) { 

print FILEIN6 ">IDI $ary6 [ $0 ] [3] _Sourcel $ary6 [ $0 ] [0] _Hitl $ary6 [ $0 ] [1] _Intron7 \n " ; 

print FILEIN6 " $ary6 [ $0 ] [2]\n\n"; 

close FILEIN6; 

Pg: : doQuery( $conn , "SELECT accession, hit_accession, intronS, link FROM Search_Seqs;" ,\ @ary8 ); 

open (FILEINS,">TESSinputFiles\/mRNA_IntronSFastas"); 

for $pp (O .. $#aryS ){ 

print FILEINS ">IDI $aryS [ $pp ] [3] _Sourcel $aryS [ $pp ] [O] _Hitl $aryS [ $pp ] [l] _IntronS \n " ; 

print FILEINS " $aryS [ $pp ] [2]\n\n " ; 

close FILEINS; 

# C;en,orn.ic r)J\JA Ir.lt '1:'" c) 1.1 :3eq'u 2rlc'c:s 

Pg: :doQuery( $c onn , "SELECT accession , link, intron1 FROM Genomic_SearchSeqs;" ,\ @ary11 ); 

open (FILEIN11,">TESSinputFiles\/GenomicDNA_Intron1Fastas"); 

for $q (O .. $#ary11 ) { 

print FILEIN11 ">IDI $ary11 [ $q] [1] _Accessionl $ary11 [ $q] [0] _Intron1 \n " ; 

print FILEIN11 " $ary11 [ $q ] [2]\n\n" ; 

close FILEIN11; 

Pg: :doQuery( $conn , "SELECT accession, link, intron2 FROM Genomic_SearchSeqs;" ,\ @ary22 ); 
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open (FILEIN22,">TESSinputFiles\/GenomicDNA_Intron2Fastas " ); 

for $r (O . . $#ary22 ) { 

print FILEIN22 ">IDI $ary2 2 [$r ] [1] _Accessionl $ary22 [$r ] [0] _Intron2 \n " ; 

print FILEIN22 "$ary22 [ $r ] [2] \ n\n " ; 

close FILEIN22; 

Pg::doQuery( $conn , "SELECT accession, link, intron3 FROM Genomic_SearchSeqs;" ,\ @ary33 )i 

open (FILEIN33,">TESSinputFiles\/GenomicDNA_Intron3Fastas") i 

for $s (O .. $#ary33 ){ 

print FILEIN33 ">IDI $ary33 [ $s ] [1] _Accessionl $ary33 [ $s ] [0] _Intron3 \n " i 

print FILEIN33 " $ary33 [ $s ] [2]\n\n" ; 

close FILEIN33; 

Pg::doQuery( $conn , "SELECT accession, l i nk, intron4 FROM Genomic_SearchSeqs;" ,\ @ary44 ); 

open (FILEIN44,">TESSinputFiles\ / GenomicDNA_Intron4Fastas"); 

for $t (O .. $#ary44 ){ 

print FILEIN44 ">IDI $ary44 [ $t ] [1]_Accessionl $ary44 [ $t ] [0] _Intron4 \n " ; 

print FILEIN44 " $ary44 [ $t ] [2]\n\n " ; 

close FILEIN44; 

Pg::doQuery( $conn , "SELECT accession, link, intron5 FROM Genomic_SearchSeqsi" ,\ @ary55 ); 

open (FILEIN55,">TESSinputFiles\/GenomicDNA_Intron5Fastas"); 

for $u (O .. $#ary55 ){ 

print FILEIN55 ">ID I $ary55 [ $u ] [1] _Accession I $ary55 [ $u ] [0] _Intron5 \n " ; 

print FILEIN55 " $ary55 [ $u ] [2]\n\n " ; 

close FILEIN55; 

Pg::doQuery( $conn , "SELECT accession, link, intron6 FROM Genomic_SearchSeqsi" , \ @ary66 ); 

open (FILEIN66,">TESSinputFiles \/GenomicDNA_Intron6Fastas") i 

for $v (O .. $#ary66 ){ 

print FILEIN66 ">IDI $ary66 [ $v] [1] _Accessionl $ary66 [ $v] [0] _Intron6 \n " ; 

print FILEIN66 " $ary66 [ $v] [2]\n\n " ; 

close FILEIN66i 

Pg: : doQuery ($conn , "SELECT accession , link, intron7 FROM Genomic_SearchSeqs;" , \ @ary77 ); 

open (FILEIN77,">TESSinputFiles \/GenomicDNA_Intron7Fastas"); 

for $w (O . . $ #ary77 ){ 

print FILEIN77 ">IDI $ary77 [ $w] [1] _Accessionl $ary77 [ $w] [0] _Intron7 \n " i 

print FILEIN77 " $ary77 [ $w] [2]\n\ n " ; 

close FILEIN77; 
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Pg: : doQuery ($conn , "SELECT accession, link, intron8 FROM Genomic_SearchSeqs;" , \ @ary88 ); 

open (FILEIN88,">TESSinputFiles\/GenomicDNA_Intron8Fastas"); 

for $x (O .. $#ary88 ){ 

print FILEIN88 ">IDI $ary88 [ $x ] [1] _Accessionl $ary88 [ $x ] [0] _Intron8 \n " ; 

pri nt FILEIN88 " $ary88 [ $x ] [2]\n\ n " ; 

close FILEIN88; 

Pg: :doQuery( $conn , "SELECT accession, link, intron9 FROM Genomic_SearchSeqs;" ,\ @ary99 ); 

open (FILEIN99,">TESSinputFiles\ / GenomicDNA_Intron9Fastas"); 

for $y (O .. $ #ary99 ){ 

print FILEIN99 ">IDI $ary99 [ $y] [1] _Accessionl $ary99 [ $y] [0] _Intron9 \n " ; 

pri nt FILEIN99 "$ar y99 [ $y ] [2]\n\n " ; 

close FILEIN99; 

Pg: : doQuery ($conn , "SELECT access i on, l i nk, intronl0 FROM Genomic_SearchSeqs;" ,\@aryll0 ); 

open (FILEINII0,">TESSinputFiles\ / GenomicDNA_Intron10Fastas"); 

for $z (O .. $ #aryll0 ){ 

print FILEINII0 ">IDI $aryll0 [ $z ] [1] _Accessionl $aryll0 [ $z ] [0] _Intronl0 \n " ; 

pri nt FILEINII0 " $ar yll0 [ $z ] [2]\n\n " ; 

close FILEINII0; 

Pg: : doQuery ($conn , "SELECT accession, link, intronll FROM Genomic~SearchSeqs;" ,\ @arylll ); 

open (FILEINlll,">TESSinputFiles\ / GenomicDNA_IntronllFastas"); 

for $a (O .. $#arylll ) { 

print FILEINl11 ">IDI $arylll [ $a ] [l] _Accessionl $arylll [ $a ] [O] _Intronll \n " ; 

print FILEINlll "$arylll [ $a ] [2] \ n\n " ; 

close FILEINlll; 

Pg: :doQuery( $conn , "SELECT accession, link, intron12 FROM Genomic_SearchSeqs;" ,\ @aryl12 ); 

open (FILEINl12,">TESSinputFiles\ / GenomicDNA_Intron12Fastas"); 

for $b (O .. $ #a r yl12 ){ 

print FILEINl12 ">IDI $aryl12 [ $b ] [l] _Accessionl $aryl12 [ $b] [0] _Intron12 \n " ; 

pri nt FILEINl12 " $aryl 12 [ $b ] [2]*\n\n " ; 

close FILEINl12; 
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Appendix C3 - PromoterFastaFiles2.pl 

#!/usr/bin/perl 

#1\ thl ee Ha.c lear 

#MSc Bioinforma t i c s & Computational Molecular Biology 2004 

# PromoterFastaFiles2.pl 

# :reads prOI'0.C)te.r s eq"Uc.:::.r.lces EI~ ,')rn c1.th:l.ee_._d}) I S \~a. 1.-ch_Se'1s ~1.rlCl (}i::?.tl(')rnic_Se':':1.TCl1 !3 e.qs tables 

# u.sed as ir.lpu t. Eo r l -:rNPp - pr. '.JInOLel." prediction :).u)grarn 

#f\.dcli tiona l Perl rlcdules requil:eo 

use Bio: : Perl i 

use Pgi 

#db connection 

$conn = Pg: :connectdb(IIdbname=athlee_db user=g9610081 password=asm120478") i 

$conn->reset i 

Pg: : doQuery ($conn , II SELECT 

Search_Seqsi " , \ @ary ) i 

for $i (O .. $#ary ) { 

accession, hit_accession, promoter2000, 

open (FILEIN, ">NNPPinputFiles\/ $ary [$i ] [3]_mRNA_Promoter.fa")i 

link FROM 

print FILEIN ">ID I $ary [$i ] [3l _Source I $ary [$i l [Ol _Hi t I $ary [$i l [ll _PromoterSequence_2 OOObps \n " ; 

print FILEIN "$ary [$i ] [2]\n\n" i 

close FILEINi 

Pg: :doQuery( $conn , "SELECT accession, link, promoter2000 FROM Genomic_SearchSeqsi" ,\ @ary2 ) i 

for $k (O .. $#ary2 ){ 

open (FILEIN,">NNPPinputFiles\/ $ary2 [$k ] [l]_genomicDNA_Promoter.fa") i 

print FILEIN ">IDI $ary2 [$k ] [l] _Accessionl $ary2 [$k] [0] _PromoterSequence_2000bps \n " i 

print FILEIN "$ary2 [$k] [2] \n\n " i 

close FILEINi 



Appendix C4 - NNPPrun.pl 

#!/usr/bin/perl 

#MSc Bioinformatics & Computational Molecular Biology 2 004 

#NN2Prun. pT 

# - reads all NNPP input:.f:i .. lcmames into an ar:ray' 

# wr ites output to individual output files 

#read al l NN22 input filena mes into a n arr~y 

my $dir = "/home/g9610081 / NNPPinputFiles" ; 

my @NNPP_fastaFiles = <$dir /*.fa>; 

foreach $fi l e (@NNPP_fastaFiles ) 

$resul tFile = 'nnf)p FF5UL'T' .... ' ; 

$resultFile substr ($file ,30); 

#open file h andle to write results to an output file 

open (FILEOUT, ">NNPPoutputFiles\l $resultFile "); 

print FILEOUT "$resultFile\n\n "; 

#run t.hn>ugh Nl'-lf.'F eu}:a.ryot i c pJ..-omoter predict.ion progr<',l,[l - installed locctlly 

Appendices 

my $result = qx'/home/g9610081/NNPP/NNPP2.2/bin/fa2TDNNpred.linux -t 0.95 -r $file '; 

print FILEOUT "$resul t \n" ; 

# c l o se fiTe handl e 

close FILEOUT; 
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Appendix C5 - parseNNPP. pI 

#!/usr/bin/perl 

#}\thl ee Hdc lear 

#MSc Bioinformatics & Computati onal Mo l ecula r Biology 2 004 

# - parses aLL NI-JPP (.)u t p uL fil e:.:~ 

retrieves h ighes t scoring Transcription Start SiLe prediction a nd as sociatec info 

#Addit.ional Perl 11oclul ,::: s required 

use Pg; 

#db connec t. io:n 

$conn = pg::connectdb(lIdbname=athlee_db user=g96l008l password=asm120478"); 

$conn->reset ; 

my $dir = l / home/g96l008l / NNPPoutputFiles" ; 

my @NNPPresultFiles = <$dir / *.fa>; 

my $index 0; #decldre incremen t varidble 

foreach my $file (@NNPPresultFiles ) 

Hopen fil e h a ndl e s 

open (IN, "$file"); 

open (OUT, 1»\/home\ / g96l008l\ / NNPPresults"); 

#decl a re and initi a lise v a ridbles 

my @hitno = (); my @PatternStart = (); my @PatternEnd = (); my @signalStart = (); 

my @patterns = (); my @confidVals = (); my @strand = (); my $x = 0; my $flag = 0; 

#get uni cpe .recor d identi fier h.-om fil,:::name 

my @name = split (/\ //, $file ); 

my @namel = split ( / _ / , $name [ $ #name ]); 

my $Source = $namel [l] . $namel [2]; 

#deterrnin.? i f genomic DNA or mR.N.A r e co:cd 

my $mol_type = $namel [3]; 

if ($mol_type =- /~mRNA/g) 

$seqTable 

}else{ 

$seqTable = ':3')1 .. [1."':: c ' ; 

# read pr:omot.e~r start and e nd in f o f rom th e; relative tabl e in athlee_db 

$res=$conn->exec ( "SELECT tessprom_start FROM Stable WHERE link = ' $Sourc e 'j" ); 

$PromStart = $res ->fetchrow ; 
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$res=$conn->exec ( "SELECT tessprom_end FROM Stable WHERE link 

$PromEnd = $res -> fetchr ow ; 

' $Source ' ;" ); 

print OUT ">$Source - Highest Predicted NNPP Transcription Start Site" ; 

while «IN» { #'-'111i1e :r:eading t he curT e, t NNPF' report. 

if( $_ =- /A(No Hits) .* / ){ 

#put 0 in th e variouE: arra:/E> as a plac:e-· hol de r:' \' hen no hi t s r;tre round 

my $status = 0; 

push (@hitno , $status ); 

push (@PatternStart , $status ); 

push (@PatternEnd , $status ); 

push (@signalStart , $status ); 

push (@patterns , $status ); 

push (@confidVals , $status ); 

push (@strand , $status ); 

$index = 0; 

last; 

elsif ($_ =- /Prediction for ID.*\d{3,4}\sbases.*$ / ) { 

$lg = split (/ /, $_); #Yet ri E"V(? query 1,,:mgth from :t-IN lp r ;~sul t file 

$ l gth = substr ($lg [ 3 ], 1 ); 

elsif ($_ =- /.*(reverse strand) .*/) { #determi ne if hi t s are em the reverse strand 

$flag = 1; 

#r e~tcl l'.lit i rl"fo .r.-rnat..ioIl 

elsif ($_ =- /AHit (\d+) . {2}position.{2}(\d+) .{4}(\d+),\ssignal start 

$x++; 

push (@hi t no , $1 ); 

$start = $2 ; 

Send = $3 ; 

$signal = $4 ; 

if( $ f lag ) { #if .li t on reveJ.:·se strcmd 

$str = "R" ; 

push (@strand , $str ) ; 

(\d+)/){ 

#Pa tternin .y..eve,,·r::;;:? f O.l:Tna.t bu t n ot: c OTnp1ement i n.u.mbe:cLng f-.r:um b a c k st r and ! 

#To get f orwar~ n umbering : 

$star t = $lgth - $start + 1; 

Send = $lgth - Send + 1; 

$signal = $lgth - $signal +1; 

else { 

$str = "F" ; 

push (@strand , $str ); 

$start = $2 ; 

Send = $3 ; 

$s i gnal = $4 ; 

1.\ (len9t l·: ...... c; f .... s eqU t:::l1C~?) 

#c al cu l a te posi tions on original seq uence 

$region_start = ($PrornStart + $star t ) - 2; 

$region end = ($PrornStart + Send ) - 2; 
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$signal_start = ($PromStart + $signal ) - 2; 

push (@PatternStart , $region_start ); 

push (@PatternEnd , $region_end); 

push (@signalStart , $signal_start ) 

elsif ($_ =- /APattern:\s(.*)/) 

$pattern = $1 ; 

push (@patterns , $1 ); 

elsif ($_ =- /APrediction:\s(.{8})\-+/) 

push (@confidVals , $1 ); 

#find the hit with the highest confidence value 

if ($confidVals [$x-1] > $confidVals [$index ]){ 

Appendices 

$index = $x-1; #record the ind e x of the highest confidence value thu s fa r 

#cheok t~c see if posi tloDs on cne o~ig :l.n a l sequence are ca.:l.cula ted correct l y 

if ($seqTable eq ' 30uyce ' ){ 

$idField . id ' ; 

}else{ 

$idField 

$res1 =$conn->exec ( "SELECT seq FROM $seqTable WHERE $idField ' $Source ' ;" ); 

$sequence = $res1 ->fetchrow ; 

$forwardPattern = substr ($sequence , $PatternStart [$index], 51); 

print $Source , " " , $strand [ $index ], " " , $mol_ type , " \n " ; 

print $patterns [$index ], " \n " ; 

print $ forwardPattern , " \n\n " ; 

$res=$conn->exec ( " INSERT I NTO NNPPresults (link, hitno, confidence, regions tart , regionend, 

signalstart, pattern, strand, length, forwar dPattern) VALUES (' $Source ' , ' $hi tno [ $index ] , , 

' $confidVals [$index ] ', ' $PatternStart [$index ] ', ' $PatternEnd [ $index ] ', 

' $signalStart [ $index ] ', ' $patterns [$index ] ', ' $strand [ $index ] ', ' $lgth ', 

' $forwardPattern ') ;" ); 

#print parsed r e~ults to a text fil e 

print OUT " \nLength: \ t\ t\ t " , $lgth , " \nHi t: \ t\ t\ t " , $hitno [$index ] , 

$confidVal s [ $index], " \nRegion: \t\t\t " , $PatternStart [ $index ], 

" \nTSS Signal Start: \ t " , $signalStar t [ $index]' " \nPattern: \t\t " , 

" \nConfidence: \t\t " , 

$PatternEnd [$index ], 

$patterns [ $index ], 

" \nStrand: \ t \ t \ t " , $strand [$index], " \nForward Pattern: \ t " , $forwardPat tern , " \n \n " ; 

#0108e file handles 

close (IN); 

close (OUT); 
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Appendix C6 - NNPPresults Table 

Field Name PostgreSQL Field Format Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Link Text FOREIGN KEY referencing Source.id 

Hit Number Int NNPP hit where TSS with highest confidence value located 

Confidence Text Confidence value of TSS prediction 

RegionStart Int Start position of hit 

RegionEnd Int End position of hit 

SignalStart Int Position where putative TSS located on hit sequence 

Pattern Text Hit sequence 

Strand Text TSS located on forward (F) or reverse (R) strand 

Length Int Length of hit region 

Appendix C7 - parseTESS.pl 

#=! /usr /bin/perl 

#l,:.thlee l1a(~lea r 

#MSc Bioinformatics & computat iona l Molecular Bi o logy =004 

#::Jl()Ct8S U.n.ivt?rsit~T( C;:ra11.a-rn O'°t::.oV.lI1 J Sc)u.tl1 }\..-.f :c i ca. 

#parsel'ESS.p l 

# - parses al l TESS report fi l es 

# - retrieves selected inf orma t ion 

# - writes info t o a .tess ou t put f ile 

my $dir = "/home/g9610081/TESSreports"i 

my @TESSreports = <$dir /*.tessreport>i 

foreach $report (@TESSreports ) 

# opE~n fi1e handle to read. TESS r,:'!pcH t fi 1(:-;8 

open(IN, " $report ")i 

#extrac t i nfo from filen ame 

@name = split (/\//, $report )i 

@namel split (/_/, $name [$#name])i 

@name2 split (/\./, $namel [ $#namel ])i 

$Source = $name2 [O]i 

if ($name [ $ #name ] =- /~mRNA/g) 

$seqTable 

}else{ 

Stable 

$seqTable = 'C; OU l · '":C · i 



while «IN» { #whi l e r e a oing t h e C'u rr ,=::n t '1'2:::::; r e.pc :tt 

chomp i 

#e xtract reco~d n a me 

if ( $_ =- /ASEQ\s+(>.+)/) 

@fileName = split (/\I/, $l )i 

@fileNamel = split (/_!, $fileName [l])i 

$fileNm = $fileNamel [O] . $fileNamel [l]i 

#open file~landl e. to writ e p arsed inf o t o o u tpu t file 

open (OUT, 1»TESSoutputFiles\/ $fileNm .tess")i 

@heading = spl i t (/_/, $fi l eName [ $#fileName])i 

#r e tri eve HIT i n fo 

elsif ( $_ =- /AHIT/) 

@field s = split (!\s+/, $_ )i 

#wr i te to output fil e 

pri nt OUT "$S ource $seqTable Stabl e $heading [l] $fields [2] $fields [3] 

$fields [5] $fields [6] $fields [7] $fields [8] $fields [9] $fie lds [lO] 

$fields [12] $fields [13]\n\n"i 

#c l o s e f ile han d les 

close (IN) i 

close (OUT) i 
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$fields [4] 

$fields [ll] 
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Appendix C8 - parseTESS2.pl 

#!/usr/bin/perl 

#l':.thlee Hacleal: 

# MSc Bio info r mat ' cs & compu t ational Molecular Bi o l o gy 2 004 

# P .. hC)d.es TJ11i. \/e J.:'s i ty I (.} :t" zihartts t.:.)wTl! Sc'u tIl lH\£ 1_' ica 

#pclrse'IESS2 . pI 

H - writes info into a t hlee_db , TESS r e s ults t a ble 

use Pg; 

#db connec tion 

$conn = Pg::connectdb("dbname=athlee_db user=g9610081 password=asm120478"); 

$conn->reset ; 

t read a ll TESS ou t pu t f ilen ames fr om directory lnto an ar 'ay 

my $dir = " / home / g9610081 / TESSoutputFi l es" ; 

my @TESSoutputFiles = <$dir/*.tess>; 

foreach Stile (@TESSoutputFiles ) { 

#op e n f ile handle t o rea d TESS output fi l e 

open(IN, "$£ile "); 

#(:=;:Z.tra.ct .y. .. ·(-?.(;{) .rcl i.d. (~n.t . .i.f .i t:~r f.r.-"c)rn filerlaJtle 

@name = split (/\./, Stile ); 

@namel = split (/\//, $name [O]); 

Sid = $namel [ $ #namel ]; 

while «IN» { #while :n ?ad ing th'2 cur r e n t TESS output. f il.::: 

chomp ; 

@fields = split (/ /, $_); #spli t e ach line in t o an a r r a y 

Stable = $£ields [2]; # t a ble 

if ($fields [3] eq ' Pr omo ter Ssq u e nce ' ) { 

$fieldName 

}else{ 

$fieldName 

'TESSprom ' ; #de t e rmine d b fie l d name 

$£ields [3]; 

$fieldStart = $fieldName . "_start" ; 

$fieldEnd = $fieldName . "_end" ; 

Hread star t position o f p r omot e r on o r iginal s equ ence 

$res=$conn->e x ec ( "SELECT $fieldStart FROM Stable WHERE link 

$star t = $res -> fetchrow ; 

$site start = $start + $£ields [6] - 2; 

' $id ';" ) ; 
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$length = $fields [8]; 

#Check to ~e~ LL ~~ite start de fined correctly 

$seqTable = $fields [l]; 

if ($seqTable eq ' ~.: ·~)U1"c·"'· ) { 

$idField 

}el.se{ 

$idField 

lid ! i 

1.1 i .nk· ; 

$resl=$conn->exec ( "SELECT seq FROM $seqTable WHERE $idField 

$resl -> fetchrow ; $sequence 

$site_seq substr ($sequence , $site_start , $length); 

print $site_seq , " \n " ; 

# T.RPJ:JSF~ .. (~ ~;i t. t~ Ilcli Cle 

$TRANSFACsite = substr ($fields [4],6); 

# si. te f, equence 

$seq = $fields [9]; 

#So urce - user-def.ined or f Tom T Ri\NSFA.C 

$Source $fields [O] ; 

$res=$conn->exec ( "INSERT 

sequence) 

, $1 ength ', ' $ s eq ' ) ; " ) ; 

#c10se fil e handles 

close (IN); 

Appendix C9 - TESSresults Table 

INTO 

VALUES 

TESSresults 

(' Sid ' , 

Field Name PostgreSQL Field Format 

(link, 

, $TRANSFACsi te ' , 
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' $id ';" ) ; 

source, 

' $Source ' , ' $site_start ' , 

Description 

Id serial PRIMARY KEY Auto-incrementing number used as the primary key for the table 

Link Text FOREIGN KEY referencing Source.id 

Site Name Text Site name located 

Source Text TRANSFAC or UserDefined Site 

Site_Start Int Start position of site 

Site_End Int End position of site 

Sequence Text Sequence of site located 
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Appendix Dl- Dbsearch.java 

!!Athlee Mac l ear 

//MSc Bioinforma t i cs & Computat i onal Mole_ul ar Biology 2 00 4 

!!Rhodes Un i v e r s ity. Grahamscown , South Afri c a 

!!DBsearch .j a va - c r e at es a GUI i n ter f ace to search athlee_db 
: ; - user selects search c riteri a 

1/ 

!! import libr~ry CLa sse s n eeded 

import java.awt.*; 

import java.awt . event.*; 

import javax . swing.*; 

import javax.swing.event.*; 

public class DBsearch 

!! Dec lare a nd i n i tial i z e v ar iables 

private int WIDTH = 550 ; 

private int HEIGHT = 4 00 ; 

private String searchFieldA " " ; 

private String searchFieldB "" ; 

private String searchFieldC " " ; 

! / I)ec la.1.~e C ()Tl t. a .. i l1E? .. .r.·S an c3 CC)TI.lr;"OIJ.ell t ~::: 

private JFrame frame; 

private JPanel searchPanel1, searchPane12, searchPane13, resultSelection; 

private JPanel instructionPanel, searchPanel, buttonPanel; 

private JPanel innerPanel, outerPanel; 

private JLabel title, instructionLabel1, instructionLabe12, labell, labe12, labe13; 

private JButton search; 

private JTextField searchTerm1, searchTerm2, searchTerm3; 

private JList searchList1, searchList2, searchList3; 

private JScrollPane mainScroll, scrollLst1, scrollLst2, scrollLst3, scrollLst4; 

/ /Decla r.~ e a'Cl(~l '.1.. 11iti. t.,.1i=e d.isr:>1 a.y v·(.t ]~ i~l. l)l es 

private Color titleColour Color.getHSBColor( 0.5F , O.5F , O. 5F ); 

private Color labelColour Color.getHSBColor( 0 . 7F , O. 5F , O. 5F ); 

private Color label1Colour = Color.getHSBColor( 0 . 8F , O. 4F , O. 5F ); 

private Font titleFont = new Font( "Serif" , Font.BOLD + Font. ITALIC, 26 ); 

private Font labelFont1 new Font( "Serief" , Font.BOLD, 16 ); 

private Font labelFont2 new Font( "Serif" , Font.BOLD, 12 ); 

private Font listFont = new Font(" Serif" , Font.BOLD, 12 ); 

II Declare a nd ini t i al ize data .rrav 

private String [] sourceFields = { "ID" I 

"ACCESSION" I 

"GENE_NAME" I 

"ORGANISM" , 

"DESCRIPTION" I 

"AUTHOR" , 

"REFERENCE" I 
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"MOL_TYPE" , 

"PRODUCT" 

} ; 

private String [] tessFields ={ "LINK" , 

"SITE_NAME" , 

"SOURCE" , 

} ; 

private String [] nnppFields 

"CONFIDENCE" , 

"STRAND" , 

} ; 

private String [] results; 

public DBsearch() 

{ "LINK" , 

!!Instantiate a nd define GUI component s 

frame = new JFrame ( "Search Plant Stress Response DataBase" ); 

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

frame.setPreferredSize( new Dimension (WIDTH, HEIGHT)); 

Appendices 

title = new JLabel( "Abiotic Plant Stress Response DataBase" , SwingConstants.CENTER); 

title.setFont(titleFont); 

title.setForeground(titleColour); 

instructionLabell = new JLabel( "Sear ch Da t abase" , SwingConstants.LEFT); 

instructionLabell. setFont (labelFontl) ; 

instructionLabell.setForeground(labellColour) ; 

instructionLabe12 new JLabel( "Select search f i elds and enter search criteria" , 

SwingConstants.LEFT); 

instructionLabe12.setFont(labelFont2) ; 

instructionLabe12.setForeground(labellColour); 

searchListl = new JList(sourceFields); 

searchListl.setSelectionMode(ListSelectionModel.SINGLE_SELECTION); 

searchListl.setSelectedIndex( O) ; 

searchListl.setVisibleRowCount( l ); 

searchListl.setFont(listFont) ; 

searchListl.setBackground(Color.lightGray); 

searchListl.setForeground(Color . black) ; 

searchListl.setSize( 30 , 30 ); 

searchListl.addListSelectionListener(new ListListener()); 

scrollLstl = new JScrollPane(searchListl); 

searchTerml new JTextField( lO ); 

searchList2 = new JList(tessFields); 

searchList2.setSelectionMode(ListSelectionModel.SINGLE SELECTION); 
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searchList2.setSelectedlndex( 0 ) ; 

searchList2.setVisibleRowCount( 1 ); 

searchList2.setFont(listFont) ; 

searchList2.setBackground(Color.lightGray); 

searchList2.setForeground(Color.black) ; 

searchList2.setSize( 30 , 30 ); 

searchList2.addListSelectionListener(new ListListener()); 

scrollLst2 = new JScrollPane(searchList2); 

searchTerm2 new JTextField( lO ); 

searchList3 = new JList(nnppFields); 

searchList3.setSelectionMode(ListSelectionModel.SINGLE_SELECTION); 

searchList3.setSelectedlndex( 0 ) ; 

searchList3.setVisibleRowCount( 1 ); 

searchList3.setFont(listFont); 

searchList3.setBackground(Color.lightGray) ; 

searchList3.setForeground(Color.black) ; 

searchList3.setSize( 30 , 30 ); 

searchList3.addListSelectionListener(new ListListener()); 

scrollLst3 = new JScrollPane(searchList3); 

searchTerm3 new JTextField( l O); 

search = new JButton ( " Star t Sear ch " ) ; 

search.addActionListener( new ButtonAListener()); 

search. setBackground(Color. lightGray) ; 

search.setForeground(labellColour); 

search . setFont(labelFontl); 

search.setSize( 50 , 50 ) ; 

search.setBorder(BorderFactory.createEtchedBorder()); 

labell = new JLabel( "Source Fi elds" ); 

labell.setFont(labelFont2); 

labell.setForeground(labelColour); 

labe12 = new JLabel ( "TESS Fie lds" ); 

labe12.setFont(labelFont2); 

labe12.setForeground(labelColour); 

labe13 = new JLabel ( "NNPP Fiel ds" ); 

labe13.setFont(labelFont2); 

labe13.setForeground(labelColour); 

!!lst tier panels - i nnermost 

instructionPanel = new JPanel(); 

instructionPanel.setLayout(new GridLayout( 5 , l )); 

instructionPanel.add(Box.createRigidArea(new Dimension( 2 , O))); 

instructionPanel.add(instructionLabell); 

instructionPanel.add(Box.createRigidArea(new Dimension( 2 , O))); 

instructionPanel.add(instructionLabe12); 

instructionPanel.add(Box.createRigidArea(new Dimension( 2 , O))); 
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instructionPanel.setBackground(Color.lightGray); 

searchPanel1 = new JPanel(); 

searchPanel1.setLayout(new GridLayout( l , 2 )); 

searchPanel1.add(scrollLst1) ; 

searchPanel1.add(searchTerm1); 

searchPanel1.setBackground(Color.lightGray); 

searchPane12 = new JPanel(); 

searchPane12.setLayout( new GridLayout( l , 2 )); 

searchPane12.add(scrollLst2) ; 

searchPane12.add(searchTerm2); 

searchPane12.setBackground(Color.lightGray); 

searchPane13 = new JPanel(); 

searchPane13.setLayout(new GridLayout( l , 2 )); 

searchPane13.add(scrollLst3) ; 

searchPane13.add(searchTerm3); 

searchPane13.setBackground(Color.lightGray); 

!!2nd Cler pane l s - intermediate 

searchPanel = new JPanel(); 

searchPanel.setLayout(new GridLayout( 9 , 1 )); 

searchPanel.add(label1); 

searchPanel.add(searchPanel1); 

searchPanel . add(Box.createRigidArea(new Dimension( 2 , 0 ))); 

searchPanel.add(labe12); 

searchPanel.add(searchPane12); 

searchPanel.add(Box.createRigidArea(new Dimension( 2 , 0 ))); 

searchPanel.add(labe13); 

searchPanel.add(searchPane13) ; 

searchPanel.add(Box . createRigidArea( new Dimension( 2 , 0 ))); 

searchPanel . setBackground(Color.lightGray); 

buttonPanel = new JPanel(); 

buttonPanel.setLayout( new FlowLayout(FlowLayout.LEFT, 10 , 10 )); 

buttonPanel.add(search); 

buttonPanel.setBackground(Color.lightGray) ; 

// 3rd cier panels - outer~)st 

innerPanel = new JPanel(); 

innerPanel.setLayout( new BorderLayout()); 

innerPanel.add(instructionPanel, BorderLayout.NORTH); 

innerPanel.add(searchPanel, BorderLayout.CENTER); 

innerPanel . add(buttonPanel, BorderLayout.SOUTH); 

innerPanel.setBackground(Color.lightGray) ; 

outer Panel = new JPanel(); 

outerPanel.setLayout(new BorderLayout()); 

outerPanel.setPreferredSize( new Dimension (WIDTH, HEIGHT)); 

outerPanel.setBackground(Color.lightGray) ; 

outerPanel.add(title, BorderLayout.NORTH); 
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outerPanel.add(innerPanel, BorderLayout.CENTER) i 

frame.getContentPane() . add (outerPanel) i 

./ /Inner c.l.asses - e'h?nt listeners 

private class ListListener implements ListSelectionListener 

public void valueChanged(ListSelectionEvent evt) 

// re trieve user-selected search fields 

searchFieldA 

searchFieldB 

searchFieldC 

sourceFields[searchListl.getSelectedIndex()]i 

tessFields[searchList2.getSelectedIndex()]i 

nnppFields[searchList3.getSelectedIndex()]i 

private class ButtonAListener implements ActionListener 

public void actionPerfor.med (ActionEvent event) 

String searchTermA 

String searchTermB 

String searchTermC 

searchTerml.getText() i 

searchTerm2.getText() i 

searchTerm3.getText()i 

./ ! i ns tant ia.te caLL t.o Search c lass - use.:: 3DBC to s(-:;a rch db 

Appendices 

Search mySearch new Search (searchFieldA, searchTermA, searchFieldB, searchTermB, 

searchFieldC, searchTermC)i 

/!me t hod o f Search. java that returns an array of ids retrieved from db s e a rch 

results = mySearch.searchDB()i 

/ / parse re :::: u l t.s a:c r ay t.o l-esul t GUT and di, play 

DBsearchResults resultsConverter = new DBsearchResults(results)i 

resultsConverter . displaY()i 

j /(}{JI o.isplay n1e tr1()cj 

public void display() 

frame.pack() i 

frame.setVisible( true )i 
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Appendix D2 - DBsearchGULjava 

! ;' A.thlE:'e 1-1aclear 

!!Rhod es University, Grahamstown, South Afri c a 

/ /])Bsea.r .. chl.~LJI. jcl.'\TD. - d.isl~'la:-.ls CilJI irltefacc: f o r: atl~Ll ·~ ~~_d·b 

// 

public class DBsearchGUI 

public static void main (String[] args) 

!!d eclare and instatiate instance of DBsearch class 

DBsearch converter = new DBsearch(); 

converter.display(); 

Appendix D3 - Search. java 

! ! Athlee Iv acle:cu' 

!/Rhodes Univers ity , Grahams ~own, South Af r ica 

/ :' Seay'cl1. java. class that searches athlee_db using user- selecte d search t erms and fields 

! ;' 

! I , : 

!!import library casses needed 

import java.sql.*; 

import java.util.ArrayList; 

public class Search { 

!!Declare var i ables 

private String fieldl, searchl, field2, search2, field3, search3, query; 

private ArrayList ids; 

private String[] result; 

/ /(~onst~L·tlc t or· 

public Search (String fieldl, String searchl,String field2, String search2, String field3, 

String search3) 

this .fieldl = fieldl; 

this .searchl = searchl; 

this .field2 = field2; 

this .search2 = search2; 

this .field3 = field3; 

this .search3 = search3; 

!!searc~DB methods - returns an arra y of String objectE 

public String[] searchDB() 

107 



Appendices 

!!declare and initialise var i a bles 

this . ids = ids; 

this .query = query; 

this .result = result; 

ids = new ArrayList(); 

query = "Select DISTINCT Source. id from Source where Source." + fieldl + like + 

searchl + '" and TessResults." + field2 + " like '" + search2 + and nnppResults . " + 

field3 + " like ' " + search3 + '" a nd Source.id = TessResults.link" ; 

/!JDBC or l v e r urI 

String url = "jdbc:postgresql:athlee_db" ; 

Connection con; 

PreparedStatement st; 

try { 

Class.forName( "org.postgr esql.Dr i v er" ); 

catch (java.lang.ClassNotFoundException e) 

System.err.print( "ClassNotFoundException: " ); 

System.err.println(e.getMessage()) ; 

try { 

con = DriverManager.getConnection (url, "athlee" , "sargent" ); ! !Connect to ath:l. E:e_d:b 

st = con.prepareStatement(query); !/J-DBC pr.:;:pardt'on of query s t.at.E?mE:l t 

ResultSet rs = st.executeQuery(); !/Ex ecute C[ll':?ry staLernent 

int x = 0; 

while (rs.next()) { //I,vh'le n :;i:tding r.- e '3ul t. set 

!!read record i d f r om result set 2illd store i n ArrayLis t 

String id = rs.getString( "ID" ); 

ids . add(x, id); 

x++; 

/ /Conv E:rt ArrayList t.o an dry;}}! o f s tring obj E:ct s 

result = (String[)) ids.toArray( new String[ O)); 

./ / c lt:>se (lb ", td.te.m~nt. 21 T1C1 CC;11:n.ectio11 

st. close ( ) ; 

con.close() ; 

catch (SQLException ex) 

System.err.print( "SQLException: " ); 

System.err.println(ex .getMessage()) ; 

return result; //return array o f 1. <: s 
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Appendix D4 - DBsearchResults.java 

/ ;' :~ .. t::h.lee T:-1a. clea.r 

//MSc Bioinfo r ma t i cs & Compu t a tional Molecular Bio logy 200 4 

!!Rhodes Un~versity. Grahamstown, South Africa 

!!DBsearchRe s ults .j ava - cre ates a Gur inteface to display results f r om a thlee_db 

!!import ibra r y classes needed 

import java.awt.*; 

import java.awt.event.*; 

import javax.swing.*; 

import javax.swing.BorderFactory; 

import javax.swing.event.*; 

import javax.swing.table.*; 

public class DBsearchResults 

!!decl are a nd i n itiali ze v~r iables 

private int WIDTH = 1000 ; 

private int HEIGHT = 70 0 ; 

private String selectedId II II ; 

private JFrame 

private JPanel 

private JPanel 

private JPanel 

private JPanel 

private JLabel 

frame; 

instructionPanel, resultsListPanel, buttonPanel, tablePanel; 

Panel1, Pane12, Pane13, Pane14, tessPanel, nnppPanel; 

searchPanel, sourcePanel, resultPanel; 

mainPanel, outerPanel; 

title, Labell, Labe12; 
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private 

private 

private 

private 

JLabel 

JLabel 

Jlabel 

Jlabel 

header1, idLabel, accLabel, orgLabel, geneNameLabel,descLabel, authLabel; 

ref Label , indStressLabel, molTypeLabel, prodLabel, geneLabel, promLabel; 

caatLabel, tataLabel, polyaLabel, featureLabel, header2, header3; 

confidence, regS tart , sigStart, pattern, strand; 

private JTextArea descText, authText, ref Text , indStressText, prodText, geneText, promText; 

private JTextArea caatText, tataText, polyaText, featureText, patternText; 

private JButton display, graphics; 

private JList resultIdList; 

private JScrollPane scrollLst1, scrollLst2, scrollLst3, scrollLst4, scrollLst5, scrollLst6; 

private JScrollPane scrollLst7, scrollLst8, scrollLst9, scrollLst10, scrollLst11; 

private JScrollPane scrollLst12, scrollLst13; 

private JTable table; 

private JTableHeader tableHeader; 

private Color titleColour = Color . getHSBColor( O.5F , O. 4F , O. 5F ); 

private Color label1Colour Color.getHSBColor( O.6F , O.6F , O.5F ); 

private Color labe12Colour Color.getHSBColor( O.8F , O. 4F , O.5F ); 

private Font titleFont = new Font ( "Serif" , Font.BOLD + Font. ITALIC, 30 ); 

private Font labelFont2 = new Font ( "Serif" , Font. PLAIN, 12 ); 
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private Font headerFont = new Font( "Serif" , Font.BOLD, 16 ); 

private Font listFont = new Font( "Serif" , Font.BOLD, 12 ) i 

private Font tableFont = new Font( "Serif" , Font.BOLD, 10 ); 

II Declare a nd initialize da ta arrays 

private String [] results; 

private String [] sourceResults; 

private String[] nnppResults; 

private String[] columnNames = { "Site Name" , 

private String[] [] tessResults; 

"Source" , 

"Site Start" , 

"Sequence" 

} ; 

private String [] [] cells = new String [100 ] [ 4 ]; 

/ /Clonst. r:~l ct,() r 

public DBsearchResults(String [] resultIds) 

results resultIds; I!r e ads in arr~y ~~ resu l t ids 

!! I nstan tiate and d e fi n e GUI con~onent: 

frame = new JFrame ( "Search Resul ts - Abiotic Plant Stress Response DataBase" ); 

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE) i 

frame.setPreferredSize( new Dimension (WIDTH, HEIGHT)) i 

Appendices 

title = new JLabel( "Abiotic Plant Stress Response DataBase" , SwingConstants.CENTER) i 

title.setFont(titleFont); 

title.setForeground(titleColour) i 

Labell = new JLabel( "Search Results" , SwingConstants.LEFT); 

Label1.setFont(headerFont); 

Label1.setForeground(label1Colour); 

Label2 = new JLabel( "Select id from result set and click display" , SwingConstants.LEFT); 

Label2.setFont(listFont); 

Label2.setForeground(label2Colour); 

resultIdList = new JList(results); 

resultIdList.setSelectionMode(ListSelectionModel.SINGLE_SELECTION); 

resultIdList.setSelectedlndex( O) i 

resultIdList.setVisibleRoWCount( l ); 

resultIdList.setFont(listFont); 

resultIdList.setBackground(Color.lightGray); 

resultIdList.setForeground(label2Colour); 

resultIdList.setSize( 30 , 30 ); 

resultIdList.addListSelectionListener( new ResultsListListener()); 

scrollLst1 = new JScrollPane(resultIdList) ; 

display = new JButton( " Display Results " ); 

display.addActionListener( new ButtonListener()); 
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display. setBackground(Color. lightGray) ; 

display.setForeground(labe12Colour); 

display. setFont (listFont) ; 

display.setBorder(BorderFactory.createEtchedBorder()); 

headerl = new JLabel ( "Collated Information" ) ; 

headerl.setFont(headerFont); 

headerl.setForeground(labellColour) ; 

idLabel = new JLabel ( " Id: " ); 

idLabel.setForeground(labe12Colour); 

idLabel.setFont(listFont) ; 

accLabel = new JLabel ( "Accession: " ); 

accLabel.setForeground(labe12Colour); 

accLabel. setFont (listFont) ; 

orgLabel = new JLabel ( "Organism : " ); 

orgLabel.setForeground(labe12Colour); 

orgLabel . setFont(listFont); 

geneNameLabel = new JLabel ( "Gene Name : " ); 

geneNameLabel.setForeground(labe12Colour); 

geneNameLabel.setFont(listFont); 

descLabel = new JLabel ( "Description: " ); 

descLabel.setForeground(labe12Colour); 

descLabel.setFont(listFont); 

authLabel = new JLabel ( "Author: " ); 

authLabel.setForeground(labe12Colour); 

authLabel. setFont (listFont) ; 

ref Label = new JLabel ( "Reference: " ); 

refLabel.setForeground(labe12Colour); 

refLabel.setFont(listFont) ; 

indStressLabel = new JLabel( "Inducing Stress: " ); 

indStressLabel.setForeground(labe12Colour); 

indStressLabel.setFont(listFont) ; 

molTypeLabel = new JLabel ( "Mol Type: " ); 

molTypeLabel.setForeground(labe12Colour); 

molTypeLabel.setFont(listFont); 

prodLabel = new JLabel( "Product: " ); 

prodLabel . setForeground(labe12Colour); 

prodLabel . setFont(listFont); 

geneLabel = new JLabel ( "Gene: " ); 

geneLabel . setForeground(labe12Colour); 

geneLabel.setFont(listFont); 

promLabel = new JLabel( "Promoter: " ); 

promLabel.setForeground(labe12Colour); 

promLabel. setFont (listFont) ; 

caatLabel = new JLabel( "CAAT_Signal: " ); 

caatLabel.setForeground(labe12Colour); 

caatLabel.setFont(listFont); 

tataLabel = new JLabel ( "TATA_Signal: " ); 

tataLabel.setForeground(labe12Colour); 

tataLabel.setFont(listFont); 

polyaLabel = new JLabel( "PolyA_ Signal: " ); 
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polyaLabel.setForeground(labe12Colour) ; 

polyaLabel.setFont(listFont) ; 

featureLabel = new JLabel ( "Mise. Featur e : " ); 

featureLabel.setForeground(labe12Colour) ; 

featureLabel.setFont(listFont); 

deseText = new JTextArea( 5 , 2 0 ); 

deseText.setBackground(Color.lightGray) ; 

deseText.setForeground(labe12Colour); 

deseText.setFont(labelFont2) ; 

deseText.setLineWrap( true ); 

serollLst2 = new JScrollPane(deseText); 

authText = new JTextArea( 5 , 20 ); 

authText.setBackground(Color.lightGray) ; 

authText.setForeground(labe12Colour); 

authText.setFont(labelFont2) ; 

authText.setLineWrap( true ); 

serollLst3 = new JScrollPane(authText); 

ref Text = new JTextArea( 5 , 20 ); 

ref Text. setBackground(Color. lightGray) ; 

refText.setForeground(labe12Colour) ; 

refText.setFont(labelFont2); 

refText.setLineWrap( true ) ; 

serollLst4 = new JScrollPane(refText); 

indStressText = new JTextArea( 5 , 20 ); 

indStressText.setBackground(Color.lightGray) ; 

indStressText.setForeground(labe12Colour); 

indStressText.setFont(labelFont2); 

indStressText.setLineWrap( true ) ; 

serollLst5 = new JScrollPane(indStressText) ; 

prodText = new JTextArea( 5 , 20 ); 

prodText.setBackground(Color.lightGray) ; 

prodText.setForeground(labe12Colour); 

prodText.setFont(labelFont2) ; 

prodText.setLineWrap( true ) ; 

serollLst6 = new JScrollPane(prodText); 

geneText = new JTextArea( 5 , 20 ); 

geneText.setBackground(Color.lightGray) ; 

geneText.setForeground(labe12Colour); 

geneText.setFont(labelFont2) ; 

geneText.setLineWrap( true ) ; 

serollLst7 = new JScrollPane(geneText) ; 

promText = new JTextArea( 5 , 20 ); 

promText.setBackground(Color.lightGray) ; 

promText.setForeground(labe12Colour); 

promText.setFont(labelFont2) ; 
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promText.setLineWrap( true ); 

scrollLst8 = new JScrollPane(promText) ; 

caatText = new JTextArea( 5 , 20 ); 

caatText.setBackground(Color.lightGray); 

caatText.setForeground(labe12Colour) ; 

caatText.setFont(labelFont2) ; 

caatText.setLineWrap( true ) ; 

scrollLst9 = new JScrollPane(caatText) ; 

tataText = new JTextArea( 5 , 20 ); 

tataText.setBackground(Color.lightGray); 

tataText.setForeground(labe12Colour); 

tataText.setFont(labelFont2); 

tataText.setLineWrap( true ) ; 

scrollLstlO = new JScrollPane(tataText) ; 

polyaText = new JTextArea( 5 , 20 ); 

polyaText.setBackground(Color . lightGray); 

polyaText.setForeground(labe12Colour); 

polyaText. setFont (labelFont2) ; 

polyaText.setLineWrap( true ); 

scrollLstll = new JScrollPane(polyaText) ; 

featureText = new JTextArea( 5 , 2 0 ); 

featureText.setBackground(Color.lightGray) ; 

featureText.setForeground(labe12Colour) ; 

featureText. setFont (labelFont2) ; 

featureText . setLineWrap( true ); 

scrollLst12 = new JScrollPane(featureText) ; 

header2 = new JLabel ( II TESS Resul ts II ) ; 

header2.setFont(headerFont); 

header2.setForeground(labellColour) ; 

table = new JTable(cells,columnNames); 

table. setBackground(Color . lightGray) ; 

table.setForeground(labe12Colour); 

table.setFont(tableFont); 

scrollLst13 = new JScrollPane(table); 

header3 = new JLabel ( II NNPP Resul ts II ) ; 

header3.setFont(headerFont); 

header3.setForeground(labellColour) ; 

confidence = new JLabel( "Confidence Value : " ); 

confidence.setForeground(labe12Colour) ; 

confidence.setFont(listFont) ; 

regStart = new JLabel( "Start site of predic ted core promoter: " ); 

regStart.setForeground(labe12Colour) ; 

regStart.setFont(listFont); 

sigStart = new JLabel( lIPredicted Transcription Start Site: " ); 
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sigStart.setForeground(labe12Colour); 

sigStart.setFont(listFont) ; 

pattern = new JLabel( " Pa t t ern: " ); 

pattern.setForeground(labe12Colour) ; 

pattern.setFont(listFont) ; 

strand = new JLabel( "Stra nd: " ); 

strand.setForeground(labe12Colour); 

strand.setFont(listFont); 

patternText = new JTextArea( 2 , 2 0 ); 

patternText.setBackground(Color.lightGray) ; 

patternText.setForeground(labe12Colour); 

patternText.setFont(labelFont2) ; 

patternText.setLineWrap( true ); 

tablePanel = new JPanel(); 

tablePanel.setLayout(new BorderLayout()); 

tablePanel.add(table.getTableHeader(), BorderLayout.PAGE_START); 

tablePanel.add(scrollLst13, BorderLayout.CENTER); 

tablePanel.setBackground(Color . lightGray) ; 

instructionPanel = new JPanel(); 

instructionPanel.setLayout(new GridLayout( 2 , 1 )); 

instructionPanel.add(Label1); 

instructionPanel . add(Labe12) ; 

instructionPanel.setBackground(Color.lightGray); 

resultsListPanel = new JPanel(); 

resultsListPanel.setLayout( new GridLayout( l , l )); 

resultsListPanel.add(scrollLst1); 

resultsListPanel.setBackground(Color.lightGray); 

buttonPanel = new JPanel(); 

buttonPanel.setLayout( new FlowLayout(FlowLayout . LEFT, 10 , 10 )); 

buttonPanel.add(display) ; 

buttonPanel.setBackground(Color.lightGray) ; 

t.i er of panE:l.s in t. e n nediat e 1. 

Panel1 = new JPanel(); 

Panel1.setLayout( new GridLayout( 3 , 1 )); 

Panel1.add(instructionPanel) ; 

Panel1.add(resultsListPanel) ; 

Panel1.add(buttonPanel) ; 

Panel1.setBackground(Color.lightGray); 

Pane12 = new JPanel(); 

Pane12.setLayout( new GridLayout( 5 , 1 )); 

Pane12.add(header1) ; 

Pane12 . add(idLabel); 

Pane12.add(accLabel) ; 

Pane12.add(orgLabel) ; 
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Pane12.add(geneNameLabel)i 

Pane12.setBackground(Color.lightGraY)i 

Pane13 = new JPanel() i 

Pane13.setLayout( new GridLayout( 4 , l )) i 

Pane13.add(descLabel) i 

Pane13.add(scrollLst2) i 

Pane13.add(authLabel) i 

Pane13.add(scrollLst3)i 

Pane13.setBackground(Color.lightGraY)i 

Pane14 = new JPanel() i 

Pane14.setLayout( new GridLayout( 4 , l )) i 

Pane14.add(refLabel) i 

Pane14.add(scrollLst4) i 

Pane14.add(indStressLabel) i 

Pane14.add(scrollLst5)i 

Pane14.setBackground(Color.lightGray) i 

tessPanel = new JPanel()i 

tessPanel.setLayout( new BorderLayout())i 

tessPanel.add(header2, BorderLayout.NORTH) i 

tessPanel.add(tablePanel, BorderLayout.CENTER)i 

tessPanel.setBackground(Color.lightGraY)i 

nnppPanel = new JPanel()i 

nnppPanel.setLayout( new GridLayout( 8 , l ))i 

nnppPanel.add(header3)i 

nnppPanel.add(confidence)i 

nnppPanel.add(regStart)i 

nnppPanel.add(sigStart)i 

nnppPanel.add(pattern) i 

nnppPanel.add(patternText) i 

nnppPanel.add(strand)i 

nnppPanel.add(Box.createRigidArea(new Dimension( 2 , O)))i 

nnppPanel.setBackground(Color.lightGraY)i 

!!3ri tier of pan e l s - inte rmed: ate 2 

searchPanel = new JPanel()i 

searchPanel.setLayout(new GridLayout( 4 , l ))i 

searchPanel.add(Panell)i 

searchPanel.add(Pane12)i 

searchPanel.add(Pane13)i 

searchPanel.add(Pane14)i 

searchPanel.setBackground(Color.lightGraY)i 

sourcePanel = new JPanel()i 

sourcePanel.setLayout( new GridLayout( 15 , l ))i 

sourcePanel.add(molTypeLabel)i 

sourcePanel.add(prodLabel)i 

sourcePanel.add(scrollLst6)i 

sourcePanel.add(geneLabel)i 
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sourcePanel.add(scrollLst7) ; 

sourcePanel.add(promLabel) ; 

sourcePanel.add(scrollLst8) ; 

sourcePanel.add(caatLabel); 

sourcePanel.add(scrollLst9); 

sourcePanel.add(tataLabel); 

sourcePanel.add(scrollLstlO) ; 

sourcePanel.add(polyaLabel); 

sourcePanel.add(scrollLstll) ; 

sourcePanel.add(featureLabel) ; 

sourcePanel.add(scrollLst12) ; 

sourcePanel.setBackground(Color.lightGray) ; 

resultPanel = new JPanel(); 

resultPanel.setLayout( new GridLayout( 2 , l )); 

resultPanel.add(tessPanel); 

resultPanel.add(nnppPanel) ; 

resultPanel.setBackground(Color.lightGray); 

!!4th t i er of p anels - intermediat e 3 

mainPanel = new JPanel(); 

mainPanel.setLayout( new GridLayout( l , 3 , 2 0 , 2 0 )); 

mainPanel.add(searchPanel) ; 

mainPanel.add(sourcePanel); 

mainPanel . add(resultPanel); 

mainPanel.setBackground(Color.lightGray) ; 

outer Panel = new JPanel(); 

outerPanel.setLayout(new BorderLayout()); 

outerPanel.setPreferredSize(new Dimension (WIDTH, HEIGHT)); 

outerPanel.setBackground(Color.lightGray) ; 

outerPanel.add(title, BorderLayout.NORTH); 

outerPanel.add(mainPanel, BorderLayout.CENTER); 

frame.getContentPane() .add(outerPanel); 

!!OUI display me thod 

public void display() 

frame.pack(); 

frame.setVisible( true ) ; 

/ /IrlIler classE;s - eV·::;;Il t . l istE:ll,E::r's 

private class ResultsListListener implements ListSelectionListener 

public void valueChanged(ListSelectionEvent evt) 

!!Get user-select id from r e s ult set 

selectedId = results[resultIdList.getSelectedlndex()); 
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Appendices 

private class ButtonListener implements ActionListener 

public void actionPerformed (ActionEvent event) 

//Decl a:ce inst.at.iate nev} o f Ret:cieJeSourcelnfo.jav3., 

Re trieveTesslnfo.java. and Retrieve~)pplnfo.java classes 

RetrieveSourcelnfo myResultSourceSet = new RetrieveSourcelnfo(selectedld)j 

RetrieveTesslnfo myResultTessSet new RetrieveTesslnfo(selectedld)j 

RetrieveNnpplnfo myResultNnppSet new RetrieveNnpplnfo(selectedld) j 

/ /(:a.ll t.llt~ g t"2t. F~!;; S tll ts fi.it;;t.l1{)cl () f E;:3.ch. c,f t'fl"':- 1::11)(),\7~~ clas ~) ~~ s t.o r·E.::t.r.·i~2ve SUITIITl1:try of 

information for selected id 

sourceResults 

tessResults 

nnppResults 

myResultSourceSet.getResults()j 

myResultTessSet.getResults() j 

myResultNnppSet.getResults() j 

;' /lJI)d.a,tt~ J~Cal~)lE:: "i,v,'i,tll TESS l.- ,,~;s'l.Ll ts fC).r selec"te(i ic1. 

for (int x = OJ X < tessResults.lengthj x++){ 

for ( int y = OJ Y < tessResults[ O) . lengthj y ++){ 

table. setValueAt (tessResults [x) [y), x, y)j 

,: /Upda.t<.:: G1:.n: component s . / :1 th resul t :LnLoy."ma LLc;n 

confidence.setText( "Confidence Value : II + nnppResults[ O)) j 

regStart . setText( "Start site of predicted core promoter : 

sigStart.setText( "Predicted Transcription Start Site: 

patternText.setText(nnppResults[ 3 )) j 

strand. setText ( II Strand: II + nnppResul ts [ 4 ) ) j 

idLabel . setText ( II Id: II + sourceResul ts [ 0 ) ) j 

accLabel.setText( IIAccession: 

orgLabel.setText( "Organism: 

II + sourceResults[ l ))j 

II + sourceResults[ 2 )) j 

geneNameLabel.setText( "Gene Name : II + sourceResults[ 3 )) j 

descText.setText(sourceResults[ 4 ))j 

authText.setText(sourceResults[ 5 )) j 

refText.setText(sourceResults[ 6 ))j 

indStressText.setText(sourceResults[ 7 ))j 

II + nnppResults[ l ))j 

II + nnppResults[ 2 ))j 

molTypeLabel.setText( "Mol Type : II + sourceResults[ 8 )) j 

prodText.setText(sourceResults[ 9 ))j 

geneText.setText(sourceResults[ lO )) j 

promText.setText(sourceResults[ ll )) j 

caatText.setText(sourceResults[12 )) j 

tataText.setText(sourceResults[ 13 )) j 

polyaText.setText(sourceResults[ 14 ))j 

featureText.setText(sourceResults[ 15 ))j 
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Appendices 

Appendix D5 - RetrieveSourceInfo.java 

/ ;' A~t:rl1ee t·:Ia. c.J.. t:~Cl .. r 

./ /lYlSc Bioin.£or:rnat.i.cs & (~or(jf)ll tC1.ti.c.lrlal 11cl t?! cu.l a.r Biolc]~r~l 200 4 

!!Rhodes University, Crahamstown, South Afri c a 

IIRetrieveSourcelnf o.j a v a - retr ieves information f or user-selected id fr om Source table 
: i 

!!import. library c lds ::;es needed 

import java.sql.*; 

import java.util.ArrayList; 

public class RetrieveSourcelnfo 

Iideclare variables 

private String id, query; 

private ArrayList retrievedResults; 

private String[] result; 

i /C~()n;:~t.r1.1ctC.' :r: 

public RetrieveSourceInfo (String id) 

this .id id; !/redds in user-selected i d fr om DbsearchResults CUI 

Il getResul t s met.hod - returns a rra y of st ring objects 

public String[] getResults() 

!/declare dnd i nstant i ate variables 

retrievedResults = new ArrayList(); 

query "Select 

Source . description, 

Source.id, Source . accession, Source. organism, Sourc e. gene_name, 

Source. author, Source.reference, Source . inducing_stress, 

Source . mol_type, 

Source . tata_ s i gnal , 

Source . product , Source . gene, Source. promoter , Source.caat_ signal , 

Source.polya_ s i gnal , Source.misc_feature from Source where Sourc e . id 

= ,It + id + n I II ; 

String url = "jdbc :postgresql : athlee_ db " ; I IJDBe d.c.L ver UJ::- L 

Connection con; 

PreparedStatement st; 

try { 

Class.forName( "org.postgresql . Driver" ) ; 

catch (java.lang.ClassNotFoundException e) 

System.err.print( "ClassNotFoundException : " ); 

System.err.println(e.getMessage()); 

try 

IIConnect to a thlee_db and J DEe preparation and a-ecu tion of query statement 

con = DriverManager.getConnection (url, "athlee" , "sargent" ); 

st = con.prepareStatement(query); 

ResultSet rs = st.executeQuery(); 
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int x = 0 ; 

!!while reading query result set 

while (rs.next()) { 

String id = rs. getString ( "ID" ) ; 

String ace rs . getString ( "ACCESSION" ) ; 

String org rs. getString ( "ORGANISM" ) ; 

String geneName = rs.getString( IGENE_NAME" ); 

String dese rs.getString( IDESCRIPTION" ); 

String auth rs.getString( IAUTHOR" ); 

String ref = rs. getString ( "REFERENCE II ) ; 

String indStress = rs.getString( "INDUCING_STRESS" ); 

String molType = rs.getString( IMOL_TYPE" ); 

String prod rs.getString( "PRODUCT" ); 

String gene 

String prom 

String eaat 

rs . getString ( "GENE" ) ; 

rs . getString ( II PROMOTER" ) ; 

rs. getString ( "CAAT_SIGNAL " ) ; 

String tata rs.getString( "TATA_SIGNAL" ); 

String polya = rs.getString( "POLYA_ SIGNAL" ); 

String mise = rs.getString( "MISC_FEATURE" ); 

retrievedResults.add(id); 

retrievedResults.add(acc) ; 

retrievedResults.add(org) ; 

retrievedResults.add(geneName) ; 

retrievedResults.add(dese) ; 

retrievedResults.add(auth) ; 

retrievedResults.add(ref) ; 

retrievedResults.add(indStress) ; 

retrievedResults.add(molType); 

retrievedResults.add(prod); 

retrievedResults.add(gene); 

retrievedResults.add(prom); 

retrievedResults.add(caat); 

retrievedResults.add(tata); 

retrievedResults.add(polya); 

retrievedResults.add(misc) ; 

result = (String[]) retrievedResults.toArray( new String[ O]); 

/ /Cl'Jse db f:tciteulent a Ile). C()Il11ect i c!11 

st.close() ; 

con.close() ; 

catch (SQLExeeption ex) 

System.err.print( "SQLException: " ); 

System.err.println(ex.getMessage()); 

return result; / /return arra y' Gf 1: e8u1 t: 

Appendices 

11 Q 



Appendices 

Appendix D6 - RetrieveTesslnfo.java 

!/MSc Bi oi nforma tics & Cm~~tational Molecular Biology 200 4 

I!Rhodes Un iversity, Crahams t own, South Afri c a 

!!RetrieveTesslnf o.j a va - re tr ieves information f o r user-selected id from TESSresults table 

// 

!!import libr a r y cla sses needed 

import java.sql.*; 

import java.util.ArrayList; 

public class RetrieveTesslnfo 

!!dec lare variables 

private String id, query; 

private ArrayList retrievedResults; 

private String[] result; 

private String[] [] resultTable; 

/ /C:Ol1st l:l1cLo:r 

public RetrieveTessInfo (String id) 

this .id id; / /1:'2ads i n user-s c2l '2cteCi id from DbsearchRe~'ul t s Gcn 

!!getResult- method - r eturn s a 20 array of String objects 

public String[] [] getResults() 

!!declare and instantia te v ari ables 

retrievedResults = new ArrayList(); 

query "Select TessResul ts . Si te_Name, TessResul ts . Source I TessResul ts . Si te_s tart, 

TessResults.sequence where Source. i d = '" + id + '" and Source.id = TessResults.link" ; 

String urI = "jdbc:postgresql:athlee_db" ; ! ! JDBC D.c::'ver u.r . .L 

Connection con; 

PreparedStatement st; 

try { 

Class.forName( "org.postgresql.Driver" ); 

catch (java.lang.ClassNotFoundException e) 

System.err.print( "ClassNotFoundException: "); 

System.err.println(e.getMessage()) ; 

try { 

! !ConTH2c t t .o athlec_db a nd J'DBC prepara tion and e x ecu t.ion of query stat.emen.t 

con = DriverManager.getConnection (urI, "athlee" , "sargent" ); 

st = con.prepareStatement(query); 

ResultSet rs = st.executeQuery(); 
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,I /yjhi Ie reading rcc:;ul t set:: 

while (rs.next()) 

// r etrieve selec t ed inf o r ma tion to update DbsearchResults GUI 

String site = rs. getString ( " SITE_ NAME " ) ; 

String source = rs.getString( "SOURCE" ); 

int start = rs.getInt( ISITE_START" ); 

String seq = rs.getString( "SEQUENCE" ); 

String start-pos = Integer. toString (start) ; 

!! add r etrieved info to Arr ay List 

retrievedResults.add(site); 

retrievedResults.add(source); 

retrievedResults.add(start-pos) ; 

retrievedResults.add(seq) ; 

/'Convert ArrayList to a r r a y o f Str i~g objects 

result = (String[]) retrievedResults.toArray( new String[ O]); 

int rows = result.length/ 4 ; 

resultTable = new String [rows] [ 4 ]; 

int n = 0 ; 

do { 

for ( int x = 0 ; x < rows; x++){ 

for (int y = 0 ; Y < 4 ; y++){ 

resultTable[x] [v] result[n]; 

System. out.println(resultTable [x] [V]); 

n++; 

}while (n < result.length - 1 ); 

!!Cl ose db statement and c onnecLion 

st.close() ; 

con.close() ; 

catch (SQLException ex) { 

System.err.print( "SQLEx ception: " ); 

System.err.println(ex.getMessage()) ; 

!!retuI~ 2D a r ray - & TESS r esu l ts for s elec t ed i d 

return resultTable; 
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Appendices 

Appendix D7 - RetrieveNnpplnfo.java 

./ j.~).t h.lee rda clea.:c 

/ / Rl1()Oc-::'s UJli \IE:L'S i t .. y I GJ:·ctl1a.rns t. ()WD I Sout.:h 4L. f r 'iccl 

! /:R(:;t.:r:i E'V'::.Nnppln f o. j a va - :r: e tr"i .::v.:: s infor ma t i o n. f o r user -selec ted id from NNPPresul ts t.able 

.: ,: 

//impo rt libr a ry c lasse s Deeded 

import java.sql.*i 

import java.util.ArrayListi 

public class RetrieveNnpplnfo 

//decla :r:e va r iables 

private String id, querYi 

private ArrayList retrievedResultsi 

private String[] resulti 

/!COIlstructor 

public RetrieveNnpplnfo (String id) 

this .id idi / /read s in u ser- s e lected id from DBsearchResul t- GUI 

! !get Rz-:; ·u lt. ~:: method - retu.x."n s a n arTay ' -, .c S t r i ng objects 

public String[] getResults() 

!!decla re a n d instan t i ate variables 

retrievedResults = new ArrayList()i 

query = "Select NnppResu lts.Confidence, NnppResul ts . RegionStart, nnppResults.SignalStart, 

nnppResults.pattern, nnppResults.Strand where Source . id = '" + id + '" and Source . i d = 

nnppResults.link" i 

String urI = "jdbc :postgresql:athlee_db" i / / JT iBC Driver urI 

Connection coni 

PreparedStatement sti 

try { 

Class.forName( "org.postgresql.Driver" )i 

catch (java.lang.ClassNotFoundException e) 

System.err.print( "ClassNotFoundException : " )i 

System.err.println(e.getMessage())i 

try { 

/ /Connect to a t hle,::_db and J D.SC pre p a :ca ti cm a nd (;xecut.ion of q u ery state ment 

con = DriverManager.getConnection (urI, "athlee" , "sargent" )i 

st = con.prepareStatement(querY)i 

ResultSet rs = st.executeQuery()i 
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while (rs.next()) 

! /:cet.riev e selected into:r.mat.ioI1 to upddte DbsearchR.esul ts GUT 

String confid = rs.getString( ICONFIDENCE" ); 

int start = rs. getlnt ( "REGIONSTART" ) ; 

int sig = rs .getlnt ( "SIGNALSTART" ) ; 

String pat = rs.getString( "PATTERN" ); 

String strand = rs.getString( "STRAND" ); 

String start-pos = Integer . toString(start); 

String sig-pos = Integer.toString(sig); 

!!add r etrieved inf o to Array Li st 

retrievedResults.add(confid); 

retrievedResults.add(start-pos) ; 

retrievedResults.add(sig_pos); 

retrievedResults.add(pat) ; 

retrievedResults.add(strand); 

result = (String[]) retrievedResults.toArray( new String[ O]); 

/ ,/ C' l O~3 ~::;: ell) s t ao t e rrl.E:.l1 t El.n d ccr .rJ.ect l. .. )Tl 

st. close ( ) ; 

con. close () ; 

catch (SQLException ex) { 

Sys tern. err. print ( II SQLException: " ); 

System.err.println(ex.getMessage()); 

catch (NullPointerException exc) { 

System. err . print ( "NullPointerException: " ); 

System.err.println(exc.getMessage()); 

throw exc; 

return result; 
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Appendices 

Appendix E - Plant Genome Projects (information obtained from GOLD (http: //www.genomesonline.org/) and TIGR 

(http: //www.tigr.org ) webpages) 

Organism Status Link 

http:l..l..www.ncbi.nlm.nih.govl..mapviewl..map search.cgi?taxid=3702 
Arabidopsis thaliana Complete 

http:l..Lukcrop.net l..ag!1.. 

Oryza sativa spp. Indica cultivar-group Complete http:l..l..www.ncbi.nlm.nih.govl..mapviewl..map search.cgi?taxid=4530 

Oryza sativa spp. Japonica Complete http:l..l..www.ncbi.nlm.nih.gov I..mapview I.. map search.cgi?taxid=4530 

Avena sativa (oat) Incomplete http:l..l..www.ncbi.nlm.nih.gov I..mapview I.. map search.cgi?taxid=4498&~ue~= I.. 

Brassica napus Incomplete http:l..l..ukcrop.netl..brassica.html 

Brassica oleracea C (fbo and BoB) Incomplete http:l..l..ukcrop.netl..brassica.html 

Brassica rapa A (fBr) Incomplete http:l..l..ukcrop.netl..brassica.html 

Brassica rapa pekinensis Incomplete http:l..l..ukcrop.netl..brassica.html 

Chlorarachnion reptans Incomplete 

Coffea Arabica (coffee) Incomplete http:l..l..arara.lbi.ic.unicamp.brl..cafel.. 

EucalYptus Incomplete http:l..l..www.agrf.org.aul..future initiatives.html 

GlYcine max (Soybean) Incomplete http:l..l..www.ncbi.nlm.nih.govl..mapviewl..map search.cgi?taxid= 384 7 &!;j,ue~= I.. 

Gos.rypium hirsutum L tv. Maxxa 

(cotton) 
Incomplete http:l..l..cottongenomecenter.ucdavis.edul.. 

Hordeum vulgare var. distichum 

(barley) 
Incomplete http:l..l..www.ncbi.nlm.nih.govl..mapview I.. map search.cgi?taxid=4513&~ue~= I.. 

Lolium perenne Incomplete 

Lotus japonicus Incomplete http:l..l..www.tigr.orgl..tigr-scriptsl.. tgiI..T index.cgi?species= I japonicus 

l.:Jcopersicon esculentum ClI. Heinz 

1706 (tomato) 
Incomplete http:l..l..www.genome.c1emson.edul..projectsl..otherl..tomatol.. 

Lycopersicon esculentum (tomato) Incomplete http:l..l..www.ncbi.nlm.nih.gov I..mapview I.. map search.cgi?taxid=4081 &!;j,ue~= I.. 

Medicago sativa (a!fa!fa) Incomplete 

Medicago T runcatula Incomplete http: 1..1.. www.noble.orgl..medicagobndex.htm 

Medicago truncatula LGIII Incomplete http:l..l..www.tig!.orgl..tig!-scriptsl..tgiI..T index.cgi?species=medicago 

Musa (banana) acuminata calcutta 4 Incomplete http:l..l..www.inibap.orgl.. 

Oryza sativa ssp. japonicac. V. 

Nipponbare 
Incomplete http:l..l..www.ncbi.nlm.nih.gov I..mapview I.. map search.cgi?taxid =4530 

Phaseolus vulgaris (bean) Incomplete http:l..l..beangenes.cws.ndsu.nodak.edul.. 

Populus balsamifera subsp. 
Incomplete http: I..l..genome.jgi-psf.orgl..poplarO I..poplarO .home.h tml 

T richocarpa 

Triticum aestivum (bread wheat) -

EST data 
Incomplete http:l..l..www.ncbi .nlm.nih.govl..mapview I.. map search.cgi?taxid=4565&~ue~= I.. 

Thalassiosira pseudonana Incomplete http:l..l..genome.jgi-psf.orgl..thaps1I..thaps1 .home.html 

Zea mqys (corn) Incomplete http:l.. l..www.ncbi.nlm.nih.gov I..mapview I.. map search.cgi?taxid=4577 &~ue~= I.. 
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