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Abstract 

 

The binding of transcription factors in transcription factor binding sites (TFBSs) play a key role in the regulation of different 

biological processes showing change in the expression of genes in presence of adverse conditions. In this study, an in silico analysis 

of the data of differentially expressed genes of seven plants of family solanaceae under different time periods of salt stress was 

performed to find out the TFBSs. The data used for the study was retrieved from the public domain. Our analysis revealed up and 

down expression of genes that might result due to binding of transcription factors in promoter region. The promoter regions of 

differentially expressed genes were utilized for the prediction of TFBSs. The prediction was done using position weight matrices 

(PWMs) constructed by taking the data of experimentally validated transcription factors and their respective binding sites. The 

PWMs were scanned over promoter sequences present in the upstream region of differentially expressed genes. The TFBSs with a 

threshold of similarity score ≥ 2.97 were selected to get highly up and down expressed genes. These predicted TFBSs would be of 

help to understand the role of turnover of TFBSs responsible for the change in expression of genes under salt stress. 
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Introduction 
 

Microarray technology has become one of the key tools that 

is being used to monitor expression levels of genes in a given 

organism. The use of miniaturized microarrays for gene 

expression profiling was first reported by Schema (Schena et 

al., 1995). Lashkari et al., 1997 first studied the complete 

eukaryotic genome of Saccharomyces cerevisiae on a 

microarray. The main objective of a microarray experiment is 

to identify differentially expressed gene profiles (Yang et al., 

2005; Sreekumar et al., 2008; Dudoit et al., 2002). This is 

being done by comparing the expression of a set of genes in a 

particular condition with reference genes maintained under 

normal condition (Babu 2004). The differential expression is 

the identification of genes, expressed at different levels, at the 

time of transcription under adverse conditions. The change in 

expression of genes at which mRNA are synthesised from a 

DNA template is regulated by different mechanisms. The 

most widely studied being regulation by transcription factors 

(TFs) (Romeuf et al., 2010). The activity of TFs is modulated 

through the signals of external stimuli from signal 

transduction pathways. Transcription factors (TFs) are DNA 

binding proteins, which play a central role in gene expression 

by regulating the process of transcription (Siddharthan, 2010; 

Won et al., 2010). TFs facilitate or inhibit recruitment of the 

RNA polymerase by binding to DNA, usually near the gene 

that they regulate (Siddharthan, 2010). They are the key 

molecular switches that control or influence several 

biological processes such as development, growth, cell 

division and responses to environmental stimuli in a cell or 

organism. By being capable of activating or repressing the 

transcription, the stimuli affect the metabolism, physiological 

balance and progression in cells and the responses of cells to 

the environment (Mochida et al., 2011). TFs form complex 

regulatory networks at the transcriptional level through 

protein-protein interaction. The specific interaction between 

TFs and a family of cis regulatory elements play a central 

role in the regulation of expression of genes (Mochida et al., 

2011). Protein binding sites in the upstream region represent 

the regulatory elements to which these TFs bind. These 

regulatory elements are also known as the transcription factor 

binding sites (TFBS). Transcription factors have a specific 

region responsible for binding to the DNA known as DNA 

binding domain (DBD) (Latchman, 1997). TFBS are usually 

short (around 5-12 base pair (bp)) and they are frequently 

found in degenerate sequence motifs. A single TF might have 

multiple binding sites depending upon the conditions. 

Although consensus sequences might be frequently used to 

depict the binding specificities of a TF, a common way of 

representing the degenerate sequence preferences of a DNA-

binding protein is by a position weight matrix (PWM), also 

known as a position-specific scoring matrix (PSSM). The 

elements of PWM correspond to scores reflecting the 

likelihood of observing a nucleotide at a particular position of 

the known TFBS. In eukaryotic genomes, the regulatory 

elements are identified in non-coding or upstream regions. 

These regulatory elements act as binding sites for multiple 

interacting transcription factors playing a role in the 

regulation of a single gene. There can be great variability in 

the binding sites for a single transcription factor (Sinha and 

Tompa, 2002). The analyses of putative TFBSs are usually 

based on experimentally verified TFBSs. Numerous studies 

have been done for transcription factors, that are important in 

regulating plant responses to stress (Sundar et al., 2008). In 

the present work, our objective was to find out the TFBSs in 

the given set of genes, which were showing change in 

expression under salt stress. Turnover of these binding sites 

in the responsible genes for a given TF might be the factor 
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leading to differential expression of genes. The identification 

and analysis of putative TFBSs in differentially expressed 

genes will further help to understand how an organism 

perceives and responds to any stress condition. Abiotic 

stresses are defined as the negative impact of any non-living 

factors on the living organisms in a specific environment. 

Abiotic stress, such as drought, high salinity, extreme 

temperature and flooding is a major cause of crop loss 

worldwide, reducing average yield for most major crop plants 

by more than 50% (Ouyang et al., 2007). Plants have the 

ability to adapt to changes in their environment. The sensing 

of these changes and the subsequent acclimation to the 

environment follow a general signal transduction pathway. 

The signalling pathway is initiated by sensors, which detect 

the stress and then relay the signal through secondary 

signalling molecules thereby initiating a phosphorylation 

cascade and activating transcription factors. Activated 

transcription factors, in turn, regulate gene expression 

forming the primary response of the plant that results in the 

protection and repair of the cell (Rensink et al., 2005). 

Understanding the mechanisms involved in the response of 

plants to adverse environmental conditions will help to 

generate crops with high tolerance to various stresses. The 

plant family of our interest is solanaceae which is a large 

family comprising of over 3000 species including many 

important medicinal plants. It is the third most economically 

important plant family and ranks first in terms of vegetable 

crops. In this study, seven genera of this family viz. Solanum 

tuberosum, S. lycopersicum, S. melongena, Capsicum 

annuum, Petunia hybrida, Nicotiana tabacum, N. 

benthamiana were undertaken. We utilized the gene 

expression data already available on these plants in public 

database. The known and experimentally verified TFBSs 

were utilized for the prediction of binding sites. The putative 

TFBSs were searched in the promoter sequences of 

differentially expressed genes in the above mentioned plants. 

The turnover of TFBS for corresponding TFs might be the 

reason for differential expression of genes.                                   

 

Results 

 

Analysis of differential expression data 

 

A total of 17,453 genes of Solanum tuberosum showing 

differential expression under salt stress condition in seven 

solanaceous plants were retrieved. We obtained the 

expression data represented by sample ids provided by the 

Gene Expression Omnibus (GEO) database corresponding to 

each plant. Each sample includes the expression values of 

corresponding genes in successive time periods of salt stress. 

A sample dataset representing the expression values of 17453 

genes at six time periods of salt stress is listed in Table 1. The 

mean expression values for corresponding genes were 

analyzed for each plant. Filtering was done to identify highly 

up and down expression of genes from the retrieved data. A 

cut off intensity value of 0.322 was used to filter the genes. 

The genes showing intensity value more than 0.322 and less 

than -0.322 were taken as highly up and down regulated, 

respectively in response to salt stress. The number of genes 

obtained after filtering for each plants has been listed (Table 

2). These expressed genes of seven plants were further taken 

for finding the common genes, showing differential 

expression in all the seven plants. Forty-three genes were 

found responsible for change in expression in all seven 

plants.   

 

 

Sequence assembly analysis of differentially expressed 

genes 

 

The microarray data utilized in this study were obtained from 

GEO database of NCBI. The researchers who submitted this 

data in GEO database have designed the experiment on ESTs 

of Solanum tuberosum taken as probes for obtaining the 

signals of the intensity values. The intensity values were of 

seven solanaceous plants at different time periods of salt 

stress. The EST sequences of 43 genes of Solanum tuberosum 

were retrieved and assembled into 10 contigs.  The contigs 

were then analyzed for the prediction of TFBSs.  

 

Identification of upstream and promoter sequences in 

differentially expressed genes 

 

The genome data of an organism could be used for finding 

the putative TFBSs (Yamamoto et al., 2011). The plants of 

solanaceae family undertaken in the study have not been fully 

sequenced yet. Therefore, comparative genomics approach 

was applied for finding the upstream regions of the expressed 

genes. The genome of Solanum tuberosum is not available 

until date. Solanum phureja is a cultivar of Solanum 

tuberosum with more than 95% similarity (Xu et al., 2011). 

Therefore, for obtaining upstream regions for our genes, 

genome of Solanum phureja, a cultivar of potato (Solanum 

phureja) was used in the study. Solanum phureja is one of the 

eight cultivar groups of Solanum tuberosum, commonly 

known as the Solanum tuberosum L. Phureja group. The 

contings, representing a gene, were aligned with genome of 

Solanum phureja to find regions, similar to contigs. The 

length of 5kb upstream of the matching segments in genome 

was considered as upstream sequences. The promoters are the 

protein (TF) binding sites present at the upstream region of 

the gene and considered to be a key player in gene expression 

regulation (Dieterich et al., 2005). The upstream sequences 

from ESTs of Solanum tuberosum were analyzed for 

promoter prediction. The promoters having maximum 

threshold were selected from upstream region for each contig. 

All the promoters had the threshold score of 0.91. The 

identified promoter sequences were of 50 bp length. The 

predicted promoters have a single alphabet in bold, 

representing the TSS (transcription start site). The promoters 

were further taken for finding putative transcription factor 

binding sites for a given set of transcription factors. 

 

Prediction of TFs responsible for the differential expression 

of genes 

 

TFBSs play an important role in the regulation of genes by 

TFs for signal transduction in the stress responses. The study 

of these short DNA sequences is crucial for the understanding 

of how the gene expression is regulated. There is a scarcity of 

information on regulatory elements due to the unavailability 

of genome sequences of considered plants. The experimental 

validations have proved the involvement of different 

transcription factors in the responsiveness of genes (Sundar et 

al., 2008). TFs and their corresponding known TFBSs that 

were available for seven plants under study were searched 

from available literatures and databases (Table 3).  

 

In silico prediction of TFBSs in differentially expressed 

genes 

 

Over several years, scientists have tried to find different 

methods for the prediction of TFBSs.  
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Table 1. Gene expression data of Solanum tuberosum at different time periods of salt stress. 

GENE GSM201887 GSM201888 GSM201889 GSM201890 GSM201891 GSM201891 

BQ118565 0.176 -0.786 -0.8745 -0.8105 1.042 1.042 

BQ117934 -0.182 -0.045 0.042 -0.1055 0.015 0.015 

BQ117390 0.2075 0.316 -0.2255 0.333 -0.0345 -0.0345 

BQ505987 -0.135 -0.3485 0.3275 -0.208 -0.096 -0.096 

BQ513942 0.3785 0.254 0.5205 -0.234 0.556 0.556 

BQ505287 -0.0145 0.413 -0.0065 0.2985 -0.043 -0.043 

BQ504764 -0.0245 0.006 0.1045 0.1695 -0.1775 -0.1775 

BQ515458 0.109 0.0825 0.2505 0.152 0.17 0.17 

BQ113878 -0.1565 -0.2515 -0.3735 -0.1675 -0.0215 -0.0215 

BQ508397 -0.0655 -0.147 0.0625 -0.159 -0.0815 -0.0815 

BQ120265 0.029 0.069 0.1165 0.1375 -0.046 -0.046 

BQ509973 0.384 0.0285 0.156 0.1215 0.298 0.298 

BQ516135 0.138 -0.208 0.103 -0.1195 -0.243 -0.243 
The first column shows list of genes of Solanum tuberosum representing the GenBank ids of considered genes (ESTs). The column 2-6 represents the 

differential expression values of genes of the same row at different time period of the salt stress. GSM201887, GSM201888, GSM201889, 

GSM201890, GSM201891 and GSM201892 are the sample ids provided by the GEO database representing the samples at 0, 2, 12, 24, 48 and 96 hr 
of time periods. The successive rows of column 2-6 consist of the expression values. The positive and negative values depicted the up and down 

expression of the gene at particular time period.  

    

                   
 

Fig 1. Schematic pipeline of the computational workflow involved in TFBS prediction in differentially expressed genes of Solanum 

tuberosum under different time periods of salt stress. 

 

Earlier experimental methods were used for this purpose but 

they proved to be quite time-consuming. Fast and efficient 

computational methods for modelling and identification of 

DNA regulatory elements have been developed over the past 

two and a half decades (GuhaThakurta, 2006). The putative 

TFBSs have been previously identified using different tools 

and softwares (Arnold et al., 2012; Gonzalez et al., 2012). In 

our study, TFBSs corresponding to TFs of solanaceous plants 

were identified, as they may be the key regulators for overall 

response to the stress treatment. The known TFBSs were 

used as training dataset for the prediction of new TFBSs in 

promoters of expressed genEs. Position Weight Matrices 

(PWMs) were used for this prediction. The RSAT-consensus 

tool was used to convert the known TFBSs into consensus 

sequences. The consensus sequences were then taken by 

RSAT-convert matrix to form PWMs of known TFBSs. The 

resulted PWMs were validated through D-matrix tool. D-

matrix also constructed the PWMs for those TFBSs, that did 

not contained a specific nucleotide at one or more position 

like - AAAAAACG/CGTTA and also for those TFBSs that 

contained an IUPAC code at one or more position of the 

nucleotide like – GNATATNC (Supplementary Table 1). All 

the promoter sequences of genes, differentially expressed 

under salt stress have been scanned by the PWMs. The 

program RSAT-patser was used to obtain a list of putative 

TFBSs for corresponding TFs. Score was calculated as per 

consensus algorithm in RSAT using prior nucleotide 

frequency as A:T 0.2 and G:C 0.3. Most of the results were 

obtained above the threshold score value of 2.97 

(Supplementary Table 2). Multiple TFBSs have been 

predicted for each gene corresponding to the TF.  

 

Discussion 

 

In this study, we performed an in silico analysis of 

differential expression data of seven solanaceous plants under 

salt stress at different time periods and one salt concentration. 

The data taken for the present in silico analysis was retrieved 

from GEO database of NCBI. Similar reports are already 

available for potato (Rensink et al., 2005) and barley (Walia 

et al., 2006). The mean of expression values from all time 

periods was analyzed representing the average expression of  

http://www.ncbi.nlm.nih.gov/pubmed/?term=GuhaThakurta%20D%5Bauth%5D
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                                        Table 2. Plant wise number of genes left after filtering. 

Sr. no. Plants No. of genes 

1.  Solanum tuberosum 1015 

2.  Solanum lycopersicum 879 

3.  Solanum melongena 1464 

4.  Capsicum annuum 1024 

5.  Petunia hybrida 477 

6.  Nicotiana tabacum 1339 

7.  Nicotiana benthamiana 1460 

 

Table 3. TFs and their experimentally validated TFBSs plants of solanaceae family. 

Sn. TFs TFBSs References 

Capsicum annuum 

1. CaWRKYb T/TGAC/C Lim et al., 2011 

2. CaPF1 CCGAC Yi et al., 2004 

3. CaERFLP1 TAAGAGCCGCC Jae-Hoon Lee et al., 2004 

4. Ca-DREBLP1 TACCGACAT Hong and Kim, 2005 

Nicotiana benthamiana 

1. bHLH  GCACGTTG Todd et al., 2010 

2. WRKY8 TTGACC/T Ishihama et al., 2011 

3. AP2/ERF GCAGGCC Andriankaja et al., 2007 

Nicotiana tabacum 

1. bZIP  TGACGTCA Schiermeyer et al., 2003 

2. WRKY TTGAC Yoda et al., 2002 

3. JERF AGCCGCC Zhang et al., 2004 

4. NtWRKY12 TTTTCCAC Marcel et al., 2011 

5. EREBP/AP2 TAAGAGCCGCC Park et al., 2001 

6. MYC2 GCACGTTG Zhang et al., 2012 

Petunia hybrida 

1. MYB.Ph3 AAAAAACG Solano et al., 1995 

Solanum lycopersicum 

1. SlRAV2 CAACA Li et al., 2011 

2. VSF-1 GCTCCGT Ringli and Keller, 1998 

3. LpWRKY1 TTTGACT/C Hofmann et al., 2008 

Solanum melongena  

1. SmCP CACGTG Xu et al., 2003 

2. MYCS TTTCTTGTTT Chen et al., 2011 

3. P1BS GNATATNC Chen et al., 2011 

Solanum tuberosum 

1. St-WRKY1 TGAC Dellagi et al., 2000 

2. StEREBP1 AGCCGCC 

CCGAC 

Lee et al., 2007 

3. StWhy1 GTCAAAAA/T Desveaux et al., 2004 

4. StMYB1R-1 G/AGATAA Shin et al., 2011 

 

all the samples at 0, 6, 12, 24, 48 and 96 hours of the salt 

stress for each plant species separately. A cut off log2 value 

of expression ratio, 0.322 was selected to filter out the 

significant genes as at this cut off value, we obtained 

maximum number of significant genes. Walia et al., 2006 has 

earlier used 0.585 as cut off log2 value of expression ratio to 

get the significant genes. Our analysis revealed that Solanum 

melongena showed maximum number of significant genes, 

i.e., 1464 followed by Nicotiana tabacum. This indicated that 

Solanum melongena showed higher response towards salt 

stress in comparison to other six plants under study. Our 

analysis further identified 43 common genes which were 

found in all the seven plants simultaneously. These 43 

common genes might be responsible for differential 

expression in all the seven plants and can be used for 

development of salt tolerant plant varieties. We used the 

genome data of Solanum phureja to identify the promoter 

sequence as the genome of Solanum tuberosum is currently 

not available. Genome of Solanum phureja and Solanum 

tuberosum has 95% similarity (Xu et al., 2011). Previous 

workers have also used the genome data of the wild grass 

Brachypodium distachyon for the analysis of transcription 

factors of economically important pooideae grasses, 

including wheat and barley (Mochida et al., 2011) as the 

genomes of those plants were not available at that time. 

We further predicted TFBSs through in silico method. The 

promoter sequences are present in upstream region of any 

gene. These sequences are the locations where a transcription 

factor binds to regulate the expression of genes. Position 

Weight Matrices (PWMs) were used to predict the TFBSs. 

The use of PWMs for finding the putative TFBSs in the 

promotes have earlier been reported (Grau et al., 2006). The 

predicted TFBSs were further analyzed for corresponding 

transcription factors, which might be responsible for change 

in the expression of genes in stress condition. Our results 

revealed 3-5 TFBSs for each transcription factor. Retrieved 
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references on available TFs and TFBSs are listed for all 

seven plants separately (Table 3). WRKYb, TF of Capsicum 

annuum has been reported to recognize Wbox element, 

T/TGAC/C present in pathogenesis related genes (Lim et al., 

2011). WRKY proteins also regulate the expression of biotic 

(Chujoet al., 2009) and abiotic (Pandey and Somssich, 2009) 

stresses of genes in other plants. The CRT/DRE or GCC box 

has been found to be responsible for binding of ERF/AP2-

type transcription factor (CaPF1) (Yi et al., 2004). The 

ethylene-responsive factor like protein 1 (CaERFLP1) (Jae-

Hoon et al., 2004) was found to bind in GCC box where as 

dehydration-responsive element binding-factor-like protein 

1(Ca-DREBLP1) (Hong and Kim, 2005) binds at CRT/DRE 

box in Capsicum annuum. The bHLH play a role in 

regulation of nicotine biosynthesis by binding to G-box of 

promoter of putrescine N-methyltransferase gene (Todd et al., 

2010). WRKY8 TF binds on Wbox response to expression of 

defense related genes in Nicotiana benthamiana. AP2/ERF 

binds at NF box. These known TFBSs were used as training 

dataset for the prediction of new TFBS in the genes 

expressed under salt stress. The bZIP TF of Nicotiana 

tabacum regulates the signal transduction pathways. WRKY 

of Nicotiana tabacum regulates the transcriptional activation 

of defense-related genes (Yoda et al., 2002). NtWRKY12 is a 

variant of WRKY protein and EREBP/AP2 TF that activate 

pathogenesis related genes by binding to WK box (Marcel et 

al., 2011) and GCC box (Park et al., 2001) respectively. 

MYC2 is responsible for the regulation of jasmonic acid 

pathway by binding to G-box (Zhang et al., 2012). VSF-1 TF 

is a vascular specific protein, a type of bZIP TF that interacts 

with vs-1 element controls the vascular gene expression 

(Ringli and Keller, 1998). LpWRKY1 binds at W-box of 

genes involve in defense response (Hofmann et al., 2008). 

SmCP is cysteine protenase involve in regulation of 

expression of genes involved in developmental events in 

Solanum melongena. StMYB1R-1 is a MYB like TF regulate 

the tolerance of drought stress in Solanum tuberosum (Shin et 

al., 2011). The predicted TFBSs differed from experimentally 

validated TFBSs for corresponding TFs indicating that the 

turnover of binding site may be responsible for differential 

expression of genes. Thus, the binding of transcription factor 

to different TFBSs at different time periods of salt stress mey 

be the reason for the differential expression of genes. Further 

studies on these predicted TFBSs will provide a better insight 

into the role of turnover of TFBSs responsible for the change 

in expression of genes.  

 

Materials and Methods 

 

Retrieval of gene expression data 

 

The gene expression data showing differential expression 

under different time periods of salt stress was retrieved from 

GEO (http://www.ncbi.nlm.nih.gov/geo/) database of NCBI 

(Barrett et al., 2005). The expression data of our interest were 

obtained from the series id GSE8158 in the database. As per 

experimental details available in database, ESTs of Solanum 

tuberosum has been used as spotted PCR amplified cDNA 

array on glass. The researchers have subjected seven different 

Solanaceae species, Potato (Solanum tubersosum), Tomato 

(Solanum lycopersicum), Eggplant (Solanum melongena), 

Pepper (Capsicum annuum), Tobacco (Nicotiana tabaccum), 

Petunia hybrida and Nicotiana benthamiana to salt stress. 

The experimental conditions included the application of one 

salt concentration of 150mM NaCl and the control plants 

were watered without the additional salt. Samples were 

collected at 0, 6, 12, 24, 48 and 96 hours after the first 

application of the salt. The RNA of theses experimental 

plants were isolated and microarray hybridization was 

performed. The expression profiling was performed by 

microarray technique. We retrieved expression values for 

seven solanaceous species viz. potato (Solanum tuberosum), 

tomato (Solanum lycopersicum), eggplant (Solanum 

melangena), pepper (Capsicum annuum), tobacco (Nicotiana 

tabaccum), petunia (Petunia hybrida) and Nicotiana 

benthiamana. The expression values of 17,453 genes 

showing differential expression in all the seven plants were 

obtained.  

 

Sequence assembly 

 

The genes were filtered with cutoff of mean intensity values 

0.322 in each plant. The cutoff of mean intensity value of 

0.322 was selected because at this value maximum number of 

highly up and down expression of genes in all the seven 

plants was obtained.  The common genes were selected from 

all the seven plants (Table 2). These common genes were 

characterized for their response to salinity stress in all plants. 

The expressed sequence tags (ESTs) corresponding to the 

common genes were retrieved from GenBank 

(http://www.ncbi.nlm.nih.gov/genbank/) database at NCBI. 

The EST sequences were assembled to form the contigs using 

CAP3 sequence assembly (http://pbil.univ-lyon1.fr/cap3.php) 

program (Huang and Madan, 1999).  

 

Upstream sequence mining 

 

After sequence assembly, the contigs were used to find the 

upstream regions. For finding the upstream regions, the 

genome of Solanum phureja, a cultivar of Solanum 

tuberosum was used. 5kb upstream of the contig sequence, 

showing an exact alignment was taken as the upstream 

regions.  

 

Prediction of promoters  

 

The Neural Network Promoter Prediction (NNPP) 

(http://www.fruitfly.org/seq_tools/promoter.html) tool was 

used for searching promoter regions in the upstream 

sequences (Reese, 2001). A threshold value of 0.9 was used 

for promoter finding which lies between 0.1 to 1. The 

transcription start sites are also analyzed in the given 

upstream sequence.  

 

Literature search for known TFs & TFBSs 

 

As the analysis of putative TFBSs was based on 

experimentally verified TFBSs, the collection and listing of 

the experimentally validated TFs and their corresponding 

TFBSs that are present either in a database or in literature 

was done. The TFs of seven species of solanaceae family 

were searched in literature as well as in databases like 

TRANSFAC (http://www.gene-regulation.com/pub/ 

databases.html) (Wingender et al., 1996), JASPER 

(http://jaspar.genereg.net/) (Sandelin et al., 2004) and 

PLANT TFDB (http://planttfdb.cbi.edu.cn/) (Zhang et al., 

2010) etc.  

 

Formation of PWMs 

 

The TFBSs retrieved for seven species of solanaceae family 

were used to form PWMs. The TFBSs were first converted 

into consensus sequence using the Regulatory Sequence 

Analysis Tool (RSAT-consensus) (http://rsat.ulb.ac.be/ 

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/genbank/
http://pbil.univ-lyon1.fr/cap3.php
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20X%5Bauth%5D
http://www.fruitfly.org/seq_tools/promoter.html
http://www.sciencedirect.com/science/article/pii/S0097848501000997
http://www.gene-regulation.com/pub/%20databases.html
http://www.gene-regulation.com/pub/%20databases.html
http://jaspar.genereg.net/
http://nar.oxfordjournals.org/search?author1=Albin+Sandelin&sortspec=date&submit=Submit
http://planttfdb.cbi.edu.cn/
http://nar.oxfordjournals.org/search?author1=He+Zhang&sortspec=date&submit=Submit
http://rsat.ulb.ac.be/consensus_form.cgi
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consensus_form.cgi) (Thomas-Chollier et al., 2011; van 

Helden et al., 1998). The resulting consensus sequences were 

used as input to the RSAT-convert matrix 

(http://rsat.ulb.ac.be/convert-matrix_form.cgi) (Thomas-

Chollier et al., 2011; van Helden et al., 1998). RSAT-convert 

matrix converts the consensus sequences into position weight 

matrices (PWMs). The resulted PWMs were cross validated 

by the program D-matrix (http://203.190.147.116/ 

dmatrix/home.aspx) (Sen et al., 2009).  

 

Prediction of putative TFBSs 

 

The analyzed promoter sequences from differentially 

expressed genes were used for prediction of TFBSs. RSAT-

patser tool (http://rsat.ulb.ac.be/patser_form.cgi) was used to 

scan these promoter sequences by PWMs generated from 

known TFBSs (Thomas-Chollier et al., 2011; van Helden et 

al., 1998). Multiple putative TFBSs for corresponding TFs 

were obtained. The workflow of all steps involved in the 

study has been shown in Fig1.  
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