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INTRODUCTION 

Expressed Sequence Tags (ESTs) are partial 

sequences of complementary DNA (cDNA) clones 

measuring several hundred nucleotides [Baxevanis 

and Ouellette, 2001]. There have been voluminous 

increases in EST data generation and submission, 

especially for livestock species, to the primary 

databases such as NCBI, DDBJ and EMBL. Single 

nucleotide polymorphisms (SNPs) are the simplest 

type of genomic variation. Over the past decade, 

SNPs have been the genetic markers of choice due to 

their high density, stability and the highly automated 

techniques for their detection [Kerstens et al., 2009]. 

Thousands of potentially informative SNP markers 

can be identi�ied for development of high density 

SNP maps [Zimdahl et al., 2004], which are an 

essential resource to identify genes responsible for 

variation of complex traits or Quantitative Traits Loci 
 

(QTL) [Andersson, 2001; Andersson and Georges, 

2004]. SNP analysis provides an important tool in 

applications such as genetic linkage mapping, �ine 

mapping of candidate regions and to determine 

haplotypes associated with traits of interest [Panitz 

et al., 2007]. With availability of genome sequence 

assembly of a number of livestock species like cow, 

sheep, chicken, pig and horse, mining of sequence 

data for identi�ication of SNPs is a major task for 

researchers. Huge amount of EST data for livestock 

species- pig and cattle on different tissues like skin, 

mammary gland, spleen, liver, intestine etc. are 

available in public databases. ESTs data allow 

discovery of SNPs in the transcribed regions [Marth, 

2003].

There are few studies showing importance of tissue-

Related SNPs, particularly in species of economic 

importance such as livestock species. In a study of 

Tissue Speci�ic Temporal (TST) exome capture, 

presence of tissue (muscle) speci�ic genes and SNPs 

in Bubalus bubalis has been revealed [Jakhesara et al., 

2012]. Recent Genome Wide Association Studies 

(GWAS) in humans have revealed that the genetic 

variants may be operating in tissue dependent 

manner. Subsets of genetic polymorphisms show a 

statistical association with transcript expression 

levels, and have therefore been called as expression 

quantitative trait loci (eQTLs) [Nicolae et al., 2010]. 

In this study we have used a bioinformatics pipeline 

for mining of in­silico tissue-related SNPc from EST 

data in pig and cattle. Discovered SNPs have been 

validated by revealing their availability in dbSNP 

database. A database of tissue wise SNPs for livestock 
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species have also been developed with additional 

information on genes.

METHODS

EST data processing : EST data for different tissues of 

pig and cattle were downloaded from dbEST 

d a t a b a s e  a v a i l a b l e  a t  N C B I 

(www.ncbi.nlm.nih.gov/nucest). ESTs needs 

processing to remove low quality DNA sequences, 

contaminating sequences such as vector sequences 

and repetitive sequences [Chou and Holmes, 2001]. 

The preprocessing was performed using online tool 

EGassembler [Masoudi-Nejad et al., 2006], which 

performs sequence cleaning, repeats masking and 

vector cleaning as a single operation. Repbase 

repeats library for the respective species was 

selected as repeats library to remove repetitive 

sequences and NCBI core vector library was chosen 

for vector masking process. Processed ESTs were 

free from low quality sequences, poly A/ poly T tail, 

repetitive sequences and the vector sequences.

ESTs were assembled in contigs using the cluster 

assembly program CAP3 [Huang and Madan, 1999] 

using default parameters, which performs clustering 

or assembly of the sequences into contigs by 

pairwise sequence similarity searches between 

sequences.

SNP identi�ication : Contigs were analyzed for SNPs 

using SNP prediction tool QualitySNP [Tang et al., 

2006] with default parameters. This tool takes the 

contigs.ace �ile generated by CAP3 tool as input and 

predicts SNPs on contigs. SNPs predicted by the tool 

are differentiated into three categories, viz., potential 

SNPs, High Quality SNPs and Reliable SNPs. It 

provides position of SNPs on contigs, number of SNPs 

on each contig, major and minor alleles and d-value 

denoting the standard deviation of normalized 

number of SNPs per haplotype, which identify 

clusters that probably contains paralogs.

SNPs position on chromosome and availability in 

dbSNP Database : Contigs with potential SNPs were 

searched in the genome assembly of a species in 

UCSC Genome Browser using BLAT tool (http:// 

genome.ucsc .edu/cgi-bin/hgBlat? command=start). 

This tool provides alignment of the contig with 

particular chromosome segment of a species. 

SNPs data of both the species were downloaded from 

E n s e m b l  G e n o m e  B r o w s e r  ( h t t p : / / a s i a . 

ensembl.org/biomart/martview/), which included 

S N P  n a m e ,  S N P  t y p e ,  c h ro m o s o m e  n a m e , 

chromosome position, chromosome strand, SNP 

alleles, Ensembl gene id, gene name, and gene start 

and gene end positions. SNP data were retrieved 

separately for each chromosome for these two 

species for ease of data handling on a computer. 

 Perl script was written to �ind position of SNPs in the 

best alignment of contigs and genomic sequences as 

obtained using the BLAT tool. These SNPs were 

searched for their presence in the dbSNP database 

a v a i l a b l e  i n  t h e  E n s e m b l  B i o m a r t 

(http://asia.ensembl.org/biomart/martview/). The 

perl script is available for download within online 

database described in the section 3. 

Database development : A database on Tissue-wise 

SNPs mined from ESTs was developed using MySQL 

and PHP to provide user-friendly interface on tissue 

wise SNPs and their availability in dbSNP database. 

SNPs data in text �iles was inserted into the database 

using a perl script. Information on chromosomes and 

genes were also inserted in the database. 

RESULTS

Table-1 displays information of ESTs and SNPs 

discovered in pig and cattle. There were 50410 ESTs 

in dbEST database for skin tissue of pig. Assembly of 

these ESTs provided 6476 contigs and a total of 3444 

SNPs were identi�ied out of which 1550 were high 

quality SNPs and 834 were reliable SNPs. Only 421 

out of 3444 detected SNPs were found in dbSNP 

database. 

The database developed on tissue-wise SNPs 

provides a user-friendly web interface for data query 

and visualization on search terms such as species 

name, tissue name, chromosome name and gene 

name. Output �ield settings include dbSNP name, 

gene name, chromosome name, contig name and 

sequence. SNPs are retrived with information on 

high quality SNPs, reliable SNPs, Blat strand, dbSNP 

strand, dbSNP id, dbSNP allele, contig allele, contig 

name and sequence. The database also provides 

genomic information such as Ensembl gene id, 

Ensembl gene name, gene start position, gene end 
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position, chromosome name and position of SNP on 

chromosome. Information on tissue-wise SNPs is 

linked to other databases such as Ensembl genome 

browser and dbSNP database. The database is 

accessible through a link 'Database' available at the 

website http://www.nabgr.res.in/.

DISCUSSION

Signi�icance of tissue speci�ic SNPs, genes and eQTLs 

has been highlighted recently in humans [Dimas et 

al., 2009; Nica et al., 2011; Hernandez et al., 2012]. 

Tissue speci�ic SNPs have also been studied in 

Bubalis bubalus [Jakhesara et al, 2012]. In these 

studies, effects of genetic variants have been 

reported in which 69 to 80% of the regulatory 

variants are operating in cell-speci�ic manner. Also 

eQTLs have been identi�ied, which may be unique or 

shared among cell types or tissues. Many tissues and 

cell types have speci�ic gene expression patterns and 

so it is not clear how frequently eQTLs found in one 

tissue type will be replicated in others. Therefore, 

tissue speci�ic studies using SNPs to detect eQTLs 

have been taken up. A unique set of tissue Related 

eQTLs have been identi�ied in blood and brain tissues 

in humans [Nica et al., 2011]. Nicolae et al., 2010 

showed that SNPs associated with complex traits are 

more likely to be eQTLs comparted to minor-allele-

frequency matched SNPs from GWAS. In view of 

these studies, tissue speci�ic SNP mining should be of 

considerable value in the livestock species. 

We have performed tissue-related in­silico SNP 

mining from EST data in two agriculturally 

important livestock species - pig and cattle. These 

SNPs were mined from EST data retrieved for a tissue 

and therefore the SNPs discovered should be related 

to the tissue. These SNPs were then located on the 

genome assembly of the respective species and 

validated by searching in the dbSNP database.  

The present study reports a bioinformatics pipeline 

for in­silico tissue-related SNP mining from EST data 

in pig and cattle, locating these SNPs on the genome 

assembly of the respective species, and searching 

their availability in dbSNP database using perl script. 

A number of potential SNPs were discovered in the 

two investigated livestock species-pig and cattle 

using the approach. A database of tissue-Related 

SNPs has also been developed for use by researchers. 
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Table 1. Tissue related SNPs mined from ESTs in pig and cattle species

 

Livestock 

species  

Tissue  ESTs Contigs Contigs 

with 

SNPs 

SNPs High 

Quality 

SNP 

Reliable
SNP 

 

Matches 

in dbSNP 
 database

 
Pig  Skin  6476  698  3444  1550  834  421  

Spleen  7575  761  5032  2389  1463  595  

Mammary 

Gland  

1545  146  1687  1027  311  74  

Liver  17941  2761  17082  8466  4499  2246  

Cattle  

 

Mammary 

gland  

8189  1158  10150  6031  2468  43  

Intestine  394  32  192  75  55  0 

Spleen  4890  808  3690  979  754  15  

Liver  

 

50410  

73312  

23061  

129323

 106150  

3010  

25781  

178249  19664  4310  31023  16361  7141  157  
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