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Rationale
Extensive effort was given over the past years on revealing 

how genetic changes give upsurge to the molecular effects that 
cause diseases and phenotypes [1,2]. These efforts enforced the 
growth to number of databases, web resources, and tools for 
prioritizing possible single nucleotide polymorphisms (SNPs). 
These resources and online tools are designated on the basis 
of their genomic context as well as annotations. Till now, most 
of the focus is on human genome annotations, although some 
resources provide insight into SNP data from model organisms 
such as mouse, fruit fly, or chimpanzee [3]. Typically, SNP data is 
used as a marker in the context of a linkage or population-based 
association study. However, there are a number of challenges 
such as the position, expression of functional products (RNA, 
Protein), and experimental validation of target SNP etc. 
to identify these so-called functional variants. Therefore, 
systematic in silico approach is needed to reduce the burden 
of scrutinizing a large number of SNPs available for a target 
disease. The approach might concentrate in three important 
areas: identification of candidate genes that may have causal 
variants, selection of candidate causal SNPs and focus on nsSNP’s 
(Figure 1). We suggest targeting nsSNPS as these polymorphisms 
are most likely to affect the functionality of the target gene  
product. In this regard, bioinformatics tools can play a pivotal  

 
role to identify specific disease related nsSNP through structural 
and functional assessment.

Bioinformatics Tools and Resources for nsSNP’s 
Discovery and Analysis

Generally, the discovery and prioritization of SNPs are 
carried out by sequencing. SNPs discovery based on the various 
sites isolating from the sequence, assesses frequency of the error 
in total numbers of the selected sequences, isolates parologous 
and then determines genotype. In silico approaches play an 
important role in SNP discovery and scrutiny. These methods 
mark genes that encompass SNPs, let researchers to retrieve 
data about SNPs based on gene of interest, genetic or physical 
map location, or expression pattern. 

The polymorphism data is available from several databases 
such as NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/
SNP/), the Ensemble genome browser (www.ensembl.org/), 
and the UniProt database (www.uniprot.org). The NCBI dbSNP 
database is the most extensive SNP database among the others, 
but it contains both validated and non validated polymorphisms. 
There are now many databases that provide access to SNP or 
disease mutation data. Many genotype-phenotype databases are 
available as well including the Human Gene Mutation Database 
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(HGMD, http://www.hgmd.cf.ac.uk/ac/index.php) [4], Online 
Mendelian Inheritance in Man (OMIM, http://www.ncbi.nlm.
nih.gov/sites/entrez?db=omim) [5], the Pharmacogenetics 
Knowledge Base (PharmGKB, http://www.pharmgkb.org/) [6], 
database of Genotype and Phenotype (dbGAP, http://www.
ncbi.nlm.nih.gov/sites/entrez? db=gap) [7] etc. There are also 
a growing number of databases of resequencing polymorphism 
data including the SeattleSNPs project (http://pga.mbt.
washington.edu/) and sequencing of somatic mutations in 
cancer [8,9]. This has led to a wealth of genetic variation data.

Besides, there are some tools and softwares which could 
provide meaningful insights of target polymorphisms (Table 1). 
These tools could be utilized for prioritization of SNPs based on 
their functionality and stability. SNPs with the potential to cause 
structural modifications due to the amino acid substitution as 
well as their functional abnormality could also be predicted with 
these tools (Figure 1, Table 1). In this scenario, nsSNP would be 
the best choice to study as it could show the most deleterious 
effect of polymorphism [5]. 

Table 1: List of available bioinformatics tools for nsSNP.

Web Resources Utility

PolyPhen

URL: http://www.bork.embl-heidelberg.de/PolyPhen/ Functional analysis of mutations, nonsynonymous amino acid, SNP 
effect [10,11]

SIFT URL:http://blocks.fhcrc.org/sift/SIFT.html

PMUT URL:http://mmb2.pcb.ub.es:8080/PMut/ Annotation of pathological mutations on proteins [12].

MutDB URL: http://www.mutdb.org/ Topographic database of non-synonymous SNPs, protein structural 
information [13].

SNPselector URL: http://primer.duhs.duke.edu/
Haplotype-tagging SNPs, splice site SNP identification, intronic/
upstream, downstream regulatory region, or undiscovered exon 

SNP identification [14].

SNP3D Annotations of structure, systems biology, evolution and alternative 
splicing [15].

Topo SNP URL:http://gila.bioengr.uic.edu/snp/toposnp/ Protein structural annotations [16].

Pic SNP URL:http://plaza.umin.ac.jp/hchang/picsnp/ Catalog of nonsynonymous SNPs in the Human Genome, gene-
centric mutation

LS-SNP URL:http://alto.compbio.ucsf.edu/ LS-SNP/ Genomic scale software pipeline to annotate nsSNPs [18,19].

Promolign URL:http://polly.wustl.edu/promolign/main.html Upstream region SNPs analysis. Upstream (promoter) region SNP 
identification [20].

MAPPER URL:http://bio.chip.org/mapper/mapper-top
Computational identification of transcription factor binding sites 
(TFBSs) in multiple genomes. Upstream (promoter) region SNP 

identification [21].

rVISTA URL:http://rvista.dcode.org Evolutionary analysis of TFBS. Intronic/upstream, downstream 
regulatory region SNP identification [22].

I-Mutant URL:http://gpcr2.biocomp.unibo.it/cgi/predictors/I-
Mutant3.0/I-Mutant3.0.cgi Predictor of effects of single nucleotide mutation [23].

Pupas View URL:http://pupasview.bioinfo.ochoa.fib.es/

Nonsynonymous amino acid SNP effect, exonic splicing enhancer 
SNP identification, splice site SNP identification, intronic/upstream, 

downstream regulatory region, or undiscovered exon SNP 
identification [24].

PARSESNP URL:http://www.proweb.org/parsesnp/ Predicts the locations, effects of SNPs and severity of missense 
changes [25].

nsSNP Analyzer URL:http://snpanalyzer.uthsc.edu/ Predicts disease-associated nsSNP [26].

PANTHER URL:http://pantherdb.org/tools/csnpScoreForm.jsp Evolutionary analysis of coding SNPs [27].
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Figure 1: In silico identification of potential nsSNP.

Experimental validation of target nsSNP

Figure 2: Experimental verification of selected nsSNP.

After the identification of possible non synonymous 
polymorphism researcher can employ these nsSNP’s into 
experimental validation for the novel biomarker discovery. 
Various methods may be considered for the experimental 
validation of the nsSNP in specific disease (Figure 2) [4]. If the 
verification and statistical output of selected nsSNP gives the 
frequent occurrence in the specific region of the target gene, it 

could be evaluated as a biomarker for disease risk assessment. 
Furthermore, linkage or population based association study 
should also be performed to declare a nsSNP as biomarker.

nsSNPs: Future Biomarkers?
The relationship between SNPs and various diseases, has long 

been established with a wide range of human diseases resulting 
from different nsSNP’s. Particular population or individual’s 
disease susceptibility, severity of illness etc depend on those 
nsSNP’s. Also, nsSNP’s contributed to individual’s response 
to drug, drug resistance etc. However, the establishment of 
association of nsSNP’s with diseases is going with slow pace 
due to the lack of their proper identification. Therefore, the 
overwhelming task of characterization of 8.2 million SNPs in 
Human genome [28] for disease association, bioinformatics 
tools together with wet laboratory research could be the best 
option for the obvious future biomarker ‘nsSNP’ development.
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