European Journal of Bioinformatics Vol. 2, 2015, 1-8

W hites Science

COMPUTATIONAL TOOLS TO DETECT SINGLE NUCLEOTIDE POLYMORPHISM
(SNP) IN NUCLEOTIDE SEQUENCES: A REVIEW

Raghunath Satpathy*, Rashmiranjan Behera
Department of Biotechnology, MIRC Lab, MITS Engineering College, Rayagada, Odisha,India

ABSTRACT

Single nucleotide polymorphisms (SNPs) are basically single base pair alterations present in the genomic DNA.
SNPs is usually treated as one of the most common genetic markers in case of plants, animals as well as the human
genome to study the complex genetic traits and evolutionary status of the genome. SNPs are widely used as
popular markers due to their continuous presence in the genome, highly reproducible, relatively easy to score. In
addition to this, SNPs in coding sequences are used to directly examine the genetics of expressing genes and to
study various polymorphic functional traits. Specifically the non-synonymous SNPs are more attractive because
they alter the amino acid that ultimately affecting the protein functions. The direct application of SNP exists with
pharmacogenomics study and crop improvement. Various strategies have been used for SNP discovery that comes
from both observational and computational techniques. SNPs can be detected by laboratory based experimental
methods, which are time consuming and expensive also the development costs are high. The implementations of
Bioinformatics approach reduce the development cost of SNPs as it uses publicly available sequences from
databases like expressed sequence tags (ESTS) that cause the development of SNP markers rapid and less
expensive.
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INTRODUCTION regarded as a powerful tool in the field of genetic
factors associated with diseases [4]. Also the Single
nucleotide polymorphism (SNP) detection broadly
applied to mine the new polymorphisms in a given
nucleotide sequence. However the experimental
basis of SNP detection is performed with both
difficulty and expensive way [5]. Comparative
genomics study based SNP discovery indicates that,
on average, the presence of one SNP in every 1,000
bp of DNA sequences. The traditional method which
is adapted to mine the SNPs randomly in the human
genome by observing the alterations in restriction
sites in the genome by identification of restriction
fragment length polymorphisms (RFLPs) [6]. The
method include isolation of the high quality
genomic DNA from multiple individuals, followed by
digestion with a number of restriction enzymes,
separated by gel electrophoresis and transferring it
to the nylon filters (Southern Blotting). These
Southern blots were then probed with random
genomic clones to identify variations in the
Email: rnsatpathy@gmail.com restriction fragment lengths. Because for SNP mining

very small amounts of DNA are to be detected, the

In nature any two human genomes show about
0.1% variation (99.9% identical) in their genomic
features that makes different from one to the other.
One of the important types of genomic variation that
falls  within this 0.1% is single nucleotide
polymorphisms (SNP), represents a single base
change between two individuals at a particular
position [1]. Based on variation patterns, SNPs
comprises changes like transitions (purine to purine
change), transversions (purine to pyrimidine change
or vice versa) and tiny insertions/deletions (indels) ,
which are most frequently observed as biallelic in
nature[2]. The majority of these SNPs found in
individuals only a fraction of the substitutions having
its functional significance and it is the basis for the
diversity [3]. The cytogenetic basis of uses of the
SNPs is, they can be used as genetic markers, hence
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radioactive labels are applied with the probes for
this purpose [7-8]. One of the other challenges in the
global SNP discovery is to find certain density of
genetic marker in the whole genome from the
regions of interest. There are also several SNP
detection methods are followed at present and
mostly these method find out the difference
between the mismatched heteroduplex DNA from
the perfectly matched homoduplex DNA. Many
other techniques including PCR are used to detect
the polymorphisms, subsequently used for SNP
discovery. The DNA sequencing methods hold good
for SNP discovery [9]. The DNA sequencing
techniques for SNP discovery is the direct
sequencing of PCR products and there is a clear
recognition that sequencing data from a
heterozygote and homozygote [10]. But in practical
basis of DNA sequencing methods are quite costly
and requires expertise in the field. Also to probe
DNA fragments for SNPs by this method, highly
successful polymorphism scanning methods are
required [11].

In this paper, discussion about the importance
and major challenges in computational basis SNP
discovery has been made along with a brief sketch of
various existing computational methods

implemented in different commonly used
Bioinformatics tools and their implementation.

COMPUTATIONAL BASIS OF SNP DISCOVERY
PROTOCOLS

The frequency calculation of SNP indicates that,
the SNPs do not occur randomly. Whenever SNPs are
generated by, the mutation in an ancestor in
thousand years ago, that SNP will be inherited by a
lot of different people, but not by all. Mining the SNP
from the whole genome is a difficult task. A major
challenge in computational SNP discovery is
distinguishing allelic variation from the sequence
variation between non-homologous sequences along
with the method for recognizing the sequencing
errors. For the majority of the public EST sequences,
the unavailability of quality files makes difficult for
detection of reliable SNPs as it has to rely on
improved sequence comparisons only. In silico
methods for SNP discovery are now being adopted,
providing cheap and efficient methods for easy
mining. Large quantities of sequence data have been
generated internationally  through  Expressed
Sequence Tag (EST) or genome sequencing projects
and these provide a valuable resource for the mining
of molecular markers. The detailed overview of
computational methods for SNP prediction is

Fig. 1. Schema for computational SNP prediction in gene sequences and its applications in various fields of

study

DMNA seguences from multiple individuals [(Mostly EST
and 5TS seguences and Error rate of sequencing should

be < 1%)

allied programs)

Orthologous seguences) region detection [(BLAST or

programs are used)

ldentification of Polymorphic seguences
(Avoiding duplicated (paralogous) gene seguences

from multiple gene family [(CLUSTAL -W or allied

Muclectide seguence difference among individual
seguences prediction [(Use of specific algorithm and
statistics for validation) is constructed followed by SMNP

scoring and confidence of SMNP

Experimental study for further characterisation of SNP

- Pharmacogenmnomics

APPLICATION OF SNP STUDY

- Diagnostics and biomedical research
- harker associated with phenotypic trait
- Linkage diseguilibrium study in plants

- Genetic diversity study and cultivar identification in plants




European Journal of Bioinformatics Vol. 2, 2015, 1-8

described in figure 1.

The computational methods of SNP discovery
have been proved to be the cheapest and efficient
method that most often take help of various
databases, on/off line tools and genome browsers
[12]. Since huge quantities of sequence data have
been generated globally by genome sequencing

1. PolyBayes

PolyBayes uses a Bayesian-statistical model to
check out the differences within assembled
sequences, further suppoted with the depth of
coverage values, the base quality values and the
expected rate of polymorphic sites in the region.
Base quality values can be obtained by running the

Table 1. Some representative databases that contain SNP data in different group of organism

Serial Name Availability Remark
number
1 HGBASE(Human GenicBi- http://hgbase.cgr.ki.se Human
Allelic SEquences))
2 Db SNP (http://www.ncbi.nlm.nih.gov/projects/S Human
NP/snp_summary.cgi
3 SNP DATA BASE http://genome.wustl.edu/genome_data/c C.elegans
._elegans_single_nucleotide_polymorphis
m_data
4 FESD Il http://sysbio.kribb.re.kr:8080/fesd/ Human
5 snpdb/ Haplotype http://probes.pw.usda.gov:8080/snpworl wheat
Polymorphism d/Search
7 Japanese SNP Database http://snp.ims.u-tokyo.ac.jp/ Human
8 SeattleSNPs http://pga.gs.washington.edu/ Human
9 IBISS (Interactive Bovine In http://www.livestockgenomics.csiro.au/ib  Based on bovine
Silico SNP (IBISS) database) iss/ EST sequences
10 Mouse SNP Query Form http://www.informatics.jax.org/javawi2/s Mouse
ervlet/WIFetch?page=snpQF
11 Hypertension Candidate Gene http://cmbi.bjmu.edu.cn/genome/candid Human

SNPS

ates/snps.html

projects and these data provide a valuable resource
for the mining and discovery of important molecular
markers like SNP [13]. Sequence data from the
experimental genome projects are being generated
largely due to the implementation of next
generation sequencing (NGS) technologies. These
powerful technologies have the ability for rapid
sequencing representative samples of genomes even
also the whole eukaryotic genomes.

While dealing with large amount of sequence
data it is expected that there must be a clear
differentiation between true SNPs and sequence
error [14]. In one of the first examples of this
application, a total of 36,000 maize SNPs were
identified in data from a single run of the Roche 454
GS20 DNA sequencer [15]. Various common tools
and data bases available for mining SNP is described
as below:

sequence trace files through the PHRED base-calling
program. [16-17], and repeats can be removed from
sequences using Repeat Masker [18]. The output can
be viewed through the Consed alignment viewer.
Recent studies using PolyBayes include SNP
discovery for and bird species [19]. Fully probabilistic
SNP detection algorithm that calculates the
probability (SNP score) that discrepancies at a given
location of a multiple alighment represent true
sequence variations as opposed to sequencing error.

2. PolyPhred

PolyPhred compares a sequence trace files from
different people to spot the heterozygous sites [20].
The sequence trace files are used to find SNPs, so
can identify positions in the sequence based on the
peaks occurs. The quality of an SNP is assigned based
on the spacing between peaks; the relative size of
called and uncalled peaks; and the dip between



peaks. PolyPhred only analyses nucleotides that
have a minimum quality as determined by Phred [21]

3. Polyfreq

PolyFreq is a tool that allows an efficient mining
for SNPs from the sequence alignments [22-23]. It
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contains basically five programs that contain its own
set of parameters. From the alignment, highly similar
regions are found and screened for the candidate
SNPs. Finally the SNP discovery is based on a
minimum a priori polymorphic rate, a minimum
depth and a minimum percent of identity having the

Table 2. Resources of the SNP related tool related to the disease in human

Name of the
database /tools

Type of data

Availability

Application

DACS -DB

VnD

miRdSNP

SNPranker 2.0

F-SNP

SNPnexus

SNPs&GO

SNPeffect

(PhD-SNP)

Screening  for

Non Acceptable

Polymorphisms
(SNAP)

Disease associated with
cytokine SNP data base

Disease related SNP and
drug

A database of disease-
associated SNPs and
MicroRNA target sites on
3'UTRs of human genes

Interpretation of SNPs
associated with disease

The functional effects of
SNPs obtained from 16
Bioinformatics tools and
databases.

Multiple mutation

Information derived
from protein sequence,
3D structure and
function

A database for
phenotyping human
single nucleotide
polymorphisms (SNPs).
Disease related neutral
polymorphisms

Position in a protein as
gain or loss in protein
function.

http://www.iupui.edu/~cy
tosnp/

http://vnd.kobic.re.kr:808
0/vnD/

http://mirdsnp.ccr.buffalo.

edu

http://www.itb.cnr.it/snpr
anker

http://compbio.cs.queens
u.ca/F-SNP/

http://snp-
nexus.org/about.html

http://snps.biofold.org/sn
ps-and-
go/pages/method.html

http://snpeffect.switchlab.

org/about#Welcome_to_S
NPeffect_4.0

http://snps.biofold.org/ph
d-snp/phd-snp.html

https://www.rostlab.org/s
ervices/SNAP/

(SNPs) associated with cytokine
genes can act as markers for
identification of diseases, traits
and phenotypes

It is crucial to understand the
trilateral relationship between
genomic variations, diseases and
drugs

Identifying the SNPs effect on
destroying, or modify the
efficiency of miRNA binding to the
3'UTR of a gene, resulting in gene
dysregulation. Causes diseases
The capability of correlating
specific genotypes with human
diseases ultimately correlated to
the pathology

Effect on human disease at the
splicing, transcriptional,
translational, and post-
translational level.

Selection of functionally relevant
Single Nucleotide Polymorphisms
(SNP) for large-scale genotyping
studies of multifactorial disorders
Predict whether a given variation
can be classified disease-related or
neutral.

Primarily focuses on the molecular
characterization and annotation of
disease and polymorphism
variants in the human proteome.

It predicts the pathological effect
based on the local sequence
environment of the mutation.
Based on neural network and
advanced machine-learning
approach to predict the functional
change of SNPson the protein's
function.
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default values are 0.001, 100 and 0.97 respectively.
Aligned nucleotides must have a quality value equal
or greater than the default value (the default value is
20). Mismatches parts are then considered as the
candidate SNPs if the quality of the five base pairs
flanking them has a good score value.

4. SNPDetector

SNPDetector uses thread to call bases and
determine quality scores from trace files, and then
aligns reads to a reference sequence using a Smith-
Waterman algorithm [24]. SNPs are identified where
there is a sequence difference and the flanking
sequence is of high quality. SNPDetec-tor has been
used to find SNPs in 454 data and has been included
within a comprehensive SNP discovery pipeline.

5. NovoSNP

NovoSNP requires both trace files and a
reference sequence as input. The trace files are
base-called using Phred and quality clipped, then
aligned to a reference sequence using BLAST [25]. An
SNP confidence score is calculated for each
predicted SNP. NovoSNP is written in Tcl with a
graphical user interface written in Tk and runs on
Linux and Windows. NovoSNP has been used in a
study of genotype-phenotype correlation of human
disease [26].

6. AutoSNP

Redundancy is the principle means of
differentiating between sequence errors and real
SNPs. While this approach ignores potential SNPs
that are poorly represented in the sequence data
and that can be used directly from GenBank [27].
AutoSNP is therefore applicable to any species for
which the nucleotide sequence data are available in
the data bank. A co-segregation score is calculated
based on whether multiple SNPs, that basically
defines a haplotype, which is used as a second,
independent measure of confidence. AutoSNP is
written in Perl and is run from the Linux command
line with a FASTA file of sequences as input. The
output is presented as linked HTML to the index
page presenting a summary of the results. AutoSNP
has been applied to several species including maize
and fishes [28-29].

7. SNPServer

SNPServer is a real time implementation of the
autoSNP method, accessed via a web server. A single
FASTA sequence is pasted into the interface and
similar sequences are retrieved from a nucleotide

sequence database using BLAST [30]. The results are
presented as HTML. Alternatively, a list of FASTA
sequences may be input for assembly or
apreassembled ACE format file may be analyzed.
SNPServer has been used in studies including sea
anemones and human [31-32].

8. InSNP

INSNP is a specialized package for the detection
of targeted mutation detection. InNSNP provides a
user friendly interface with better functionality for
mutation detection than commonly available
sequence handling software. It provides similar SNP
detection sensitivity and specificity as the public
domain and commercial alternatives in the
investigated dataset. INSNP lowers the barriers to the
use of automated mutation detection software and
aids in the improvement of the efficiency of such
experiments. The software installer can be obtained
from www.mucosa.de/insnp [33].

APPLICATION OF IN SILICO BASED SNP
PREDICTION METHODS IN DISEASE
IDENTIFICATION

The DNA sequences variation in case of humans
is directly related to the effect in terms of critical
human genetic diseases, hence the SNP knowledge
are also used in the personalized medicine area for
clinical treatment purposes [34]. However, their
greatest importance in biomedical research is for
comparing specific regions of the genomes. Not only
in case of human, also the study of SNP data are
successfully applied in in crop and livestock breeding
programs.SNPs are usually biallelic in nature and
thus can be easily assayed [35]. A single SNP may
cause a complex genetic disease. The fact for genetic
diseases creation by SNPs is observed as, it does
not usually function individually; rather it work co-
ordinately with other SNPs to manifest a disease
condition as has been seen in Osteoporosis disease
[36]. SNPs have been also used in genome-wide
association studies (GWAS), e.g. as high-resolution
markers in gene mapping related to diseases or
normal traits. The mining of SNPs will also help to
understand the effects like pharmacokinetics (PK) or
pharmacodynamics, i.e. how drugs act on individuals
with different genetic variants. Other example of
wide range human disease includes Sickle—cell
anemia, B Thalassemia and Cystic fibrosis, which are
the result from SNP study [37-39].
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CONCLUDING REMARK

SNP detection is very much important as it is
having the clinical significance. But the experimental
technologies that have evolved to trace SNP from
nucleotide sequences are multistep process labor-
intensive and require technical expertise. In this
context the Bioinformatics is widely used to tackle
the problem. These methods are used for sample
tracking, sequence comparisons, and data analysis.
The DNA sequence data can be stored, analyzed by
using different methods ultimately the results
obtained can be further processed and reported
automatically by sophisticated computers at the
end. From many years the bioinformatics has proved
to be an integrated part of both genetics and
genomics for annotation purpose of the genome
sequences. Due to the exponential growth in size of
the databases, successful implementation of
Bioinformatics  resources  will  result new
opportunities for data annotation like SNP mining in
whole genome.
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