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Abstract: The aim of this study was to analyze the genetic variation that can alter the expression and the
function of the MCIR gene using computational methods. Out of the total 222 SNPs, 22 were found to be
non-synonymous (ns) SNPs, 9 were found in the 5' upstream and 7 were found in the 3'UTR. Tt was found that
these 6 nsSNPs 13212366, 1311547464, 131 805009, 131 805008 and 151805007 were damaging by both the SIFT
and the Poly Phen servers. We 1dentified, a mutation from Phe to Leu at positions 196 (1s3212366) on the surface
of the protein caused the greatest impact on stability. The 133212362, 133212379 and 1835025176 in the
5" upstream were suggested might change the MCIR gene expression levels by FastSNP. Based on the i silico
search, the 133212369 located m the putative Hsa-miR-421 target sequences might have some effect on MCIR

ZONe eXPression.

Key words: MCIR, SNPs, SIFT, PolyPhen, FastSNP, China

INTRODUCTION

Single-Nucleotide Polymorphisms (SNPs) are the
most frequent variation in the human genome, occurring
once every several hundred base pairs throughout the
genome. One of the main goals of SNP research 1s to
understand the genetics of the human phenotype
variation and especially the genetic basis of complex
diseases (Collins ef al, 1998). Non-synonymous coding
SNPs (nsSNPs) comprise a group of SNPs that together
with SNPs in regulatory regions are believed to affect
gene regulation by altering DNA and transcriptional
binding factors and then have the lighest impact on
phenotype m the human population (Bermg and Chanock,
2006). Recently, many evidences indicated that SNPs
located at microRNA-binding sites of 3"UTR are likely to
affect the expression of the microRNA target and may
contribute to the susceptibility of humans to common
diseases (Yu et al., 2007).

Melanocortin 1 receptor (MCIR), a Gs protein-
coupled receptor expressed in melanocytes 1s a major
determinant of skin pigmentation, phototype and cancer
risk (Sturm, 2002). MC IR gene mutations greatly increase
the risk of skin cancer has been demonstrated
(Matichard et al., 2004). At present most mutations in the
MCIR gene have been 1dentified but only a few naturally
occurring alleles have been functionally characterized. In

this study, we perform a computational analysis of the
SNPs in the MCIR gene to identify the deleterious
nsSNPs that are likely to affect the function. In addition,
the consequences would be the foundation for the
preparation of the structure analysis for the native and
mutant protein.

MATERIALS AND METHODS

The SNPs and their related protein sequences for the
MCIR gene were retrieved from the dbSNP (Sherry ef af.,
2001). The deleterious coding nsSNPs were detected by
the Web program SIFT (Ng and Hemkoff, 2003) and
PolyPhen (Ramensky et al., 2002). Substitutions at each
position with normalized probabilities less than a chosen
cutoff are predicted to be deleterious and those greater
than or equal to the cutoff are predicted to be tolerated.
The cutoff value in the SIFT program 1s a tolerance index
of =0.05. The higher the tolerance index, the less
functional impact a particular amino acid substitution is
likely to have. The PSIC scores for each of the 2 varants
were calculated. The lgher the PSIC score difference 1s
the functional impact a particular amine acid substitution
is likely to have. Structural analysis was performed in
order to evaluate and compare the stability of native and
mutant structures. The 3-D model of the human
MCIR gene was predicted using the CPH models 2.0
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Server (Nielsen et al., 2010). The comparison between the
resulting native and modeled structures was made by the
calculation of the potential energy and RMSD values
using the Swiss-Pdb Viewer (Guex and Peitsch, 1997). The
web server FastSNP was used to predict the functional
significance of nsSNPs, flanking regions SNPs and UTR
SNPs of the MCIR gene (Yuan et al, 2006). The web
service TFSearch was used to predict whether a
noncoding SNP alters the transcription factor-binding site
of a gene.

The score will be given by this server on the basis of
levels of risk with a ranking of 0, 1, 2, 3, 4 or 5. This
signifies the levels of no, very low, low, medium, high
and very high effect, respectively. The miRanda
software were used to predict 3'UTR microRNA target
and analyze effects of SNPs on microRNA target
(Griffiths-Tones et al., 2008).

RESULTS AND DISCUSSION

A total of 222 SNPs within human MCIR gene were
retrieved from the dbSNP database (Sherry et al., 2001) of
which 22 were nsSNPs, 10 were synonymous SNPs in
coding regions and 16 were in flanking regions which
comprise 9 SNPs m the 5' upstream and 7 SNPs in the
3UTR. The conservation level of a particular position
mm a proteinwas determined by using a sequence
homoelogy-based tool, SIFT (Ng and Henikoff, 2003).
Among the 22 nsSNPs, 12 were found to be deleterious
according to SIFT having a tolerance index score of <0.05.
Out of 12 deleterious nsSNPs, 8 showed a lughly
deleterious tolerance index score of 0.00 and 3 showed a
tolerance index score of 0.03 followed by 1 nsSNPs with
a tolerance mdex of 0.01. The results are shown in
Table 1.

The structural levels of alteration were determined by
applying the PolyPhen program (Ramensky et al., 2002).
About 22 protein sequences of nsSNPs investigated were
submitted as mput to the PolyPhen server and the results
are also shown in Table 1. Tt can be seen that of
22 nsSNPs, 11 were considered to be damaging. All
11 nsSNPs exhibited a PSIC score difference in the range
1.294-2.751. Hence, we could mfer that the results
obtained on the basis of sequence details (SIFT) were in
good correlation with the results obtamed for structural
details (PolyPhen).

Table 1 shows these 5nsSNPs 133212366, 1511547464,
rs1805009, rs1805008 and rs1 805007 had a SIFT tolerance
index of 0.00 and PSIC score difference = 2.00. Hence, the
mutations occurring with these 6 nsSNPs would be of
prime importance m the identification of cancer caused
by the MCIR gene according to SIFT and PolyPhen
results.
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Table 1: List of nsSNPs that were analysed by SIFT and PolyPhen

Nucleotide  Amino acid Tolerance PSIC
8NP ID change change index D
rs3212366 C/T F196L 0.00 2.724
rs11547464 A/G R142H 0.00 2.552
rs1 805009 C/G D294H 0.00 2.505
rs1805008 C/T R160W 0.00 2.751
rs1805007 C/G/T R1351C 0.00 2.737
rs1 805006 A/IC D&8E 0.00 1.986
rs1805005 GT V60L 0.00 -
rs1110400 C/T I1155T 0.01 1.390
rs3212365 C/G V156L 0.03 1.298
rs2229617 A/G G104L 0.03 1.759
rs12102534 C/T T272M 0.03 1.294

Table 2: RMSD and total energy of native structure and mutant modeled

structures

dbSNP Amino acid RMSD between native Total energy after
D change and mutant structures  minimization
rs1805007 RI151C,argl51Cys 246 A° -14533.371 KJ moL™
rs1805008 RI160W,argl 60Trp 1.99 A° -14742.885 KJ moL™*
53212366 F196L,phel96Leu 2.81 A° -14486.227 KT mol.™*
rs11547464 R142H,argl42His 237 A° -14660.183 KJ moL™
rs1805009 D294H, asp294His 2.14 A° -14718.856 KJ moL™*
Total energy of native stucture after  energy  minimization:
-14882.880 KJ moL™!

Out of common 6 nsSNPs predicted to be deleterious
by SIFT and PolyPhen, 5 (133212366, rs11547464,
31805009, rs1 805008 and rs1805007) were mapped to the
PDB MCIR native structure (NP_002377) and five mutant
modeled structures and energy minimizations were
performed by SPDBV (4.0) to get (MCIR, MCIR-152C,
MCIR-160W, MC1R-196L, MCIR-142H and MC1R-294H,
respectively).

The results are shown in Table 2 and Fig. 1a-f. These
5 mutant modeled structures showed an increase in
energy in comparisen with the native structure. Further,
we identified a mutation from Phe to Leu at position 196
(rs3212366) on the surface of the protein caused the
greatest unpact on stability. The RMSD values between
the native structure and the mutant modeled structures
are ranging from 1.99- 2.81 A°C. Because these values are
high, we can suggest that these mutations may cause a
significant change in the mutant structures with respect
to the native protein structure.

According to the server FastSNP of 16 flanking
regions SNPs of the MCIR gene, 3 in the 5' upstream,
namely 133212362, 133212379 and rs35025176 were
predicted to be damaging with a risk ranking of 1-3,
totally. The results are shown in Table 3. However, this
server did not predict any functional significance for the
3UTR and hence, the results is further required to
research.

Recently, a novel class of functional polymorphisms
termed miRSNPs/polymorphisms in the 3UTR was
reported defined as a polymorphism present at a
microRNA binding sites of functional genes that can
affect gene expression by interfering with a micro RNA
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Fig. 1: Superimposed structure of native MCIR gene with
(a) mutant structure (b-f)

Table 3: List of 8NPs predicted to be functionally significant by FastSNP

Nucleotide UTR Level of Functional
SNP ID change position  risk elerment change
153212362 A/G SUTR Very low- Promoter/
medium (1-3)  regulatory region
153212379 C/T SUTR Very low- Promoter/
medium (1-3)  regulatory region
1535025176  -/G SUTR Very low- Promoter/
medium (1-3)  regulatory region

Table 4: Prediction results of 3UTR microRNA target the SNP

Target Nucleotide change Micro RNA Mutation position
S'AAUGAUCUCUG
AAAGUGUUGAAG
I 1]
3'CGCGGGUUAAU
UACAG—ACAACUA
I 1]
SAAUGAUCUCUGA
AGGUG UUGAAG

rs3212369  A/G Hsa-miR-421
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function. A total of 41 microRNA targets were predicted
by applying the miRanda software. A (A>G with ID
183212369) within putative Hsa-miR-421 targets was found
as shown in Table 4.

CONCLUSION

In this study, we mvestigated the functional and
structural impact of SNPs in the skin cancer MCIR gene
using computational prediction tools. Out of a total of 222
SNPs in the MCIR gene, 22 SNPs were found to be
non-synenymous, 9 and 7 SNPs occurred m 5 upstream
and 3'UTR, respectively. Out of 22 nsSNPs, 12 were found
to be deleterious by SIFT and 11 were found to be
damaging by the PolyPhen tool. A total of ten nsSNPs
were found to be common in both the SIFT and the
PolyPhen tool. The structural analysis results showed
that the amino acid residue substitutions which had the
greatest mmpact on the stability of the MCIR protein were
mutations F196L (1s3212366). Among the three SNPs in
the 5' upstream studied, 3 SNPs (153212362, 133212379 and
r335025176) were found to be of functional sigmificance.
A mutation (A>G with ID r33212369) in 3UTR was
predicted to affect Hsa-miR-421 by TargeScan Based on
the results, we conclude that these SNPs should be
considered important candidates in causing diseases
related to MC IR gene malfunction.
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