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Abstract Background: L-glutamate is one of the most common amino acid in nature and it acts as excitatory
neurotransmitter in the central nervous system. GRM4 is a large gene located in chromosome 6 and consists of 7217
bp (NCBI) divided into 10 exons. The location of GRM4 (chromosomal segment 6p21.3) is tentative susceptibility
loci for Juvenile Myoclonic Epilepsy so many studies investigate the association of GRM4 polymorphism with
myoclonic epilepsy juvenile. Design and methods: GRM4 gene was investigated in dbSNP/NCBI database NCBI
and we used computational analysis approach. Deleterious nsSNPs were predicted by SIFT and Polyphen soft wares
then the damaging nsSNPs were submitted to | mutant tool. Protein structural analysis of amino acid variants was
performed by Chimera 1.8 and Project Hope. Results: We analyze 29854 SNPs from NCBI; 8561 of them found on
homosapiens; of which 330 were missense, of which 208 were in the coding region, 334 were non-synonymous
SNPs (nsSNPs), 232 were in the 3'un-translated region. These SNPs were analyzed using different soft wares; SIFT,
Polyphen-2, Imutant3.0, PhD-SNP, PolymiRTs, Project Hope and GENEMAIA to investigate the effect of SNPs
mutations on GRM4 protein structure and function. Conclusions: Computational tools were used to analyze
deleterious SNPs in GRM4 gene. Out of 8561 SNPs, the SNPs (rs184636998), (rs199744441), (rs199744441),
(rs149277708), (rs144660534), (rs139236496) were identified as highly damaging in coding region confirmed by
using bioinformatics tools . In 3'un-translated region two SNPs (rs188406833) and (rs192860479) contained (C)
allele had 4 miRSite as target binding site can be disrupts a conserved miRNA and one SNPs (rs77415386)
contained (D) allele had 6 miRSite as derived allele that disrupts a conserved miRNA site. Further study must be
done to detect the effect of these SNPs on the protein structure and function.
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have been shown to activate phospholipase C. Group Il
includes GRM2 and GRM3 while Group Il includes

1. Introduction GRM4, GRM6, GRM7 and GRMS. [8,9,14]
GRMA4 is encoded to Metabotropic glutamate receptor 4
L-glutamate is one of the most common amino acid in (mGIuR4) which is belongs to group Il of the

nature and it acts as excitatory neurotransmitter in the metabotropic glutamate receptor family. [9,14] group 111
central nervous system. Glutamatergic neurotransmission receptors are coupled to Gi/o which inhibits adenylyl
is involved in most aspects of normal brain function and cyclase, decreasing the formation of Camp and they are
can be perturbed in many neuropathologic conditions. The jnvolved in spatial learning and memory, and umami taste
metabotropic glutamate receptors are a family of G (mGlu4), stimulation of photoreceptors (mGlu6), long
protein-coupled receptors that have been divided into 3 term depression (mGlu7) and presynaptic inhibition in the
groups on the basis of sequence homology, putative signal perforant pathway (mGlu8). [7,8]

transduction mechanisms, and pharmacologic properties. GRM4 is a large gene located in chromosome 6 and
Group | includes GRM1 and GRMS and these receptors  consists of 7217 bp (NCBI) divided into 10 exons [7,8].
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The location of GRM4 (chromosomal segment 6p21.3)
is tentative susceptibility loci for Juvenile Myoclonic
Epilepsy so many studies investigate the association of
GRM4 polymorphism with myoclonic epilepsy juvenile
[10,13]. There are also some studies investigate the
association of GRM4 polymorphism with schizophrenia,
depression, Colon cancer and tumors [7,8].

Single-nucleotide polymorphism (SNPs) most commonly

refer to single-base differences in DNA among individuals.

SNPs of various types can change the function or the
regulation and expression of a protein. There is no studies
on GRM4 single nucleotide polymorphism. In this study
we will analyze GRM4 SNPs using bioinformatics
prediction tools to check the effect of the mutation on the
protein structure and function.

2. Material and Methods

GRM4 gene was investigated in dbSNP/NCBI database
NCBI (http://www.ncbi.nlm.nih.gov/snp). GRM4 gene
contained a total of 29854 SNPs; 8561 of them found on
homosapiens; of which 330 were missense, of which 208
were in the coding region, 334 were non-synonymous
SNPs (nsSNPs), 232 were in the 3'un-translated region.
Predictions of deleterious nsSSNPs was performed by SIFT
and Polyphen softwares. Damaging nsSNPs by two these
servers were submitted to | mutant tool, then the
functional impact of the deleterious SNPS was analyzed
by project hope. The FASTA format of the protein was
obtained from Uniprot at Expassy database. The 3D
structure of a 65% identical to protein was retrieved from
database by using BAST/NCBI. The protein used as a
template is called “Metabotropic glutamate receptor 4
[Homo sapiens]" with ID pdb|3MQ4|. The SNPS at the
3UTR region were analyzed by Polymirt software.

3. Bioinformatics Data Analysis

3.1. Deleterious nsSNP Analyze by the SIFT
Program

Sorting Intolerant from Tolerant (SIFT, version 2) [3].
The SIFT prediction, as previously described is based on
perform multiple alignments of a number of peptide
sequences and it predicts whether substitution with any of
the other amino acids is tolerated or deleterious for every
position in the submitted sequence. The SIFT prediction
was given as a tolerance index (TI) score ranging from 0.0
to 1.0, which was the normalized probability that the
amino acid change was tolerated. The SNP with a Tl score
of <0.05 was considered to be deleterious i.e. an amino
acids with probabilities < 0.05 were predicted to be
deleterious. (http://blocks.fhcrc.org/sift/SIFT.html).

3.2. PolyPhen -2

Polymorphism Phenotyping v2, [6] this software has
position-specific independent count (PSIC) the score of
1.0 is considered to be damaging, and the nsSNP affect

protein structure. (PolyPhen-2, v.2.2.2; http://genetics.bwh.

harvard.edu/pph).

3.3. Investigation of Mutant Protein Stability
by I-Mutant 3.0

I- Mutant 3.0 is a Support Vector Machine-based web
server was used to predict protein stability changes upon
single-site mutations. The input FASTA sequence of
protein along with the residues change was provided for
analysis of DDG value (kcal/mol) Also the RI value
(reliability index) was computed [4]. (I-Mutant 3.0/I-
Mutant3.0.cgi).

3.3. PhD-SNP

An Online support vector machine (SVM) based
classifier, which can predict if the new phenotype
produced after nsSSNP can be related to a genetic disease
or as a neutral polymorphism. (http://snps.biofold.org
/phd-snp/phd-snp.html [2]

3.4. PolymiRTS

PolymiRTS database [20] (http://compbio.uthsc.
edu/miRSNP/) [1] were used to predict the effect of SNPs
in the GRm4 mRNA 3’-UTR on the mRNA.

3.5. Project HOPE

Project Hope software [11] revealed many differences
between wild and mutant residues as shown in Table 2.
Also the project results of the mutation analyses are
illustrated with figures of the amino acids.
(http://lwww.cmbi.ru.nl/hope/home).

3.6. Chimera

Chimera [5] is a software for analysis of molecular
structures, this software can give the 3D structure of the
protein and then changing between native and mutant
amino acids with the candidate to display the impact that
can be produced. Chimera accepts the input in the form of
pdp 1D or pdp file. (https://www.cgl.ucsf.edu/chimera/).

3.7. Gene MANIA

Gene MANIA an online server gives the function,
interaction and the network of the gene based on genomics
and proteomics data with a large database and high
accuracy [12]. (http://www.genemania.org)

4. Result

Figure 1. change in the amino acids in positions 144 from valine into
phenylalanine
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Table 1. shows of nonsynonymous SNPs predicted with SIFT, Polyphen and | mutant programs, chosen SNPs with PSIC SD equal 1 and
TOLERANCE INDEX rang (0 — 0.001)

Sift prediction POLY.PHEN I mutant PHD-snp
prediction
NUCLEOTIDE . AMINO ACID TOLERANCE  POLYPHEN  PSIC R DDG R
SNP CHANGE protein ID CHANGE  SIFTRESULT INDEX prediction D SYMZ | ae  EffeCt
15184636098 o ENSP00000363292  V737M  DELETERIOUS 0.001 R % 1 DECREASE 6 -0.76 Disease 4
15109744441 GIA ENSP00000440556  P849L DELETERIOUS 0 R % 1 DECREASE 5 059 Disease 3
15109744441 GIA ENSP00000437730  P68OL DELETERIOUS 0 gi&i’gh\é 1 DECREASE 4 -0.55 Disease 3
15199744441 GIA ENSP00000363292  P733L DELETERIOUS 0.001 gi&i’gh\é 1 DECREASE 4 -0.55 Disease 3
15199744441 GIA ENSP00000398456  P709L DELETERIOUS 0.001 gi&i’gh\é 1 DECREASE 4 -0.55 Disease 3
15149277708 o ENSP00000363292  R507H  DELETERIOUS 0.001 DRt 1 DECREASE 8 -118 Disease 7
15149277708 o ENSP00000440556  R623H  DELETERIOUS 0.001 DRent¥ 1 DECREASE 9 -149 Disease 7
15149277708 o ENSP00000398456  R483H  DELETERIOUS 0.001 DRt 1 DECREASE 8 -136 Disease 7
15149277708 o ENSP00000437925  R4%0H  DELETERIOUS 0.001 PRooABt 1 DECREASE 9 -149 Disease 7
15144660534 o ENSP00000437730  R454H  DELETERIOUS 0.001 R % 1 DECREASE 9 -149 Disease 7
PROBABLY
15144660534 GIA ENSP00000398456  R334C  DELETERIOUS 0.001 R 1  Decrease 4 -1 Neual 4
15139236496 CIA ENSP00000363292  VI44F  DELETERIOUS 0.001 R % 1 DECREASE 7 -101 Disease 8
PROBABLY .
15139236496 CIA ENSP00000398456  V/73F DELETERIOUS 0.001 DRoDeD L1 Decrease 7 -101 Disease 5
\
4/--‘
L
$ ngr’)\"’SH
[8]

N

Figure 2. shows change in the amino acids from proline into a leucine in positions (680)

=

Figure 4. shows change in the amino acid in position 334 from arginine to cysteine
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Table 2. shows the SNPs predicted by Polymirt to induce disruption or formation of mirRNA binding site

Location dbSNP ID Variant Wobble Ancestral Allele miR ID Conservation miRSite Function Exp context+
type base pair Allele Class Support score change
33989624 rs149624269 SNP Y G A hsa-miR-6741-5p 19 GCACCCAg C N -0.33
hsa-miR-6776-5p 19 gCACCCAG Cc N -0.233
33989848 rs113261322 SNP Y G G hsa-miR-4767 10 cctgtgGCCCGCA D N -0.228
A hsa-miR-3621 10 CCtgtGACCCGCA C N -0.503
hsa-miR-3656 10 CCtgtgACCCGCA C N -0.19
hsa-miR-513a-5p 7 CCTGTGAcccgca C N -0.026
33989853 rs34678276 INDEL N - - hsa-miR-211-3p 6 gtGTCCCTGtgge O N -0.137
hsa-miR-7845-5p 6 gTGTCCCTgtgge O N -0.083
C
33990114 rs182834289 SNP N C C hsa-miR-1255a 3 tCTCATCCtcttt D N -0.145
hsa-miR-1255b-5p 3 tCTCATCCtcttt D N -0.145
hsa-miR-3605-5p 2 tctCATCCTCttt D N -0.147
hsa-miR-583 2 tctcatCCTCTTT D N -0.032
T hsa-miR-3123 2 tctcATTCTCTtt  C N 0.032
hsa-miR-4311 2 tctcatTCTCTTT C N -0.031
33990136 rs78795224 SNP N T T hsa-miR-31-5p 4 ggcTCTTGCCtcc D N -0.047
hsa-miR-335-5p 4 gGCTCTTGcctce D N -0.059
33990137 rs76783395 SNP N T T hsa-miR-31-5p 4 tggcTCTTGCCtc D N -0.047
hsa-miR-335-5p 4 tgGCTCTTGcctc D N -0.059
A hsa-miR-6807-5p 3 TGGCTCAtgecte C N -0.109
33990180 rs188406833 SNP Y G A hsa-miR-4274 2 tccccGACTGCTt  C N -0.102
hsa-miR-542-5p 2 TCCCCGActgctt C N -0.195
hsa-miR-6777-5p 2 TCCCCGActgctt C N -0.175
hsa-miR-6889-5p 2 TCCCCGActgctt C N -0.172
33990234 rs192860479 SNP Y G G hsa-miR-4524b-3p 8 agcCCTGTCTitc D N -0.113
A hsa-miR-3158-3p 2 AGCCCTAtctttc  C N -0.154
hsa-miR-4446-3p 2 AGCCCTAtctttc  C N -0.184
hsa-miR-4662a-3p 10 agccCTATCTTic C N -0.04
hsa-miR-5088-5p 2 AGCCCTAtctttc  C N -0.154
33990290 rs77415386 SNP N C C hsa-miR-149-3p 2 atctctCCCTCCC D N -0.19
hsa-miR-4728-5p 2 atctctCCCTCCC D N -0.209
hsa-miR-6785-5p 2 atctctCCCTCCC D N -0.218
hsa-miR-6797-5p 2 atctcTCCCTCCc D N -0.141
hsa-miR-6883-5p 2 atctctCCCTCCC D N -0.199
T hsa-miR-7106-5p 2 atctctTCCTCCC C N -0.223
hsa-miR-766-5p 2 atctcTTCCTCCc C N -0.095
33990393 rs185477653 SNP Y G G hsa-miR-4707-5p 4 ggGCCGGGGeggt D N -0.213
A hsa-miR-6075 4 GGGCCGAggcggt C N -0.223
33990402 rs75362579 SNP Y G G hsa-miR-4655-3p 5 gaggACGAGGGgc D N -0.164
hsa-miR-4749-3p 6 0aggacGAGGGGC D N -0.141
hsa-miR-6795-3p 5 gaggaCGAGGGGc D N -0.172
A hsa-miR-2355-3p 2 gAGGACAAggggc C N -0.05
hsa-miR-3909 2 GAGGACAaggggc C N -0.114
hsa-miR-676-3p 2 gAGGACAAggggc C N -0.078
hsa-miR-6780b-3p 5 0aggACAAGGGge C N -0.068
hsa-miR-6852-3p 2 GAGGACAaggggc C N -0.128
33990447 rs2229901 SNP Y G A hsa-miR-3652 8 CCAGCCAtcactg C N -0.123
hsa-miR-4430 8 CCAGCCAtcactg C N -0.123
hsa-miR-4505 8 CCAGCCAtcactg C N -0.204
hsa-miR-5787 8 CCAGCCAtcactg C N -0.204
hsa-miR-6842-3p 8 CCAGCCAtcactg C N -0.191
hsa-miR-889-5p 8 cCAGCCATcactg C N -0.073
G hsa-miR-5190 8 ccagccGTCACTG D N -0.094
33990499 rs190359317 SNP N C C hsa-miR-6721-5p 9 CCTGCCCgtggge D N -0.145
hsa-miR-7112-5p 10 cCTGCCCGtggge D N -0.203
T hsa-miR-4514 10 cCTGCCTGtggge C N -0.081
hsa-miR-4692 10 cCTGCCTGtggge C N -0.081
hsa-miR-6808-5p 9 CCTGCCTgtggge C N -0.132
hsa-miR-6893-5p 9 CCTGCCTgtggge C N -0.122
hsa-miR-940 9 CCTGCCTgtggge C N -0.132
33990557 rs139823405 SNP N C C hsa-miR-1178-5p 2 cgTGACCCTgtgg D N -0.111
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Figure 7. shows functional interaction between GRM4 and its related genes
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Table 3. shows the genes co-expressed and share a domain with GRM4

Gene symbol Description Co-expression shared domain
GRID2 glutamate receptor, ionotropic, delta 2 yes yes
BBS4 Bardet-Biedl syndrome 4 yes no
PAX8 paired box 8 yes no
CNTN6 contactin 6 yes no
GRM2 glutamate receptor, metabotropic 2 yes yes
GRM5 glutamate receptor, metabotropic 5 yes yes
GRM1 glutamate receptor, metabotropic 1 yes yes
GRK6 G protein-coupled receptor kinase 6 yes yes
KCNJ6 potassium inwardly-rectifying channel, subfamily J, member 6 yes no
KCNJ9 potassium inwardly-rectifying channel, subfamily J, member 9 yes no
KCNJ5 potassium inwardly-rectifying channel, subfamily J, member 5 yes no
CNTN6 potassium inwardly-rectifying channel, subfamily J, member 6 no no
GRID2 glutamate receptor, ionotropic, delta 2 no no
KCNJ9 potassium inwardly-rectifying channel, subfamily J, member 9 no no
KCNJ3 potassium inwardly-rectifying channel, subfamily J, member 3 no no
GRK7 G protein-coupled receptor kinase 7 no yes
ADRBK?2 adrenergic, beta, receptor kinase 2 no yes
GRK5 G protein-coupled receptor kinase 5 no yes
GRK4 G protein-coupled receptor kinase 4 no yes
CBX4 chromobox homolog 4 no no
PIAS3 protein inhibitor of activated STAT, 3 no no
SDCBP syndecan binding protein (syntenin) no yes
GRIP1 glutamate receptor interacting protein 1 no yes
Table 4. shows the GRM4 functions and its appearance in network and genome
Feature FDR Genes in network Genes in genome
glutamate receptor activity 2.69E-07 5 20
inward rectifier potassium channel activity 4.82E-03 3 15
G-protein coupled receptor activity 2.16E-02 5 222
voltage-gated potassium channel complex 3.18E-02 3 39
potassium channel complex 3.18E-02 3 39
ion channel complex 3.18E-02 4 121
transmembrane transporter complex 3.33E-02 4 134
glutamate receptor signaling pathway 5.71E-02 3 52
G-protein coupled glutamate receptor signaling pathway 9.31E-02 2 10
potassium ion transmembrane transport 9.31E-02 3 68
cellular potassium ion transport 9.31E-02 3 68

FDR: False discovery rate is greater than or equal to the probability that this is a false positive.

5. Discussion

5.1. Investigating the Desired Gene Using
dbSNP/NCBI:

GRM4 gene was investigated in dbSNP/NCBI
(http://www.ncbi.nlm.nih.gov/snp). This gene containing a
total of 29854 SNPs, 8561 SNPs of them found on Homo
sapiens; of which 313 were missense, 192 synonymous, 3
nonsense, 7 frame shift and 289 were in the non-coding
region (3'un-translated region) and the rest of the SNPs
lies at 5'UTR and in the introns.

5.2. Predicting Damaging Amino Acid
Substitutions Using SIFT (v5.1) and
Prediction of Functional Modification Using
Polyphen-2 (Polymorphism Phenotyping v2)
Only SNPs that are found on the coding region and
3'UTR SNPs were selected for computational analysis.

SNPs lies on coding region are Predicted by SIFT and
Polyphen: Predictions of deleterious nsSNPs was

performed by SIFT and Polyphen software; only 225 were
predicted to be deleterious by sift. While 168 were
predicted to be damaging by both servers. First, we
submitted batch nsSNPs (rs SNPs) to SIFT server; then
the resultant damaging nsSNPs were submitted to
Polyphen as query sequences in FASTA Format, it traced
142 probably damaging nsSNPs, the other 25 nsSNPs
were scored as possibly damaging are reported in Table 1.

5.3. Prediction of Change in Stability due to
Mutation Used I-Mutant 2.0 Server

I mutant 2.0 (http://folding.biofold.org/i-mutant/i-
mutant2.0.html) results demonstrated that protein stability
with related free energy had changed due to mutation. The
nine mutations (P—L, R—C, R—H, R—S, A—P, A—>T,
V—M, D—H, R—C) in GRM4 gene decrease effective
stability of the protein, five of them with PSIC SD equal
1 and TOLERANCE INDEX rang ( 0 — 0.001) listed in
Table 1, but the mutation (S—L,) increases effect stability.
(Table 6).

For modeling by project hope we choose SNPs with
PSIC SD equal 1 and TOLERANCE INDEX rang ( 0 —
0.001) chosen SNPs are listed in the Table 1.
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5.4. Association of nsSNPs to Disease

PHD-snp software was used to predict if the SNP is
disease- related (disease) or neutral polymorphism. We
found that only SNP in position 334 R — C was predicted
to be neutral polymorphism. All other SNP V737M,
P68OL, P849L, P733L, P709L, R507H, R623H, R483H,
R490H, R454H, V144F, V73F were predicted to be
disease related. (Table 1)

5.5. Prediction of SNPS at the 3UTR Region

58 functional SNPs was predicted, among the 58 SNPs,
23 allele disrupted a conserved miRNA site and 35
derived allele created a new site of miRNA. RS188406833
and RS192860479 SNPs contained (C) allele had 4
miRSite as target binding site can be disrupts a conserved
miRNA. RS77415386 SNP contained (D) allele had 6
miRSite as derived allele that disrupts a conserved
mMiRNA site.

The table below demonstrates the SNPs predicted by
Polymirt to induce disruption or formation of mirRNA
binding site. (Table 2)

5.6. Protein Modeling using Project Hope:

Project Hope (http://www.cmbi.ru.nl/hope/input) revealed
the 3D structure for the truncated proteins with its new
candidates; in addition, it described the reaction and
physiochemical properties of these candidates. Here we
present the results upon each candidate and discus the
conformational variations and interactions with the
neighboring amino acids:

C/A mutation (rs139236496) caused mutation of a
valine into a phenylalanine at position 144. The wild-type
and mutant amino acids differ in size. The mutant residue
is bigger, this might lead to bumps. (Figure 1)

G/A mutation (rs199744441) caused mutation of a
proline into a leucine at position 680, 733, 709 and 849.
The wild-type and mutant amino acids differ in size. The
mutant residue is bigger, this might lead to bumps.
Prolines are known to have a very rigid structure,
sometimes forcing the backbone in a specific
conformation. Possibly, the mutation changes a proline
with such a function into another residue, thereby
disturbing the local structure. (Figure 2)

C/T mutation (rs149277708) caused mutation of
arginine into a histidine at position 507, 623, 438, 490 and
454, There is a difference in charge between the wild-type
and mutant amino acid. The charge of the wild-type
residue is lost by this mutation. This can cause loss of
interactions with other molecules. The wild-type and
mutant amino acids differ in size. The mutant residue is
smaller than the wild-type residue. This will cause a
possible loss of external interactions. (Figure 3)

G/A mutation (rs139236496) caused mutation of
arginine into a cysteine at position 334. There is a
difference in charge between the wild-type and mutant
amino acid. The charge of the wild-type residue is lost by
this mutation. This can cause loss of interactions with
other molecules. The wild-type and mutant amino acids
differ in size. The mutant residue is smaller than the wild-
type residue. This will cause a possible loss of external
interactions. The hydrophobicity of the wild-type and
mutant residue differs. (Figure 4)

C/T mutation (rs184636998) caused mutation of a
valine into a methionine at position 737. The wild-type
and mutant amino acids differ in size. The mutant residue
is bigger than the wild-type residue. The residue is located
on the surface of the protein; mutation of this residue can
disturb interactions with other molecules or other parts of
the protein. (Figure 5)

C/A mutation (rs144660534) cased mutation of arginine
into a histidine at position 454. There is a difference in
charge between the wild-type and mutant amino acid. The
charge of the wild-type residue is lost by this mutation.
This can cause loss of interactions with other molecules.
The wild-type and mutant amino acids differ in size. The
mutant residue is smaller than the wild-type residue. This
will cause a possible loss of external interactions. (Figure 6)

5.7. Functions and Interaction of GRM4 with
Functional Similar Gene

It was predicted that GRM4 gene shares the same
protein domain with 11 genes (SDCBP, GRIP1, GRKY,
ADRBK2, GRK5, GRK4, GRM2, GRM5, GRM1, GRK6
and GRID2). GRM4 gene is similar in its expression level
with many genes most of them are glutamate receptors.
(Table 3)

6. Conclusions

GRM4 SNPs were analyzed using bioinformatics
prediction tools to check the effect of the mutation on the
protein structure and function. Five SNPs were detected to
be highly damaging in coding region while three SNPs
were detected to be deleterious in 3'un-translated region.

Acknowledgements

First of all, we would like to express my special thanks
to Allah who gave us the strength and patient to
accomplish this work.

I would like also to express my appreciation and thanks
to Dr. Mohamed Ahmed Salih the head department of
biotechnology, Biotechnology Park, Africa city of
technology who supported us with valuable help and
encouragement throughout the period of this study.

References

[1] BaolL, Zhou M, Wu L, Lu L, Goldowitz D, Williams RW, Cui Y.
PolymiRTS Database: linking polymorphisms in microRNA target
sites with complex traits. J Nucleic Acids Res (2007); 35: 1-4.

[2] Capriotti E., Calabrese R. and Casadio R.. Predicting the
insurgence of human genetic disease associated to single point
protein mutation with Support Vector Machines and evolutionary
information.. Bioinformatics.2006 ; 22: 2729-2734.

[3] C.N. Pauline, H. Steven. SIFT: predicting amino acid changes that
affect protein function. J Nucleic Acids Res (2003); 31:
3812-3814.

[4] E. Capriotti, P. Fariselli, R. Casadio. I-Mutant2.0: predicting
stability changes upon mutation from the protein sequence or
structure. J Nucleic Acid Res (2005); 33:306-310.

[5] Goddard TD1, Huang CC, Ferrin. TE Software extensions to
UCSF chimera for interactive visualization of large molecular
assemblies. J Structure (2005); 13(3):473-82.

[6] Gonzalez-Pérez Al, Lopez-Bigas N. Improving the assessment of
the outcome of nonsynonymous SNVs with a consensus



American Journal of Biomedical Research 68

deleteriousness score, Condel. J Am Hum Genet (2011); 88: 440-
449.

[12] warde-Farley D1, Donaldson SL, Comes O, Zuberi K, Badrawi R,

Chao P, Franz M, Grouios C, Kazi F, Lopes CT, Maitland A,

[7]1 http://mww.ncbi.nlm.nih.gov/snp. Mostafavi S, Montojo J, Shao Q, Wright G, Bader GD, Morris Q.
[8] http://Awww.ncbi.nlm.nih.gov/gene/2914. The GeneMANIA prediction server: biological network
[9] Makoff A, Lelchuk R, Oxer M, Harrington K, Emson P. integration for gene prioritization and predicting gene function. J
Molecular ~ characterization and localization of human Nucleic Acids Res (2010); 38:214-20.
metabotropic glutamate receptor type 4 .J Brain Research. [13] Wong CG1, Scherer SW, Snead OC 3rd, Hampson DR.
Molecular Brain Research (1996); 37 (1-2): 239-48. Localization of the human mGIuR4 gene within an epilepsy
[10] Muhle H1, von Spiczak S, Gaus V, Kara S, Helbig I, Hampe J, susceptibility locus. J Brain Res Mol Brain Res (2001); 19 (1):
Franke A, Weber Y, Lerche H, Kleefuss-Lie AA, Elger CE, 109-16.
Schreiber S, Stephani U, Sander T. Role of GRM4 in idiopathic [14] Wu's, Wright RA, Rockey PK, Burgett SG, Arnold JS, Rosteck
generalized epilepsies analysed by genetic association and PR, Johnson BG, Schoepp DD, Belagaje RM. Group Il human
sequence analysis. J Epilepsy Res (2010);89(2-3):319-26. metat?otropic glutamate receptors 4, 7_and 8: molecular cloni_ng,
[11] Venselaar, H., T. A. te Beek, R. K. Kuipers, M. L. Hekkelman and functional ~expression, and comparison of pharmacological
G. Vriend. Protein structure analysis of mutations causing properties in RGT cells. J Brain Research. Molecular Brain
inheritable diseases. An e-Science approach with life scientist Research (1998); 53 (1-2): 88-97.
friendly interfaces. J BMC bioinformatics (2010); 11(1): 548.
Appendix
Table 5. list of nonsynonymous SNPs with SIFT and POLYPHEN results
CHROMOSOME
GENE NUCLEOTIDE AMINO ACID POLYPHEN-2 TOLERANC
SNP LOCATION/ PSIC SD SIFT RESULT
NAME COORDENATE CHANGE CHANGE RESULT E INDEX
PROBABLY
GRM4 15146041340 6/33995965 G/A T734M DAMAGING 0.957 DELETERIOUS 0.017
POSSIBLY
rs146041340 6/33995965 G/IA T705M DAMAGING 0.598 DELETERIOUS 0.019
POSSIBLY
rs146041340 6/33995965 G/IA T741M DAMAGING 0.791 DELETERIOUS 0.02
POSSIBLY
rs146041340 6/33995965 G/IA T874M DAMAGING 0.874 DELETERIOUS 0.021
PROBABLY
rs376715421 6/3399602 G/IA R740C DAMAGING 0.997 DELETERIOUS 0.002
PROBABLY
rs376715421 6/3399602 G/IA R716C DAMAGING 0.999 DELETERIOUS 0.002
PROBABLY
rs376715421 6/3399602 G/IA R856C DAMAGING 0.997 DELETERIOUS 0.003
PROBABLY
rs376715421 6/3399602 G/IA R723C DAMAGING 0.989 DELETERIOUS 0.003
PROBABLY
rs376715421 6/3399602 G/IA R687C DAMAGING 0.972 DELETERIOUS 0.003
PROBABLY
rs184636998 6/33996029 C/IA V737L DAMAGING 0.993 DELETERIOUS 0.004
PROBABLY
rs184636998 6/33996029 CIT V737TM DAMAGING 1 DELETERIOUS 0.001
PROBABLY
rs184636998 6/33996029 CIT V853M DAMAGING 0.645 DELETERIOUS 0.001
PROBABLY
rs184636998 6/33996029 CIT V713M DAMAGING 0.966 DELETERIOUS 0.001
PROBABLY
rs184636998 6/33996029 CIT V720M DAMAGING 0.992 DELETERIOUS 0.001
POSSIBLY
rs184636998 6/33996029 CIT V684M DAMAGING 0.863 DELETERIOUS 0.001
PROBABLY
rs199744441 6/3399604 G/IA P849L DAMAGING 1 DELETERIOUS 0
PROBABLY
rs199744441 6/3399604 G/IA P680L DAMAGING 1 DELETERIOUS 0
PROBABLY
rs199744441 6/3399604 G/IA P733L DAMAGING 1 DELETERIOUS 0.001
PROBABLY
rs199744441 6/3399604 G/IA P709L DAMAGING 1 DELETERIOUS 0.001
PROBABLY
rs199744441 6/3399604 G/IA P716L DAMAGING 1 DELETERIOUS 0.002
PROBABLY
rs373592485 6/33996094 G/IA S691L DAMAGING 0.998 DELETERIOUS 0.004
PROBABLY
rs373592485 6/33996094 G/IA S831L DAMAGING 0.998 DELETERIOUS 0.007
PROBABLY
rs370375147 6/34003455 G/IA S671L DAMAGING 0.999 DELETERIOUS 0.005
PROBABLY
rs370375147 6/34003455 G/IA S811L DAMAGING 0.992 DELETERIOUS 0.006
POSSIBLY
rs370375147 6/34003455 G/IA S678L DAMAGING 0.880 DELETERIOUS 0.007
POSSIBLY
rs370375147 6/34003455 G/IA S642L DAMAGING 0.766 DELETERIOUS 0.007
rs375956059 6/34003836 CIT G568D PROBABLY 1 DELETERIOUS 0.019
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G/IA S678L
G/IA S642L
CIT G568D
CIT G544D
CIT G551D
CIT G515D
CIT G684D
G/IA R676C

PROBABLY
DAMAGING
ERROR
BENIGN
POSIBBLY
DAMAGING
BENIGN
POSIBBLY
DAMAGING
BENIGN
PROBABLY
DAMAGING
PROBABLY
DAMAGING

POLYPHEN-2
RESULT

PROBABLY
DAMAGING
POSSIBLY
DAMAGING
POSSIBLY
DAMAGING
POSSIBLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
POSSIBLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
POSSIBLY
DAMAGING
POSSIBLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY
DAMAGING
PROBABLY

1

ERROR
0.187

0.885
0.411
0.931

0.12
0.984

0.996

PSIC SD

0.957

0.598

0.791

0.874

0.997

0.999

0.997

0.989

0.972

0.993

1

0.645

0.966

0.992

0.863

0.998

0.998

0.999

0.992

0.880

0.766

0.978

0.851

DELETERIOUS

DELETERIOUS
DELETERIOUS

DELETERIOUS
DELETERIOUS
DELETERIOUS
DELETERIOUS
DELETERIOUS

DELETERIOUS

SIFT RESULT

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS

DELETERIOUS
DELETERIOUS

72

0.021

0.002
0.033

0.011
0.008
0.003
0.029
0.005

0.002

TOLERANC
E INDEX

0.017
0.019
0.02
0.021
0.002
0.002
0.003
0.003
0.003
0.004
0.001
0.001
0.001
0.001
0.001
0
0
0.001
0.001
0.002
0.004
0.007
0.005
0.006
0.007
0.007
0.019
0.023
0.023
0.029

0.03
0.028
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DAMAGING
PROBABLY

rs369988009 6/34003861 G/A R560C DAMAGING 1 DELETERIOUS 0.035
PROBABLY

rs369988009 6/34003861 G/A R543C DAMAGING 1 DELETERIOUS 0.037
PROBABLY

rs369988009 6/34003861 G/IA R536C DAMAGING 1 DELETERIOUS 0.038
PROBABLY

rs369988009 6/34003861 G/A R507C DAMAGING 1 DELETERIOUS 0.04
PROBABLY

rs368285953 6/34003896 CIT S548N DAMAGING 0.993 DELETERIOUS 0.041
PROBABLY

rs368285953 6/34003896 CIT S524N DAMAGING 0.996 DELETERIOUS 0.049
PROBABLY

rs149277708 6/34004019 CIT R507H DAMAGING 1 DELETERIOUS 0.001
PROBABLY

rs149277708 6/34004019 CIT R623H DAMAGING 1 DELETERIOUS 0.001
PROBABLY

rs149277708 6/34004019 CIT R483H DAMAGING 1 DELETERIOUS 0.001
PROBABLY

rs149277708 634004019 CIT R490H DAMAGING 1 DELETERIOUS 0.001
PROBABLY

rs149277708 6/34004019 CIT R454H DAMAGING 1 DELETERIOUS 0.001
PROBABLY

rs375967226 6/34004055 CIT R495H DAMAGING 1 DELETERIOUS 0.03
PROBABLY

rs375967226 6/34004055 CIT R471H DAMAGING 1 DELETERIOUS 0.047

Table 6. Prediction result of I-Mutant software

SNP ID Temp PH WT MT Amino acid position ~ SVMZ2 prediction effect DDG value prediction Kcal/mol RI

15199744441 25 7 P L 716 DECREASE -0.58 2

rs373592485 25 7 S L 831 INCREASE 0.38 3

r$369988009 25 7 R C 676 DECREASE -1.01 4

1s375967226 25 7 R H 471 DECREASE -1.42 8

rs370298804 25 7 R S 471 DECREASE -1.43 8

rs377004554 25 7 \Y M 473 DECREASE -1.17 7

rs377004554 25 7 R C 358 DECREASE -1.31 6

rs376872551 25 7 A P 419 DECREASE -0.39 3

rs145098725 25 7 A T 282 DECREASE -0.63 3

rs137969888 25 7 \Y M 244 DECREASE -1.11 7

rs200372182 25 7 D H 205 DECREASE -0.75 6

rs200915496 25 7 S L 207 INCREASE -0.31 1

rs376441438 25 7 R C 131 DECREASE -0.73 2




