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a b s t r a c t
The aim of the present study is to identify functional non-synonymous SNPs of TRPC6 gene using various in silico
approaches. These SNPs are believed to have a direct impact on protein stability through conformation changes.
Transient receptor potential cation channel-6 (TRPC6) is one of the proteins that plays a key role causing focal
segmental glomerulosclerosis (FSGS) associated with the steroid-resistant nephritic syndrome (SRNS). Data of
TRPC6 was collected from dbSNP and further used to investigate a damaging effect using SIFT, PolyPhen,
PROVEAN, and PANTHER. The comparative analysis predicted that two functional SNPs “rs35857503 at position
N157T and rs36111323 at position A404V” showed a damaging effect (score of 0.096–1.00).We modeled the 3D
structure of TRPC6 using a SWISS-MODEL workspace and validated it via PROCHECK to get a Ramachandran plot
(83.0% residues in the most favored region, 12.7% in additionally allowed regions, 2.3% in a generously allowed
region and 2.0% were in a disallowed region). QMEAN (0.311) and MUSTER (10.06) scores were under acceptable
limits. Putative functional SNPs that may possibly undergo post-translation modiﬁcations were also identiﬁed in
TRPC6 protein. It was found that mutation at N157T can lead to alteration in glycation whereas mutation at
A404V was present at a ligand binding site. Additionally, I-Mutant showed a decrease in stability for these nsSNPs
upon mutation, thus suggesting that the N157T and A404V variants of TRPC6 could directly or indirectly destabilize the amino acid interactions causing functional deviations of protein to some extent.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Single nucleotide polymorphisms (SNPs) are the very essential and
basic form of variations in the genome, and they are responsible for various genetic effects that underlie our vulnerability to many diseases. The
occurrence of SNPs is approximately once in every 1000–2000 bp and
the total numbers of newly released SNPs were estimated to be
51,217,066 in the human genome (dbSNP web query for build 142:
Oct 14, 2014). Most genetic variations are considered neutral, but a single base change in and around a gene can affect its expression or the
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function of its protein products. A non-synonymous SNP is a single
base change in a coding region that causes an amino acid change in its
corresponding protein. If nsSNP alters protein function, the change can
have major phenotypic effects which are responsible for the pathology
of the disease. Non-sense variants, which cause a premature stop,
were most likely to be associated with diseases with 2.77% probability.
Interestingly, 1.46% of nsSNPs, 1.38% of SNPs within the 5′-UTR region,
and 1.26% of sSNPs (1.26%) have also been known to associate with
human disease (Chen et al., 2010).
TRPC6 (transient receptor potential cation channel, subfamily C,
member 6) protein has been associated in the pathogenesis of kidney
disease and in the regulation of vascular smooth muscle tone, podocyte
function, and a variety of processes in other cell types (Yu et al., 2009).
In cardiac myocytes, overexpressed TRPC6 protein forms a Ca2+-dependent calcineurin–NFAT–TRPC6 loop that leads to pathological cardiac
hypertrophy and remodeling (Kuwahara et al., 2006). Studies showed
that mutation in TRPC6 co-segregates with hereditary forms of progressive kidney failure leading to end-stage renal disease (ESRD), regardless
of aggressive therapy (Winn et al., 2005).
It is suggested that TRPC6 variants can also be detected in children
with early-onset and sporadic SRNS. Moreover, TRPC6 mutation is associated with a rare severe form of childhood collapsing glomerulosclerosis

http://dx.doi.org/10.1016/j.gene.2015.06.069
0378-1119/© 2015 Elsevier B.V. All rights reserved.

Please cite this article as: Joshi, B.B., et al., In silico analysis of functional nsSNPs in human TRPC6 gene associated with steroid resistant nephrotic
syndrome, Gene (2015), http://dx.doi.org/10.1016/j.gene.2015.06.069

2

B.B. Joshi et al. / Gene xxx (2015) xxx–xxx

with rapid progression to uremia (Gigante et al., 2011). TRPC6 mediated
FSGS can also be found in children. The large increase in channel
currents and impaired channel inactivation caused by the M132T
mutant leads to an aggressive phenotype that underlines the importance of calcium dose channeled through TRPC6 (Saskia et al., 2009).
Despite the highly polymorphic nature of TRPC6, genetic testing for mutations often reveals substitutions that are not easily classiﬁed as pathogenic or neutral. Since the last 10 years, advancing of in silico tools for
analysis of substitutions has enhanced signiﬁcantly over older prediction of neutral versus pathogenic, or the probability that a variant is
pathogenic or not and even comparison based on inferences from matrix scores or protein structure (McBryde et al., 2001). There are various
public databases such as dbSNP and HGVbase that provide some provisions for quality control and validation of SNPs in a pharmaceutically
relevant gene (promoters, exons, introns, exon–intron boundary regions; Mullikin et al., 2000). Here we identify functional SNPs of
TRPC6 gene using pure in silico approaches (Fig. 1). The workﬂow involves recovery of nsSNPs in TRPC6 gene from public datasets, functional and structural analysis of modeled protein followed by predicting the
mutation effect on energy stability, ligand binding and post-translation
modiﬁed sites. This investigation may reveal advantages over the experimental based ones due to their convenience, reliability, speed, and
cost-effectiveness.

2. Materials and methods
2.1. SNP dataset
Polymorphic data on SNPs of human TRPC6 gene and their information such as, protein accession number and SNP ID, were obtained from
NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp) for further computational analysis.

2.2. Characterization of functional non-synonymous SNPs
Functional effects of nsSNPs were predicted using the following in
silico algorithms, and nsSNPs predicted to be deleterious by these algorithms were characterized to be high-risk nsSNPs and were selected for
further mutation study (Jenna and Stephen, 2014; Hepp et al., 2015).

2.2.1. SIFT (http://sift.jcvi.org/)
We used SIFT to observe the effect of A.A. substitution on protein
function. SIFT predicts damaging SNPs on the basis of the degree of conserved amino A.A. residues in aligned sequences to the closely related
sequences, gathered through PSI-BLAST.

Fig. 1. Diagrammatic representation of computational tools used for in silico analysis of TRPC6 gene. Predicted SNPs showing a possible damaging effect are highlighted differently in red.
(For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Table 2
nsSNP predicted to be functionally signiﬁcant in TRPC6 protein using PolyPhen and
SNP&GO.
PolyPhen

SNP&GO

Amino acid change

Prediction

Score

Amino acid change

Prediction

N154T

Damaging

1

A404V

Damaging

0.9

N143S
S270T
E897K
T630P
M859K
R58W

Damaging
Damaging
Damaging
Damaging
Damaging
Damaging

conservation (sub-PSEC) score, to predict whether A.A. substitution
will cause any functional effect using the Hidden Markov model
(HMM).
Fig. 2. Distribution of SNPs in different regions of TRPC6 protein.

2.3. Phylogenic analysis of SNPs found in the conserved region of TRPC6
gene

2.2.2. PolyPhen-2 (http://genetics.bwh.harvard.edu/pp2)
PolyPhen-2 stands for polymorphism phenotyping version 2. We
used PolyPhen to study probable impacts of A.A. substitution on structural and functional properties of the protein by considering physical
and comparative approaches.
2.2.3. SNPs&GO (http://snps-and-go.biocomp.unibo.it/snps-and-go/)
SNPs&GO server helped us to predict single point mutations in protein likely to cause disease condition in humans with a scoring efﬁciency
of 82%. SNPs&GO gathers exclusive framework information resulting
from protein sequence proﬁle and its function.
2.2.4. PROVEAN (http://provean.jcvi.org/index.php)
PROVEAN software tool was used to predict whether an A.A. substitution has an effect on protein biological functions and on further ﬁltering sequence variants to make out nonsynonymous or indel variants.
PROVEAN helps us to obtain pairwise sequence alignment scores and
enabled the generation of precomputed predictions.
2.2.5. PANTHER (http://www.pantherdb.org/tools/csnpScoreForm.jsp)
We used PANTHER to predict the damaging effect of nsSNPs.
PANTHER calculates the substitution position-speciﬁc evolutionary

Table 1
ns SNP predicted to be functionally signiﬁcant in TRPC6 protein using SIFT.
SNP

Amino acid change

Amino acid

Prediction

Score

rs121434391

N143S

rs121434392

S270T

rs121434394

R895C

rs121434395

E897K

rs3802829

P15S

rs35857503

N157T

N
S
S
T
R
C
E
K
P
S
N
T
A
V
D
A
T
P
M
K
R
W

Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Tolerated
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging
Tolerated
Damaging

1.00
0.00
1.00
0.00
1.00
0.00
1.00
0.00
0.15
0.25
1.00
0.00
1.00
0.00
1.00
0.00
1.00
0.00
1.00
0.00
1
0.00

rs36111323

A404V

+rs61732606

D818A

rs61745699

T630P

rs112206284

M859K

rs117273916

R58W

ConSurf web-server (consurf.tau.ac.il/) was used to determine the
evolutionarily conserved regions of TRPC6 (Ashkenazy et al., 2010). In
Consurf, after giving FASTA sequence of TRPC6, homologs were aligned
and position-speciﬁc scores were calculated using an empirical Bayesian algorithm. The conserved regions were predicted via conservation
scores and a coloring scheme and further divided into distinct scales
of nine grades.
2.4. Developing 3D structure of mutant TRPC6 gene
The 3D structure of human transient receptor potential cation
channel-6 (TRPC6) protein is not available in the Protein Data
Bank. Hence, we used SWISS-MODEL (http://swissmodel.expasy.
org/interactive) to generate a 3D structural model for wild-type
TRPC6 (Pascal and Marco, 2011). SWISS-MODEL is a platform for automated protein structure prediction based on homology modeling. There
is a brief outline of the method, which is divided into four general
stages: fold assignment, alignment of target and template sequences,
model building based on the alignment with a selected template, and
structure validation.
The template protein was searched through a BlastP algorithm
against the PDB database (Ashkenazy et al., 2010). A reconstructed template of a TRPV1 ion channel in complex with capsaicin by single particle
cryo-microscopy (SMTL id 3j5r.1) showed that 16% identity was used
for homology modeling of TRPC6 protein. Once the template sequence
and target sequence were aligned, the 3D model was constructed automatically using an auto-model class. Models were saved in .pdb format
and visualized using the PyMOL tool that works in the Linux platform
(Pymol: http://pymol.sourceforge.net/). TRPC6 mutant's models were
constructed and analyzed from their wild-type using the same PyMOL
tool.

Table 3
nsSNP predicted to be functionally signiﬁcant in TRPC6 protein using PROVEAN.
PROVEAN

PANTHER

SNP

Score

Prediction

Substitution

subPSEC

P deleterious

N143S
S270T
R895C
E897K
P15S
N157T
A404V
D818A
T630P
M859K
R58W

−4.145
−2.603
−7.303
−3.743
−0.803
−2.776
−1.318
−1.078
−3.975
−5.325
−2.113

Deleterious
Deleterious
Deleterious
Deleterious
Neutral
Deleterious
Neutral
Neutral
Deleterious
Deleterious
Neutral

N143S
S270T
N157T
A404V
D818A
T630P
M859K
R58W

−2.80213
−5.34393
−3.11624
−2.28155
−1.68642
−3.57409

0.45069
0.91245
0.52903
0.32773
0.21189
0.63971

−4.18329

0.76554
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2.5. Validation of modeled protein structure using
PROCHECK-Ramachandran plot
Stereo chemical characterization of TRPC6 protein was performed by
PROCHECK-Ramachandran plot. Ramachandran plot is a scattered twodimensional (2D) plot of Φ and Ψ pairs comparing them to a predicted
distribution. PROCHECK-Ramachandran plot (http://www.ebi.ac.uk/
thornton-srv/software/PROCHECK/) uses database statistics for validation of a modeled protein structure (Asra et al., 2014).
2.6. Evaluating protein structure using QMEAN and MUSTER scores
Evaluation of protein structure was carried out using the QMEAN
and MUSTER server. The QMEAN server (http://swissmodel.expasy.
org/qmean) provides access to both composite scoring function
QMEAN and clustering method QMEANclust (Pascal and Marco,
2011). QMEAN score is a calculative score of 6 different terms:
(1) C_beta interaction energy, (2) all-atom pairwise energy, (3) solvation energy, (4) torsion angle energy, (5) solvent accessibility agreement and (6) total QMEAN-score. MUSTER (http://zhanglab.ccmb.
med.umich.edu/MUSTER/) is a MUlti-Sources Thread ER program,
which is a linear combination of 6 terms: sequence-derived proﬁles,
(2) secondary structure, (3) structured-derived proﬁles, (4) solvent accessibility, (5) torsion angles (psi and phi angles) and (6) hydrophobic
scoring matrix. MUSTER provides the Z-score and complete full-length
models by using MODELLER v 8.2 (Wu, 2008).
2.7. Predicting effects of mutation on protein stability
A protein stability change upon single point mutation was predicted
by using an I-Mutant 2.0 server (http://gpcr2.biocomp.unibo.it/
~emidio/I-Mutant/I-Mutant_help.html). I-Mutant is a support vector
machine (SVM)-based tool. I-Mutant predicts whether the protein mutation stabilizes or destabilizes the protein structure by calculating free
energy change by coupling predictions with the energy based FOLD-X
tool (Abagyan and Totrov, 1994; Schymkowitz et al., 2005).
2.8. Post-translation modiﬁcation sites present on TRPC6 protein
Glycation sites of ε amino groups of lysine residues were predicted
using a NetGlycate 1.0 server (http://www.cbs.dtu.dk/services/
NetGlycate/). In NetGlycate a score of N0.5 was considered glycated.
Phosphorylation sites were predicted using a NetPhos2.0 server
(http://www.cbs.dtu.dk/services/ NetPhos/). In NetPhos2.0, serine,
threonine, and tyrosine residues with a score of N 0.5 were considered
phosphorylated. Ubiquitylation sites were predicted using UbPerd
(www.ubpred.org). In UbPerd, lysine residues with a score of ≥ 0.62
were considered ubiquitylated. Sumoylation sites were predicted

Fig. 3. Unique and conserver regions in TRPC6 protein were determined using Consurf.
Amino acids were ranked on a conservation scale of 1–9 and are highlighted as follows:
blue residues (1–4) are variable, white residues (5) are average, and purple residues
(6–9) are conserved. (e) Residues exposed to the surface of the protein are indicated via
an orange letter, (b) while residues predicted to be buried are indicated via a green letter.
(s) Putative highly conserved and buried structural residues that are demonstrated with a
blue letter. (f) Putative functional highly conserved and exposed residues are demonstrated with a red letter. (For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this article.)

Fig. 4. Homology model of TRPC6 protein constructed using SWISS MODEL.
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using SUMOplot (http://www.abgent.com/sumoplot). For SUMOplot,
high probability motifs having a score of 0.5 were considered
sumoylated (Jenna and Stephen, 2014).
2.9. Identiﬁcation of nsSNPs on ligand binding sites using FTsite server
An FTsite server (http://ftsite.bu.edu) was used to predict ligand
binding sites of TRPC6 protein. FTsite accurately identiﬁes binding
sites in over 94% of apo proteins, including the structure-based prediction of protein, the explanation of functional relationships among proteins, protein engineering, and drug design. This method is based on
experimental evidence that a binding site of protein generally contain
smaller regions that provide major information to the binding free energy and hence are the prime targets in drug design (Ngan et al., 2012).
3. Results
Data of the total number of SNPs in different regions of TRPC6 gene
was retrieved from NCBI. The distribution of nsSNPs in the coding region
and in the UTR region (Fig. 2), contained 135 nsSNPs including 1

Fig. 6. Ramachandran plot of modeled TRPC6 protein.

Fig. 5. (a) Wild type wild asparagine at position 157. (b) Mutant threonine at position 157. (c) Wild type wild alanine at position 404. (d) Mutant valine at position 404.
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frameshift, 4 nonsense, and 4 stop gained, with 133 in the 3′-UTR region
and 53 in the 5′-UTR region.
3.1. Functionally damaged and conserved nsSNPs of TRPC6 gene
From SIFT results (Table 1), 10 were found to be damaging having a
tolerance index score of 0.00–0.04 and 1 was found to be tolerated having a tolerance index of 0.08–0.55. PolyPhen-2 predicted 2 SNPs, at positions N157T and A404V which showed a damaging effect (score of
0.096–1.00) whereas SNP&GO predicted 6 SNPs showing a damaging

effect with a scoring accuracy of 82% and Matthews correlation coefﬁcient of 0.63 (Table 2). We also used PROVEAN and PANTHER to characterize functional amino acid substitution through evolutionary
relationship classiﬁcation in TRPC6 protein. By PROVEAN, 8 out of 10
SNPs were predicted deleterious, where variants equal or above the
threshold of −2.5 are considered as deleterious. PANTHER predicted 8
deleterious SNPs, in which amino acid substitution is said to be deleterious or intolerant when subPSEC score is ≤− 3 whereas the score of
≥3 is predicted to be less deleterious (Table 3). When results of all the
tools were used to detect high-risk SNPs the functional SNPs at positions

Fig. 7. The main chain parameters of TRPC6 protein showing % residues in the most favorable region and standard deviation (kcal/mol), here 503 residues which were in the most favored
region are found at 1.5 Å resolution showing signiﬁcance for protein structure validation.
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Table 4
Side chain parameters of TRPC6 protein, Ramchandran plot statistics.
Stereochemical parameter

a. %-stage residues in A, B, and L
b. Omega angle st dev
c. Bad contacts/100 residues
d. Zeta angle st dev
e. H-bond energy st dev
f. Overall G-factor

Comparison values

No. of

No. of data pts.

Parameters value

Typical value

Band width

Band width from mean

606
647
24
626
358
656

83.0
5.3
3.7
1.6
0.8
−0.4

88.2
6.0
1.0
3.1
0.7
−0.2

10.0
3.0
10.0
1.6
0.2
0.3

−0.5 inside
−0.2 inside
0.3 inside
−0.9 inside
0.7 inside
−0.6 inside

N157T and A404V showed a positive damaging effect in four servers except SNP&GO, and were used for further structural analysis. Conserved
and variable regions of TRPC6 protein were predicted using the ConSurf
server (Fig. 3). Both N157T and A404V are coming from under average
conserved regions (e) and (b), hence showing more chances to alter
the protein structure.
3.2. Modeling and validating structural stability of TRPC6 protein
3.2.1. Homologous SWISS MODELing
The homologous model generated using a template (SMTL id 3j5r.1)
covered a total of 656 residues starting from the glu98 to tyr753
position out of a total of 931 amino acid residues of TRPC6 protein
(Fig. 4). TRPC6 mutants were modeled from their wild-type using
PyMOL (Fig. 5). A comparative study showed no difference between
N157T and A404V mutant proteins and the wild type. Therefore, the
mutants of TRPC6 were further analyzed. The total energy after
minimization and electrostatic constant of native TRPC6 protein
were − 15,272.52 kJ/mol and − 14,393.99 whereas that of Mut157
were − 15,116.63 kJ/mol and − 14,222.7 and Mut404 were
− 16,617.9 kJ/mol and − 18,103.52. The energy of the mutant structures showed thermodynamically favorable changes in comparison
with the wild type. These genomic variants are likely to enhance
the stability of TRPC6 protein.
3.2.2. Procheck-Ramachandran plot
Ramachandran plot was used to validate the protein model obtained
from the SWISS-MODEL workspace, according to which 656 residues
were obtained in the ﬁnal TRPC6 model. Out of all the amino acids,
503 (83.0%) were in the most favored region, 77 (12.7%) in additionally
allowed regions, 14 (2.3%) in a generously allowed region and 12 (2.0%)
in disallowed regions. The number of non-glycine and non-proline residues was 606 (92.4%). End residues (excl. Gly and Pro) were 2, glycine
residues (shown in triangles) were 30, and proline residues were 18.
The main chain parameters obtained from PROCHECK structure validation reveals that the 503 residues which were in the most favored region found at 1.5 Å resolution are signiﬁcant for protein structure
validation (Figs. 6 and 7). Ramachandran plot statistics of TRPC6
showed that omega angle standard deviation was 5.3, zeta angle value
was 1.6, the overall G-factor with a value of −4 and bad contacts/100
residues were very much less, i.e., 3.7% which is under the control and
accepted limit. Thus, the overall structure of TRPC6 protein obtained
from the Ramachandran plot can be considered as the appropriate one
(Table 4).

3.2.4. I-Mutant score
The two mutations (157, N → T and 404, A → V) of TRPC6 gene have
been selected on the basis of prediction scores of SIFT, PolyPhen
PROVEAN and PANTHER. These variants were submitted to the IMutant web server to predict the DDG stability and reliability index
(RI) upon mutation results mentioned in Table 6. If the DDG value is
b0, protein stability decreases and when DDG value is N0 protein stability increases. There are higher chances that protein stability might get
affected in mutation at position 157, N → T (DDG score 0.67) as compared to mutation at position 404, A → V (DDG score 0.20).
3.2.5. Post translation modiﬁcation and ligand binding sites on TRPC6
protein
We used various in silico tools to study how nsSNP inﬂuences posttranslation modiﬁcations of TRPC6 proteins. NetGlycan predicted that
9 residues undergo glycation. According to NetPhos 35 serine, 10 threonine and 10 tyrosine residues undergo phosphorylation (Table 7). Protein sequence with a mutational position and amino acid residue
variants associated with nsSNPs were submitted as input to UbPerd,
15 residue positions in the sequence had a score above 0, and these
sites are having possible chances of ubiquitination in a mutated protein
structure. Similarly with SUMOplot we predicted 9 different positions
where there are possible chances for sumoylation (Table 8). FTsite evaluated 3 different ligand binding sites of TRPC6 gene (Fig. 8). The genomic variant A404V which was predicted to be deleterious by SIFT,
PolyPhen and PANTHER was present on third ligand binding site
(Table 9).
4. Discussion
TRPC6 is a member of the transient receptor potential (TRP) superfamily of cation-selective ion channels, which arbitrate both storeoperated and receptor-operated cation inﬂux in many body tissues
Table 6
I-mutant results for selected nsSNP in TRPC6 protein.

Table 5
QMEAN results.
C_beta interaction energy
All-atom pairwise energy
Solvation energy
Torsion angle energy
Secondary structure agreement
Solvent accessibility agreement
Total QMEAN-score

3.2.3. QMEAN and Muster scores
The QMEAN score consists of a linear combination of 6 terms
(Table 5). The pseudo-energies of the contributing terms is the total
Qmean-score which is 0.311 along with its Z-score of − 5.0, which
comes from under an estimated model reliability value between 0 and
1. MUSTER predicted that all the alignments of TRPC6 had a Z score of
10.06; for MUSTER the predicted Z-score should be greater than 7.5.
Our ﬁndings indicated that all the corresponding templates can be considered as good types.

64.82
−2109.63
55.30
13.
71.2%
59.9%
0.311

(Z-score: −2.83)
(Z-score: −2.98)
(Z-score: −5.70)
(Z-score: −4.63)
(Z-score: −1.52)
(Z-score: −3.86)
(Z-score: −5.00)

Position

WT

NEW

DDG

RI

N

T

0.67

5

A

V

0.20

0

157
404
WT: amino acid in wild-type, ProteinRI: reliability index, NEW: new amino acid after mutation, DDG: DG (new protein)–DG (wild type) in kcal/mol.
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Table 7
Post translation modiﬁed glycation and phosphorylation sites in TRPC6 protein.
Glycation

Phosphorylation

N-Glyc

Serine

Pos

Threonine

Tyrosine

Pos

Score

Pos

Score

Pos

Score

Pos

Score

0.6223

13

0.995

301

0.515

70

0.986

31

0.882

0.7068

14

0.997

322

0.898

296

0.787

86

0.833

0.6738

28

0.832

556

0.989

339

0.765

108

0.911

0.5029

60

0.717

606

0.544

402

0.659

207

0.673

0.7377

92

0.622

626

0.743

488

0.656

232

0.844

0.4706

94

0.989

674

0.974

563

0.969

285

0.756

0.3210

96

0.997

752

0.504

669

0.912

318

0.916

0.7668

159

0.904

769

0.994

670

0.926

578

0.949

0.3523

195

0.995

815

0.915

906

0.606

599

0.962

197
199
217
266
268
270
272
287
289

0.728
0.957
0.982
0.970
0.994
0.941
0.957
0.769
0.997

820
836
839
840
876
892
893
921

0.845
0.982
0.985
0.983
0.963
0.775
0.563
0.658

929

0.548

705

0.926

Score

26
157
362
394
473
561
Fig. 8. Binding site prediction using FTsite showing ALA 404 at site 3.

617
712
728

(Hussein et al., 2014). To date, only six TRPC6 mutations causing familial
adult onset FSGS have been reported (McBryde et al., 2001; Winn et al.,
2005). Although testing of TRPC6 missense mutations by a functional
Table 8
Putative ubiquitylation and sumoylation sites in TRPC6 protein.
Ubiquitylation
Residue

Sumoylation
Score

Ubiquitinated

Residue

Score

0.67

Low conﬁdence

156

0.91

0.68

Low conﬁdence

266

0.5

0.68

Low conﬁdence

316

0.16

0.88

High conﬁdence

319

0.85

0.79

Medium conﬁdence

376

0.94

0.88

High conﬁdence

380

0.58

0.75

Medium conﬁdence

593

0.94

0.69

Medium conﬁdence

803

0.34

0.81

Medium conﬁdence

804

0.13

190
261
793
803
808

assay may seem the best approach to determine its pathogenicity, out
of the six only three TRPC6 described mutations produced detectable
changes in calcium current magnitude (Mottl et al., 2013). This may
be due to technical challenges in detecting minimal calcium magnitude
variations in an in vitro cellular system. SNPs are the general form of genetic variations among individuals and are thought to be responsible for
the majority of inherited traits, including a large fraction of inherited
disease susceptibility. The association between a single nucleotide
change and monogenic disease has been reported for a number of
cases, and around 1000 proteins are recognized to be associated with
this process. Many human SNPs that are now identiﬁed in excess of 4million unique SNPs, along with the genome sequence and other proteome information, provide a chance for a much broader understanding of
the association between genotype and phenotype at this level (Altschul
et al., 1990). However, to date the complete mechanism by which a SNP
may result in a phenotypic change is unknown. About 2% of all the
known single nucleotide variants are associated with the monogenic
disease nsSNPs in protein-coding regions (i.e., SNPs that alter a single
amino acid in a protein molecule). As a result, it is expected that this
class of SNPs are related to complex inherited disease traits. For this reason, we opted to use in silico tools based on a combination of different
algorithms previously reported for other genes such as BRCA1, BRCA2,
PKD1 and PKD2 (Altschul et al., 1990; Marco et al., 2014) for the analysis
of amino acid variations in the TRPC6 gene. In order to validate the performance of this scoring system to the TRPC6 gene, we include in analysis of previously reported missense changes (P112Q, N143S, S270T,
R895C and E897K) and SNPs (P15S and A404V) (Gigante et al., 2011).
All these nsSNPs substitutions were classiﬁed as highly likely pathogenic
mutations whereas one SNP (P15S) was classed as polymorphism and

809
821
826
827
0.93

High conﬁdence

820

0.58

0.76

Medium conﬁdence

900

0.94

0.68

Low conﬁdence

0.86

High conﬁdence

0.82

Medium conﬁdence

0.77

Medium conﬁdence

833
874
885
888
902
919
Score range: low conﬁdence—0.62 ≤ s ≤ 0.69, medium conﬁdence—0.69 ≤ s ≤ 0.84, high
conﬁdence—0.84 ≤ s ≤ 1.00.

Table 9
Residues at ligand binding sites of TRPC6 gene.
Site 1

Site 2

Site 3

TYR A 612
PRO A 615
GLN A 624
ILE A 625
GLU A 741
TRP A 742
PHE A 744
ALA A 745
LYS A 748

ARG A 273
ILE A 274
ASN A 275
TYR A 277
LYS A 278
ALA A 297
LEU A 298
SER A 301
ASN A 309
ILE A 310
GLU A 311
LYS A 312
PHE A 314
MET A 323
ARG A 365

ILE A 370
THR A 402
MET A 403
ALA A 404
GLU A 512
GLN A 516
PHE A 523
GLU A 524
TRP A 526
ASN A 527
PHE A 744
LYS A 748
LEU A 749
PHE A 751
SER A 752
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the other (A404V) as a variant of indeterminate pathogenicity (Table 1).
Then, we used the scoring matrix to evaluate the amino acid substitutions
found in our study cohort (G109S, N125S and L780P) and they were also
classiﬁed as highly likely or likely pathogenic mutations. N157T and
A404V mutations have been predicted to be damaging in almost all the
four tools. Several of the TRPC6 mutations that have been reported so
far are gain-of-function mutations leading to increased activity of ion
channels by increasing calcium current amplitudes or by delaying channel inactivation (Mottl et al., 2013) Various next generation sequencing
studies indicated the presence of an A404V variant, in a different population having FSGS-SRNS representing its biological importance (Saskia
et al., 2009; Gigante et al., 2011).
The classical molecular dynamics approach was also applied for
studying native and fetal mutations. The energy minimization studies
of the native type protein (TRPC6) and the mutant type structures
showed that the total energy of the native type protein structure after
energy minimization was different in comparison to mutant protein
structures. Our results showed that the analysis of different SNPs on
the protein structure can disturb interactions with other molecules or
other parts of the protein. Additionally, I-Mutant showed a decrease in
stability for these nsSNPs upon mutation, thus suggesting that N157T
and A404V variants of TRPC6 could directly or indirectly destabilize
the amino acid interactions causing functional deviations of protein to
some extent (Dabhi and Mistry, 2014). Moreover, putative structural
and functional SNPs that may possibly undergo post-translation modiﬁcations were also identiﬁed in TRPC6 protein and it was found that mutation at N157T can lead to glycation whereas mutation at A404V which
was present at the predicted ligand binding site may thus alter ligand
binding afﬁnity of the TRPC6 protein (Jawon and Kong, 2004). This result helped us to characterize the impact of nsSNP on TRPC6 gene and
suggests that in silico analysis may be a useful tool to predict the effect
of DNA variation on gene function.
5. Conclusion
The prediction of a functional single nucleotide polymorphism is
encouraging in modern genetics analysis. Computational biology technology has facilitated an increase in the successful rate of genetic association study and reduced the cost of genotyping; therefore we tried a
bioinformatics approach to analyze functional detection of nonsynonymous SNPs of TRPC6 gene. Of the 135 nsSNPs we identiﬁed, 10
were predicted deleterious by SIFT, 2 by PolyPhen, 7 by PROVEAN and
7 by PANTHER. When these results were compared, we observed 2
SNPs including “rs35857503 at position N157T and rs36111323 at position A404V” showing a damaging effect in almost all the four tools.
Structural analysis results showed that these two variants showed
possible damage to protein stability by altering glycation and ligand
binding sites. This result helped us to characterize the impact of nsSNP
on TRPC6 gene and suggests that the in silico analysis may be a useful
tool to predict the effect of DNA variation on gene function.
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