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Abstract: Fibroblast growth factor receptor 2 (#GFR2) has umportant roles in embryonie development and
tissue repair, especially bone and blood vessels. Many Single Nucleotide Polymorphism (SNPs) found in
FGFRZ2 gene has been associated with various disorders such as crouzon, jackson-weiss syndromes, breast,
ovarian and lung cancers. In this study, we performed a comprehensive analysis of the structural and functional
impacts of all known SNPs in FGFR2 gene using publicly available computational prediction tools. Out of total
2255 SNPs retrieved from dbSNP, we found 58 non-synonymous SNP, 39 SNPs 1n the non-coding region which
comprises 28 in 3° UTR and 11 were found in 5” UUTR region. Among these SNPs, 10 non-synonymous SNPs
were found to be damaging by both sequence homology based tool (SIFT) and structural homology based tool
(PolyPhen). Untranslated region resource tools UTRscan and FastSNP were used to analyze the region which
might change protein expression levels. Further, we modeled mutant protein and compared the energy
minimization based on the native protein and identified major mutations from Tryptophan to Arginine and
Tryptophan to Cysteine at position 290 of the native protein that caused the greatest impact on stability. From
our results, we suggest two non-synommous SNPs 1121918501 and 15121918499 could be a potential candidate

for future studies on FGFR2 mutations.
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INTRODUCTION

Fibroblast growth factors (FGFs) play unportant roles
m the multiple cell biological activities, such as
proliferation, differentiation, mitogenesis, migration and
apoptosis and thus 1mplicated m tumorigenesis
(Dmowski et af. 2001; Eswarakumar et al, 2005,
Taniguchi et al., 2000). Signaling 1s mediated through a
family of four transmembrane receptor tyrosine kinases, a
number of which are deregulated in development and
neoplastic condition (Givol and Yayon, 1992; Goldfarb,
1996). Fibroblast growth factor receptor 2 (FGFR2) genes
1s composed of an extracellular region (consisting of three
immunoglobulin like-domains), a transmembrane domain
and a pawr of intracellular tyrosine kinase domains. The
second and third mmmunoglobulin like domains are
mvolved in Lhigand binding. FGFR2 exons Ila and Illc
together form the third immunoglobulin-like domain and
are the most common sites for mutations involved in
Crouzon syndrome (Meyers et al., 1996). In addition to
Crouzon syndrome, mutations within the FGFR2 gene
have also been identified in a number of familial and
sporadic cases of Jackson-Weiss, Pfeiffer and Apert
syndromes (Park et af., 1995; Malcolm and Reardon, 1996).
As an indication of the complex interactions that govern
genotype-phenotype outcomes, an identical mutation in

exon ¢ of the FGFR2 gene 1s shared by Crouzon and
Jackson-Weiss syndromes (Gorry et al., 1995).

Single Nuclectide Polymorphisms (SNPs) play a major
role in the understanding of the genetic basis of many
complex human diseases. SNPs are mostly bi-allelic
polymorphism and may occwr m both coding and
non-coding region of the genome. SNPs found within a
coding region are of particular nterest of scientist as they
play major role in the alteration of biological function of
protein (Javed and Mukesh, 2010). About 500,000 SNPs
fall into the coding regions of the human genome
(Collins et al., 1998). Many SNPs have no effect on cell
function; however, others could predispose people to
disease or mfluence their response to a drug. The
occurrence of a SNP in the genome is at random and they
are reported to occur in a given population consistently.
Hence, these are used as ideal biomarkers (Khan and
Jamil, 2008). SNPs of FGFR2 gene has showed the
increased risk of breast cancer (Hunter et al., 2007) and its
association was confirmed by using candidate-gene
approach (Huijts et af., 2007). Mutation in FGFR2 gene
occurs 1 varlety of cancer such as gastric, lung, ovarian
and endometrial uterus and this suggests that these
receptor tyrosine kinases have an overlapping function in
structure biology.
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Non-synonymous SNPs (nsSNPs) that lead to an
amine acid residue substitution in the protein products
are of particular interest because they are responsible for
nearly half of the known genetic vanation related to
human inherited disease (Krawczak et al., 2000). These are
likely to be an important factor contributing to the
functional diversity of the encoded protens mn the human
population (Lander, 1996). Discovering the deleterious
nsSNPs is the important task in the pharmacogenomics to
evaluate drug response experimentally. From this view, we
carried out the computational analysis of the nsSNPs in
the FGFRZ gene to identify possible deleterious
mutations. Based on the results, we proposed a modeled
structure for the mutant proteins to check its stability.

MATERIALS AND METHODS

Datasets: Database of Single Nucleotide Polymorphism
(dbSNP) (http:/fwww.nebi.nlm. nih gov/SNP) were used to
retrieve SNPs and their related protein sequences in
FGFR2 gene for systematic approach.

Analysis of functional consequences of coding nsSNPs
by SIFT method: SIFT (Ng and Hemkoff, 2003) 1s a
sequence homology based tool that sorts intolerant from
tolerant amino acid substitutions and predicts whether an
amino acid substitution at a particular position in a protein
will have a phenotypic effect. It also predicts the
conservation level of a particular position in a protein.
STFT takes a query sequence and uses multiple alignment
mformation to predict tolerated and deleterious
substitutions for every position of the query sequence.
SIFT is a multistep procedure that, given a protein
sequence (1) searches for siumilar sequences (2) chooses
closely related sequences that may share similar function
(3) obtains the multiple alignment of these chosen
sequences and (4) calculated normalized probabilities for
all possible substitutions at each position from the
alignment. Substitutions at each position with normalized
probabilities less than a chosen cutoff are predicted to be
deleterious; those greater than or equal to the cutoff are
predicted to be tolerated. The cutoff values ranges from
0.00 to 0.05 was predicted to be intolerance/deleterious.
The higher the tolerance index (above 0.05); will have less
functional impact of the particular amino acid substitution.

Simulation for functional change in coding nsSNPs by
PolyPhen: PolyPhen (Polymorphism phenotyping)
(Ramensky et al., 2002) were used to predict possible
impact of amino acid substitution on the structure and
function of human protem(s). Analyzing the damaged
coding non-synonymous SNPs at the structural level 1s
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considered to be important factor for understanding the
functional activity of the protein. PolyPhen server gets
input either as amino acid sequence of a protein or the
SWALL database ID or accession number together with
sequence position and two amino acid variants
characterizing the polymorphism. Sequence based
homologous sequences and mapping of substitution site
to a know protein's 3-Dimensional structure are the
parameters taken into account by the PolyPhen server. Tt
calculates Position Specific Independent Counts (PSIC)
scores for each of the two variants and then computes the
difference between the PSIC scores. The higher the PSIC
score difference will have higher the functional impact for
the particular amino acid substitution.

Functional significance of noncoding SNPs in regulatory
untranslated regions: FastSNP (function analysis and
selection tool for single nucleotide polymorphism) were
used to identify the SNPs that are most likely to have
fimctional effects (Yuan et @f., 2006). 5 UTR regions were
predicted by FastSNP server. Recent studies show that
SNPs may have functional effects on protein structures,
by changing single amino acids, transcriptional regulation
and on alternative splicing regulations (Prokunina and
Alarcon-Riquelme, 2004, Prokunina et al., 2002). The
FastSNP server follows the decision tree principle with
external web service access to TF search, to obtain the
predicted transcription factor-binding sites of the gene.
Thus the decision tree will assign risk rankings for SNP
prioritization with a ranking of 0, 1, 2, 3, 4 and 5. This
signifies the levels of no, very low, medium, high and very
high effects, respectively.

Scanning of UTR SNPs in UTR site: The 5' and 3' UTR
regions are involved in various biological processes such
as post-transcriptional regulatory pathways stability and
translational efficiency (Sonenberg, 1994; Nowak, 1994).
We used the program UTRscan (Pesole and Lium, 1999)
server to predict 3° UTR region alone. This allows the
search of user-submitted sequences for any patterns
collected in the UTR site. UTR site is a collection of
functional sequence patterns located in 5 and 3 UTR
sequences. UTRscan which looks for UTR functional
elements by searching through user-submitted sequence
data for the patterns defined in the UTR site and UTR
database. If the different UTR SNP is found to have
different functional pattern(s) the UTR SNP is predicted
to have functional significance. The internet resources for
UTR analysis are UTRdb and TJTR site. UTRdb contains
experimentally proven biological activity of functional
sequence patterns of UTR sequences from eukaryotic
mRNAs (Pesole et al., 2002).
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Modeling of mutant structure and calculation of their
RMSD difference: Structural analysis was performed in
order to evaluate and compare the stability of native and
mutant structures. The native structure of FGFR2 protein
was available in the Protein Data Bank (PDB ID: 1djs) with
highest resolution (2.40 A) (Stauber et o, 2000). We
confirmed the mutation positions and the mutation
residues using the dbSNP database (Sherry et al., 2001).
The mutation and energy minimization for the 3D structure
was performed by using the SWISSPDB viewer.
Divergence of mutant structure from native structure 1s
due to mutation,  deletions and  insertions
(Rajasekaran et al., 2008) and the deviation between the
two structures is evaluated by their RMSD values which
could affect stability and functional activity
(Rasricha et al., 2011).

Computational analysis of stabilizing residues: We used
the server SRide (Magyar et al., 2005) for identifying the
stabilizing residues in native protein and i the mutant
model to check their stability. The input option for this
server is the atomic coordinate file of the protein to be
analyzed. Alternatively we can upload the PDB format
directly, this option 13 mainly to analyze structures
obtained by homology modeling or other computational
approaches. Stabilizing residues were computed using
parameters such as surrounding hydrophobicity, long-
range order, stabilization center and conservation score.

RESULTS AND DISCUSSION

SNP dataset: SNPs have become marker of choice for
many applications in genome analysis because SNPs are
abundance, stable, ubiquity and mterspersed in nuclear
genome (Tchin et al, 2011). Single nucleotide
polymorphism data of FGFR2 gene was retrieved from the
dbSNP database. It contained a total of 2255 SNPs, of
which 58 were non-synonymous, 39 were in non-coding
region which comprises 11 SNPs i 5° UTR, 28 SNPs in 3’
UTR and the rest SNPs were found m the intromic region.
We took non-synonymous, 5’TJTR and 3’UTR SNPs for
our computational analysis. The distribution of these
SNPs 1n coding and noncoding regions was illustrated in
Fig. 1.

Deleterious nsSNPs by STFT program: The conservation
level of the particular position of the proten was
determined using the sequence homology based method.
The protein accession nmumber with mutational position
with two amino acid variants associated to the 58 nsSNPs
were submitted as mput to the SIFT server to check its
tolerance mdex. Lower the tolerance index, higher will be
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Fig. 1: Distribution of nonsynonymous, 5 UTR and 3

UTR SNPs
Table 1: List of nsSNPs that were predicted to have functional significance
by STFT
SNP ID Mucleotide change  Amino acid change  Tolerance
rs1129316 CIT L355F 0.05
rs1 047087 AIG 1339M 0.01
rs1 065581 T/C V342G 0.02
rs121918501 C/T W290R 0.00
rs1129320 CIG L325M 0.01
rs121918500 AIG K292E 0.05
rs121918499 C/G W290C 0.00
rs121918505 T/C S267P 0.01
rs121918502 CIG 8351C 0.00
rs121918492 CIG A3HMG 0.05
rs121918492 C/G A3HMG 0.00
rs121918495 C/G C342W 0.00
rs1 21918487 GrA C342Y 0.00
rs121918488 T/A 3428 0.01
rs121918495 AlC T341P 0.01
rs121918489 T/C Y340H 0.00
rs85774317 GrA R759Q 0.03
rs1 13014479 CIT RoOGAW 0.00
rs121918508 G/A A48T 0.05
rs121918509 G/A AG28T 0.00
rs121913476 T/A N549K 0.04
rs121913477 C/G S372C 0.00

the functional impact of the amino acid substitution
(Ng and Heruikoff, 2001). Among the 58 nsSNPs, 22 were
found to be deleterious, having a tolerance index score
of p = 0.05. The results are summarized in Table 1. We
observed that of 58 deleterious nsSNPs, 10 showed a high
deleterious tolerance index score of 0.00. The remaming
5 nsSNPs showed a tolerance mdex score of 0.01, followed
by 1,1, 1 and 4 nsSNPs with a tolerance index of 0.02, 0.03,
0.04 and 0.05, respectively. On analyzing the nuclectide
change, seven nsSNPs showed a mucleotide change of
C/G, four a change from G/A, three a change from C/T and
T/C, two a change from A/G and T/A and one a change
from A/C. The nucleotide changes from C/G occurred a
maximum munber of times which accounts for the highest
number of deleterious nsSNPs with a SIFT tolerance
index of 0.00.
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Damaged nsSNP found by the PolyPhen server: The
structural level of the protein was analyzed using the
PolyPhen server. All the 58 protein sequences of
non-synonmous SNPs submitted to SIFT were also
submitted to the PolyPhen server. A Position-Specific
Independent Count (PSIC) score difference of 1.5 and
above 1s comsidered to be damaging (Ramensky et al,
2002). Out of 58 nsSNPs, 23 nsSNPs were considered to
be damagimg and extubited a PSIC score difference
between 1.566 and 4.443 was showed in Table 2. Ten
nsSNPs that was observed to be deleterious by the SIFT
program was also found to be damaging according to
PolyPhen. Hence, we could nfer that the results obtained
from SIFT shows a significant correlation with the results
obtained from the PolyPhen which specifies the structural
details. From Table 1 and 2, it was clear that the
non-synonmous SNPs (rs1 21918501 and 5121 918499) may
disrupt both the structure and function of the protein
coded by FGFRZ gene and 1t could be précised important
for the recogmtion of various disorders such as Crouzon
and Jackson-Weiss syndromes, breast, ovarian and lung
cancers. The most damaging non-synonmous SNPs
(rs121918501 and rs121918499) showed a PSIC score of
4.443 and 4.189 with a SIFT tolerance mdex of 0.00, due to
the mutation from Tryptophan to Arginine and
Tryptophan to Cysteine. Meanwhile, other studies had
also reported on the association of SNPs with various
applications such as the search for SNPs in PS1 in AD
patients (Al-Khedhairy et al, 2005), identification of
polymorphic sites (1236 and 3435) in  multi drug
resistance gene 1 Influencing drug response in breast

Table 2: List of nsSNPs that were predicted to have functional significance

by PolyPhen
SNP ID Nucleotide change Amino acid change PSIC SD
5121918493 AlG Y328G 2.230
rs121918494 C/G 3347C 1.919
rs1 047077 AT N3501 1.891
rs121918501 T/C W290R 4.443
51129320 C/A L325M 1.614
rs1129321 T/A V324E 1.729
15121918499 G/C W290C 4.189
rs121918497 AlC Q289P 2.469
1577543610 C/G P253R 2.636
rs121918505 T/C 3267P 1.560
579184941 C/G 8252W 2.223
rs3750819 C/G RoP 1.692
5121918502 C/G 8351C 2.126
rs121918492 C/G A3MG 3.807
5121918495 AlC T341P 2.396
rs121918489 T/C Y340H 3354
555774317 G/A R7590) 1.745
rs113014479 C/G P253R 3.077
5121918508 G/A A48T 1.965
rs121918509 G/A A628T 2.047
5121918506 AlC E565A 1.766
rs121913476 T/A N549K 2.469
5121918507 A/G K526E 1.823
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cancer patients (Khan et al, 2007), genetic
polymorphisms in the ESR genes and the risk of breast
cancer among lraman women (Abbasi et al., 2009a),
genome wide SNP analysis i Mycobacterium sp.

(Srivastava et al., 2009).

Functional SNPs in UTR found by the FastSNP: We used
FastSNP server to analyze the SNPs in 3" and 5
untranslated region that are predicted to be functionally
significant (Yuan et al., 2006). According to this server, of
11 5 UTR SNPs present in the FGFR2 gene, two 5" UTR
namely 133135721 and 1341258305 were predicted to be
damaging with a risk ranking of 1-3 (Table 3). The
nucleotide changes were G/T for SNP 1D 53135721 and
C/T for SNP ID rs41258305. 3’UTR SNPs were not
predicted by this server.

Functional SNPs in UTR found by the UTRscan server:
Polymorphisms in the 3' UTR affect gene expression by
affecting the mbosomal translation of mRNA or by
influencing the RNA half-life (Deventer, 2000). We
analyzed 28 SNPs in the 3' untranslated region using the
UTRscan server. The UTRscan server finds patterns of
regulatory region motifs from the UTR database and gives
information about whether the matched pattern is
damaged. About fifteen UTR SNPs were predicted to be
damaging by this server and presented in Table 4. The
15-hpoxygenase (15-LOX) differentiation control element
(15-LOX-DICE) controls 15-1.OX synthesis which
catalyzes the degradation of lipids and is an important
factor responsible for the degradation of mitochondria
during reticulocyte maturation (Rajasekaran et af., 2007).
This 15-LOX-DICE exists in the fifteen 3' UTR SNPs that
were considered to be of fumctional significance and it
may lead to FGFRZ gene damage. No reports have been
analysed so far relating the deleterious nature of SNPs
with untranslated regions of FGFR2 gene.

Modeling of mutant structure and calculation of their
RMSD difference: Single amino acid mutations can
significantly change the stability of a protein structure. So
the knowledge of a protein’s three-dimensional (3D)
structure 18 essential for understanding of its functionality
{Chen and Shen, 2009). Information about mapping the
deleterious ns SNPs in the protein structure was obtained
from dbSNP. The available structure for the FGFR2 gene
has the PDB ID 1djs (Fig. 2). Two nsSNPs (15121918501
and rs121918499) were selected for structural analysis.
The mutational position and amino acid variant associated
with these nsSNPs is W/R at the residue position 290 and
W/C at the residue position 290 was mapped n the 1djs
native structure. Mutation and energy mimmization at the
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Table 3: List of 8NPs (UTR mRNA) predicted to be functionally significant by FastSNP

SNP ID Nucleotide change UTR position Level of risk Possible functional effect
153135721 GIT 5UTR Very Low-Medium (1-3) Promoter/regulatory region
rsd1258305 T 5 UTR Very Low-Medium (1-3) Promoter/regulatory region

Table 4: List of §NPs (UTR mRNA) predicted to be functionally significant by UTRscan

SNP ID Nucleotide change UTR position Functional element change
rs3135830 A/G IUTR 15-LOX-DICE- no pattem
rs71640261 A/G IUTR 15-LOX-DICE- no pattem
rs77978776 A/C IUTR 15-LOX-DICE- no pattern
41294353 /T IUTR 15-LOX-DICE- no pattern
rs3135829 /T IUTR 15-LOX-DICE- no pattern
rs55723405 /T 3IUTR 15-LOX-DICE- no pattern
rs3135828 C/G 3IUTR 15-LOX-DICE- no pattern
rs3135827 /T 3IUTR 15-LOX-DICE- no pattern
1541294351 A/G 3'UTR 15-LOX-DICE- no pattern
re3135826 AG YUTR 15-LOX-DICE- no pattemn
541294349 A/G 3IUTR 15-LOX-DICE- no pattern
rs3135825 A/G IUTR 15-LOX-DICE- no pattern
rs3135824 /T IUTR 15-LOX-DICE- no pattern
rs1 047058 AT IUTR 15-LOX-DICE- no pattern
rsd 47917 CIT 3UTR 15-LOX-DICE- no pattern

Table 5: Stabilizing residues in native and mutant models of 1djs by SRide

Native-type structure 1djs

Mutant model structure 1djs (W290R)

Mutant model structure 1djs (W290C)

Ala(181), Val (248), Gln (289),
Trp (290), Lys (292), Cys (342)

Ala(181), Val (248), Gln (289), Cs (342)

Ala(181), Leu (216), Val (248), Phe (272),
Gln (289), Cys (290), Cys (342)

Fig. 2: Native structure of FGFR2 gene (1djs)

specified position was performed by SWISSPDB viewer
to obtain a modeled structure for both the native structure
(1djs) and mutant modeled structures (W290R) and
(W290C). It can be seen that the total energy for the
mutant modeled structures were found to be -15249.33
and -14932.46 Kcal moL™, respectively. The super
impositions between the native and mutant structures
were performed using Pymol suite and RMSD values was
found to be 0.40A and 0.45A, respectively. Since these
values are low, we can suggest that these mutations do
not cause a significant change in the mutant structures
with respect to native protein structure. Mutation and
polymorphism of cancer-associated genes have been
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found to predict tumor formation and prognosis. Tt is also
comnsidered as an effective risk factor with positive effects
and negative effects in different studies (Abbasi et al.,
2009b). The superimposed structures of the native protein
1djs and the two mutant type proteins are shown in
Fig. 3a and b, respectively.

Computing stabilizing residues between native structure
and mutant modeled structures: We used the SRide
server to identify the stabilizing residues of the native-
type structure and mutant modeled structures. The results
are summarized in Table 5. Six residues were identified
in the native-type 1djs structwe. Four stabilizing
residues were  identified m mutant model 1djs
(W290R) and seven were identified in mutant model
1djs (W290C). Three stabilizing residues, namely Ala
(181), Val (248) and Cys (342) were found to be common
to both the native structire 1djs
The remaiming residues

common in mutant and native

and  mutant
were not found
Higher
number of stabilizing residues m the mutant type 1djs
(W290C) matched with the native protein structure
compared to the mutant type (W290R). Therefore we
predict that the mutation from Tryptophan to Cysteine in

models.
structures.

the native type protein will be more deleterious than
Tryptophan to Arginine and hence both SNPs could be
important candidates in the
FGER2Z gene.

for wvarious disorders
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Fig. 3(a-b). (a) Superimposed structure of native protein 1djs (cyan color) with mutant protein W290R magenta
color (b) Superimposed structure of native protein 1djs (cyan color) with mutant protein W290C orange

color
CONCLUSION

In the present study, we investigated the functional
and structural impact of SNPs in the FGFR2 gene by
computational prediction tools. Out of a total 2255 SNPs
in the FGFR2 gene, we found 58 non-synonmous SNPs,
28 3" UTR and 11 were found in 5 UTR region and the
remaining 2158 were found in intronic region. Out of
58 nsSNPs, 10 nsSNPs were found to be deleterious by
both SIFT and PolyPhen server. Two SNPs in the 5 UTR
and 15 SNPs inthe 3' UTR were found to be of functional
significance. It was found that the major mutation in the
native protein of the FGFR2 gene was from Tryptophan
to Arginine and Tryptophan to Cysteine. Of two nsSNPs
that had this mutation, we conclude that rs1 21918501 with
a mutation of Tryptophan to Arginine and 1121918499
with a mutation of Tryptophan to Cysteine at position 290
n the native protemn 1djs could be the main target for the
diseases caused by the FGFR2 gene.
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