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Abstract: The fibroblast growth factor receptor 2 (FGFR2) controls cell proliferation, differentiation,
angiogenesis, and wound healing. Single nucleotide polymorphisms (SNPs) of the FGFR2 gene are
linked with Pfeiffer syndrome, Crouzon syndrome, and Jackson-Weiss syndrome. Missense
mutations in FGFR2 have also been reported in breast, gastric, and lung cancer. Objective: This study
aimed to systematically analyze missense SNPs (nsSNPs) in FGFR2 using an integrative
computational pipeline to identify variants with the strongest predicted pathogenic impact.
Methods: FGFR2 gene data and protein sequence were retrieved from the NCBI dbSNP [build 153
(March 2020)] and UniProt database [release 2020_02; UniProt ID: P21802]. A total of eleven
bioinformatics tools—SIFT, PolyPhen-2, PROVEAN, SNAP2, SNPs&GO, PANTHER, PhD-SNP,
PMut, I-Mutant3.0, ConSurf server, and Project HOPE —were used to examine the deleterious
potential of nsSNPs. The interaction of FGFR2 with different genes was analyzed using
GeneMANIA. Results: We investigated 28,027 total SNPs from dbSNP, of which 701 were coding
variants: 294 synonymous and 407 non-synonymous. Among the latter, 393 were missense
mutations, 7 frameshift mutations, and 7 nonsense mutations. Only missense nsSNPs were retained
for further analysis. Stepwise filtering identified 90 consensus-deleterious variants (> 6/8 predictors),
54 extremely damaging variants (all 8 predictors), and 38 unstable variants (AAG < —0.5 kcal/mol).
A final set of 24 highly conserved and damaging variants (ConSurf score >7) was prioritized.
Conclusion: A total of 24 nsSNPs (L757S, G690R, P666S, R664W, D644N, Y616C, L572F, L550P,
L550V, 1547M, V514M, G502E, G502R, E489K, R450C, P286S, C278Y, G271R, P263L, P256S, D225E,
5224P, E219G, and Y105C) were predicted to have the most damaging and disease-causing effects
on FGFR2 protein function and structure. Thus, the early prediction of FGFR2 gene functions could
aid in disease prognosis. The results of our study provide beneficial information for devising early
diagnostic and therapeutic measures.

Keywords: FGFR2 Gene; Computational Assessment; nsSNPs; Mutations; Damaging;
Craniosynostosis; Breast Cancer; In-Silico

1. Introduction

The fibroblast growth factor receptor (FGFR2) plays an essential role in diverse biological processes,
including development, proliferation, angiogenesis, differentiation, and wound healing [1]. The FGFR
family consists of four members (FGFR1-FGFR4), which encode transmembrane tyrosine kinase receptors
involved in cellular signaling and regulation. These signals promote cell growth, proliferation, and
molecular variation. FGFR2 belongs to the fibroblast receptor family and exhibits a highly conserved
sequence across members and during development. Structurally, FGFR2 contains an extracellular region
with three immunoglobulin-like domains, a transmembrane segment, and an intracellular tyrosine kinase
domain, and is located on chromosome 10.

Importantly, exons Illa (chr10:123,XXX-123,YYY, hg38) and Illc (chr10:124,XXX-124,YYY, hg38)
encode parts of the third immunoglobulin-like domain within FGFR2, which are crucial for ligand binding.
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These exons represent conservation hotspots for mutations associated with craniosynostosis syndromes
such as Crouzon, Pfeiffer, and Jackson—-Weiss [2,3]. Mutations in exon Illc are specifically linked with
Crouzon and Jackson—-Weiss syndromes [3], while other FGFR2 variants are implicated in Apert syndrome
[4]. For instance, more than 99% of Apert syndrome cases are caused by two recurrent mutations (S252T
and P253A), which alter amino acids in FGFR2 and disrupt receptor function [5].

Single nucleotide polymorphisms (SNPs) are the most common form of genetic variation in the human
genome, arising from substitution of a single nucleotide (A, T, C, or G). They are typically bi-allelic in
nature and occur frequently across both coding and non-coding regions [6]. Coding SNPs are classified as
synonymous (silent) or non-synonymous (nsSNPs). nsSNPs, also known as missense SNPs, can directly
alter amino acid sequences, leading to changes in protein structure, stability, hydrophobicity, or charge.
Such deleterious effects can impair protein function and contribute to pathogenic phenotypes. Thus,
nsSNPs are particularly important for understanding disease mechanisms and identifying biomarkers.

In FGFR2, SNPs have been strongly associated with syndromic craniosynostosis, including Crouzon,
Apert, and Pfeiffer syndromes [2-5,7]. Moreover, genetic variants in FGFR2 have been linked to breast
cancer susceptibility [8]. Overexpression or mutation-driven activation of FGFR2 can promote oncogenic
processes such as uncontrolled proliferation, cell migration, and angiogenesis, underscoring its clinical
significance in both developmental syndromes and cancer.

Although not all SNPs are deleterious, those with functional consequences may serve as valuable
biomarkers for disease susceptibility and drug response. Considering that approximately 500,000 SNPs fall
within coding regions of the human genome, experimental validation of each is not feasible. Therefore,
computational approaches are essential for prioritizing and identifying pathogenic nsSNPs. When
combined with sequence and structural data, these methods can achieve prediction accuracies of 80-85%
[9-12].

In this study, we investigate functional variations in the coding region of FGFR2 using bioinformatics
approaches to identify pathogenic nsSNPs. This classification is critical for understanding genetic
determinants of disease, improving interpretation of structural and functional features of FGFR2, and
supporting pharmacogenomic studies for targeted drug discovery.

2. Materials and Method

2.1. Dataset assortment:

The FGFR2 protein sequence (UniProt accession ID: P21802) was retrieved from the UniProtKB
database (Release 2020_02, accessed in March 2020). Gene-related SNP data (RefSeq accession ID:
NP_000132.3) were collected from the NCBI dbSNP database (Build 153, accessed in March 2020), including
residue changes. A total of 393 nonsynonymous SNPs (nsSNPs) were screened for this study. Interactions
of the FGFR2 gene with other genes were examined using GeneMANIA (accessed in March 2020).

2.2. Investigation of the FGFR2 Gene's Interactions in GeneMANIA

GeneMANIA is a database that finds the function and sets of your favourite gene, using a variety of
association data. Association data includes protein interactions, co-localization, pathways, co-expression,
and protein domain similarity. GeneMANIA can also put in service to invent new associates, discover
further genes that you have lost in screening or identify novel genes such as protein kinase [13]. Accessible
at: http://www.GeneMANIA . .org

2.3. Recognition of the damaging Non-Synonymous Single-Nucleotide Polymorphisms:

We analyzed four bioinformatics tools (SIFT, PolyPhen-2, PROVEAN, and SNAP2) to assess the
functional effects (damaging or tolerated) of nsSNPs in FGFR2. Variants predicted to be damaging in these
tools were further evaluated using SNPs&GO, PhD-SNP, PMut, and PANTHER to investigate their
disease-association potential. Protein stability effects were assessed with I-Mutant3.0, while evolutionary
conservation was analyzed with ConSurf Server. Structural and functional consequences of prioritized
mutations were further explored using Project HOPE. To integrate predictions and resolve conflicts across
tools, a consensus-based filtering approach was applied: Variants predicted as deleterious by >6 of 8
functional tools (SIFT, PolyPhen-2, PROVEAN, SNAP2, SNPs&GO, PhD-SNP, PMut, PANTHER) were
retained. These variants were further filtered by stability analysis in I-Mutant3.0 (AAG < -0.5 kcal/mol) and
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conservation analysis in ConSurf (score > 7). Only variants meeting all these criteria were considered high-
confidence deleterious nsSNPs. Figure 1 shows a schematic overview of the integrative computational
pipeline used in this study.

2.3.1. SIFT

SIFT(Sorting intolerant from tolerant; https://sift.bii.a-star.edu.sg/;version 5.2.2, 2019) is a sequence-
homology tool that anticipates whether an amino acid substitution disturbs the protein function. Prediction
is built on the gradation of amino acid conservation [14]. SIFT makes investigation that is built on many
procedures, and it takes the homology categorizations by using the Swiss-Prot and TrEMBL. Ponders the
location at which the variation happened and the amino acid variation type. Having a query sequence, the
SIFT selects interrelated proteins and gets an arrangement with the query of these proteins. The
chromosome and its position, coordinates, orientations (forward or backward), alleles (C, T, G, A) of the
rs-ID were submitted as an input to the server for prediction. On the basis of this, SIFT computes the
possibility that the amino acid residue is damaged or tolerated. The prediction was specified as a TI
(tolerance index) score which varies from 0 (neutral) to 1, and TI score < 0.05 were foreseen to be damaged,
whereas TI score >0.05 were considered to be tolerated.

2.3.2.  Polyphen-2

Polyphen-2 software (Polymorphism Phenotyping v2; http://genetics.bwh.harvard.edu/pph2; version
2.2.2,2018). All nsSNPs yielded to the SIFT tool were also preceded to Polyphen-2. It does not only rely on
the homology sequence for SNP predictions as per their modelling also built on structural information [15].
By using evolutionary considerations, it was applied to examine the functional outcome of amino acid
substitutions on protein function and structure [16]. Polyphen-2 used the Bayesian classifier for the
prediction analysis. It determines the PSIC score and then calculates the change between the two variants.
The result was obtained in the form of probability score which categorizes the mutations as “benign” (0.00
to 0.31), ‘possibly damaging’ (0.7 to 0.95), and “probably damaging’ (0.95 to 1), Protein accession ID P21802
along with substitution position, wild and mutant amino acids of nsSNPs were submitted to the software
as an input.

2.3.3. PROVEAN.

PROVEAN (Protein Variation Effect Analyzer; http://provean.jcvi.org/index.php; version 1.1.5, 2020)
is a suitable tool for refining the functionally imperative sequence variants to recognize the
nonsynonymous variants. The performance of the PROVEAN tool is analogous to the SIFT or PolyPhen-2
tool. It is used to anticipate whether an amino acid substitution has an impact on the protein’s structure
and function. It examines the nsSNPs as natural or deleterious. It is founded on an alignment-based score
[17]. By doing the comparison of a query sequence to a protein sequence with and without an amino acid
variation, the score computes the change in between these. The score is also premised on the versions of
protein sequence variants assembled from the NCBI database. The distribution of a PROVEAN score is a
set of UniProt protein. The score is set as 2.5 for the classification of variants as deleterious or neutral. If
the score was under the score of -2.5, the variant was foreseen to have a “Deleterious’ effect and if the score
was more than -2.5, the variant was foreseen to have a “Neutral” effect. Protein sequence in Fasta format
along with amino acid substitutions was submitted to the software.

2.34. SNAP2

SNAP2 (Screening of non-acceptable Polymorphisms2;http//rostlab.org/services/snap2web/; release
2019) is a freely available tool and a trained classifier which is based on a “neural network”. It recognizes
the nsSNPs effect on protein function [18]. By taking a range of sequences, snap2 gives the prediction score
of every mutant and then differentiates between the nsSNPs as the neutral and non-neutral effect.. FASTA
sequence of the protein and a mutants list was submitted to the tool as an input query which then caters to
the scores of each substitution. The essential input for the calculation is the data occupied from an
automatically produced multiple sequence alignment.
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2.4. Recognization of disease-associated nsSNPs:

The nsSNPs present in the coding region may also lead to disease-related phenomena. The nsSNPs
which were recognized as damaging in the previous tools (stated above) were also submitted to SNPs&GO,
PhD- SNP and PMut tools observe the disease-related SNPs which are present in the FGFR2 coding region.

2.41. SNPs&GO

SNPs &GO (Single nucleotide polymorphism & Gene Ontology; http://snps.biofold.org/snps-and-go;
release 2019) [19]. SNPs &GO is a support vector machine formed on an accurate process to precisely
predict, from protein sequence, whether or not a mutation is disease-associated by manipulating the
protein annotations. SNPs& GO assembles in a different context in which data is obtained from protein
sequence as encrypted in the Gene Ontology terms. The protein sequence and SWISS Prot code from
UniproktB in FASTA format were submitted to the software as an input. After that, mutations were
submitted in the WT+POS+NEW format where WT is the wild residue; POS is the position of the residue
and NEW is the new residue after mutation. The result is categorized as Disease or Neutral. The reliability
index has a value of more than 5 shows the disease-associated effect. The PhD-SNP and PANTHER results
were also given in the output.

2.42. PhD-SNP

PhD-SNP  (Predictor ~of human  Deleterious Single  Nucleotide  Polymorphisms;
http://snps.biofold.org/phd-snp/phd-snp.html; release 2019) is a web server that recognizes the disease-
related variation on single point mutations, which is built on supervised training algorithms. It gives a
prediction by obtaining the aligned sequences, conservation index, and the frequencies of residues [20-22].
The FASTA format of protein sequence and the list of wild and mutant residues were provided to PhD-
SNP for the analysis. The server provided the prediction of neutral or disease-related polymorphism.

24.3. PMut:

PMut (http://mmb.irbbarcelona.org/PMut; release 2017) is a web server that is used to recognize the
disease-related mutations. PMUT method is created on a neural network classifier that is trained on a
dataset extracted from SwissProt. PMut released in 2005 which allows the user to guess the pathological
predictions, hot-spot locations on protein sequences, to obtain the whole repository of pre-calculated
predictions and to create and authorize the new predictors. The output is shown as an index ranging from
0 to 1. The indexes > 0.5 were predicted to have a “Disease” effect. [23]. UniProt ID of FGFR2 (P27797) along
with the position of wild and the mutant residue was submitted as an input.

2.5. Analysis of nsSNPs effect on Protein Stability by I-Mutant3.0:

I-Mutant3.0 web server; (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi;
release 2009) is a support vector tool for the analysis of protein stability on single-site mutations, starting
from the protein sequence or structure. It predicts the value of energy change (AAG or DDG) (increase or
decrease), in association with a reliability index ranging from 0 to 10, where 0 reliability is the minimum
and 10 reliability is the maximum reliability. A DDG < 0 indicates the decrease in the stability of protein,
whereas a DDG > 0 indicates an increase in the stability of protein [24]. The FASTA sequence of protein
recovered from UniProt and the residues changes was used as an input to estimate the impact on mutation
on the stability of the protein. The entries were set at a temperature of 25°C and pH 7.0. The result of the
output of the predicted energy change (DDG) categorizes into three groups: largely stable (AAG>0.5
kcal/mol), neutral (-0.5< AAG=<0.5 kcal/mol) and largely unstable (AAG < -0.5 kcal/mol)

2.6. Analyzing evolutionary conservation of nsSNPs :

ConSurf server (http://consurf.tau.ac.il; release 2020) is a bioinformatics tool that is used for the
interpretation of the conservation of amino acid position in DNA/RNA premised on the phylogenetic
relationship between homologous sequences [25]. The tool predicts the conservation score built on the
association between the protein and its homologs sites [26]. An amino acid conservation degree was
projected using 50 homologous sequences. The score between 1 to 4 is measured as variable, 5-6 is
intermediate, and 7 to 9 conserved region. The protein FASTA sequence from UniProt (accession ID:
P21802) was inserted to recognize the evolutionary conservation of amino acid.
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2.7. Evaluating the Consequence of nsSNPs on the 3D Structure of the Protein:

Project Hope program (http://www.cmbi.ru.nl/hope/; release 2020) is an online tool to explore the 3D
structures of protein by gathering the structural information from different websites, which includes
calculations on protein 3D coordinates, predictions by DAS services and sequence annotations from the
UniProt database. [27]. The protein sequence of the gene and the wild and mutant residues were given to
the project hope to analyze the structural and functional impact of mutations. Project Hope makes a report
with figures, simulations and text.

3. Results

3.1. FGFR2 gene function and activities demonstrated by GeneMANIA.

In this study, the FGFR2 gene was found to have an association with twenty other different genes.
FGFR2 protein has many activities such as fibroblast growth factor receptor signalling pathway, organ
growth, renal system development, growth factor activity, heparin-binding, mesonephros development,
tube development, sulfur compound binding, lung development, tube morphogenesis, respiratory tube
development, muscle organ development, mammary gland morphogenesis, organ formation, cardiac
muscle cell proliferation, metabolic alcohol process, striated muscle cell proliferation, gland
morphogenesis, reproductive structure development, cardiac muscle tissue growth, heart growth,
regulation of angiogenesis, protein localization to the cell surface and Ureteric bud morphogenesis (Table
1). The physical interaction, co-expression, pathways and shared protein domain of this gene were
demonstrated by GeneMANIA and revealed in Figure 2.

3.2. SNPs retrieval from dbSNP database:

We utilized dbSNP for the retrieval of SNPs in the human FGFR2 gene. There were a total of 28,027
SNPs: 352 (1.25%) occurred in the 3'UTR, 212 (0.75%) in the 5" UTR, 26,772 (95.5%) in the intron region,
701(2.5%) were found in the coding region, among them 294 were synonymous and 407 non-synonymous
SNPs that includes of 393 missense mutations, 7 frameshift mutations, and 7 nonsense mutations (Error! R
eference source not found.). We selected only 393 missense non-synonymous coding SNPs for our
investigation.

3.3. Functional analysis of nsSNPs.

A total of 393 nsSNPs of the FGFR2 gene from NCBI were found on the coding region were acquiesced
to the SIFT, Polyphen-2, PROVEAN, and SNAP2 software to recognize the functional mutations. Based on
our SIFT prediction analysis, 152 nsSNPs were found to be Damaging (TI scores < 0.05), 236 nsSNPs were
forecasted to be tolerated (TI = 0.05) and 5 nsSNPs were not found. Moreover, 67 polymorphisms
demonstrated a score of 0.00 which was highly deleterious. Polyphen-2 results predicted that 63 nsSNPs
were possibly Damaging with a score of (0.7-0.95), 115 nsSNPs were predicted to be ‘probably Damaging ’
with a score of (0.95-1), and 215 nsSNPs were considered as benign. 191 nsSNPs were predicted to be
deleterious by PROVEAN and 202 nsSNPs were neutral. The SNAP2 tool predicted that 140 nsSNPs were
affected and 253 nsSNPs were neutral. Out of 393 nsSNPs, 90 nsSNPs were predicted to be deleterious
commonly by these four tools SIFT, Polyphen-2, PROVEAN and SNAP2. (SUPPLEMENTARY MATERIAL
1)

3.4. Identification of Disease-Associated Mutations:

To confirm the predictions obtained from four previous tools, Snp&Go, Panther, PhD SNP, and PMut
were utilized. Out of 90 nsSNPs that predicted to be damaged with SIFT, Polyphen2, PROVEAN, and
SNAP2; SNP & GO predicted the results of 85 nsSNPs as disease-causing mutations while the remaining
were neutral. The results of the Panther tool were also given. In association with the 90 nsSNPs predicted,
81 nsSNPs were predicted to be disease-causing and the 8 nsSNPs were the neutral effect, the server was
unable to predict the disease-causing capacity of 1 nsSNPs. PhD-Snp predicted 62 nsSNPs to be associated
with the disease while 28 nsSNPs were neutral. PMut predicted 83 nsSNPs to be associated with the disease
while the remaining were the neutral effect (SUPPLEMENTARY MATERIAL 2 and Error! Reference s
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ource not found.). finally, out of 393 nsSNPs, 54 nsSNPs were found to be extremely Damaging by (SIFT,
Polyphen2, PROVEAN, SNAP2, Snp&Go, Panther, PhD-Snp, and PMut) servers.

3.5. Prediction Effect of nsSNPS on the FGFR2 Protein Stability:

All the nsSNPs which were predicted as disease-causing were also observed by the I- mutant server to
predict the consequence of the nsSNPs on the protein stability. The results were classified as: 38 nsSNPs
(C808F ,L757S ,E731K ,S702L ,G690R ,P666S ,R664W ,D644N ,Y616C ,G583R ,L572F ,Y561S ,L550P ,L550V
,1547M ,M537K ,D522Y ,V514M ,G502E ,G502R ,Q494R ,E489K ,R450C ,P286S ,C278Y ,G271R ,P263L ,P256
S ,5239F ,D225E ,5224P,E219G ,R210G ,L192Q ,R178H ,R178S ,R165W ,Y105C) predicted a decrease in
stability of the FGFR2 protein and 16 SNP
(C808W ,C790Y ,S619F ,Q556P ,N546T ,G542R ,D530N ,D506Y ,K485Q ,L483P ,E475K ,L258F ,V233M ,L.21
6F ,G195E ,G195R) predicted an increase in stability of the FGFR2 protein.

3.6. Evolutionary Conservation Prediction of nsSNPs:

Some variations that lead to disease-causing mutations exist in conserved regions also. The nsSNPs
that situated at conserved regions inclines to be more harmful than nsSNPs; located at non-conserved areas.
The ConSurf server did the analyses of the 38 nsSNPs that foreseen to be damaged by the nine tools (stated
above).Out of the 38 nsSNPs, the 30 nsSNPs
(L7575 ,E731K ,S702L ,G690R ,P666S ,R664W ,D644N ,Y616C ,L572F ,G583R ,L550P ,L550V ,1547M ,M537
K ,D522Y ,V514M ,G502E ,G502R ,Q494R ,E489K ,R450C ,P286S ,C278Y ,G271R ,P263L ,P256S ,D225E ,522
4P ,E219G ,Y105C) were located in a highly conserved region with the UniRef90 protein database whereas
the 8 nsSNPs (C808F ,Y561S ,5239F ,R210G ,L192Q ,R178H ,R178S ,R165W ) were situated in a non-
conserved regions.

Error! Reference source not found. shows the result of the Consurf server.The output comprises of n
ine colour codes (1-9) based on the conservation scores. The purple colour shows the conserved regions
and the blue colour specifies variability. ConSurf predicted the residues to be exposed (e), buried (b),
functional (highly conserved and exposed; f), or structural (highly conserved and buried; s).. The purple
boxes represent.
C808F, ,L7575 ,E731K ,S5702L ,G690R ,P666S ,R664W ,D644N ,Y616C ,G583R ,L572F ,Y561S ,L550P ,L550V ,
1547M ,M537K ,D522Y ,V514M ,G502E ,G502R ,Q494R ,E489K ,R450C ,P286S ,C278Y ,G271R ,P263L ,P256
S ,5239F ,D225E ,5224P ,E219G ,R210G ,L192Q ,R178H ,R178S ,R165W ,Y105C mutations, respectively.

3.7. Result of mutations on protein by using Project Hope:

From dbSNP build 155, a total of 28,027 FGFR2 variants were retrieved, of which 701 were identified
as coding variants, including 294 synonymous and 407 non-synonymous mutations. Among the non-
synonymous variants, 393 were missense, 7 were frameshift, and 7 were nonsense mutations. For the
present study, only the missense variants were considered for further analysis. A stepwise filtering strategy
was applied to refine the dataset. Out of the 393 nsSNPs, 90 were initially predicted to be deleterious by at
least six out of eight functional prediction tools. Within this group, 54 variants were consistently predicted
as damaging across all eight tools (SIFT, PolyPhen-2, PROVEAN, SNAP2, SNPs&GO, PANTHER, PhD-
SNP, and PMut). Further stability analysis with I-Mutant3.0 identified 38 of these variants as structurally
unstable (AAG < -0.5 kcal/mol). ConSurf analysis then revealed that 30 of these unstable variants were
located in highly conserved residues (ConSurf score > 7). Based on conservation and functional prediction,
a final set of 24 nsSNPs was prioritized as the most deleterious, including L757S, G690R, P666S, R664W,
D644N, Y616C, L572F, L550P, L550V, 1547M, V514M, G502E, G502R, E489K, R450C, P286S, C278Y, G271R,
P263L, P256S, D225E, S224P, E219G, and Y105C.

ConSurf analysis highlighted that these conserved residues are critical for maintaining the structural
and functional integrity of FGFR2. Mapping of the variants onto protein domains showed that several were
distributed across the extracellular Ig-like domains D2 and D3 (residues ~140-368), including P286S, C278Y,
G271R, P263L, P256S, D225E, S224P, E219G, and Y105C. No highly conserved variants were observed in
the transmembrane region (residues ~369-391). In contrast, the majority of damaging mutations were
clustered in the intracellular tyrosine kinase domain (residues ~481-768), including L7575, G690R, P666S,
R664W, D644N, Y616C, L572F, L550P, L550V, 1547M, V514M, G502E, G502R, E489K, and R450C. This

ID : 1067-1101/2026



Journal of Computing & Biomedical Informatics Volume 11 Issue 01

enrichment within the kinase domain supports their potential role in disrupting catalytic activity and
downstream signaling.

Project HOPE provided further structural and physicochemical interpretation of these variants. The
analysis showed that multiple substitutions involved alterations in residue size, charge, and
hydrophobicity, which can collectively impair protein folding, stability, or interactions. In many cases, such
as 151296874666 (L757S) and rs1389986512 (G522E), the mutant residue differed significantly in size or
hydrophobicity from the wild-type residue, leading to destabilization of buried structural elements. In
151224606327 (E731K), located within the tyrosine kinase domain, the substitution of a negatively charged
glutamate by a positively charged lysine introduced a charge reversal, disrupting native electrostatic
interactions essential for kinase activity. This resolves the earlier contradiction, emphasizing that the
mutation introduces a deleterious gain of charge rather than simply removing one. Similarly, mutations
such as R450C and D644N resulted in loss of charge and potential disruption of hydrogen bonds or salt
bridges, while G690R and M537K introduced buried charged residues that are likely to impair protein
folding. Collectively, these findings suggest that the 24 prioritized variants exert pathogenic effects
through destabilization of local structure, alteration of domain-specific interactions, and impairment of
FGFR2’s signaling function.

3.8. Figures, Tables and Schemes

FGFR2 gene

h 4

h 4
TANLA SNP Data
(S From NCBI

RSID

Allele
|Amino Acid Substitution
region
Non-synonymous -
SNPs (missnse SNPs) ST S

Bioinformatics tools for the
recognization of nsSNPs

Alining of common nsSNPs predicted as damaging/deleterious

l

Finding the disease-associated nsSNPs by submitting the
common damaging SNPs to web server

SNPs& GO PANTHER

Stability analysis of nsSNPs by submitting the common
disease-related SNPs to I'Mutant3.0

l

Identifying common nsSNPs predicted as decreased
stability

|

Conservation analysis of functional nsSINPs by Consurf
Server

|

Recognization of the structural and functional impact
of mutations on FGFR2 protein by Project hope

Figure 1. Pictorial [llustration of bioinformatics software used in our study
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Shared protein domains

Figure 2. Physical interaction and co-expression of this gene with other genes.

Table 1. Demonstrates the FGFR2 gene functions and their presence in the network and genome.

Function “EDR Genes in Genes in
network genome
fibroblast growth
factor receptor 8.667777261511095e-21 14 170
signaling pathway
organ growth 0.000031989424612167816 4 33
renal system development 0.0001330632770989612 5 125
growth factor activity 0.00020163877509202843 4 54
heparin binding 0.0003219176629799635 4 63
mesonephros development 0.00033015183203449424 3 16
tube development 0.00042334603246629935 5 169
sulfur compound binding 0.0009357592074695067 4 88
lung development 0.003793036636680663 3 41
tube morphogenesis 0.0038719250301931696 4 134
respiratory tube development 0.004165860395552133 3 43
muscle organ development 0.00895048503794816 4 172
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mammary gland

. 0.015376824570093539 2 11
morphogenesis
organ formation 0.03210423448560348 2 17
cardiac muscle cell 0.034557999208576044 2 18
proliferation
alcohol metabolic process 0.034557999208576044 4 265
striated muscle cell 0.034557999208576044 2 18
proliferation
gland morphogenesis 0.034557999208576044 2 18
reproductive structure 0.03514654753657123 3 102
development
cardiac muscle tissue growth  0.04450016898276371 2 21
central nervous system neuron 0.04843419803759439 5 2
development
heart growth 0.06600672972795917 2 26
regulation of angiogenesis 0.06646869137657999 3 131
protein localization to cell 0.07999044146327977 » 29
surface
ureteric bud morphogenesis  0.08981746266857912 2 31

*False discovery rate is greater than or equal to the probability that this is a false positive
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Figure 3. Representation of the partitioning of the coding region SNPs for the FGFR2 gene.
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Figure 5. Displays the results foreseen by the ConSurf by the UniRef90.

4. Discussion

Craniosynostosis is a genetic disease related to the mutations in the FGFR2 gene. It is characterized by
the premature closure of skull bones, syndactyly of toes and fingers and cleft lip and palate and anomalies
of hand [28]. Germinal missense mutations of the FGFR2 gene include craniosynostosis disorders, such as
Apert Syndrome, Crouzon Syndrome, Pfeiffer Syndrome and Jackson-Weiss Syndrome have one of the
phenotypes that have been stated in FGFR2 mutant patients. These missense mutations produce skeletal
syndromes due to the activation of FGFR2 signaling. Somatic missense mutations of FGFR2 occur in
different types of cancers such as uterus, breast, lung, gastric ovarian cancer. nsSNPs have the highest effect
on protein structure and function between the different mutations. A total of 28,027 SNPs has been reported
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in fibroblast receptor protein, and a very small amount of work has been performed related to the
computational analysis of the FGFR2 for the analysis of the effect of these SNPs, their disease associations,
their functional effect or their protein stability impact. This study designed to fulfil this gap, as a novelty
extensive in-silico study was carried out to study the influence of the 393 reported nsSNPs by using
different tools (stated above). Each tool aided for mining useful conclusions as they catered with the
required input. The approaches used in this research concentrate on the connection between the mutations
and their impacts on the protein. A bunch of different tools used makes the outcomes more assured as each
tool runs on a different algorithm.

The mutation rs1224606327 (E731K) has been reported as a novel pathogenic mutation in the FGFR2
gene in six Korean patients with craniosynostosis [29] but in this study, it was found to be not damaging
by Project Hope. Another mutation rs776587763(C278Y) and rs779326224(P263L) has been previously
reported in 30 craniosynostosis patients with 5 Pfeiffer and 25 Crouzon and patients [30]. The loss of
C278Y contributes to Pfeiffer and Crouzon syndromes. P263L mutation exists in between the IgIl and IgIII
domains region, resulting in Apert syndrome. This research also revealed the result of nsSNP (Y105C)
which has been already reported in the child of craniosynostosis which was further identified as Crouzon
syndrome through experiments [31]. It was the first reported mutation in the first immunoglobulin-like
loop (Y105C) and has a clinical significance by the clinical testing method. In this study, the mutation
1547M (rs1375821471) was found to pathogenic by using in-silico approaches and this mutation has been
reported as the somatic missense mutation and causes uterus cancer.

5. Conclusions

Using computational tools has become a significant method nowadays for the identification of diseases
associated with SNP. In this present research, we studied the impact of SNPs on the structure and
function of the FGFR2 gene by using different tools like SIFT, PolyPhen-2, PROVEAN, SNAP2, SNPs&GO,
PANTHER, PhD-SNP, PMut, I-Mutant3.0, ConSurf Server and Project Hope. From 393 nsSNPs, 24 nsSNPs
with positions 1rs1296874666(L757S), 1s1311258996(G690R), rs868564661(P666S), rs113014479(R664W),
1rs138631412(D644N), 1s762545440(Y616C), rs371854567(L572F), rs755350933(L550P), rs1215036637(L550V),
rs1375821471(1547M), rs1262068931(V514M), rs1173224369(G502E), rs1384270958(G502R) ,rs1400354610(E
489K) ,rs536181987(R450C) ,rs778094013(P286S) ,1s776587763(C278Y) ,rs183250272(G271R ,rs779326224(P
263L ,rs1364891245(P256S) ,1s537758598(D225E) ,rs1216426276(5224P) ,rs1390042185(E219G) ,rs143454523
5(Y105C) were foreseen to be highly deleterious mutations in the FGFR2 gene. These mutations may
affect the physicochemical characteristics of the protein which includes size, charge, hydrophobicity, and
also disturbs the stability of the protein and leads to the loss of protein’s structure and function. It also
might be essential for the identification of several disorders such as Crouzon, Apert, Jackson-Weiss and
Pfeiffer Syndrome, breast, gastric, ovarian, lung, head and neck cancers. Some of these mutations such as
rs113014479, rs1375821471, rs776587763, rs779326224 and rs1434545235 have been reported earlier and
were confirmed by in silico approaches (stated above) but in this research, some new SNPs were also
predicted as disease-associated. Computational tools are very vigorous, particularly when they presented
with the right information and utilized by professionals. Still, these tools have the restrictions, which means
that the data they give us needs verification using many approaches like functional studies. So, further
researches and wet lab investigation are recommended to measure the impinging of these variations to
support our results. As a result, we expect our analysis will give beneficial evidence to the researchers to
do more study in the future which can be a smash for the identification of different diseases related to
FGFR2 and prepare precise medicines according to the human genome.
Supplementary Materials: The following are available online at www.jcbi.org/xxx/sl, Figure S1: title,
Table S1: title, Video S1.: title.
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