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Abstract

Background/Aims: The main focus of this investigation is to identify deleterious single
nucleotide polymorphisms (SNPs) located in the BRCA2 gene through in silico approach,
thereby, providing an understanding of potential consequences regarding the susceptibility
to breast cancer. Methods: The GenomAD database was used to identify SNPs. To determine
the potential adverse consequences, our study employed various prediction tools, including
SIFT, PolyPhen, PredictSNP, SNAP2, PhD-SNP, and ClinVar. The pathogenicity associated
with the deleterious snSNPs was evaluated bu MutPred and Fathmm. Additionally, I-Mutant
and MuPro were used to assess the stability, followed by conservation and protein-protein
interaction analysis using robust computational tools. The 3D structure of BRCA2 protein was
generated by SwissModel, followed by validation using PROCHECK and Errat. Results: The
GenomAD database was used to identify a total of 7, 921 SNPs, including 1940 missense
SNPs. A set of 69 SNPs predicted by consensus to be damaging across all platforms was
identified. Mutpred and Fathmm identified 48 and 38 SNPs, respectively to be associated with
cancer. While I- Mutant and MuPro assays suggested 22 SNPs to decrease protein stability.
Additionally, these 22 SNPs reside within highly conserved regions of the BRCA2 protein.
Domain analysis, utilizing InterPro, pinpointed 18 deleterious mutations within crucial DNA
binding domains and one in the BRC repeat region. Conclusion: This study establishes a
foundation for future experimental validations and the creation of breast cancer-targeted
treatment approaches.
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Introduction

The BRCAZ gene, also known as Breast Cancer 2 susceptibility protein, plays a crucial
role in maintaining the integrity of the cell’s DNA. It is involved in the repair of damaged
DNA and has a key function in suppressing tumor formation. Mutations in the BRCAZ gene
are associated with an increased risk of developing breast and ovarian cancers [1]. These
mutations are inherited in an autosomal dominant pattern, meaning that individuals with a
mutation in one copy of the BRCAZ gene have a significantly higher probability of developing
these types of cancer [2].

It has been estimated that approximately 50-60% of women with a germline BRCAZ
mutation will develop breast cancer during their lifetime [3]. Furthermore, individuals with a
BRCAZ mutation also have a 30% increased risk of developing ovarian cancer [4]. In addition
to breast and ovarian cancer, the BRCAZ gene mutation has been linked to an increased risk
of other types of malignancies. For example, men with a BRCAZ mutation have an increased
risk of developing breast cancer and prostate cancer [5] which further emphasizes the
importance of recognizing and understanding the association between the BRCAZ gene and
cancer development. Variations in the BRCAZ gene can have clinical implications for both the
diagnosis and treatment of breast cancer [6].

The BRCAZ gene is located on chromosome 13 and consists of 27 exons [7] each of these
exons plays a crucial role in encoding the BRCA2 protein, which is comprised of 3,418 amino
acids [8] with the Uniprot ID: P51587 [9]. BRCAZ includes three domains. These domains are
involved in binding to single-stranded DNA (ssDNA). These domains are: Oligonucleotide/
Oligosaccharide-Binding (OB) Domains- BRCA2 contains multiple OB domains, which are
involved in recognizing and binding to single-stranded DNA (ssDNA) [10]; BRC Tandem
Repeats- play a role in promoting protein-protein interactions [11]; TR2 C-Terminal Domain-
The TR2 C-terminal domain refers to a specific region at the C-terminus of the BRCA2
protein, which possibly contributes to interactions with other cellular components [12][13].
The DNA binding domain of the BRCA2 protein is of particular interest in understanding
its role in breast cancer. This domain is responsible for interacting with other proteins
and DNA molecules, allowing for proper DNA repair and maintenance of genomic stability.
One such protein that interacts with the DNA binding domain of BRCA2 is DSS1. DSS1, also
known as deleted in split hand/split foot 1, is a small protein that has been found to interact
with the DNA binding domain of BRCA2. This interaction is thought to be important for the
stability and function of the BRCAZ2 protein in DNA repair processes [14]. The BRCAZ gene
also contains eight conserved motifs called BRC repeats that are involved in binding to the
RAD51 protein [15].

In recent years, researchers have been using bioinformatics tools to predict the
mutation which might be harmful without the need for time consuming and expensive lab
experiments. These predicted harmful changes are then considered for further experimental
analysis. Our study takes this approach by using a variety of computer-based tools, each
based on different principles, to examine whether certain changes in the BRCAZ might be
harmful. We utilized bioinformatics tools to identify a comprehensive list of SNPs within
the BRCAZ gene and apply computational analysis to assess the potential pathogenicity of
the identified SNPs, considering factors such as conservation, functional impact, and protein
structure disruption. Instead of confirming these changes through experiments, we aim
to offer a quick and cost-effective method for identifying potentially problematic genetic
variations.

Materials and Methods

The comprehensive methodology, encompassing the tools and databases utilized to discern deleterious
SNPs within the human BRCAZ gene, is concisely outlined in Fig. 1.
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Fig. 1. Flowchart for methodology.
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Retrieval of BRCA2 nsSNPs

We utilized the Genome Aggregation Database (https://gnomad.broadinstitute.org/) for the retrieval
of single nucleotide polymorphisms for the BRCAZ gene. Only missense SNPs within the BRCAZ2 gene were
selected because they have the potential to impact the structural and functional characteristics of the BRCA2
protein. The FASTA sequence of BRCA2 protein was acquired from the Uniprot web server.

Identifying the most damaging nsSNPs

To identify the most damaging non-synonymous single nucleotide polymorphisms (nsSNPs) within
the BRCAZ gene, we employed a comprehensive approach using five distinct bioinformatics tools. These
computational programs encompassed: SIFT (Sorting Intolerant from Tolerant) [https://sift.bii.a-star.edu.
sg/], PolyPhen-2 (Polymorphism Phenotyping v2) [http://genetics.bwh.harvard.edu/pph2/], PhD-SNP
(Predictor of human Deleterious Single Nucleotide Polymorphisms) [http://snps.biofold.org/phd-snp/phd-
snp.html] predict SP, SNAP [16-19]. Additionally, the pathogenic mutations were further evaluated using
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/). ClinVar, is a comprehensive database that aggregates
variant interpretations from various sources, including clinical laboratories and expert panels, categorizing
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variants as “benign,” “likely benign,” “uncertain significance,” “likely pathogenic,” and “pathogenic” based
on available evidence [20]. SIFT, on the other hand, assesses the evolutionary conservation of amino acids
across species, predicting whether an amino acid substitution is tolerated or likely to be deleterious based
possibly damaging,”
or “benign” by integrating sequence- and structure-based features and taking into account factors such as

» o«

on conservation trends [21]. PolyPhen-2 classifies variants as “probably damaging,

sequence conservation, physicochemical properties, and structural information [22]. PhD-SNP uses support
vector machines to distinguish between disease-associated and neutral nsSNPs by analyzing sequence-
derived features such as conservation, physicochemical properties, and structural characteristics [23].
Subsequently, we categorized nsSNPs as high risk if they were predicted as deleterious, Variant of Uncertain
Significance (VUS) and pathogenic by all these computational tools. These high risk nsSNPs were then
selected for further analysis.

MutPred: Predicting Disease Associated Amino Acid Substitutions and Phenotypic Outcomes

We used the MutPred web server (http://mutpred.mutdb.org/) as a valuable tool for understanding
the molecular mechanisms underlying diseases triggered by amino acid substitutions within mutant
proteins. MutPred employs an array of structural, functional, and evolutionary protein features to deliver
insights into the consequences of these substitutions [24]. MutPred2 predicts the pathogenicity of amino
acid substitutions and their molecular mechanisms, considering factors like changes in protein stability,
potential loss of catalytic sites, and the possibility of gaining O-linked glycosylation sites. To achieve this,
MutPred integrates the power of various tools and algorithms, including PSI-BLAST, SIFT, Pfam profiles,
TMHMM, MARCOIL, and DisProt. These computational methods collectively provide projections regarding
structural damage caused by amino acid substitutions.

Prediction of Cancer Linked Mutations

As part of our research on the association between the BRCAZ gene and breast cancer, we sought to
identify mutations that may be linked to cancer development. To accomplish this, we utilized the Functional
Analysis through Hidden Markov Models (Fathmm) webserver (http://fathmm.biocompute.org.uk/cancer.
html) [25]. Fathmm is a valuable resource that integrates sequence conservation information within hidden
Markov models (HMMs). The Fathmm server is widely recognized for its high throughput capabilities in
predicting the phenotypic, molecular, and functional consequences of protein variants within both coding
and noncoding regions [26]. It employs a combination of unweighted and weighted algorithms, incorporating
sequence conservation alongside pathogenicity weights to make predictions. In the context of our study, it is
important to note that the Fathmm server employs a default prediction threshold of -0.75. Mutations with
a prediction score lower than this threshold are considered potentially associated with cancer. This step
was particularly relevant for our research as it enabled us to identify SNPs within BRCA2 that may have
implications for breast cancer development.

Prediction of protein stability change

Assessing the stability of a protein is a crucial aspect in understanding its functionality within biological
processes. The stability of a protein is intricately tied to its folding energy, with mutations having the
potential to directly impact this energy and consequently, stability. To predict the effect of non-synonymous
single nucleotide polymorphisms (nsSNPs) on protein stability, we employed two computational tools:
[-MUTANT 3.0 server (http://folding.biofold.org/i-mutant/i-mutant 2.0.html) and MUPRO (http://mupro.
proteomics.ics.uci.edu/). These tools utilize support vector machine (SVM) models to make predictions. In
our analysis, a thermodynamics free energy value greater than 0 was indicative of protein stability, while a
negative value signified destabilization. This approach allowed us to determine how nsSNPs may influence
the stability of the protein.

Conservation analysis

To estimate evolutionary conservation of specific amino acid positions within the protein of interest,
we employed ConSurf, a bioinformatics tool designed for precisely this purpose [27]. ConSurf’s methodology
relies on examining the evolutionary relationships among homologous sequences. We estimated the
conservation levels of amino acid residues by considering a set of 50 homologous sequences. Notably, we
identified amino acid positions that exhibited a high degree of conservation. These residues were chosen
for further analysis.
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Secondary Structure Prediction

To predict the amino acid secondary structure of BRCA2, we utilized the SOPMA tool, a widely
recognized resource for analyzing protein secondary structure. While other tools like PSipred exist for this
purpose, we opted for SOPMA due to its capability to handle long amino acid sequences such as BRCA2.
SOPMA employs a robust algorithm to estimate the distribution of secondary structure elements, including
alpha helices, beta sheets, and random coils [28, 29]. The results from this analysis provided valuable
insights into the secondary structure composition of the BRCA2 protein.

Protein-Protein Interaction

In the realm of proteins, understanding their interactions is crucial to unravel their roles in disease
processes. To investigate the intricate web of protein-protein interactions involving BRCA2, we harnessed
the STRING tool (Search Tool for the Retrieval of Interacting Genes) [30]. This powerful resource unveiled
the network of connections, shedding light on BRCA2's collaborations with other molecules.

Identification of a deleterious mutation in the functional domain

The functional domain of the BRCA2 was identified using InterProScan, a useful tool accessible at
http://www.ebi.ac.uk/InterProScan [31] InterProScan integrates various methods for detecting unique
protein signatures from the InterPro consortium’s associated databases into a single resource. This web-
based version of InterPro is available for both academic and commercial organizations through European
Bionformatics Institute (EBI). To perform this analysis, we utilized the InterProScan tool, which scans
protein sequences provided in FASTA format to find matches in the InterPro protein signature databases.

Modeling of Protein Structure

In the process of modeling the protein structure of BRCA2, we obtained the FASTA sequence from the
Uniprot Protein Database. To generate the 3D structure, we utilized the Swiss Model web server, which is
renowned for producing reliable structural models [32]. This server offers valuable insights through QMEAN
scores and the alignment with experimental protein sequences. To enhance the predicted structure’s quality,
we applied refinement techniques via GalaxyRefine and conducted a comprehensive structural assessment
using PROCHECK and Errat. Additionally, mutant models were manually crafted based on the predicted
protein structure with the assistance of PyMol. These models were energy minimized via Swiss PDB viewer
and then with Chiron. RMSD of mutated models was calculated via TM alignment tool.

Ligand Binding Site Prediction

To identify active sites and potential ligand-binding locations within BRCA2, we employed the COACH
protein-ligand binding prediction server. This meta-server approach, available at http://zhanglab.ccmb.
med.umich.edu/COACH/, offers a comprehensive analysis of protein-ligand binding sites. We utilized a
model generated by Swiss-Model as input for COACH to predict these crucial ligand-binding regions. The top
10 models were ranked by the cluster size and assigned a C-score, which ranged from 0 to 1, where higher
scores indicate increased reliability.

Correlation of BRCA2 Deregulation with Breast and Ovarian Cancer

The clinical significance of BRCA2 was assessed in relation to the survival of breast cancer patients,
utilizing the Kaplan-Meier plotter available at https://kmplot.com/analysis/. This comprehensive tool has
evaluated the expression of 54, 000 genes across 21 cancer types, drawing data from over 10, 000 patient
samples, including 6, 234 individuals with breast cancer. The system incorporates diverse sources such as
the Gene Expression Omnibus (GEO), European Genome-Phenome Archive (EGA), and The Cancer Genome
Atlas (TCGA). Through this extensive analysis, we gained valuable insights into the correlation between
BRCAZ2 expression and the survival outcomes of breast cancer patients. The prediction of the comprehensive
survival rate of various types of cancer patients, i.e. breast, and ovarian was done with Kaplan-Meier
plot. The survival analyses of cancer patients were run against, 4929, 1435, breast and ovarian patients,
respectively.
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Results

Retrieval of nsSNPs

A total of 7, 921 SNPs were retrieved from the GenomAD database, representing a
diverse array of genetic variations. Within this dataset, there were distinct categories of
SNPs, including 1, 940 missense or non-synonymous SNPs, 5, 887 intronic SNPs, 54 SNPs
located in the 3-prime untranslated regions (UTR), and 40 SNPs present in the 5-prime UTR
regions. In our subsequent analysis, we specifically focused on the non-synonymous SNPs
for further investigation.

Identifying the most damaging nsSNPs

In our comprehensive SNP analysis, we employed five distinct prediction tools, namely
SIFT, PolyPhen, PredictSNP, SNAP2, PhD-SNP, and ClinVar, to assess the potential deleterious
impact of 1940 SNPs. The results revealed that a substantial number of SNPs were classified
as deleterious by these tools, with SIFT identifying 622 SNPs, PolyPhen identifying 793 SNPs,
PredictSNP identifying 518 SNPs, SNAP2 identifying 639 SNPs, and PhD-SNP identifying 151
SNPs as deleterious (Fig. 2). Importantly, these predictions served as a basis for identifying
a consensus set of 69 SNPs that demonstrated deleterious effects across all five prediction
tools (Table S1). Among the identified 69 SNPs, we used ClinVar and Varsome to assess their
clinical significance. Of these, 16 were classified as pathogenic, conversely, 11 SNPs were
categorized as benign. Interestingly, a substantial portion, comprising 42 SNPs, fell into
the category of variants of uncertain significance (VUS). It's noteworthy that despite this
variability in ClinVar classification, the selection criteria for our further analysis remained
stringent, focusing exclusively on the 69 SNPs unanimously deemed deleterious by all five
prediction tools, ensuring a high level of confidence in their potential functional impact.
These 69 SNPs, exhibiting unanimity in their deleterious predictions, were selected for
further in-depth analysis in our study.

Predicting Disease-Associated Amino Acid Substitutions and Phenotypic Outcomes

To predict disease-associated amino acid substitutions and phenotypic outcomes, we
used MutPred, a valuable analytical tool. Among the 69 selected missense SNPs subjected
to MutPred analysis, a noteworthy subset of 48 SNPs exhibited a substantial probability of
damaging the associated proteins, as indicated by MutPred scores exceeding the critical
threshold of 0.5 (Table S2). This careful curation based on scores led to the identification of 48
SNPs that were deemed to have a higher likelihood of influencing molecular mechanisms and
contributing to disease pathogenesis. These SNPs, characterized by their potential to disrupt
protein function, were subsequently chosen for an in-depth and focused investigation in our
research, shedding light on their potential roles in disease etiology and offering valuable
insights for further exploration.

Prediction of Cancer-Linked Mutations

In the pursuit of identifying mutations with potential links to cancer, our study applied
a comprehensive Functional Analysis
through Hidden Markov Models
(Fathmm) using the carefully
selected 48 SNPs. Employing a
stringent threshold value of -0.75,
we discerned that 38 of these SNPs
exhibited Fathmm scores below this
critical threshold (Table 1). This
observation strongly suggests an
association between these 38 SNPs
and cancer, prompting their selection

for further in-depth analysis. By Fig. 2. Showing damaging nsSNPs identified by five In-silico
tools; SIFT, Predict-SNP, PolyPhen-2, Phd-SNP and SNPs&GO.
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leveraging Fathmm'’s predictive capabilities, we have identified a subset of mutations that
warrant closer examination due to their potential implications in cancer-related molecular
mechanisms, offering a promising avenue for subsequent research endeavors in this vital

area of study.

Prediction of protein stability change

To predict the stability of proteins influenced by specific genetic mutations, we focused
on 38 particular SNPs (Single Nucleotide Polymorphisms) that have potential implications
in cancer. Employing computational tools like I-Mutant and MuPro, we conducted a thorough

analysis. The outcome of this analysis unveiled that 22 of
the 38 exhibited a negative SVM (Support Vector Machine)
score, negative AAG (Free Energy Change) and negative NN
(Neural Network) values indicating a decrease in protein
stability (Table 2). This decline in stability can disrupt
protein functions, making these mutations potentially
more harmful. The protein stability of 22 mutations with
respect to free energy values via I-Mutant showed that all
22 mutant models had free energy change (AAG) values
ranging between -3.911 and -0.22, predicting a decrease
in stability in forming a protein structure.

Conservation analysis

We explored the evolutionary conservation aspect of
our study by employing the ConSurfweb browser to assess
the level of conservation at each position within the BRCA2
protein. Through its Bayesian methodology, ConSurf can
pinpoint potentially critical amino acids, shedding light
on both their functional and structural significance based
on their evolutionary conservation profiles. Intriguingly,
after subjecting all 22 SNPs to ConSurf analysis, we found
that they reside within highly conserved regions, boasting
impressive scores ranging between 8 and 9 (Table 3).
This discovery reinforces their importance and potential
impact, prompting us to include them in our subsequent
in-depth analyses. These SNPs, nestled within regions
that have stood the test of evolutionary time, may harbor
valuable clues regarding their

Table 1. Predicting cancer and

disease-associated amino  acid
substitution using Fathmm

rsid Substitution  Prediction _F Score
rs141702094 D1033V Cancer -1.94
rs80358610 F1219v Cancer -4.35
rs28897728 G1529R Cancer -2.72
rs758379999 A2231P Cancer -2.1
rs398122574 H2324P Cancer -1.38
rs1474281591 C2332R Cancer -1.67
rs398122591 G2596R Cancer -1.66
rs142899125 N2622S Cancer -1.22
rs431825358 Y2624C Cancer -1.07
rs80359013 W2626C Cancer -1.59
rs786202102 M2634K Cancer -0.99
rs774723315 P2639L Cancer -2.17
rs80359030 E2663K Cancer -1.16
rs80359041 D2679G Cancer -2.02
rs80359044 V2687F Cancer -1.6
rs1060502432 D2723E Cancer -3.61
rs41293513 D2723A Cancer -3.64
rs80359063 G2724E Cancer -3.95
rs80359066 A2730P Cancer -1.43
rs56371528 G2748S Cancer -3.05
rs56371528 G2748R Cancer -3.07
rs80359071 G2748D Cancer -3.06
rs1157308308 A2756T Cancer -1.6
rs80359075 R2784W Cancer -1.41
rs80359079 W2788G Cancer -1.22
rs80359082 G2793R Cancer -3.96
rs766623248 E2832G Cancer -1.7
rs80359104 R2842C Cancer -1.88
rs80359105 R2842L Cancer -1.87
rs45580035 R3052W Cancer -2.12
rs398122611 C3069R Cancer -1.38
rs80359186 D3073G Cancer -2.64
rs80359187 G3076E Cancer -3.32
rs1566253644 G3076R Cancer -3.32
rs80359195 Y3092C Cancer -2.11
rs771203198 W3106C Cancer -1.78
rs28897759 N31241 Cancer -2.45

roles in disease etiology and  Table 2. Predicted Alterations in Protein Stability by I-MUTANT 2

protein function. and Mupro
- MuPro I-Mutant

Prediction of BRCAZ Rsid Amino acid Change SVM NN DDG
S d S rs80358610 F1219V -1 -0.997 Decrease  -3.6  Decrease
econdary Structure 15758379999 A2231P 1 093 Decrease -2.19 Decrease
rs1474281591 C2332R -0.091 -0.545 Decrease -0.22 Decrease
TO forecaSt the Secondary rs398122591 G2596R -0.09 -0.8305 Decrease -1.62 Decrease
structure of BRCA2, we rs80359013 W2626C -0.208 -0.532 Decrease -0.76 Decrease
rs786202102 M2634K -0.517 -0.797 Decrease -1.71 Decrease
employed the SOPMA tool  rsso3so0so E2663K -0.021 -0573  Decrease -102 Decrease
. : . : rs80359041 D2679G -0.845 -0.974 Decrease -0.45 Decrease
in our analysis elucidating 350044 V2687F 1 -0.782  Decrease -3.01 Decrease
rs41293513 D2723A -0.517 -0.902 Decrease -0.58 Decrease
the_ prevalence Of alpha rs80359063 G2724E -0.417 -0.894 Decrease -0.54 Decrease
helices, beta sheets, and rs56371528 G2748S -1 -0.876 Decrease -1.03 Decrease
. . rs56371528 G2748R -0.311 -0.631 Decrease -1.43 Decrease
coil structures. The analySlS rs80359071 G2748D -0.347 -0.727 Decrease -1.01 Decrease
: . rs1157308308 A2756T -0.801 -0.849 Decrease -0.67 Decrease
unveiled a prominent 3350075 R2784W -0.342 -0.708  Decrease -1.09 Decrease
1 rs80359079 W2788G -1 -0.984 Decrease -3.91 Decrease
presence Of random COllS' rs80359082 G2793R -0.192 0.647 Decrease -0.89 Decrease
accounting for 52.52% (1795) 1s766623248 E28326G 1 20999  Decrease -116 Decrease
rs80359104 R2842C -0.398 -0.7923 Decrease -0.49 Decrease
of the Secondary structure, rs80359186 D3073G -1 -0.998 Decrease  -2.6  Decrease
-0.539 -0.850 Decrease  -0.36 Decrease

followed by 28.94% (989) 80359195 Y3092
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in alpha helices, 14.80% (506) in extended strands, Table 3. Prediction of evolutionary

and 3.74% (128) in beta turns within the predicted conservation by ConSurf. According

secondary structure of BRCA2. to the ConSurf server, “f” — functional
residue and “s” — structural residue

Analyzing Protein Interactions

. . . . Rsid Amino acid Change Score f/s
Protein interactions are vital for various cellular 5358610 T AR é
functions, including cell signaling. Given this intricate rsﬁ?i;:?g; Az231p o s
. . . . . . . . rs -
network, any variations in amino acids within a protein 398122501 G2596R 9 f
can potentially influence the behavior of other proteins ~ rs80359013 W2626C 9 s
. . , . rs786202102 M2634K 9 s
in the network. Our exploration of BRCA2’s functional 1580359030 E2663K 9  f
i rs80359041 D2679G 9 f
partners using th.e STRING tool revealed a group of ten 202220 Vach .
significant proteins: PALB2, SEM1, BRIP1, RAD51C,  rs41293513 D2723A 9 f
FANCD2, BARD1, XRCC3, BRCA1, RAD51, and BCCIP :zgggg?g;g gi;igg Z .
(Fig. 3). As BRCA2 plays a major role in DNA repair  rs56371528 G2748R 9 s
: : : rs80359071 G2748D 9 s
processes, it becgmes evident thgt harmful mgtatlo.ns 1e1157308308 A27EET s .
in BRCA2 can disrupt not only its own functionality = rs80359075 R2784W 9 f
b t 1 th t ft int ti t Th int 1 rs80359079 W2788G 9 s
ut also that of its interacting partners. This interplay | 50359082 G2793R s 1
is crucial to understand the broader impact of BRCA2  rs766623248 E2832G 9 f
. s . . . . rs80359104 R2842C 9 f
mutations and their implications in various cellular . gp359186 D3073C 9
processes.

Fig. 3. STRING interaction network of BRCA2 protein

Identification of a deleterious showing 10 different interacting proteins.

mutation in the functional domain

InterPro tool was utilized to
locate domain regions in BRCA2
protein and to identify the location
of deleterious nSNPs in different
domains. Utilizing the InterPro
database, we identified eight BRC
repeat regions and DNA binding
domains, comprising the helical
domain, OB1, OB2, and OB3 DNA
binding domains. Out of the 22
deleterious mutations, a substantial
18 nsSNPs were identified within
these DNA binding domains as
illustrated in Fig. 4. Additionally, one
deleterious mutation was detected
in the BRC repeat region. These
BRC repeats bind with RAD51, a
protein involved in DNA repair and
recombination. It is noteworthy
that most of these mutations (18)
are clustered in the DNA binding
region, underscoring its heightened
significance. This region’s critical role
in DNA repair, given its interaction with DNA, suggests potential implications for the DNA-
repairing ability of BRCAZ2.

3D Structure Analysis

The 3D structure of the BRCA2 protein was generated using the Swiss model. To ensure
comprehensive coverage, we selected a model encompassing amino acids from 2122 to 3373,
which notably included 20 out of the deleterious SNPs we had identified. The generated model
underwent further refinement through GalaxyRefine and rigorous validation using Errat and
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PROCHECK. The quality score obtained via Errat was an impressive 92.51%, indicating the
reliability of our predicted model. The Ramachandran plot, a crucial measure of the model’s
quality, revealed that 88.9% of residues fell within the most favored region, while 6.3% and
1.9% resided in allowed and generously allowed regions, respectively (Fig. 5). These results
collectively affirm the satisfactory quality of our BRCA2 3D model. Additionally, mutant
protein models were built by manually inserting altered amino acids into the sequence
using PyMOL, enriching our analysis of BRCA2 variants (Fig. 6). These models were energy
minimized via Swiss PDB viewer and then with Chiron. We extended our analysis by
calculating RMSD values for each mutant model. The Root Mean Square Deviation (RMSD) is
utilized to calculate the average distance between the a-carbon backbones of wild-type and
mutant models. A larger RMSD value indicates a greater deviation of the mutant structure
from that of the wild type. The A2231P mutant exhibited the highest RMSD, while the lowest
RMSD of 0.034 was observed for the M2643K mutant.

Fig. 4. The schematic representation of identified harmful mutations distributed across the functional
domains of BRCA2 protein.

Fig. 5. Ramachandran plot analysis of
modeled BRCA2 structure generated by
PROCHECK. Residues in most favored
regions (A, B, L), Residues in additional
allowed regions (a, b, I, p), and residues
in generously allowed regions (~a, ~b ~],
~p).
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Fig. 6. The central image represents the BRCA2 wild-type model generated by the Swiss Model; Peripheral
images showed all (21) missense mutations of BRCA2 protein were generated with PyMol.
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Ligand binding site prediction

The coach server was used to predict the ligand binding sites which were then visualized
and analyzed using ChimeraX. Using this technique, three ligand-binding sites, site 1 (2513,
2514, 2518,2520,252,2522,2523,2526), site 2 (2642, 2645, 2646, 2355, 2659, 2668, 2669,
2670, 2674), site 3 (2725, 2750, 2791, 2792, 2795) (Fig. 7).

Correlation of BRCAZ Deregulation with Breast and Ovarian Cancer

To comprehend the functional implications of BRCA2 deregulation, we explored
the complex relationship between BRCA2 dysregulation and clinical outcomes in cancer
patients. Using Kaplan—Meier plot analysis, we discovered distinct repercussions of BRCA2
dysregulation across various cancer types. Our findings indicated that elevated BRCA2
gene expression significantly correlates with reduced survival rates in patients with breast
and ovarian cancer (Fig. 8). This emphasizes the major role of BRCA2 in cancer prognosis.
A nuanced understanding of how genetic variations, such as SNPs, influence BRCA2
transcriptional regulation and expression could hold immense diagnostic and prognostic
potential in disease management.
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Fig. 7. Ligand binding sites predicted by COACH.

Fig. 8. Kaplan-Meier curves showing the association of BRCA2 expression and survival of patients in (A)
Breast, and (B) Ovarian Cancer.

Discussion

Several research studies have identified a connection between variations in the BRCA2
gene and the development of breast cancer [33, 34]. The BRCAZ gene harbors numerous
Single Nucleotide Polymorphisms (SNPs) that may influence the susceptibility to breast
cancer. We focused on non-synonymous SNPs (nsSNPs) within BRCAZ, aiming to identify
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the most harmful and deleterious variants that could be linked to the development of breast
cancer.

The comprehensive in-silico analysis of BRCA2 SNPs presented in this study provides
valuable insights into the potential implications of genetic variations associated with breast
cancer. Our exploration began with the retrieval of 7, 921 SNPs from the GenomAD database,
with a particular focus on 1, 940 missense or non-synonymous SNPs for further investigation.
To assess the deleterious impact of these non-synonymous SNPs, we employed five prediction
tools, namely SIFT, PolyPhen, PredictSNP, SNAP2, and PhD-SNP, resulting in the identification
ofa consensus set of 69 SNPs predicted to be deleterious across all tools. These 69 deleterious
SNPs were assessed for their clinical significance by cross-referencing them with ClinVar and
VarSome databases. Among the identified SNPs, 16 were classified as pathogenic, indicating
a high likelihood of contributing to disease development, while 11 were classified as benign,
suggesting they are unlikely to have a significant impact. However, a substantial portion of
the SNPs, totaling 42, were categorized as having uncertain significance (VUS). Subsequent
MutPred analysis prioritized 48 SNPs based on their potential to damage associated
proteins. The MutPred2 scores, coupled with predicted molecular mechanisms, highlighted
the significant likelihood of these SNPs influencing molecular processes and contributing
to disease pathogenesis. Some of the mutations and their consequences include D2723E,
G2724E, A2730P, G2748S, G2748R, G2748D, and A2756T. With a MutPred2 score of 0.638,
the D2723E mutation in the BRCA2 gene is expected to result in alterations to metal binding,
which may interfere with the coordination of metal ions. Enzymatic activities and structural
stability depend on these interactions. Additionally, it is anticipated that the mutation will
affect the ordered interface, indicating modifications to structured regions that may affect
stability or protein-protein interactions [35]. It is interesting to note that MutPred2 predicts
the acquisition of a catalytic site at D2723, suggesting a possible enzymatic activity gain. The
observation of the loss of an allosteric site at W2725 raises the possibility of modifications to
protein regulation. The complexity of the D2723E mutation and its possible complex effects
on BRCA2 function is highlighted by these combined effects. The D2723A mutation, with a
higher MutPred2 score of 0.848, alters metal binding like D2723E. However, it predicts a
strand gain, which may affect beta-sheet structures and protein stability [36]. This mutation
predicts the loss of a catalytic site at D2723, indicating different effects on enzymatic
activity than D2723E. The loss of an allosteric site at W2725 suggests that BRCA2 regulatory
pathways may change. The G2724E mutation, with a MutPred2 score of 0.838, alters metal
binding and predicts strand loss. Beta-sheet structures in the protein may be affected by
this change, affecting its stability and function. The MutPred2 score of 0.762 for the A2730P
mutation suggests it affects metal binding and ordered interfaces. Gaining a strand and an
allosteric site at W2725 suggests structural modifications and new regulatory mechanisms,
respectively, highlighting the mutation’s functional complexity. Further categorization of
these SNPs revealed associations with altered protein stability, emphasizing their potentially
harmful effects. Notably, our study identified 38 SNPs with potential links to cancer through
Fathmm analysis, underscoring their relevance in the context of cancer-related molecular
mechanisms. Predicting the impact of genomic variations on protein stability, specifically
amino acid substitutions, is critical for identifying disease-associated SNPs in proteins
[37, 38]. Missense mutations, which alter protein stability, are closely linked to genetic
diseases in humans. Certain studies indicate that a decrease in protein stability leads to a
rise in protein breakdown, misfolding, and aggregation [39]. This understanding is vital
for effective screening of potential disease-causing SNPs in proteins [40]. In our study we
calculated stability using I-Mutant and MuPro, revealing 22 SNPs with negative SVM scores,
and G values indicative of decreased protein stability. Understanding the secondary structure
is essential for comprehending the protein’s folding pattern and its potential interactions
with other molecules. Moreover, predictions of BRCA2 secondary structure highlighted
the prevalence of random coils, alpha helices, extended strands, and beta turns within the
protein’s structure. The protein-protein interaction analysis using the STRING tool identified
10 significant proteins interacting with BRCAZ, emphasizing the interconnected nature of
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cellular processes. Harmful mutations in BRCA2 may not only impact its functionality but
also disrupt the network of interacting proteins, particularly those involved in DNA repair
processes. The evolutionary conservation analysis using the ConSurf tool demonstrated
that all 22 selected SNPs reside within highly conserved regions of the BRCA2 protein. This
conservation further supports their functional and structural importance, suggesting their
roles in disease development and protein function.

Through the utilization of the InterPro tool, specific domains within the BRCA2 protein
were pinpointed, particularly focusing on crucial DNA-binding regions such as the helical
domain, OB1, OB2, and OB3. Additionally, the BRCA2 protein encompasses eight BRC repeat
regions. Notably, our analysis revealed 18 deleterious mutations (A2231P, C2332R, G2596R,
W2626C, M2634K, E2663K, D2679G, V2687F, D2723A, G2724E, G2748S, G2748R, G2748D,
A2756T, R2784W, W2788G, G2793R, E2832G, R2842C, D3073G, Y3092C) were identified
within the DNA-binding domains, with only one occurring in the BRC repeat region. This
underscores the significance of DNA-binding domains as potential hotspots for harmful
genetic variations, suggesting a critical role in the protein’s function related to DNA repair and
tumor suppression. The association of deleterious mutations predominantly with the DNA-
binding domains implies a potential disruption in the protein’s ability to interact with DNA,
a fundamental aspect of its role in maintaining genomic stability and facilitating DNA repair.
Considering the well-established connection between BRCAZ mutations and an elevated risk
ofbreast cancer, the identification of these mutation-prone domains holds substantial clinical
relevance. This insight into the prevalence of deleterious mutations in the DNA-binding
regions emphasizes the importance of these domains for researchers, pharmaceuticals,
and biotech companies. When developing targeted therapies or diagnostic tools for breast
cancer, especially those associated with BRCA2 mutations, careful consideration of these
critical DNA-binding domains is paramount. These findings highlight the need for focused
attention on the design of interventions to address mutations occurring within these specific
regions of the BRCA2 protein. Consequently, drug designers and biotech researchers should
take heed of these critical domains when developing targeted therapies or diagnostic tools
for breast cancer, particularly those associated with BRCA2 mutations.

The generation of a reliable 3D model of the BRCAZ2 protein adds a structural dimension
to our analysis. The model, refined through GalaxyRefine and validated using Errat and
PROCHECK, underscores its quality and reliability. The insertion of altered amino acids into
the sequence to create mutant protein models using PyMOL enriches our understanding
of specific variants and their potential structural implications. In summary, our In-silico
analysis offers a multi-faceted perspective on BRCA2 genetic variations associated with
breast cancer. The identification of deleterious mutations, their potential links to cancer,
alterations in protein stability, and the structural implications highlighted in the 3D model
contribute to a comprehensive understanding of the functional consequences of BRCAZ
SNPs. These findings provide a foundation for further experimental validations and clinical
investigations, ultimately advancing our knowledge of breast cancer susceptibility and
aiding in the development of targeted therapeutic strategies.

Conclusion

In conclusion, our in-silico analysis of BRCA2 genetic variations has revealed a thorough
understanding of their potential role in breast cancer susceptibility. The complexity of genetic
variations within BRCA2 is demonstrated by the recent identification of 69 deleterious SNPs,
including 16 pathogenic variants and 42 of uncertain significance. Certain mutations such as
D2723E,G2724E, A2730P, and others were discovered by MutPred analysis, providing insight
into their possible impact on molecular processes. In addition, the correlation between these
mutations and altered protein stability, as well as their frequent appearance in DNA-binding
domains that are highly conserved, emphasize the structural and functional importance of
these mutations. The understanding of domains prone to mutation, specifically those linked
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to DNA-binding regions, is of critical clinical importance and requires concentrated effort
in the advancement of targeted therapies and screening techniques for breast cancer. A
structural dimension is added to our analysis with the incorporation of a reliable 3D model,
which improves our comprehension of variants. Overall, our results offer a strong platform
for additional clinical and experimental validations, advancing our knowledge of breast
cancer susceptibility and enabling the development of focused treatment approaches.
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