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Abstract: In this work, we have analyzed the genetic variation that can alter the expression and the function in BRCA2 gene using 
computational methods. Out of the total 534 SNPs, 101 were found to be non synonymous (nsSNPs). Among the 7 SNPs in the  
untranslated region, 3 SNPs were found in 5′ and 4 SNPs were found in 3′ un-translated regions (UTR). Of the nsSNPs 20.7% were 
found to be damaging by both SIFT and PolyPhen server among the 101 nsSNPs investigated. UTR resource tool suggested that 2 
SNPs in the 5′ UTR region and 4 SNPs in the 3′ UTR regions might change the protein expression levels. The mutation from 
asparagine to isoleucine at the position 3124 of the native protein of BRCA2 gene was most deleterious by both SIFT and PolyPhen 
servers. A structural analysis of this mutated protein and the native protein was made which had an RMSD value of 0.301 nm. Based 
on this work, we proposed that this most deleterious nsSNP with an SNPid rs28897759 is an important candidate for the cause of 
breast cancer by BRCA2 gene. 
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Single nucleotide polymorphisms (SNPs), which are 
found in every 200–300 bp, represent the most abundant 
class of genetic variations in the human genome[1]. It is 
known that 500 000 SNP’s fall in the coding regions of 
the human genome[2] and among these, the non-    
synonymous SNPs(nsSNPs) causes changes in the 
amino acid residues. These are likely to be an important 
factor contributing to the functional diversity of the   
encoded proteins in the human population[3]. In addition to 
this, most SNPs in human genome are found in non- 
coding DNA, including 5′ and 3′ untranslated regions 
(UTR). Polymorphism in 5′-UTR of the gene may 
affect transcriptional activity and can therefore be of 
functional relevance[4]. Polymorphism in the 3′-UTR 
region may affect gene expression by affecting RNA 
half-life or influencing ribosomal translation of 
mRNA[5]. 

BRCA2 (13q12-q13) is a well-known inherited 
tumor suppressor gene[6,7]. Mutation of BRCA2 gene 
predisposes individuals to breast, ovarian and other 
cancers[8,9] and almost half the cases of inherited early 
onset breast cancers have been linked to mutations in 
BRCA2 gene. The product of this gene, BRCA2 protein, 

interacts with RAD51, essential for homologous    
recombination, DNA repair, and the maintenance of 
genome stability. There appear to be a number of 
different interactions between BRCA2 and RAD51. 
One such interaction involves a C-terminal region of 
BRCA2[10]. In addition, BRCA2 interacts with RAD51 
through the eight conserved BRC repeats in BRCA2 
protein[11,12] and mutations within these repeats are 
associated with cancer predisposition. 

Discovering the deleterious SNPs is the main task 
of pharmacogenomics and pharmacogenetics. Though 
our literatures survey shows that, there is a wide 
choice of literature on BRCA2 gene related to breast 
cancer, yet there are no computational studies undertaken 
for an in-silico investigation of nsSNPs and UTR 
SNPs in BRCA2 gene. We undertook this work mainly 
to perform a computational analysis of the nsSNPs in 
BRCA2 gene and to identify the possible deleterious 
mutations and proposed a modeled structure for the 
mutant protein.  
  In continuation to our previous work on functional 
SNP analysis of BRCA1 gene[13], we here report our 
results on BRCA2 gene. Out of 101 nsSNPs, the most 



852    ISSN1000-3061  CN11-1998/Q              Chin J Biotech                 May 25, 2008  Vol.24  No.5 

  

Journals.im.ac.cn 

deleterious functionally significant nsSNPs causing the 
mutation from aspargine to isoleucine at the position 
of 3124 in BRCA2 protein and 6 SNPs, having     
functional significance in 5′ and 3′ untranslated regions 
could be a candidate of major concern in the disease of 
breast cancer caused by BRCA2 gene. 
 
1  Materials and methods 
 
1.1  Datasets 

The SNPs and their related protein sequence for 
BRCA2 gene were obtained from the dbSNP[14] 
http://www.ncbi.nlm.nih.gov/SNP/ for our computational 
analysis. 
1.2  Analysis of functional consequences of coding 
nsSNPs by sequence homology based method (SIFT) 

We used the program SIFT[15] available at http:// 
blocks.fhcrc.org/sift/SIFT.html to detect the deleterious 
coding non synonymous SNPs. SIFT is a sequence 
homology based tool which presumes that important 
amino acids will be conserved in the protein family. 
Hence, changes at well-conserved positions tend to be 
predicted as deleterious[16]. We submitted the query in 
the form of SNPids or as protein sequences. The   
underlying principle of this program is that, SIFT takes 
a query sequence and uses multiple alignment     
information to predict tolerated and deleterious 
substitutions for every position of the query sequence. 
SIFT is a multistep procedure that, given a protein 
sequence, (a) searches for similar sequences, (b) 
chooses closely related sequences that may share 
similar function, (c) obtains the multiple alignment of 
these chosen sequences, and (d) calculates 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 and 
greater than or equal to the cutoff are predicted to be 
tolerated[15]. The cutoff value in SIFT program is 
tolerance index of ≥ 0.05. Higher the tolerance index, 
less functional impact a particular amino acid 
substitution is likely to have. 
1.3  Simulation for functional change in coding nsSNPs 
by structure homology based method (PolyPhen) 

Analyzing the damaged coding non synonymous 
SNPs at the structural level are considered to be very 
important to understand the functional activity of 
concerned protein. We used the server PolyPhen[17] 
which is available at http://coot.embl.de/PolyPhen/ for 
this purpose. Input options for PolyPhen server is   
protein sequence or SWALL database ID or accession 
number together with sequence position with two 

amino acid variants. We submitted the query in the 
form of protein sequence with mutational position and 
two amino acid variants. Sequence based characterization 
of the substitution site, profile analysis of homologous 
sequences and mapping of substitution site to a known 
protein 3-dimensional structures are the parameters 
taken into account by PolyPhen server to calculate the 
score. It calculates position-specific independent 
counts (PSIC) scores for each of the two variants, and 
then computes the PSIC scores difference between 
them. Higher the PSIC score difference, higher is the 
functional impact a particular amino acid substitution 
is likely to have. 
1.4  Scanning of UTR SNPs in UTR site 

5′ and 3′ UTR regions are involved in various    
biological processes such as post transcriptional regulatory 
pathways, stability and translational efficiency[18,19]. 
We used the program UTRscan[20] which allows to 
search the user submitted sequences for any of the 
patterns collected in UTR site. UTRsite is a collection 
of functional sequence patterns located in 5′ or 3′ UTR 
sequences. Briefly, two or three sequences of each 
UTR SNP which have different nucleotide at SNP   
position are analyzed by UTRscan which looks for 
UTR functional elements by searching through user 
submitted sequence data for the patterns defined in the 
UTRsite and UTR database. If different sequences of 
each UTR SNP are found to have different functional 
pattern(s), this UTR SNP is predicted to have functional 
significance. The internet resources for UTR analysis 
are UTRdb and UTRsite. UTRdb contain experimentally 
proved biological activity of functional sequence   
patterns of UTR sequence from eukaryotic mRNAs[21]. 
The UTRsite have the data collected from UTRdb   
and also continuously enriched with new functional   
patterns. 
1.5  Modeling nsSNP locations on protein structure 
and their RMSD difference 

Structural information has been extensively used for 
studying the effects of nsSNPs[22]. We used the database 
dbSNP[14] for identifying the nsSNPs onto the structure 
by using limits option. We confirmed the mutation 
positions and the mutation residues by this database. 
The mutation was performed by using SWISSPDB 
viewer and energy minimization for 3D structures was 
performed by NOMAD-Ref server[23]. This server use 
Gromacs as default force field for energy minimization 
based on the methods of steepest descent, conjugate 
gradient and L-BFGS methods[24]. We used conjugate 
gradient method for optimizing the 3D structures.   
Divergence in mutant structure with native structure is 
due to mutation, deletions, and insertions[25] and the 
deviation between the two structures is evaluated by 
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their RMSD values which could affect stability and 
functional activity[26]. 
 
2  Results and Discussion 
 
2.1  SNP dataset from dbSNP 

The BRCA2 gene investigated in this work was   
retrieved from dbSNP database[14]. It contained a total 
of 534 SNPs. Out of which, 101 were non-synonymous 
SNPs (nsSNPs), 47 were synonymous SNPs, 7 were in 
non coding regions, which comprises of 3 SNPs in 5′
UTR region and 4 SNPs were in 3′UTR region. The 
rest were in the intron region. We selected non-     
synonymous coding SNPs, 5′and 3′UTR region SNPs 
for our investigation. 
2.2  Deleterious and damaged nsSNPs by SIFT and 
PolyPhen 

The conservation level of a particular position in a 
protein was determined by using a sequence homology 
based tool; SIFT[15]. Protein sequences of 101 nsSNPs 
were submitted independently to SIFT program to 
check its tolerance index. Among the 101 nsSNPs, 35 
nsSNPs were found to be deleterious having the tolerance 
index score of ≤ 0.05. The results are shown in 
consolidated Table 1. 

We observed that, out of 35 deleterious nsSNPs, 14 
nsSNPs showed a highly deleterious tolerance index 
score of 0.007 nsSNPs a tolerance index score of 0.01, 
followed by 4, 5 and 3 nsSNPs with a tolerance index 
of 0.02, 0.03 and 0.04 respectively. 11 nsSNPs showed 
a nucleotide change from A→G, 9 nsSNPs from C→T, 
5 nsSNPs from G→T, 4 nsSNPs from A→T, 3 nsSNPs 
from A→C and 3 nsSNPs showed a nucleotide change 
from C→G. A→G and C→T nucleotide changes 

Table 1  List of nsSNPs that were predicted to be functional significance by both SIFT and PolyPhen 

SNPs ID Nucleotide 
change 

AA 
change 

Tolerance 
index PSIC SD SNPs ID Nucleotide

change 
AA 
change Tolerance index PSIC SD 

rs11571656 C/T S976F 0.02 1.890 rs4987046 A/G Y42C 0.00 Not damaged 

rs11571707 C/T I2490T 0.01 1.743 rs28897716 A/G D935N 0.03 Not damaged 

rs11571769 A/G A2951T 0.03 1.528 rs41293501 A/C A2233D 0.00 Not damaged 

rs169548 A/G S2536P 0.01 1.959 rs41293503 A/G E2236K 0.02 Not damaged 

rs2227944 A/T N987I 0.00 1.908 rs28897729 A/G V1542M 0.03 Not damaged 

rs28897702 G/T G173V 0.01 1.533 rs41293471 C/T T207I 0.00 Not damaged 

rs28897719 A/T N1102Y 0.04 2.417 rs41293511 C/G D2723H 0.00 Not damaged 

rs28897728 A/G G1529R 0.00 2.367 rs41293513 A/C D2723A 0.00 Not damaged 

rs28897737 C/G S1979R 0.03 1.595 rs1799954 C/T R2034C Not deleterious 1.553 

rs28897738 C/G S1982T 0.04 1.648 rs2219594 G/T H1561N Not deleterious 2.307 

rs28897744 C/T T2515I 0.01 1.951 rs28897701 C/G A75P Not deleterious 1.722 

rs28897746 C/T L2686P 0.00 2.243 rs28897705 G/T N277K Not deleterious 2.046 

rs28897750 A/C A2770D 0.05 2.060 rs28897706 A/C S326R Not deleterious 1.526 

rs28897751 C/T L2792P 0.00 2.467 rs28897708 C/T I505T Not deleterious 1.525 

rs28897752 C/T L2898S 0.02 2.051 rs28897712 C/G P655R Not deleterious 1.905 

rs28897753 G/T V2908G 0.01 2.138 rs28897722 A/G N1228D Not deleterious 1.631 

rs28897758 G/T L3101R 0.00 1.760 rs28897725 A/C T1388N Not deleterious 1.571 

rs28897759 A/T N3124I 0.00 2.769 rs28897726 A/G E1397K Not deleterious 1.609 

rs28897761 A/G E3342K 0.00 1.732 rs28897727 G/T D1420Y Not deleterious 2.036 

rs4987047 A/T I2944F 0.02 1.734 rs28897733 A/C K1678T Not deleterious 1.902 

rs766173 G/T N289H 0.01 1.851 rs28897742 G/T D2238E Not deleterious 1.556 

rs169547 A/G A2466V 0.00 Not damaged rs28897743 A/G R2336H Not deleterious 1.613 

rs2227943 C/T S929L 0.01 Not damaged rs28897745 A/G D2665G Not deleterious 2.141 

rs11571657 G/T N1880K 0.05 Not damaged rs28897754 G/T K2950N Not deleterious 1.862 

rs28897709 A/G K513R 0.04 Not damaged rs28897755 C/T T3013I Not deleterious 1.583 

rs28897748 C/T I2719T 0.00 Not damaged rs28897760 A/C P3194Q Not deleterious 1.980 

rs41293493 A/G S1682N 0.03 Not damaged rs4986859 A/G N2447D Not deleterious 1.599 

AA change: amino acid change, Tolerance Index and PSIC SD mentioned in bold indicates deleterious and damaged by both SIFT and 
PolyPhen respectively. 
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occurred maximum number of times and A→C and 
C→G nucleotide changes occurred minimum number 
of times as could be seen from Table 1. The nucleotide 
change from A→G and C→T accounted for the highest 
number of deleterious nsSNPs with a SIFT tolerance 
index of 0.00. This was closely followed by the 
nucleotide change from G→T and C→T, which 
showed a tolerance index of 0.01. Also, out of the 14 
nsSNPs which showed a SIFT tolerance index of 0.003 
of them changed from polar amino acid in the native 
protein to non-polar amino acid in the mutant type, 3, 
from non-polar to polar, 2, from negatively charged 
amino acid to positively charged amino acid, 2, from 
non-polar to positively charged amino acid and 1 each 
from non-polar to negatively charged amino acid, 
aromatic to polar amino acid, positively charged to 
non-polar amino acid and from non-polar amino acid 
in native protein to non-polar amino acid in mutant 
type respectively. 

The structural levels of alteration were determined 
by applying PolyPhen program[17]. Protein sequence 
with mutational position and amino acid variants    
associated to 101 ns SNPS, investigated in this work 
was submitted as input to the PolyPhen server and the 
results are shown in the consolidated Table 1. A PSIC 
score difference of 1.1 and above is considered to be 
damaging. It can be seen that, out of 101 nsSNPs, 40 
nsSNPs were considered to be damaging. All the 40 
nsSNPs exhibited a PSIC score difference between 
1.525 to 2.769. 

21 nsSNPs which were observed to be deleterious 
by the SIFT program also were damaging according to 
PolyPhen. Hence, we could infer that the result    
obtained on the basis of sequence details (SIFT) were 
in good correlation with the result obtained by structural 
details (PolyPhen), as could be seen from Table 1. It 
can also be seen that, four nsSNPs, (rs28897728, 
rs28897746, rs28897751, rs28897759) had a SIFT 
tolerance index of 0.00 and PSIC score difference≥ 
2.00. According to SIFT and PolyPhen results, these 
four nsSNPs could be considered as significant for the 
identification of breast cancer due to BRCA2 gene. 

2.3  Functional SNPs in UTR by UTRscan server 
UTR SNPs have functional effects on transcriptional 

regulation, by affecting transcription factor binding 
sites in promoter regions[27]. We used the UTRscan 
server[20] for identifying the functionally significant 
SNPs in untranslated region. 

Table 2 shows the list of SNPs in the 5′ and 3′ 
untranslated regions which are predicted to be of  
functional significance. We observed that, 2 SNPs in 5′ 
UTR namely, rs1799943, rs11571836 and 4 SNPs 
namely, rs11571834, rs11571835, rs7334543 and 
rs15869 in 3′ UTR were predicted to be of functional 
significance by this server. 

15-lipoxygenase differentiation control element 
(15-LOX-DICE) controls 15-LOX synthesis which 
catalyses the degradation of lipids and is an important 
factor responsible for the degradation of mitochondria 
during reticulocyte maturation. This 15-LOX-DICE 
exist in this two 5′ UTR SNPs and four 3′ UTR SNPs 
which were considered to be of functional significance 
and hence can be thought to be damaging in the 
BRCA2 gene. This result could be thought as an   
important outcome from this work as there are no   
reports in the literature which relates the deleterious 
nature of SNPs with 3′ and 5′ untranslated region of 
BRCA2 gene so far. 
2.4  Modelling of mutant structure 

Information about mapping the deleterious nsSNPs 
into protein structure was obtained from dbSNP[14]. 
The available structure for BRCA2 gene has a PDB id 
1iyj. Out of 21 nsSNPs which were found to deleterious 
both in SIFT and PolyPhen, one nsSNP (rs28897759) 
showed a SIFT tolerance index of 0.00 and PolyPhen 
PSIC SD of 2.769 as depicted in consolidated Table 1. 
This represents the highest deleterious nature among 
the 21 nsSNPs as could be seen from this Table. Hence 
we selected this nsSNP for structural analysis. The 
mutational position and amino acid variant associated 
with this nsSNP is N→I at the residue position 3124 was 
mapped in the 1iyj native structure. Mutation at 
specified position was performed by SWISSPDB viewer 
to get modeled structure. Then, energy minimizations were 

Table 2  List of SNPs (UTR mRNA) that were predicted to be functional significance by UTRscan 

SNPs ID Nucleotide Change UTR Position Functional element change 

rs1799943 A/G 5′UTR 15-LOX-DICE → no pattern 

rs11571836 A/G 5′UTR 15-LOX-DICE → no pattern 

rs11571834 C/G 3′UTR 15-LOX-DICE → no pattern 

rs11571835 A/C 3′UTR 15-LOX-DICE → no pattern 

rs7334543 A/G 3′UTR 15-LOX-DICE → no pattern 

rs15869 A/C 3′UTR 15-LOX-DICE → no pattern 
 



Rajasekaran R et al: Computational and Structural Investigation of Deleterious … 855 

 

Journals.im.ac.cn 

performed by NOMAD-Ref server[23] for both the native 
structure (PDB 1iyj) and mutant modeled structure. 

Higher is the RMSD value, more is the deviation 
between the two structures which in turn change their 
stability and functional activity. The native structure 
(1iyj) with Arginine at the residue position 3124 is 
shown in Fig. 1a, mutation at the residue position 3124 
from Arg to Ile for nsSNP (rs28897759) is shown in 
Fig. 1b, mutant modeled structure with Isoleucine at 
the residue position of 3124 is shown in Fig. 1c and 
the superimposed structure between the native protein 
and mutant with RMSD is shown in Fig. 1d. 

This structural analysis portrays that mutant 
modeled structure posses an RMSD of 0.301 nm as 
compared to native structure. Moreover this mutant 
modeled structure had a total energy of 5 355 276.0 
Kcal/mole which is many times higher than the total 
energy of –13 100.54 Kcal/mole of the native structure. 
Hence by this study, we can without any ambiguity 
claim that the nsSNP (rs28897759) associated with this 
mutant structure was highly affected in sequence level 
(SIFT) and structural level (PolyPhen). Further this 
mutation could be believed to affect the structures of 
the native protein in BRCA2 gene. The result reported 
by our work in this study is well supported by an 

experimental study carried out earlier on BRCA2 gene[28]. 
Based on the overall results from this study, we 

could ascertain that the mutation N→I at the residue 
position 3124 in the BRCA2 native protein is a 
potential candidate for the cause of breast cancer by 
BRCA2 gene. Apart from this, we have also reported 
20 other mutation sites shown in consolidated Table 1, 
all of which shows a deleterious SIFT and PolyPhen 
score and are also considered to functionally 
significant nsSNPs. 

 
3  Conclusions 
 

Breast cancer BRCA2 gene was investigated in this 
work by evaluating the influence of functional SNPs 
through computation methods. In a total of 534 SNPs 
in BRCA2  gene, 101 SNPs were found to be 
non-synonymous. 3 and 4 SNPs were found to be in 5′ 
and 3′ un-translated regions. Out of 101 nsSNPs, 35 of 
them were found to be deleterious from SIFT and 40 of 
them were damaging as per the PolyPhen server. 21 
nsSNPs were found to be common in both SIFT and 
PolyPhen server. 2 SNPs in the 5′ UTR region and 4 
SNPs in the 3′ UTR region were found to be of    
functional significance. Out of 21 major mutation 

 
Fig. 1  Native structure of (1iyj) showing Arginine residue at position 3124(a); nsSNP (rs28897759) cause a mutation at 
residue position 3124 from Arginine to Isoleucine(b); Mutant structure showing Isoleucine residue at position 3124(c);  

Superimposed structure of native protein 1iyj (grey) with mutant structure 1iyj (red) 3124(N→I) showing RMSD of 0.301 nm(d) 
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observed in this study, it was found that mutation in 
the native protein of BRCA2 gene was from asparagine 
to isoleucine at the position 3124 showed the most 
deleterious SIFT and PolyPhen score. The structural 
analysis reveals an RMSD score of 0.301 nm between 
the mutant and the native structures of the BRCA2 
protein. Hence we conclude that the nsSNP 
(rs28897759) associated with this mutation could be 
an important candidate for the cause of breast cancer 
by BRCA2 gene by SIFT, PolyPhen and through 
structural analysis study. 
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