
International Journal of Computational Bioinformatics  

and In Silico Modeling       
Vol. 6, No. 5 (2017): 948-958 
Research Article 
Open Access         

II SSSSNN::   22332200--00663344 
 

In silico  analysis of Single Nucleotide Polymorphisms 
(SNPs) in Human vWF Gene 

 
 

Maye M. Merghani1*, A.O Ibrahim2, Huda A. Elhassan1, Mashaer T. Edirs3, Huda Bashir 
Osman4, Mohamed M. Babeker5 and Mohamed A.Hassan3 
 
 
1 Department of Hematology, Nahda College, Sudan. 
2 Faculty of medicine, University of Khartoum, Sudan. 
3 Department of Bioinformatics, Africa city of Technology, Sudan. 
4 Researcher, Vetrinary Medecine, Sudan. 
5 Department of Haematology, Omdurman Ahlia University, Sudan. 
 

 
*Corresponding author: Maye M. Merghani; email: maye.mohammed.m@gmail.com  

 
 
 

 

ABSTRACT 
Von Willebrand disease is the most frequent inherited bleeding disorder and is due to a deficiency or 
abnormality of von Willebrand factor. Despite the reported association of vWF gene mutations, the 
comprehensive computational analysis of coding, noncoding and regulatory SNPs, and have functional impacts 
on protein level. In this study, we performed a comprehensive analysis of the functional and structural impact of 
non-synonymous (nsSNP) that are deleterious to vWF structure and function. A sequence homology-based 
approach was adopted for screening nsSNPs in vWF, including seven different in silico prediction algorithms; 
SIFT, PolyPhen-2, I-Mutant 3.0, MUpo , SNP&GO, PhD-SNP and PANTHER. Moreover, Protein structural analysis 
was done by modeling of amino acid substitutions using Project Hope and chimera. Our results demonstrate that 
155nsSNPs in the vWF sgene  was deleterious . 18 deleterious and high-risk nsSNPs were identified in vWF gene. 
16 mutations of these predicted to have decrease effective stability of the protein and two were predicted to have 
increased effective stability of the protein. Two mutations couldn't predicted by Project HOPE software, so 
Chimera was used instead to determine the position of wild type residue and replaced with the new amino acid. 
We hope our results will provide useful information that needed to help researchers to do further study. 
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1. INTRODUCTION 
6ÏÎ7ÉÌÌÅÂÒÁÎÄȭÓ ÄÉÓÅÁÓÅ ÉÓ ÔÈÅ ÍÏÓÔ ÆÒÅÑÕÅÎÔ ÉÎÈÅÒÉÔÅÄ 
bleeding disorder and is due to a deficiency or 
abnormality of von Willebrand factor (VWF). VWFis 
synthesized by endothelial cells and megakaryocytes. 
The gene coding for VWF has been cloned and located 
at chromosome 12p13.2. The VWF gene is expressed 
exclusively in two cell types: vascular endothelium and 
megakaryocytes. It is a large gene composed of about 
178 kilobases and containing 52 exons. A noncoding, 
partial, highly homologous pseudogene has been 
identified in chromosome 22. The pseudogene spans 
the gene sequence from exon 23 to 34 [1] .Cloning the 

VWF gene has allowed the identification of several 
suitable restriction fragment length polymorphisms 
(RFLP) which demonstrate the co-segregation of VWD 
phenotype with haplo type-specific RFLP patterns in 
family members of different kindred with VWD[2]. 
Knowledge of the crucial segments of VWF involved in 
ÔÈÅ ÉÎÔÅÒÁÃÔÉÏÎ ×ÉÔÈ '0)Âɻ ÉÎÉÔÉÁÌÌÙ ÐÒÏÍÐÔÅÄ ÔÈÅ 
fruitful search for mutations in exon28 of the VWF gene 
which encodes for the A1 andA2 domains of mature 
VWF [2]. The search for mutations has been extended 
to additional VWF exons encoding for the other 
functional domains of VWF. 
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Susceptibility to common, complex diseases is in 
partgenetically determined , although the genetic 
contribution might vary greatly depending on the 
diseases. Single nucleotide polymorphisms (SNPs) are 
the most common genetic variation in the human 
genome, and the number of SNPs identified 
experimentally is growing tremendously. 
 
Most type 2A cases are due to missense mutations in 
the A1 domain, with R1597W or Q or Y and S1506L 
accounting for about 60% [2,3]. Expression 
experiments have shown two possible mechanisms [4]. 
Group I mutations show impaired secretion of high 
molecular weight multimers, due to secondary 
defective intracellular transport. Group II mutations 
show normal synthesis and secretion of a VWF which is 
probably more susceptible to in vivo proteolysis. The 
majority of type 2Bcases are due to missense mutations 
in the A1domain, about 90 % being 
causedbyR1306W,R1308C, V1316M and R1341Q 
mutations [2,3]. A few heterogeneous mutations are 
responsible for type2M cases and are also located 
within the A1domain [2,3]. 
 
A recurrent mutation in type 2M Vicenza has been 
recently reported in families from Europe(R1205H); it 
associated with a second nucleotide change (M740I) 
exclusively identified in some families from the Vicenza 
area [5,6]. Missense mutations in the FVIII binding 
domain at the amino-terminal portion of VWF are 
responsible for type 2N [7]. TheR854Q mutation is the 
most frequent and has found in about 2% of the Dutch 
population [8]. This mutation may cause symptoms 
only in homozygous or compound heterozygous states. 
Identification of the type 2N mutation, which is 
suspectedin case of a marked reduction of FVIII in 
comparison to VWF and is confirmed by the FVIII/VWF 
binding test, is important for genetic counseling to 
exclude the state of  carrier for hemophilia A [9]. 
 
The inheritance of type 1 VWD is usually autosomal 
dominant, with variable phenotype and penetrance. 
Despite its high prevalence, the precise genetic cause of 
type 1 VWD is still elusive in most cases, especially 
those with a mild phenotype. Many type 1 VWD cases 
might be compound heterozygotes, producing an 
apparent dominant transmission [8] or alternatively, 
the mutated allele is negatively influenced by the 
effects of gene(s) outside the VWF gene and by other 
non-genetic factors contributing to the expression of a 
bleeding phenotype. In rare cases it is caused by frame 
shifts, nonsense mutations, or deletions that overlap 
those identified in type 3 VWD[2]. 
 
The variable penetrance and severity of type 1 VWD 
may indeed be explained in some cases by the 
inheritance of two different VWD alleles [8,10]. Co-
inheritance of R854Q mutation with a null mutation 
(for example, R2535X) increases the severity of 
bleeding within a given family [8]. 
 

In type 3 VWD, besides the mechanisms possibly 
shared with some type 1 cases, partial or total gene 
deletions have been reported [2]. Notably, 
homozygosity for gene deletion may be associated with 
the appearance of allo-antibodies against VWF, which 
may render replacement therapy ineffective and 
stimulate anaphylactic reactions to treatment [2]. In 
general, mutations may be scattered over the entire 
gene, but some are particularly recurrent in Northern 
Europe [2]. The coding region of the VWF gene contains 
11 CGA codons (Arg). CG-dinucleotides are hot spots 
for mutation and a C to T mutation will result in a stop 
codon. Stop codons, in either homozygosity or 
compound heterozygosity, have been reported in exons 
9, 28, 32 and 45 [11].  In the present study we aimed to 
determine the influence of various polymorphisms in 
VWF gene on its protein structure that may have an 
important role in disease susceptibility. The harmful 
SNPs for the VWF gene have not been predictable to 
date in silico. 
 

2. MATERIALS AND METHODS 
2.1. Dataset Collection  
The information about SNPs of VWF gene of Homo 
sapiens was obtained from the db-SNP 
(http://www.ncbi.nlm.nih.gov/SNP/).  
 
2.2. Non-Synonymous SNPs Analysis: 
Functional effects of nsSNPs were predicted using the 
following in silico algorithms: SIFT 
(http://sift.jcvi.org/ ),PolyPhen-
2(http://genetics.bwh.harvard.edu/pph2/ ) SNPs&GO 
(http://snps -and-go.biocomp.unibo.it/snps-and-go/ ), 
and MutPred (http://mutpred.mutdb.org/)   [12]  

nsSNPs predicted to be deleterious by at least four in 
silico algorithms were categorized as high-risk nsSNPs 
and were selected for further analysis. 
 
2.2.1. Assessment of the Functional Impacts of 
Deleterious nsSNPs by SIFT and PolyPhen-2: 
SIFT (Sorting intolerant from tolerant):  
Predicts whether an amino acid substitution affects 
protein function based on the degree of conservation of 
amino acid residues in sequence alignments derived 
from closely related sequences [13]. The SIFT scores 
range from 0 tÏ ρȟ ÁÎÄ ÓÃÏÒÅÓ ЅπȢπυ ÁÒÅ ÐÒÅÄÉÃÔÅÄ ÂÙ 
the algorithm to be damaging amino acid substitutions, 
whereas scores >0.05 are considered to be tolerated. 
 
PolyPhen-2 ( polymorphism  phenotyping 2):  
Is an online bioinformatics program to predict the 
possible impact of amino acid substitutions on the 
stability and function of human proteins using 
structural and comparative evolutionary 
considerations [14] by analysis of multiple sequence 
alignment and protein 3D structure, in addition it 
calculates position-specific independent count scores 
(PSIC) for each of two variants, and then calculates the 
PSIC scores difference between two variants for 
quantitative assessment of the severity of the effect on 
protein function. Prediction outcomes could be 
classified as benign, possibly damaging or probably 

http://sift.jcvi.org/
http://genetics.bwh.harvard.edu/pph2/
http://snps-and-go.biocomp.unibo.it/snps-and-go/
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damaging according to the value of  PSIC [15] and 
corresponding to posterior probability intervals (0.0-
3.0) , (0.4- 0.95), and  (0.96- 1) respectively. 
 
2.2.2. Prediction of Disease Related Mutations SNPs 
by SNPs&GO: 
SNPs&GO [16] is also a support vector machine (SVM) 
based on the method to accurately predict the mutation 
related to disease from protein sequence. The input is 
the FASTA sequence of the whole protein, the output is 
based on the difference among the neutral and disease 
related variations of the protein sequence. The RI 
(reliability index) with value of greater than 5 depicts 
the disease related effect caused by mutation on the 
function of parent protein. The PHD SNP and PANTHER, 
algorithms were also used in the display of output. 
 
2.3. Protein Stability Analysis:  
The stability of vWF protein was predicted using the 
following in silico algorithms: I-mutant 3.0 
(http://gpcr2.bioc omp.unibo.it/cgi/predictors/I -
Mutant3.0/I -Mutant3.0.cgi),and Upro 
(http://www.ics.uci.edu/~baldig/mutation. html)  
 
I-Mutant 3.0 : is a SVM based tools i.e., support vector 
machine based tool that leads to automatic protein 
stability change prediction which is caused by single 
point mutation. I-Mutant tested to predict the value of 
the free energy stability change upon single point 
mutation, starting from the protein structure or 
sequence [17]. The method was trained and tested on a 
data set derived from ProTherm, which is presently the 
most comprehensive available database of 
thermodynamic experimental data of free energy 
changes of protein stability upon mutation under 
different condition [18]. The output result of the 
predicted free energy change (DDG) classifies the 
prediction into one of three classes: largely un stable 
DDG< -0.5 kcal/ mol),  largely stable (DDG> 0.5  kcal 
/mol ),or neutral( - 0.5 Ѕ $$' ЅπȢυ ËÃÁÌȾ ÍÏÌ Ɋ ɍρωɎȢ  
 

MUpro: is also a support vector machine-based tool for 
the prediction of protein stability changes upon 
nonsynonymous SNPs. The value of the energy change 
is predicted, and a confidence score between -1 and 1 
for measuring the confidence of the prediction is 
calculated. A score <0 means the variant decreases the 
protein stability; conversely, a score > 0 means the 
variant increases the protein stability [20]. 
 
2.4. Functional Analyzing:  
Project Hope: 
Project hope is a new online web-server 
(http://www.cmbi.ru.nl/hope)   to search protein 3D 
structures by collecting structural information from a 
series of sources, including calculations on the 3D 
coordinates of the protein, sequence annotations from 
the UniProt database, and predictions by DAS services 
[21]. Protein sequences were submitted to project hope 
server in order to analyze the structural and 
conformational variations that have resulted from 
single amino acid substitution corresponding to single 
nucleotide substitution [15].  
 
A) Chimera 1.8:  
Modeling the SNPs on the 3D structure of the proteins 
is a very helpful action in order to predict the impact of 
SNPs on structural level. Therefore we used Raptor X  
web server to get the pdb (protein data bank) for 
protein with unknow n 3D structure. 
(http://raptorx.uchicago.edu/StructurePrediction/pre
dict/  ) 
Investigating 3D (three-dimensional) structure of 
proteins is helpful in predicting the effect of SNPs on 
the structural level and in displaying the degrees of 
alteration. UCSF Chimera 
(http://www.cgl.ucsf.edu/chimera/)  is highly 
extensible software for interactive visualization and 
analysis of molecular structures; Chimera (version 1.8) 
software was used to scan the 3D structure of specific 
protein and then modifies the original or native amino 
acid with the candidate to display the impact that can 
be produced [15]. 

 
 
 

Table 1: List of non-synonymous SNPs of the vWF gene analyzed by SIFT, Polyphen , I-Mutant and MUpro 

SNP 
 

Protein ID  
 

Amino 
Acid 
Change 
 

Sift Prediction  
 

SIFT 
Tolerance 
Index  
 

Polyphen 
predicted  
 

Polyphen 
PSIC 
score 
 

I-Mutant  
 

MUpro  

SVM2 
Prediction 
Effect 
 

RI 
 

DDG Value 
Prediction  
 

Stability 
prediction  
 

Score  
 

rs7962217 ENSP00000261405 G2705R DELETERIOUS 0 
probably 
damaging 1 Decrease 4 -0.36 INCREASE  0.060951136 

rs11064002 ENSP00000261405 F885S DELETERIOUS 0 
probably 
damaging 1 Decrease  9 -1.83 DECREASE  -0.96285785 

rs113237579 ENSP00000261405 G1952S DELETERIOUS 0 
probably 
damaging 1 Decrease   7 -1.03 INCREASE  0.016152118 

rs139579968 ENSP00000261405 P1127S DELETERIOUS 0 
probably 
damaging 1 Decrease 9 -1.59 DECREASE  -0.90109416 

rs139845585 ENSP00000261405 V1934G DELETERIOUS 0 
probably 
damaging 1 Decrease 9 -2 DECREASE  -1 

rs147715696 ENSP00000261405 G2262R DELETERIOUS 0 
probably 
damaging 1 Decrease 3 -0.12 DECREASE  -0.22686913 

rs147818186 ENSP00000261405 L1183V DELETERIOUS 0 
probably 
damaging 1 Decrease  7 -1.44 DECREASE  -1 

rs148122508 ENSP00000261405 G871S DELETERIOUS 0 
probably 
damaging 1  Decrease 8 -1.06 DECREASE  -1 

http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi
http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi
http://raptorx.uchicago.edu/StructurePrediction/predict/
http://raptorx.uchicago.edu/StructurePrediction/predict/
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rs148247755 ENSP00000261405 R442C DELETERIOUS 0 
probably 
damaging 1 Decrease 6 -1.04 INCREASE  0.25306308 

rs148969007 ENSP00000261405 F878I DELETERIOUS 0 
probably 
damaging 1 Decrease 7 -0.56 DECREASE  -1 

rs184227165 ENSP00000261405 C858W DELETERIOUS 0 
probably 
damaging 1    Increase  1 -0.06 DECREASE  -0.43002231 

rs186798928 ENSP00000261405 Y1831C DELETERIOUS 0 
probably 
damaging 1 Decrease      4 -1.15 DECREASE  -1 

rs192374602 ENSP00000261405 L2084V DELETERIOUS 0 
probably 
damaging 1 Decrease      8 -1.49 DECREASE  -1 

rs202034414 ENSP00000261405 C1101G DELETERIOUS 0 
probably 
damaging 1  Decrease 6 -1.15 DECREASE  -1 

rs367549408 ENSP00000261405 N1005D DELETERIOUS 0 
probably 
damaging 1  Decrease 5 -0.43 INCREASE  0.44744729 

rs370016586 ENSP00000261405 G1771R DELETERIOUS 0 
probably 
damaging 1 Decrease 3 -0.41 DECREASE  -0.076437855 

rs371105544 ENSP00000261405 G2101D DELETERIOUS 0 
probably 
damaging 1 Decrease 7 -1.14 DECREASE  -0.68280477 

rs374591991 ENSP00000261405 D1195Y DELETERIOUS 0 
probably 
damaging 1 Increase 3 0.15 DECREASE  -0.44337516 

 
 

Table 2: List of non-synonymous SNPs analyzed for disease association by SNP&GO, PHD-SNP and PANTHER 

Protein ID  
 

Amino 
Acid 
Change 
 

PHD ɀsnp 
 

SNPs&Go PANTHER 

Prediction  
 

RI 
 

Probability  Prediction  
 

RI 
 

Probability  Prediction  
 

RI 
 

Probability  

ENSP00000261405 G2705R Disease 5 0.766 Neutral 0 0.482 Unclassified   NA  NA  

ENSP00000261405 F885S Disease 8 0.904 Disease 6 0.805 Disease  9 0.975 

ENSP00000261405 G1952S Neutral 7 0.129 Neutral 9 0.069 Unclassified   NA  NA  

ENSP00000261405 P1127S Neutral 2 0.414 Disease 3 0.654 Disease 9 0.967 

ENSP00000261405 V1934G Neutral 5 0.271 Neutral 8 0.094 Unclassified   NA  NA  

ENSP00000261405 G2262R Disease 5 0.75 Disease 2 0.605 Unclassified   NA  NA  

ENSP00000261405 L1183V Neutral 0 0.481 Neutral 6 0.195  Neutral     5 0.234 

ENSP00000261405 G871S Disease 6 0.807 Disease 5 0.762 Disease 9 0.97 

ENSP00000261405 R442C Disease 5 0.728 Disease 5 0.744 Disease 6 0.795 

ENSP00000261405 F878I Disease 8 0.882 Disease 5 0.748 Disease 9 0.967 

ENSP00000261405 C858W Disease 7 0.861 Disease 6 0.824 Disease 10 0.996 

ENSP00000261405 Y1831C Disease 5 0.757 Disease 1 0.556 Unclassified NA NA 

ENSP00000261405 L2084V Disease 5 0.76 Disease 3 0.639 Unclassified NA NA 

ENSP00000261405 C1101G Disease 9 0.933 Disease 7 0.871 Disease 9 0.963 

ENSP00000261405 N1005D Neutral 9 0.068 Neutral 8 0.11 Neutral 5 0.262 

ENSP00000261405 G1771R Disease 7 0.856 Disease 5 0.742 Unclassified NA NA 

ENSP00000261405 G2101D Disease 7 0.843 Disease 3 0.657 Unclassified NA NA 

ENSP00000261405 D1195Y Neutral 3 0.343 Neutral 8 0.112 Unclassified NA NA 

 
 

Table 3:  Amino acid properities according to result obtained from Project Hope software 

Mutant Type Properties  
 

Wil d Type Properties  
 

Amino  
Acid Change 

SNP ID 
 

Hydrophobicity  
 

Charge 
 

Size 
 

Hydrophobici
ty  
 

Charge 
 

Size 
 

< + chage > > neutral < G2705R rs7962217 
< - < > - > F885S rs11064002 
 - > - - < G1952S rs113237579 
< - < > - > P1127S rs139579968 
< - < > - > V1934G rs139845585 
< + chage > > neutral < G2262R rs147715696 
- - < - - > L1183V rs147818186 
- - > - - < G871S rs148122508 
> neutral < < + chage > R442C rs148247755 
- - - - - > F878I rs148969007 
- - > - - < C858W rs184227165 
< - < > - > Y1831C rs186798928 
- - < - - > L2084V rs192374602 
> - < < - > C1101G rs202034414 
- - chage - - neutral  N1005D rs367549408 
< + chage > > neutral < G1771R rs370016586 



 

 952 

Maye M. Merghani et al.  / Int J Comput Bioinfo In Silico Model. 2017, 6(5): 948-958 

http://bioinfo.aizeonpublishers.net/content/2017/ 5/bioinfo9 48-958.pdf 
        

< - chage > > neutral < G2101D rs371105544 
> neutral > < - chage < D1195Y rs374591991 

 Size: >: bigger than; <: smaller than Hydrophobisity: >: more hydrophobic <: less hydrophobic 

 
 
 
 
 

Figure 1:  Change in the amino acid sat different positions in vWF gene according to nsSNPs. 

SNP ID Picture  Description  

rs7962217  

Change in the 
amino acid 
glycine into 
arginine at 
position 
2705. 

rs11064002  

Change in the 
amino acid  
phenylalanine 
into  serine at 
position 885. 
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rs11323757
9  

Change in the 
amino acid  
glycine into 
serine at 
position 
1952. 

rs13957996
8  

Change in the 
amino acid  
proline int o 
serine at 
position 
1127. 

rs13984558
5  

Change in the 
amino acid  
valine into 
glycine at 
position 
1934. 

rs14771569
6  

Change in the 
amino acid  
glycine into 
arginine at 
position 
2262. 
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rs14781818
6  

Change in the 
amino acid 
aleucine into 
valine at 
position 
1183. 

rs14812250
8  

Change in the 
amino acid  
glycine into 
serine at 
position 871. 

rs14824775
5  

Change in the 
amino acid  
arginine into 
cysteine at 
position 442. 

rs14896900
7  

Change in the 
amino acid  
phenylalanine 
into 
isoleucine at 
position 878 
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rs18422716
5  

Change in the 
amino acid  
cysteine into 
tryptophan at 
position 858 

rs18679892
8  

Change in the 
amino acid  
tyrosine into 
cysteine at 
position 
1831. 

rs19237460
2  

Change in the 
amino acid  
leucine into 
valine at 
position 
2084. 

rs20203441
4  

Change in the 
amino acid 
cysteine into 
glycine at 
position 
1101. 
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rs36754940
8  

Change in the 
amino acid   
asparagine 
into aspartic 
acid at 
position 
1005. 

rs37001658
6  

Change in the 
amino acid  
glycine into 
arginine at 
position 
1771. 

rs37110554
4  

Change in the 
amino acid  
glycine into 
aspartic acid 
at position 
2101. 

rs37459199
1  

Change in the 
amino acid  
aspartic acid 
into tyrosine 
at position 
1195 

 

 
3. RESULTS AND DISCUSSION 
Complete mechanisms by which a SNP may result in a 
phenotypic change are for the most part are unknown. 
About 2% of the all known single nucleotide variants 

associated with monogenic disease are non-
synonymous SNPs in protein-coding regions (i.e., SNPs 
that alter a single amino acid in a protein molecule) 
[22].  


