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ABSTRACT
Single Nucleotide Polymorphisms (SNPs) are the most abundant sequence variations encountered in a genome and play a major role in
understanding of the genetic basis of many complex human diseases. The genetics of human phenotype variation could be understood by knowing
the functions of these SNPs. It is still a major challenge to identify the functional SNPs in a disease‐related gene. In this work, we have analyzed the
genetic variation that can alter the expression and function of GALC gene using computational methods. Of the total 1615 SNPs, 12 were found to be
nonsynonymous SNPs (nsSNPs). Among these 12 nsSNPs, 3 are deleterious analyzed by SIFT program. 4 nsSNPs are damaged found by PolyPhen. 3
nsSNPs that were observed to be deleterious and damaged by using both SIFT and PolyPhen program. From this a comparison of stabilizing
residues are done by RMSD of native and mutant proteins, higher the RMSD value is the more deviation between two structure, so we propose that
an nsSNP rs73312829 with a mutation of Arginine to Cystine at position 79 could be the main target mutation for the Krabbe disease.
Keywords: SIFT, PolyPhen, RMSD, GALC gene, Krabbe disease, Modeled structure.

INTRODUCTION
In human genome, single base change, called single nucleotide
polymorphism (SNP) and is the most frequent type of genetic
variation 1, 2. Up to March 25, 2010, a total of 23,653,737 SNPs in
human have been identified and deposited in the NCBI dbSNP. When
SNPs occur in coding regions and cause amino acid change in
corresponding proteins called nonsynonymous single nucleotide
polymorphisms (nsSNPs) 3.These nsSNPs occurring in protein
coding region and affecting protein functions and causing common
diseases 4. nsSNPs affect gene regulation by altering DNA and
transcriptional binding factors and maintenance of the structural
integrity of cells and tissues 5, 6 and also nsSNPs affect the proteins
functional role in signal transduction of hormonal, visual and other
stimulants 7, 8. Half of all genetic changes related to human diseases
are attributed to nsSNP variants 9, 10. SNPs report for the more
common form of human genetic deviation. About 500,000 SNPs fall
in the coding regions of the human genome 11. Recent studies about
distinguishing disease‐causing amino acid substitutions from
neutral nsSNPs in human proteins generally focus on predicting
numeric scores of the mutations (indicating the likelihood of causing
diseases) 12, 13.
Krabbe disease is autosomal recessive, rare, often fatal disorder
that affects the myelin sheath of the nervous system. Symptoms
begin at the age of 3 and 6 months with fevers, irritability,
vomiting, limb stiffness, seizures, feeding difficulties and slowing
of mental and motor development 14. Mutations in the GALC gene
located on chromosome 14 (14q31) is greatly increase the risk of
Krabbe disease which causes a deficiency of an enzyme called
galactocerebrosidase 15. The gene of nearly 60 kb, consist of 17
exons and 16 introns 16, 17. At present most mutations in GALC gene
have been identified to be point mutations or small insertions and
deletions 18‐20. Even though our journalism review showed that there
is a wide option of literature on the GALC gene related to Krabbe
disease, there have been no computational studies undertaken for
an in silico investigation of the nsSNP mutations in GALC. We
undertook this work mainly to perform a computational analysis of
the nsSNPs in the GALC gene, to see the possible mutations and offer
a modeled structure for the mutant protein.
MATERIALS AND METHODS
Sequence data sets and polymorphism identification
The SNPs and their associated protein sequence for GALC gene were
obtained from dbSNP 21 (http://www.ncbi.nlm.nih.gov/SNP/) for
our computational analysis.

Analysis of functional consequences of coding nsSNPs by
sequencehomologybased method (SIFT)
We used the program SIFT 22 available at http://sift.jcvi.org/www
/SIFT_dbSNP.html to detect the deleterious coding nsSNPs. SIFT is a
sequence‐homology‐based tool that presumes that important amino
acids will be conserved in the protein family. Hence, changes at well‐
conserved positions tend to be predicted as deleterious. We submitted
the query in the form of SNP IDs 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 functions, (c) obtains the multiple alignment of the
chosen sequences, and (d) calculates normalized probabilities for all
possible substitutions at each position from the alignment.
Substitutions at each position which normalized probabilities less
than a chosen cutoff are predicted to be deleterious and those
greater than or equal to the cutoff are predicted to be tolerated 23.
The cutoff value in the SIFT program is a tolerance index of ≥ 0.05.
The higher the tolerance index, the less function impact a particular
amino acid substitution is likely to have.
Simulation for functional change in coding nsSNPs by structure
homologybased method (PolyPhen)
Analyzing the damaged coding nsSNPs at the structural level is
considered to be very important to understand the functional
activity of the protein of concern; we used the server PolyPhen 24,
which is available at http://coot.embl.de/PolyPhen/. Input options
for the PolyPhen server are 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 three‐dimensional structure are the parameters
taken into account by the PolyPhen server to calculate the score. It
calculates PSIC scores for each of the two variants and then
computes the PSIC score difference between them. The higher the
PSIC score difference is the higher is the functional impact a
particular amino acid substitution is likely to have.
Modeling nsSNP locations on protein structure and their RMSD
difference
Structure analysis was performed for evaluating the structural stability
of native and mutant protein. We used the Web resource SAAPdb 25 to
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Deleterious nsSNP found by SIFT

identify the protein related to GALC gene and also confirmed the
mutation positions and the mutation residues from this server. The
mutation was performed by using the SWISSPDB. The deviation
between the four structures is evaluated by their RMSD values.

The conservation level of particular position in a protein was
determined by using a sequence homology‐based tool, SIFT 22.
The protein sequences of 12 nsSNPs were submitted
independently to the SIFT program to check its tolerance index.
The higher the tolerance index, the less functional impact a
particular amino acid substitution is likely to have, and vice
versa. Among the 12 nsSNPs, 3 were found to be deleterious,
having a tolerance index score of ≤ 0.05. The results are shown
in Table 1.

RESULTS
SNP dataset from dbSNP
The GALC gene investigated in this work was retrieved from the
dbSNP database 21. It contain total of 1615 SNPs. These SNPs are
submitted to the SIFT and PolyPhen server to detect the deleterious
coding nsSNPs and to see the functional change in coding nsSNPs.

Table 1: List of nsSNPs that were predicted to have functional significance by SIFT
SNP ID
rs115869593
rs111887056
rs78774548
rs74887188
rs73312829
rs34362748
rs34134328
rs17687109
rs1805078
rs421262
rs398607
rs11623

Nucleotide change
G/T
C/G
G/T
C/T
A/G
C/T
C/G
A/G
C/T
C/T
A/G
G/T

Amino acid change
T177N
A21P
P75Q
I305V
R79C
D248N
T468S
L400P
R184C
T641A
I562T
G57C

We observed that, of 3 deleterious nsSNPs, 2 showed a highly
deleterious tolerance index score of 0.00 and 1 showed a tolerance
index score of 0.02. Three nsSNPs showed a nucleotide change of
G T, two nsSNPs showed a change of C G, 4 nsSNPs C T, 3 nsSNPs
A G. C T nucleotide changes occurred the maximum number of
time and C G nucleotide changes occurred in a minimum number of
times, as can be seen from Table 1. The nucleotide change A G and
G T accounted for the high number of deleterious nsSNPs, with a

Tolerance index
0.27
0.31
0.08
0.31
0.00
0.19
0.1
0.13
0.02
0.67
0.07
0.00

SIFT tolerance index of 0.00. This was closely followed by the
nucleotide change C T, which showed a tolerance index of 0.02.
Damaged nsSNP found by the PolyPhen
The structural levels of alteration were determined by applying the
PolyPhen program 24. Twelve protein sequences of nsSNPs
investigated in this work were submitted as input to the PolyPhen
server and the results are shown in Table 2.

Table 2: List of nsSNPs that were predicted to be functionally significant by PolyPhen
SNP ID
rs73312829
rs1805078
rs398607
rs11623

Nucleotide change
A/G
C/T
A/G
G/T

Amino acid change
R79C
R184C
I562T
G57C

PSIC SD
2.792
1.639
1.677
2.592

Modeling of mutant structure

A position‐specific independent count (PSIC) score difference of 1.1
and above is considered to be damaging. It can be seen that, of 12
nsSNPs, 4 were considered to be damaging. All 4 nsSNPs exhibited a
PSIC score difference in the range 1.639 to 2.792. Three nsSNPs that
were observed to be deleterious by the SIFT program also were
damaging according to PolyPhen. Hence, we could infer that the
results obtained on the basis of sequence details (SIFT) were in good
correlation with the results obtained for structural details
(PolyPhen), as can be seen from Tables 1 and 2. It can be seen from
Tables 1 and 2 that 2 nsSNPs (rs73312829 and rs11623) had a SIFT
tolerance index of 0.00 and PSIC score difference ≥2.00. Hence the
mutations occurring with these 2 nsSNPs would be of prime
importance in the identification of Krabbe disease caused by the
GALC gene, according to SIFT and PolyPhen results.

Mapping the deleterious nsSNPs into protein structure information
was performed through the Single Amino Acid Polymorphism
25.
database
(SAAPdb)
The
available
structure
of
galactocerebrosidase from mouse has the PDB ID 3ZR5. According to
this resource, we modeled the human protein by SWISS model. The
mutation occurred in human protein is in 4 SNP Ids, namely,
rs73312829, rs1805078, rs398607 and rs11623. The mutations
were at residue position 79 (R C), 184 (R C), 562 (I T) and 57
(G C). The mutations were at position 79, 184,562 and 57 were
performed by SWISSPDB viewer independently to get 4 modeled
structures. Table 3 also shows that the RMSD values between the
native type and the mutant type for R79C ‐ 1.57 Å, R184C ‐ 1.27 Å,
I562T – 1.29 Å and G57C – 1.40 Å.

Table 3: RMSD nativestructure and mutant models
Parameter

RMSD of entire structure

R79C mutant
(rs73312829)
With native type
GALC
1.57 Å

R184C mutant
(rs1805078)
With native type GALC
1.27 Å

I562T mutant
(rs398607)
With native type
GALC
1.29 Å

G57C mutant
(rs11623)
With native
type GALC
1.40 Å
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The higher the RMSD value is more the deviation between the two
structures is, which in turn changes their functional activity. Since
the RMSD values are higher for 4 mutant type structures
compared to the native type structure, these 4 nsSNPs could be
believed to affect the structure of the proteins. 3 nsSNPs were also

shown to be deleterious according to the SIFT program and 4 of
the nsSNPs was shown to be damaging according to the Poly‐Phen
server. The superimposed structures of native protein with 4
mutant‐type proteins (R79C, R184C, I562T and G57C) are shown
in Figure 1.

A

B

C

D

Fig. 1: (A) Superimposed structure of native protein (green color) with mutant protein G57C (yellow color). (B) Superimposed structure of
native protein (green color) with mutant protein I562C (yellow color). (C) Superimposed structure of native protein (green color) with
mutant protein R79C (yellow color). (D) Superimposed structure of native protein (green color) with mutant protein R184C (yellow color).
CONCLUSION
The GALC gene was investigated in this work by evaluating the
influence of functional SNPs through computation methods. Of the
total of 1615 SNPs in the GALC gene, 12 were found to be
nonsynonymous SNPs in that 3 are deleterious found by SIFT and 4

were damaging as per the PolyPhen server. 2 nsSNPs were found to
be common in both SIFT and PolyPhen server.
Higher the RMSD value is the more deviation between the two
structures, which in turn changes their functional activity. It was
found that the major mutation in the native protein of the GALC gene
386
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was from Arginine to Cystine. So we conclude that rs73312829 with
a mutation of Arginine to Cystine at position 79 in the native protein
could be the main target mutation for the Krabbe disease caused by
the GALC gene.
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