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ABSTRACT
Canine transmissible venereal tumor (CTVT) is a histiocytic tumor of the dog that
mainly affects the external genitalia, commonly found at tropical and subtropical
zones. In the present investigation, we undertook this work mainly to perform a
computational analysis of snSNP in the BTNL2 to identify the possible mutations
and proposed the model structure of the mutant protein. Four deleterious mutations
were identified in BTNL2 in 109 and 319 residual positions. Moreover, we
constructed the homolgus structure of native and mutant proteins to predicate the
stability. I-Mutant was used for routine analysis of protein stability and for the
single site mutation analysis. It was found that mutation of L to S at residual
position 109 and A to T at 319 residue position has shown maximum negative
effect on the protein stability and considered for further analysis. The mutational
effect on the protein function was analyzed by project HOPE. It was found that
the wild-type residue is very conserved, but a few other residue types have been
observed at this position too. Based on conservation scores this mutation is probably
damaging to the protein. The present investigation was further used for molecular
expect of the CTVT infection which might be useful in diagnosis and prevention
of CTVT in canine.
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Sticker’s sarcoma also known as Canine transmissible venereal tumor (CTVT), is
a very unusual form of cancer affecting canines. CTVT is a histiocytic tumor of the
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dog and other canids that mainly affects the external genitalia, which transmitted
during copulation (Cohen et al., 1985). Furthermore, the effect of the CTVT have
also been reported in the inguinal skin, lymph nodes, lips, and buccal and nasal
mucosa whereas, less effect have reported in the tonsils, liver, pancreas, spleen, and
mesenteric lymph lung, kidney (McLeod et al., 1972; Placke et al., 1987; Mozos et
al., 1996). Several lines of evidence provided indirect support for this hypothesis
(Das and Das., 2000). It has a worldwide distribution, but is detected mainly in
tropical and subtropical zones (Varaschin et al., 2001).
Previously, it was suspected that viruses were the cause of spreading CTVT, like in
the same way that the human papilloma virus spreads cervical cancer to women
through sex. However, the new genetic analysis was shown that the dog cancer
cells are direct descendents of tumour cells from the long-dead animal in which the
disease originated. Murgia et al. (2006) proved the allograft hypothesis for CTVT.
According to this allograft hypothesis, tumour cells from different animals should
be genetically clustered and different from normal cells of the host animal.
The sequencing of the microsatellite of the DNA regions showed that CTVT from
different animals had less variability than what is observed within the most inbred
breed of dogs. Therefore, the transmition of tumor is occurr from one dog to another
which confirming the spread of this tumour from an ancestral clone. Indeed, CTVT
could be quoted as the “older cancer known to science”. The CTVT is one of only
three known transmissible cancers; another is Devil facial tumor disease (DFTD),
a cancer which occurs in Tasmanian devils. It is quite interesting that karyotype
anomalies of DFTD derevitated cells have shown the similar to those of cancer
cells isolated from CTVT (Bostanci, 2005). Murchison et al. (2012) reported that
mutated or deleted genes such as RET, FANCD2, MAST3 and BTNL family gene
might be associated with DFTD.
It has been proposed that BTNL proteins family might be particularly important in
mediating immune regulation in tissues. However, the polymorphisms of BTNL
family could leads to sarcoidosis, inflammatory bowel disease and myositis in human
(Valentonyte et al., 2005; Mochida et al., 2007). The present work was focused on
buytrophilin type (BTNL) family gene from dog, which is conspicuously cause for
DFTD. We selected BTNL2 gene from dog for present annotation. At the time of
the manuscript preparation, no report has been found on the in-silico analysis of
functional nsSNPs of the BTNL2 gene from dog. The aim of this present investigation
to understand about the mutational effect on the BTNL2 gene from dog might be
the cause for CTVT disease. Therefore, we undertook this work mainly to perform
a computational analysis of snSNP in the BTNL2 to identify the possible mutations
and proposed the model structure of the mutant protein.
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MATERIALSAND METHODS

Retrieval of the information of BTNL 2 gene from the database
The data for BTNL family gene from dog was retrieved from Entrez Gene on NCBI
(http://www.ncbi.nlm.nih.gov/gene). The single nucleotide polymorphisms (SNPs)
and their related information were obtained from the NCBI dbSNP (http://
www.ncbi.nlm.nih.gov/snp/) and SWISSProt database (http://expasy.org/) for
computational analysis.
Predication of non-synonymous SNP of BTNL 2 using Sorting intolerant from
tolerant
SIFT (http://www.blocks.fhcrc.org/sift/SIFT.html) was used to predict whether an
amino acid substitution affects protein function. Ng and Henikoff (2011) reported
that SIFT was discrimates between the functionally neutral and deleterious
polymorphisms in the mutagenesis studies. The threshold levels for intolerance score
were fixed to be 0.005 or less. SIFT scores were classified as damaging (0.000.05), potentially damaging (0.051-0.10), borderline (0.101-0.20), or tolerant
(0.201- 1.00) (Hussain et al., 2012).
Protein stability predication using I-Mutant
The I-Mutant was used for routine analysis of protein stability and for the single
site mutation analysis. The FASTA sequence of protein was used as an input to
predict the mutational effect on protein stability. It was used for the automatic
prediction of protein stability changes upon single point mutations (http://
folding.biofold.org/cgi-bin/i-mutant2.0.cgi).
Homology modeling of BTNL2and validation of the model
The three dimensional structure of BTNL2 from dog was generated by homology
modelling using SWISS-MODEL workspace (http://swissmodel.expasy.org/). The
Psi/Phi Ramachandran plot was generated through the PROCHECK analysis. The
packing quality of the refined structure was investigated by the PROCHECK Quality
Control Check.
Annotation of the effect of mutation on the protein by Project Hope
The effect of the mutation on the protein function was analyzed by project HOPE
(Have yOur Protein Explained). The protein sequence was used as the input for
selection of the mutant variants. The output is given in the form of the structural
variation between mutant and wild types residues.
RESULTS AND DISCUSSION

In the present investigation, total four missense variants, 37 intron variant, and one
variant from the each 5’ and 3’ UTR prime was found in dog BTNL2. We selected
nonsynonymous coding nsSNPs for our investigation (Table 1). The consequences
of four nsSNPs were submitted to SIFT. It was quite interesting that at 109 residues
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position, leucine mutate with serine and threonine could show the deleterious
effect on the protein function. Furthermore, at 319 position, the change of alanine
with serine and threonine might be responsible for nonsynonimus mutation.
However, all of those four nsSNP could share the common SNP ID. The SNPs
are hypothesized to play an important role in the functional and structural analysis
of the protein. SNPs are the common form of genetic variations among individuals,
and are thought to be accountable for the majority of heritable traits, including a
large portion of the inherited disease vulnerability (Alanazi et al., 2011). Thus,
those SNPs are hypothesized to play an important role in the functional and structural
analysis of the protein.
Table1: List of the nsSNPs that were predicted to have functional significance by SIFT
Transcript

SNP ID

ENSCAFT00000001240
ENSCAFT00000001247
ENSCAFT00000001240
ENSCAFT00000001247

rs8795693
rs8795693
rs8795693
rs8795693

Amino
acid change

Amino acid
Position

Tolerance
index in SIFT

L/S
L/T
A/S
A/T

109
109
319
319

0
0
0
0

I-Mutant2.0 predictions were performed starting either from the protein structure
or, more importantly, from the protein sequence. The effect of the mutation on the
protein stability was evaluated with the free energy change value (Table 2). It was
observed that mutation at the 109 reidues position with S and T have shown maximum
effect on the protein stability. However, the less effect on the stability was estimated
on the mutation of A à S at 319 residue position. Therefore, in the present
investigation, we predicated the mutational effect on the stability index of the protein.
Khan and Vihinen (2010) reported that the accuracy of the SIFT was further validated
by the most reliable predictor I-Mutant. Furthermore, based on the I-Mutant result,
we considered the mutation point of L à S at residual position 109 and A à T at 319
residue position for further analysis.
Table 2: Determination of the protein stability by I-Mutant
Position
109
109
319
319

WT

New

DDG

Stability

L
L
A
A

S
T
S
T

-2.46
-2.56
-0.65
-1.01

Decrease
Decrease
Decrease
Decrease

The 3D structures of the native and mutant proteins were modeled using SWISSMODEL expasy. The suitable template for the homology modeling was searched
by BLASTp for the target protein. The template 4hh8A was selected for the homology
model (Figure 1). The constructed model was validated through PROCHECK. The
PROCHECK program was applied to check out the overall stereochemical quality
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of the model. The darkest areas correspond to the “core” regions representing the
most favorable combinations of phi-psi values. The validation by PROCHECK
certifies that 87.9% of the residues in these “core” regions, while, 11 % residues
were found in the additional allowed regions (Figure 2). The average Z score, RMS
of Z score, and distribution of the atomic Z score are represented in figure 3. The
OMEAN Z score was found -0.33 (Figure 3).

Fig. 1: The Predicated homology 3D structure of BTNL2 from dog. The red color indicated the
helix, yellow for sheet and green indicate the loop of the structure.

Figure 2: The Ramachandran Plot for quality check of BTNL2 from dog. Regions A, B, L as
most favored (87.9%), additional allowed regions are a, b, l, p (20%), residues in generously
allowed regions 0.6%% and residues in the disallowed regions 0.6% were found.
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Figure 3: QMEAN Z score of the model. All the statistical Z score term was depicted on the
left corner of the figure and the reliable range of the Z score for the model was given in the right
corner.

The residues L and A are the part of an interpro domain named “Immunoglobulin Vset, subgroup” reinvolved in a wide variety of functions which usually requires
interaction of the intact domain with another protein/molecule. A mutation in such a
domain could disturb this interaction. Moreover, The mutation is located within a
domain, annotated in Uniprot as: “Ig-like V-type 1”. The mutation introduces an
amino acid with different properties, which can disturb this domain and abolish its
function. The wild-type residue is very conserved, but a few other residue types
have been observed at this position too. Based on conservation scores this mutation
is probably damaging to the protein. It was found that the mutation is located in a
region with known splice variants, isoform 6. The wild-type residue is not conserved
at this position. Another residue type was observed more often at this position in
other homologous sequences. This means that other homologous proteins exist with
that other residue type than with the wild-type residue in your protein sequence.
The other residue type is not similar to your mutant residue. Therefore, the mutation
is possibly damaging.
B-lymphocytes were considered the primary source of serum Ig. However, it was
reported that the cells from epithelial cancer and hyperplasia could also express Ig
(Nzula et al., 2003). Zheng et al., (2009) demonstrated that functional Ig gene
recombination and transcription occurred in a variety of cancer types. Lindley and
Steele (2012) reported that inappropriately activation of Ig somatic hypermutation
in many non-lymphoid tissues via hormonal and/or inflammation-related processes
may be leading to cancer. Therefore, from the present investigation, we have predicted
228
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that the mutation causes in the 109 and 319 residues could be led to the tumor
development in dogs.
CONCLUSION

A major goal of this paper was to provide an explanation about the mutation effect
in BTNL2 from dog. It is well reported that CTVT in dog and DFTD in Tasmanian
devils has shown similar pattern of infection and karyotypic analysis. Therefore,
we selected that gene, which is responsible for DFTD in Tasmanian devils and
analysis the mutational effect in dog. However, it is the first report on the nsSNP
analysis of BTNL2 from dog to understand the effect of the mutation in this gene
which cause to lead proffering cancer in dog. From the present investigation, it was
coming to clear that mutations in the residual position 109 and 319 might be the
cause for the tumor development in dog breeds. In this paper, we try to identify the
non synonymous residues having effect on the tumor development, however, further
studies has needed for better understand at molecular expect to prevent the spreading
CTVT in dog.
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