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The study was conducted to examine amino acid substitution of Non-synonymous polymorphism and 
phylogenetic analysis of DRA II gene in cattle, goat and sheep. Twenty (20) nucleotide sequences 
comprising cattle (8), goat (5) and sheep (7). The following are the sequence accession numbers; 
AAI51472, AAI02117, AAI10003, AAI03364, AAI42073, AAI33510, AAI02565, AAI05234 (cattle), 
NP_001301117, XP_005696583, AEJ87223, AEJ87221, AEJ87220 (goat) and NP_001267646, 
XP_011955819, AEJ36201, AEJ36200, CAA77679, AEV89921, AAA16794 (sheep) were retrieved from 
gene bank (NCBI). Out of the Sixteen (16) amino acid substitution of cattle, (P10G, Q14V, V16I, R19A, 
K35Q, R38S, I40K and A41T) appeared beneficial while (F20C, K23L, A25C, N30I and H32P) appeared 
deleterious. Eighteen (18) amino acid substitution of goat (G10A, I13L, S18L, Q20G, W23G, E37S, Q33I, 
N39R, Q42G M47L and F72Q) appeared beneficial while (E45R, M60A, K63Q, T65M, L69G, and A76A) 
appeared deleterious. Sixteen amino acid substitutions of sheep (G10W, F12I, V15D, S18I, E21A, K26N 
and L38D) appeared beneficial while (V30S, F46D, D49K, D53V, H57P, L69G, E71L, F75A and F78K). The 
result revealed some intermingling between cattle and sheep which is in accordance with bovidea 
speciation 
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INTRODUCTION 
 
The major histocompatibility complex (MHC) class II 
molecules are cell-surface glycol proteins that are 
comprised of non-covalently linked α and β chains. These 
molecules bind antigen peptides and present them to 
lymphocytes for immune recognition and hence play a 
pivotal role in the initiation of specific immune responses 
to exogenous antigens (Zhou et al., 2006). The major 
histocompatibility complex DRA locus is noteworthy 
among the major histocompatibility complex class II loci 
for the little or no variation reported in many species 
(Zhou et al., 2006).  

The immune system is the adaptive defense system that 
has evolved in vertebrates to protect them from invading 
pathogens and also carcinomas. It is remarkable in the 
sense that it is able to generate an enormous variety of 
cells and biomolecules which interact with each other in 
numerous ways to form a complex network that helps to 
recognize, counteract, and eliminate the apparently 
limitless number of foreign invading pathogens/molecules 
(Behl et al., 2012). The major histocompatibility complex 
which is found to occur in all mammalian species plays a 
central role in the development of the immune system.
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It is an important candidate gene involved in 
susceptibility/resistance to various diseases. It is 
associated with intercellular recognition and with 
self/nonself discrimination. It plays major role in 
determining whether transplanted tissue will be accepted 
as self or rejected as foreign (Behl et al., 2012). Recent 
advances in technologies have generated a large amount 
of genome sequence and genotype data for many of 
species. The method to identify functional single 
neucleotide polymorphism (SNPs) from a pool, containing 
both functional and neutral SNPs is challenging by 
experimental protocols George et al. (2008).  
 

Therefore, computational predictions have become 
significant for evaluating the disease-related impact of 
non-synonymous single-nucleotide variants discovered in 
exome sequencing Liu and Kumar (2013). A number of 
computational methods have been developed to predict 
the functional effect of a non-synonymous single-
nucleotide polymorphism (nsSNP), a single nucleotide 
change in a protein-coding region of a gene that causes 
an amino acid substitution (AAS) in the resulting protein 
Zemla et al. (2014). Many such methods have their roots 
in molecular evolution, as they use information derived 
from multiple sequence alignments. Most computational 
prediction tools for amino acid variants rely on the 
assumption that protein sequences observed among 
living organisms have survived natural selection. 
Therefore, evolutionarily conserved amino acid positions 
across multiple species are likely to be functionally 
important, and amino acid substitutions observed at 
conserved positions will potentially lead to deleterious 
effects on gene functions Choi et al. (2012).  
 

The objective of the work was to carry out study on the 
amino acid substitution of Non-synonymous 
polymorphism and phylogenetic analysis of DRA II gene 
in cattle, goat and sheep. 
 
MATERIALS AND METHOD 
 
Twenty (20) nucleotide sequences comprising cattle (8), 
goat (5) and sheep (7) were retrieved from the NCBI 
gene bank and are used for the study. The following are 
the sequence accession numbers; AAI51472, AAI02117, 
AAI10003, AAI03364, AAI42073, AAI33510, AAI02565, 
AAI05234 (cattle), NP_001301117, XP_005696583, 
AEJ87223, AEJ87221, AEJ87220 (goat) and 
NP_001267646, XP_011955819, AEJ36201, AEJ36200, 
CAA77679, AEV89921, AAA16794 (sheep)  

Sequence alignment and translations was done using 
Cluster W (Larkin et al., 2007). Gap open penalty of 15 
and gap extension penalty of 6.66 were used.  
 

Computational functional analysis, non-synonymous 
mutations was carried out using PROVEAN (Protein 
Variant Effect Analyzer) with threshold value of -2.5. 

PROVEAN collects a set of homologous and distantly 
related sequences from the NCBI NR protein database 
using BLASTP (ver.2.2.25) with an E-value threshold of 
0.1. The sequences were clustered based on a sequence 
identity of 80% to remove redundancy using the CD-HIT 
program (ver.4.5.5) (Li and Godzik, 2006). If the 
PROVEAN score is smaller than or equal to a given 
threshold, the variation is predicted as deleterious (Choi 
et al., 2012).  
 

The evolutionary history was inferred using the 
Neighbor-Joining method (Saitou and Nei, 1987). The 
bootstrap consensus tree inferred from 1000 replicates 
(Felsenstein, 1985) is taken to represent the evolutionary 
history of the protein sequence analyzed. Branches 
corresponding to partitions reproduced in less than 50% 
bootstrap replicates are collapsed (Felsenstein, 1985). 
The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1000 
replicates) is shown next to the branches (Felsenstein, 
1985). The evolutionary distances were computed using 
the Poisson correction method (Zuckerkandl and Pauling, 
1965) and are in the units of the number of amino acid 
substitutions per site. The analysis involved 20 amino 
acid sequences. All positions containing gaps and 
missing data were eliminated. There were a total of 189 
positions in the final dataset. Evolutionary analyses were 
conducted in MEGA7 (Kumar et al., 2016).  
 
RESULTS 
 
The functional analysis of coding non-synonymous 
polymorphism (nsSNP) of DRA II gene of cattle, goat and 
sheep are presented in Table 1, 2 and 3 respectively. 
Amino acid substitutions of the wild type alleles located in 
the coding region of cattle, goat and sheep were obtained 
from the alignment of deduced amino acid sequences of 
Cattle, goat and sheep. Out of the Sixteen (16) amino 
acid substitution of cattle, (P10G, Q14V, V16I, R19A, 
K35Q, R38S, I40K and A41T) appeared beneficial while 
(F20C, K23L, A25C, N30I and H32P) appeared 
deleterious. Eighteen (18) amino acid substitution of goat 
(G10A, I13L, S18L, Q20G, W23G, E37S, Q33I, N39R, 
Q42G M47L and F72Q) appeared beneficial while (E45R, 
M60A, K63Q, T65M, L69G, and A76A) appeared 
deleterious. Sixteen amino acid substitutions of sheep 
(G10W, F12I, V15D, S18I, E21A, K26N and L38D) 
appeared beneficial while (V30S, F46D, D49K, D53V, 
H57P, L69G, E71L, F75A and F78K) appeared 
deleterious. The beneficial is an indication that they did 
not impair protein function while the deleterious does the 
opposite. The genetic relationship of the amino acid 
nucleotides of cattle, goat and sheep is presented in 
Figure 1. The result revealed by the phylogenetic tree 
showed that cattle and sheep intermingle.
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Table 1: Functional analysis of coding nsSNP of the DRA II gene of cattle using PROVEAN 
 

Variant PROVEAN Score Prediction 

P10G 0.855 Neutral 

Q14V -0.804 Neutral 

V16I -0.172 Neutral 

R19A 0.007 Neutral 

F20C -3.890 Deleterious 

K23L -3.931 Deleterious 

A25C -3.026 Deleterious 

N30I -3.114 Deleterious 

H32P -4.594 Deleterious 

K35Q -2.404 Neutral 

R38S -1.074 Neutral 

I40K -2.459 Neutral 

A41T -1.973 Neutral 

F43G -6.545 Deleterious 

K45G -5.139 Deleterious 

H52F -6.832 Deleterious 

F56T -6.096 Deleterious 
 

Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered 
―deleterious‖ while Variants with PROVEAN score above −2.5 are considered ―neutral‖. G = glycine, A = Alanine, L 
= leucine, M = methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S = serine, P = 
proline, V = valine, Y = tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine 

 
 
 
 

Table 2: Functional analysis of coding nsSNP of the DRA II gene of goat using PROVEAN 
 

Variant PROVEAN Score Prediction 

G10A -0.491 Neutral 

I13L 0.646 Neutral 

S18L -2.103 Neutral 

Q20G -2.295 Neutral 

W23G 0.874 Neutral 

E37S 0.185 Neutral 

Q33I -2.299 Neutral 

N39R -1.149 Neutral 

Q42G -0.895 Neutral 

E45R -2.899 Deleterious 

M47L -1.467 Neutral 

M60A -2.944 Deleterious 

K63Q -4.439 Deleterious 

T65M -7.475 Deleterious 

L69G -8.402 Deleterious 

F72Q 0.000 Neutral 

A76A -4.480 Deleterious 
 

Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered ―deleterious‖ 
while Variants with PROVEAN score above −2.5 are considered ―neutral‖. G = glycine, A = Alanine, L = leucine, M = 
methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S = serine, P = proline, V = valine, Y 
= tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine 
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Table 3: Functional analysis of coding nsSNP of the DRA II gene of sheep using PROVEAN 
 

Variant PROVEAN Score Prediction 

G10W -2.300 Neutral 

F12I -0.355 Neutral 

V15D -1.130 Neutral 

S18I -2.433 Neutral 

E21A -0.112 Neutral 

K26N -2.129 Neutral 

V30S -3.296 Deleterious 

L38D -0.025 Neutral 

F46D -6.748 Deleterious 

D49K -2.822 Deleterious 

D53V -7.502 Deleterious 

H57P -5.972 Deleterious 

L69G -7.469 Deleterious 

E71L -5.697 Deleterious 

F75A -3.530 Deleterious 

F78K -8.314 Deleterious 

 

Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered 
―deleterious‖ while Variants with PROVEAN score above −2.5 are considered ―neutral‖. G = glycine, A = Alanine, L 
= leucine, M = methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S = serine, P = 
proline, V = valine, Y = tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine 

 

 
 

 
 

Figure 1: Evolutionary relationship of cattle, goat and sheep using the Neighbor-Joining method 
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DISCUSSION 
 
Major histocompatibility (MHC) genes are the most 
polymorphic genes described in vertebrates, with 
polymorphisms occurring predominantly at residues 
involved in peptide binding (antigen binding sites) (Zhao 
et al., 2011). Variation at these sites may affect the 
antigen binding groove and antigenic-peptide binding 
ability, and hence peptide specificity (Zhou et al., 2005). It 
is one of the most important genetic systems for 
infectious disease resistance in vertebrates (Hill, 1998; 
Hedrick et al., 2000). Therefore, defining the structure, 
function, and diversity of this system is very important to 
understand immune response in vertebrate species 
(Zhou et al., 2006). The variation in DRA is a highly 
conserved polypeptide in mammals in general and 
especially in ruminants.  Single nucleotide polymorphism 
(SNP) in cattle was synonymous, and no amino acid 
polymorphism was predicted in the α1 domain of the 
bovine DRA molecule (Zhou et al., 2006). However, the 
functional significance of these SNP cannot be ignored 
because it has been reported that synonymous mutations 
in coding regions may act alone or in combination with 
other mutations in the same transcript to influence mRNA 
stability and translation, thereby causing functional 
effects (Duan et al., 2003). Additionally, the SNP may be 
linked to variation in other DRA gene regions with 
functional or structural significance. Alternatively, the lack 
of polymorphism at the amino acid level may be as a 
result of critical structural or functional constraints in the 
exon 2 region (Chu et al., 1994).  
 

The present result indicated that bovine DRA II gene is 
highly polymorphic which is also observed in caprine and 
ovine species. The amino acid substitution observed in 
this study revealed variants that are both 
neutral/beneficial and deleterious/harmful for cattle, goat 
and sheep. The neutral or beneficial amino acid 
substitutions are those substitutions that help in 
maintaining the structural integrity of cells and tissues. 
Also, they affect positively the functional roles of proteins 
involved in signal transduction of visual, hormonal, and 
other stimulants. Therefore, development of disease 
resistant animal should take this into account as selection 
for resistance allele may increase the frequency of 
harmful allele. Therefore effort should be made to 
increase the disease resistant allele with an aim of 
producing population of cattle, goat and sheep with 
disease resistant allele which has a global demand. 
However, the harmful amino acid substitutions could 
cause amino acid change further altering protein function 
which may lead to susceptibility to disease. They may 
modify enzyme activity, destabilize protein structures or 
disrupt protein interactions (Bibinu et al., 2016). To 
identifying single gene markers associated with 
resistance to gastro-intestinal parasites is difficult as 
resistance to parasites is considered to be polygenic with 
hundreds to thousands mutations responsible for the 
resistant phenotype (Hickford et al., 2011; Kemper et al., 

2011), research continues in the area of genetic markers 
as they have the advantage over phenotypic markers of 
measurement prior to birth, meaning that producers can 
make productivity decisions early (Preston et al., 2011). A 
high level of diversity in MHC genes allows populations to 
survive despite exposure to rapidly evolving pathogens 
(Ellis and Hammond, 2014). It plays major role in 
determining whether transplanted tissue will be accepted 
as self or rejected as foreign. Also the study of the MHC 
can aid in the development and design of vaccines based 
on synthetic peptides comprising one or more T-cell 
epitopes of the pathogen (Wuliji et al., 2014).  
 

The evolutionary relationship presented in Figure 1. 
Revealed that the appearance of many alleles at a 
particular MHC locus is evidence of long-term 
evolutionary persistence of the locus (Ugbo et al., 2015).   
This is suggested by the frequency with which alleles in 
one species are more closely related to the alleles in a 
closely related species than to the other alleles in the 
same species (Wuliji et al., 2014). This could be exploited 
in the development and the design of vaccines as well as 
drug production. The close similarity of a gene among 
ruminants may be termed as to recent separation in 
evolutionary process and/or similar selection pressure 
which the ruminants have suffered during evolution (Sun 
et al., 2015). This is in accordance with the well-known 
evolutionary history of Bovidae subfamily speciation 
(Floudas, 2007). 
 
CONCLUSION 
 

The study observed both beneficial and harmful amino 
acid substitution for all the three species.  The beneficial 
amino acid substitutions did not impair the function of 
protein while the harmful amino acid substitution 
appeared to have a negative effect on the function of 
protein of cattle, goat and sheep. The phylogeny analysis 

based on nucleotide and amino acid sequences of DRA II 
gene showed some level of intermingling between cattle 
and sheep. Information from this study is relevant for 
performing pharmacogenetic, mutagenesis and genotype-

phenotype study and also, used for development of 
molecular makers for selection. 
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