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Abstract. The objective of this study was to assess the genetic diversity of the Sirohi goat for DRB and DQB1 loci, and to study
their association with antibody response induced by the Peste des petits ruminants (PPR) vaccine. A total of 360 Sirohi kids were
studied using single stranded confirmation polymorphism (SSCP) followed by polymerase chain reaction sequence-based typing
(PCR-SBT) for DRB and DQB1 diversities. The competitive enzyme-linked immuno-sorbent assay (C-ELISA) was used to evaluate
immune response post-PPR vaccination. Study revealed rich diversity of major histocompatibility complex (MHC) region in goat.
A total of 18 DRB and 15 DQB1 alleles were obtained which were new. Alleles DRB*0104 and DQB1*0101 were the most common.
The approach of SSCP combined with PCR-SBT reflects cost-effective and most powerful approach to decipher the genetic diversity
in complex MHC region. Study revealed variation in DRB and DQB1 genes in Sirohi flock along with high Wu–Kabat index. A total
of 16 of the 89 amino acid residue sites in DRB and 19 of 86 residue sites in DQB1 had more than three amino acid substitutions.
Positive evolutionary selection was evident in Sirohi for MHC region. Nonsignificant association of DRB and DQB1 genotypes with
PPR virus (PPRV) vaccine response revealed complexity of the phenotype and importance of other factors for vaccine response. Rich
diversity of DRB and DQB1 genes reflects the fitness of the population and importance of this locus for future selection programmes.
Keywords. Cahi-DRB; Cahi-DQB1; major histocompatibility complex; vaccine response.

Introduction
Major histocompatibility complex (MHC) of goats is polymorphic. A few genes, such as caprine leukocyte antigen
(Cahi)-DRB and Cahi-DQB1 from MHC complex were
recently being investigated for their polymorphism and
further potential association with important diseases of
goat. The class II antigens encoded by MHC class II genes
bind to processed peptides from extracellular antigens and
present them to epitope specific CD4+ T lymphocytes
(Blum et al. 2013). Cahi-DRB exon 2 is polymorphic,
so is Cahi-DQB1, due to their importance in antigenbinding groove formation and evolutionary importance
in antigen capture and presentation. Peptide-binding site
(PBS) in goat is partly coded by DRB and DQB genes.
This PBS has several pockets, which are highly variable
and accommodate the side chains of the bound peptide
(Yakubu et al. 2013). A nonsynonymous change in the
nucleotide sequence of the MHC DRB or DQB1 gene can

substantially substitute the coding amino acid and ultimately bring conformational change in the binding groove,
so as to affect the efficiency of the protein to present the
antigen efficiently for further processing. Several reports
exist, which link the variability in DRB alleles in cattle,
sheep and other mammals to resistance or susceptibility to diseases. Herrmann-Hoesing et al. (2008) reported
that Ovar-DRB1 alleles contribute as a host genetic factor
that control provirus level in sheep. Significant association of DRB1 alleles with susceptibility and resistance to
ovine pulmonary adenocarcinoma (OPA) was reported
by Larruskain et al. (2010) in sheep. However, as far
as studies on goat are concerned, there are a very few
caprine DRB and DQB1 sequences in GenBank. Similarly, there is a scarcity of research database for allelic
association of DRB and DQB alleles with disease resistance or susceptibility in goat. It is of no surprise that
even the immune-polymorphism database (IPD)-MHC
has no space dedicated for goat MHC. Amills and Fran-
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cino (1995) assessed the genetic variability in DRB of goat.
This was followed by a few reports (Amills and Francino 1996; Dongxiao and Yuan 2004; Ahmed and Othman
2006; Zhao et al. 2011; Singh et al. 2012) to characterize
DRB locus (exon 2 of DRB) in goat. Amills et al. (2004)
also characterized DQB1 locus in goat, however, not much
work (Yakubu et al. 2013) was carried out since then,
for its genetic polymorphism. There is immense potential in MHC genes for being the markers for selection
programmes in livestock breeding, if positive repeatable
associations are observed.
The Peste des petits ruminant (PPR) being the plague of
small ruminants, pose heavy threat to the rural economy
of India. It is caused by a PPR virus (PPRV) of the genus
Morbillivirus within the family Paramyxoviridae. India
constitutes a great diversity of small ruminants with 135.17
million goat and 65.07 million sheep (19th Livestock
census 2012 http://dahd.nic.in/sites/default/files/Livestock
%20%205.pdf . 16 August 2017). In PPRV endemic regions
including India, control measures involve regular vaccination with live-attenuated PPR virus vaccine of lineage IV,
which has high antigenic stability and induce long-term
immune response (Venkataramanan et al. 2005).
Currently, three live-attenuated PPR vaccines (Sungri/96, Arasur/87 and CBE/97 stains) are available in India
for preventing this disease, of which, Sungri/96, developed by ICAR - Indian Veterinary Research Institute
(IVRI), Mukteshwar, India, has undergone extensive field
trial (Singh et al. 2009, 2010; Singh 2011). It is possible
that the vaccine-induced protection across individuals is
not homogenous, where vaccine gives a complete protection for a proportion of individuals, while rest acquire
only incomplete (leaky) protection of varying magnitude
(Mehtala et al. 2016). Variable vaccine response in the population was reported for several diseases in humans as well
as animals (Newman et al. 1996; Poland and Jacobson
1998; Raadsma et al. 1999; Tan et al. 2001; Sitte et al.
2002; Moreno et al. 2003; O’Neill et al. 2006; Gowane et al.
2013a, 2016a). Role of host genetics and other nongenetic
factors in variation to vaccine response, especially PPR
vaccine is not studied in detail till today. The importance
of host genetics in vaccine response studies is important
as genetic variability may influence vaccine response and
hence, confounds vaccine efficacy studies.
Objective of the present study was to decipher the
Cahi-DRB and Cahi-DQB1 polymorphisms in detail using
polymerase chain reaction sequence-based typing (PCRSBT) and to associate this variation with PPR vaccine,
elicited immune response in Sirohi kid goat maintained at
the farm condition in semi-arid region of India.

Materials and methods
Animals

The study population was a flock of purebred Sirohi goats.
The flock was located at ICAR - Central Sheep and Wool

Research Institute, Avikanagar, in the semi-arid region
of Rajasthan, India, at 75◦ 25 E, 26◦ 18 N, at an altitude
of 320 m above mean sea level. The data for the experiment involved 360 Sirohi goat kids. As vaccination was a
part of routine management practice and no other invasive
method was used in the study, a separate permission from
the Institute of animal ethics committee was not required.
All the animals under the study belonged to the same age
group, i.e. ‘weaner’ with mean age at vaccination 142.43
days (SD = 14.67). All the animals in this flock were
kept under semi-intensive management system. Concentrate mixture was offered ad libitum to suckling kids from
15 days of age till weaning (90 days). From three weeks
of age to until weaning, kids were sent for grazing for 3
h each in morning and evening, but not along with their
dams. During the postweaning period, in addition to 8–10
h grazing and dry fodder supplementation, 300 g of concentrate mixture was provided in the evening hours after
browsing. The grazing area consisted of forest land with
natural fodder trees like Khejri (Prosopis cineraria), Ardu
(Ailanthus spp.) and Neem (Azadirecta indica). Bushes
and surface vegetation including the improved pastures
of Cenchrus ciliarisis were also available. Due to scarce
grazing resources from March to June, the goats were supplemented with hay of Cenchrus, Cowpea and Dolichos;
pala leaves (Zizyphus) and fodder tree lopping.

Amplification and typing of DRB alleles

Whole blood (1 mL) was collected aseptically from the
jugular vein of kids for DNA isolation (GenElute blood
genomic DNA kit, Sigma) according to the manufacturer’s
instructions. Exon 2 of the DRB gene was amplified from
genomic DNA using the primers as suggested by Amills
and Francino (1995), where DRB.1: 5 -TATCCCGTC
TCTGCAGCACATTTC-3 and DRB.2: 5 -TCGCC
GCTGCACACTGAAACTCTC-3 primers were used for
amplifying 285-bp product. The reaction mixture of 50 μL
comprised of: 10× Taq buffer (5 μL), 25 mM MgCl2 (3
μL), 10 mM dNTP (1 μL), 20 pmol (1 μL) of each primer,
Taq DNA polymerase (1 IU), template (1 μL) and nuclease
free water (NFW) to make 50 μL. The thermal profile was
optimized for amplification of the DRB exon 2 as follows:
initial denaturation (94◦ C for 4 min), followed by 35 cycles
(denaturation for 94◦ C for 60 s, annealing at 66◦ C for 60 s
and extension at 72◦ C for 60 s) and a final extension at
72◦ C for 5 min. A single clear band of 285 bp on agarose
gel (2%) was obtained.
The amplified products were subjected to single stranded
confirmation polymorphism (SSCP) for determination of
the genotypic variation (Green and Sambrook 2012). The
samples were then grouped according to various genotypes as obtained on the SSCP gel. Then, the representative
samples were again amplified using the PCR protocol as
above and purified PCR products (GenElute gel extraction
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kit, Sigma) were sequenced by BigDye (Applied Biosystems, Foster City, USA) sequencing reaction that exploits
dideoxy chain termination principle. The PCR-sequencebased typing (PCR-SBT) was used for further analysis.
The homozygous sequences obtained were assigned an
allelic name using nomenclature system as suggested by
Ballingall and Tassi (2010) to suit IPD MHC nomenclature
system. The heterozygote samples were resequenced after
cloning (InsTAclone PCR cloning kit, Thermo Fisher) to
obtain one allele that was subsequently used to deduce
another allele in heterozygous sample. Novel alleles were
cloned, sequenced and confirmed at least thrice. The
amino acids at pocket positions were determined from
the nucleotide sequences of the alleles using EditSeq software package ver. 5.0 (Burland 2000). Alleles, which were
derived and not confirmed in PCR-SBT were not named.

Amplification and typing of DQB1 alleles

Exon 2 of the DQB1 gene was amplified from genomic
DNA using the primers as described by Amills et al. (2004),
where DQB-F: 5 -CCCCGCAGAGGATTTCGTG-3 and
DQB-R: 5 -ACCTCGCCG CTGCCAGGT-3 primers
were used for amplifying 280-bp product with 8-bp intron
1, 270-bp exon 2 and 2-bp intron 2. The reaction mixture of 50 μL comprised of: 10× Taq buffer (5 μL), 25
mM MgCl2 (3 μL), 10 mM dNTP (1 μL), 20 pmol (1 μL)
of each primer, Taq DNA polymerase (1 IU), template
(1 μL) and nuclease free water (NFW) to make 50 μL.
The thermal profile was optimized for amplification of the
DQB exon 2 as follows: initial denaturation (94◦ C for 4
min), followed by 35 cycles (denaturation at 94◦ C for 45 s,
annealing at 67◦ C for 45 s and extension at 72◦ C for 45 s)
and a final extension at 72◦ C for 5 min. A single clear band
of 280 bp on agarose gel (2%) was obtained. The amplified products were subjected to SSCP for determination of
the genotypic variation (Green and Sambrook 2012). The
samples were then grouped according to various genotypes
as obtained on the SSCP gel. The PCR-SBT approach was
used for analysis. Alleles were named as per requirements
of the IPD-MHC database (Ballingall and Tassi 2010), and
derived alleles were not named.

PPR vaccination, sampling and ELISA for detection of antibody
against PPRV vaccine

As part of the scheduled vaccination programme, the
animals were vaccinated (1 mL subcutaneous) with freezedried live-attenuated PPR virus (‘Sungri 96’ strain) vaccine
with PPR virus titre ≥102.5 TCID50 (Raksha-PPR, Indian
Immunologicals, India). Whole blood was collected aseptically by jugular vein puncture from the kids at 28 days
postvaccination (28 DPV) for serum separation. Serum
was collected and stored at −20◦ C until testing.
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Sera were tested by competitive enzyme-linked immunosorbent assay (C-ELISA) at ICAR-CSWRI Animal Genetics Laboratory using the commercially available PPR
C-ELISA kit developed by IVRI, Mukteshwar, India, as
per the protocol (Singh et al. 2004a,b). For C-ELISA, an
attenuated PPR virus (PPRV Sungri) was used as the coating antigen. The ELISA plates (NUNC Maxisorp) were
coated with the PPR virus antigen (50 μL/well). The plates
were incubated at 37◦ C for 1 h under constant orbital shaking. Unbound antigen was washed thrice using 0.002 M
PBS. Then, all the wells of the plates received 40 μL blocking buffer (PBS with 0.2% PPR-negative goat serum and
0.1% Tween 20). Twenty microlitre of the test sera samples were added to duplicate sets of well, followed by the
addition of 40 μL of monoclonal antibody in each well
(except conjugate control wells) at a final dilution of 1:500.
The plates were incubated as described earlier and washed.
Anti-mouse-HRPO conjugate diluted at 1:1000 in blocking buffer was added to each well of the plate at 50 μL/well.
Plates were further incubated for 1 h at 37◦ C under constant shaking. Substrate solution (OPD containing H2 O2 )
was added in each well (50 μL/well) and colour reaction
was developed for 5–10 min followed by stopping with 1 M
H2 SO4 . Samples were tested in duplicate and plates were
read in ELISA reader to obtain optical density (OD) values at 492 nm wavelength. Percent inhibition (PI) values
for C-ELISA were calculated as: 100 - {(OD of test sample
/ OD of monoclonal antibody control) × 100}. Samples
having >50% PI by C-ELISA were considered as positive
and thus, protected by PPRV vaccine.

Statistical analysis

The allelic frequencies, genotypic frequencies, phylogenetic analysis and residue substitution were studied using
Microsoft excel package of the MS office (2010) and EditSeq (DNA STAR) software. Phylogenetic analysis was
performed using MEGA 4.0, neighbour-joining method.
To assess the effect of genotype on vaccine response
(observed PI values), a general linear model (GLM) was
used that included cohort (two levels), sex (two levels),
age at vaccination (covariable) as fixed effects along with
either DRB or DQB1 genotype. All the above analyses were
performed using a statistical package SPSS (2005). The
statistical model used was as follows:
Yijkl = μ + Ci + Sj + b(Aijkl − Ā) + Gk + εijkl ,
where Yijkl , observation for vaccine response (PI) on lth
animal born to cohort i, of sex j; and typed for genotype of DRB or DQB1. μ, the intercept; Ci , cohort effect;
Sj , sex effect; Gk , the effect of genotype; b(Aijkl − Ā), the
covariable effect of age at vaccination; and εijkl , residual
error term.
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The dN /dS ratio and Wu–Kabat variability index

The frequencies of nonsynonymous (dN ) versus synonymous (dS ) substitutions were calculated by the method of
Yang and Nielsen (2000) with the help of software PAML 4
(Yang 2007). The Wu–Kabat variability index with respect
to amino acids at peptide-binding pockets was calculated
using the formula given by Wu and Kabat (1970).

Index =

The ratio of nonsynonymous (dN ) to synonymous (dS )
substitution for DRB gene in the Sirohi goat population
was 3.24. This ratio was significantly >1, indicating positive evolutionary selection for DRB gene in the present
Sirohi goat population. However, the results are read
with caution as the evidence is presumed and not absolute, due to lack of evidence for Capra species. It may
be impossible to infer the selection pressure from the

The number of different amino acids occurring at a given position
Frequency of the most common amino acid at the position

where frequency of the common amino acid is obtained
as number of times the most common amino acid occurs
divided by the total number of protein examined.

Results and discussion
Genetic variability for DRB

Sirohi goat kids (n = 360) were typed for DRB exon 2. A
total of 18 new alleles were obtained after analysis in the
population using PCR-SBT approach (table 1). Of the 18
alleles 12 were confirmed by cloning and sequencing, however, six were derived using PCR-SBT. All 12 alleles were
new and named as per the requirements of the IPD following the guidelines (Ballingall and Tassi 2010). Alleles were
Cahi-DRB*0701 (accession no. KX431913), Cahi-DRB*
0104 (accession no. KX431914), Cahi-DRB*0402 (accession no. KX431915), Cahi-DRB*0102 (accession no.
KX431916), Cahi-DRB*0202 (accession no. KX431917),
Cahi-DRB*0501 (accession no. KX431918), Cahi-DRB*
0401 (accession no. KX431919), Cahi-DRB*0103 (accession no. KX431920), Cahi-DRB*0203 (accession no.
KX431921), Cahi-DRB*0101 (accession no. KX431922),
Cahi-DRB*0201 (accession no. KX431923) and CahiDRB*0601 (accession no. KX431924). A total of six new
alleles were derived using PCR-SBT approach, however,
were not given names as per IPD-MHC nomenclature (N7,
N11, N13, N16, N17 and N18). Allele Cahi-DRB*0104
had highest frequency (29.72%) followed by alleles *0701
(22.64%), *0202 (13.89%) and *0102 (11.25%). In congruence with our findings, rich diversity of this region was
reported earlier in different goat breeds worldwide (Amills
and Francino 1996; Dongxiao and Yuan 2004; Ahmed and
Othman 2006; Zhao et al. 2011; Singh et al. 2012). However, most of the studies were carried out using restriction
fragment length polymorphism (RFLP) PCR, whereas the
current method of SSCP followed by PCR-SBT has more
power to detect the genetic variability at DRB in goat.
We observed similar diversity in sheep breeds for DRB1
and DQA2 regions using SSCP followed by PCR-SBT
approach (Gowane et al. 2017).

dN /dS measurement (Kryazhimskiy and Plotkin 2008).
In another study, 11.1 ratio for dN /dS was recorded in
peptide binding region of 12 Chinese indigenous goats
for DRB*02 sequences (Ahmed and Othman 2006). PBR
being polymorphic, its importance is seen here. According to Simmons et al. (1994), the long-term evolution,
ancient and silent mutations also carried with translated mutations and became maintained in these regions.
Pathogen–host interaction is complex, according to the
Red Queen hypothesis (Van Valen 1973) to be a part of this
competition, diversity of MHC is important from host’s
perspective.
Plotting the phylogenetic tree for allelic relationship
at nucleotide level revealed that the diversity was large
(figure 1). Clustering of the alleles revealed that some
alleles tended to form closer clusters than others. Figure 2 reveals the amino acid variation between the alleles
and it is seen that the population is polymorphic at coding region too. Genetic implication of these variations in
this region is that the population is highly polymorphic
with distinct grouping of the alleles, thus, providing huge
raw material for Sirohi goat population to fight against
the pathogens. This study found that alleles DRB*0101,
*0102, *0103 and *0104 had ≤4 codon change and hence,
clubbed together as one family. Derived allele *N18 also
formed member of this group due to similarity of amino
acid sequence. Similarly, alleles *0201, *0202 and *0203
had <4 amino acid differences. Alleles *0401 and *0402
had <4 amino acid differences, whereas, alleles *0501,
*0601 and *0701 differed by >4 amino acid differences
from each group. Predicted allele *N7 was related to *0701
due to similarity at amino acid level. Derived alleles *N11,
*N13 and *N17 formed a group separate from others,
similarly derived allele *N16 formed a different group.
Phylogenetic analysis revealed that clustering based on
nucleotide similarity and differences remained almost similar to clustering based on amino acid differences. Many a
times, variation at nucleotide level is not reflected as such
when the sequence is translated, however, in the present
study, high variability even at predicted amino acid level
indicates the functional variation in the DRB region of
goat.
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Table 1. The frequency of DRB and DQB1 alleles in Sirohi goat.

Allele
*0101
*0102
*0103
*0104
*0201
*0202
*0203
*0401
*0402
*0501
*0601
*0701
*N11
*N13
*N16
*N17
*N18
*N7
Total

DRB
Number Frequency
13
81
6
214
20
100
4
24
28
10
8
163
4
14
3
7
10
11
720

1.81
11.25
0.83
29.72
2.78
13.89
0.56
3.33
3.89
1.39
1.11
22.64
0.56
1.94
0.42
0.97
1.39
1.53
100

Allele

DQB1
Number

Frequency

*0101
*0102
*0103
*0104
*0201
*0202
*0301
*0302
*0501
*0502
*0701
*070101
*0801
*N2
*N3
–
–
–
Total

184
2
19
8
78
40
52
20
19
32
8
88
20
79
27
–
–
–
676

27.22
0.30
2.81
1.18
11.54
5.92
7.69
2.96
2.81
4.73
1.18
13.02
2.96
11.69
3.99
–
–
–
100

Alleles starting with ‘N’ are derived alleles post-PCR-SBT.

Figure 1. Phylogenetic analysis of (a) 18 DRB and (b) 15 DQB1 alleles in Sirohi goat. Phylogenetic analysis was performed using
MEGA 4.0, neighbour-joining method. The nucleotide substitution is reflected by cluster grouping of alleles.

Genetic variability for DQB1

Sirohi goat kids (n = 339) were typed for DQB1 exon
2. A total of 15 new alleles were obtained after analysis in the population using SSCP followed by PCR-SBT
approach (table 1). Of the 15 alleles, 13 were confirmed
by cloning and sequencing, however, two were derived
using PCR-SBT. All 13 alleles were new and named
as per the requirements of the IPD. Alleles were CahiDQB1*0101 (accession no. KX431925), Cahi-DQB1*0201
(accession no. KX431926), Cahi-DQB1*0301 (accession
no. KX431927), Cahi-DQB1*0302 (accession no. KX431928), Cahi-DQB1*0103 (accession no. KX431929),
Cahi-DQB1*0501 (accession no. KX431930), CahiDQB1*0104 (accession no. KX431931), Cahi-DQB1*0701
(accession no. KX431932), Cahi-DQB1*0801 (accession

no. KX431933), Cahi-DQB1*0102 (accession no.
KX431934), Cahi-DQB1*070101 (accession no. KX431935), Cahi-DQB1*0502 (accession no. KX431936) and
Cahi-DQB1*0202 (accession no. KX431937). A total of
two new alleles were derived using PCR-SBT approach,
however, were not given names as per IPD-MHC nomenclature (*N2, *N3). Allele Cahi-DQB1*0101 had highest
frequency (27.22%) followed by alleles *070101 (13.02%),
*N2 (11.69%) and *0201 (11.54%). Very high genetic diversity for this region was also reported earlier (Amills and
Francino 1995; Amills et al. 2004). Similar diversity is
also observed in sheep and cattle DQB1 region, however,
for goat there are very few studies. This study is the first
report for DQB1 diversity in any Indian goat breed. To
study the evolutionary stability or instability of the DQB1
region in Sirohi goat, the ratio of nonsynonymous (dN ) to
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Figure 2. Predicted amino acid alignment of the DRB allelic variants in Sirohi goat.

synonymous (dS ) substitution for Sirohi goat was studied.
We found that the ratio was 1.08. Yakubu et al. (2013)
reported a ratio of 2.14 in Nigerian goat breeds. Results
reveal balancing selection in favour of variability at DQB1
in Sirohi goat.
Phylogenetic analysis for alleles reported that the diversity at nucleotide level was large (figure 1). There was
a clustering of alleles for their nucleotide substitutions
and thus, clubbing in one or the other family. Figure 3
reveals amino acid variation between the alleles and it is
seen that the population is polymorphic at coding region.
Alleles DQB1*0101, *0102, *0103 and *0104 were in one
group as they had <4 amino acid changes. Similarly,
alleles *0201, *0202 and *0203 had <4 amino acid differences. Alleles *0201 and *0202 formed another family,
alleles *0301 and *0302 formed separate family, and alleles 0501 and 0502 were clubbed together. It was seen
that derived alleles N3 had similarity at amino acid level
with allele *0201, indicative of synonymous substitution
at nucleotide level. Alleles *0701 and *070101 were in one
family and they did not have a single amino acid substitution. However, they had synonymous differences at
nucleotide level that resulted in the no change at peptide
level.

Association of DRB and DQB1 genes with PPRV vaccine-elicited
immune response

Results of C-ELISA on sera samples at 28DPV revealed
mean PI value of 69.99±0.42 (min. 13.32, max. 91.60) with
minimum PI 35.12 and maximum PI 98.82. Average age at
vaccination was 142.43 ± 14.67 days with minimum age 93
days and maximum age 164 days. Variability in the vaccine
response was evident in the kids. Frequency distribution of
Ovar-DRB and DQB1 alleles revealed rich diversity among
Sirohi goat. A total of 16 DRB and 16 DQB1 genotypes
were observed to be present in the population of Sirohi
goat flock. For association analysis, genotypes with >5
occurrences in the population (11 genotypes in DRB and
12 genotypes in DQB1) were only used to avoid biased
estimates.
Genotypic association analysis was carried out to assess
the effect of genotype (table 2) along with other environmental factors on vaccine response in Sirohi goat. In the
DRB group (n = 299), genotype I (DRB*0104-*0104)
had highest frequency (30.10%) followed by genotype A
(DRB*0701-*0701) 22.07% and genotype M (DRB*0202*0202) 13.38%. In the DQB1 group (n = 298), highest frequency was obtained for genotype E (DQB1*0801-*0801)

11.37
2.68
22.07
4.01
3.01
3.01
13.38
3.01
30.10
4.01
3.34
–
100.00%

1
2
3
4
5
6
7
8
9
10
11
–
P = 0.606

69.11–74.65
66.09–77.46
69.44–73.41
66.25–75.53
64.95–75.65
64.13–74.95
66.68–71.81
63.77–74.56
67.05–70.44
63.86–73.18
62.49–72.66
–
68.59–71.23

CId (95%)

Gene

M (DQB1*0104-*0701)
E (DQB1*0801-*0801)
I (DQB1*0201-*0201)
H(DQB1*0202-*0202)
J (DQB1*0301-*0101)
C (DQB1*0101-*N2)
K (DQB1*0301-*0302)
G(DQB1*0502-*0502)
L (DQB1*0103-*0501)
F (DQB1*070101-*070101)
A (DQB1*0101-*0101)
D (DQB1*0101-*N3)
Overall

Genotypea

7.38
20.13
7.72
3.36
14.43
5.03
5.70
11.41
9.40
6.38
6.38
2.68
100.00%

1
2
3
4
5
6
7
8
9
10
11
12
P = 0.868

Frequencyb (%)
Rankc
DQB1 (n = 298)

d Confidence interval (95%) for the mean PI.

b Frequency of each genotype within the analysed genotypes. Genotypes with at least five occurrences were used in the analysis.
c Over all rank of genotypes for 28DPV PPRV vaccine-elicited immune response titer converted to percent inhibition (PI) values for C-ELISA.

71.88 ± 1.14
71.78 ± 2.89
71.43 ± 1.01
70.89 ± 2.36
70.30 ± 2.72
69.54 ± 2.75
69.24 ± 1.30
69.17 ± 2.74
68.74 ± 0.86
68.52 ± 2.37
67.58 ± 2.58
–
69.92 ± 0.67

PI ± SE
DRB (n = 299)

Rankc

a Genotypes for DRB and DQB1 genes in Sirohi goat.

L (DRB*0102-*0102)
J (DRB*0402-*0402)
A (DRB*0701-*0701)
O (DRB*0401-*0401)
K (DRB*0402-*0501)
B (DRB*0701-*N18)
M (DRB*0202-*0202)
N (DRB*0202-*N7)
I (DRB*0104-*0104)
D (DRB*0101-*N13)
E (DRB*0201-*0201)
–
Overall

Genotypea

Frequencyb (%)

Table 2. MHC genotypic association for PPRV vaccine-elicited immune response in Sirohi goat.

73.36 ± 2.91
72.44 ± 2.63
71.14 ± 1.41
70.68 ± 1.99
70.36 ± 1.56
70.15 ± 1.07
70.05 ± 1.94
69.78 ± 2.17
69.53 ± 1.97
68.87 ± 1.26
68.30 ± 1.76
68.13 ± 1.72
70.23 ± 0.57

PI ± SE

67.64–79.08
67.25–77.62
68.35–73.92
66.75–74.60
67.29–73.42
68.0472.26
66.22–73.87
65.50–74.05
65.66–73.40
66.40–71.35
64.83–71.77
64.75–71.50
69.10–71.36

CId (95%)
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Figure 3. Predicted amino acid alignment of the DQB1 allelic variants in Sirohi goat.

20.13%, followed by genotype J (DQB1*0301-*0101)
14.43% and genotype G (DQB1*0502-*0502) 11.41%.
In the model that studied the effect of DRB genotype along with other environmental factors such as
cohort, sex of the animal and age group, on vaccine
response, explained 63.6% variation (R2 = 0.636). The
genotypic association study revealed nonsignificant (P =
0.606) effect of genotype on 28DPV PI value, whereas
significant effect of cohort and age at vaccination was
observed. However, ranking of genotypes revealed that
the genotype L (DRB*0102-*0102) gave highest response
for PPRV vaccination at 28th day (table 2), followed
by genotype J (DRB*0402-*0402) and A (DRB*0701*0701). Lowest response was obtained for the genotype
E (DRB*0201-*0201) preceded by D (DRB*0101-*N13)
and I (DRB*0104-*0104). The power of the statistics fails
to give significant association with these trends due to
lower data size and more subclasses in the genotype effect.
This is the reason that even after observing the trend,
the association is usually missing. It was noteworthy that
alleles in high-ranking genotypes were exclusive to lowranking genotypes. Effect of genotype was nonsignificant
on the vaccine response, however, the trend was visible

with increasing rank and declining mean PI for 28DPV
(table 2).
The variability within DRB region of Sirohi goat population was calculated using the Wu–Kabat variability
index. The ability of a pocket to anchor a peptide is due to
the electrostatic charges of the pocket region and electrostatic charges of the peptide (Stren et al. 1994). Of several
amino acid positions in DRB, a total of 16 different amino
acid positions were polymorphic with three or >3 amino
acid differences (residues 6, 21, 32, 35, 37, 52, 61, 62, 65,
66, 68, 69, 72, 73, 76 and 81). The region revealed Wu–
Kabat index varying from 2.20 to 6.95. Highest index was
observed at residue 6 (6.95%), followed by β65 (6.41%) and
β73 (5.94%). Present results corroborate with the earlier
observations in sheep breeds (Leach et al. 2010; Larruskain
et al. 2012), where positive selection at important residues
in DRB1 amino acid sequence was observed.
In DQB1 group, the inclusive model again explained
62% of the total variation in the 28DPV vaccine response
trait (R2 = 0.62). The model included sex, age and cohort
of the animal along with the DQB1 genotype. The effect
of genotype was nonsignificant (P = 0.868), however, the
effect of cohort and age at vaccination were highly signif-
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icant (P<0.01). Ranking of genotypes revealed that the
genotype M (DQB1*0104-*0701) gave highest response
for PPRV vaccination at 28th day (table 2) followed
by genotypes E (DQB1*0801-*0801) and I (DQB1
*0201-*0201). Lowest response was obtained for the
genotype D (DQB1*0101-*N3) preceded by A (DQB1
*0101-*0101) and then by F (DQB1*070101-*070101).
Alleles in low-ranking genotypes and high-ranking genotypes were exclusive to each other and hence, represent the
allelic substitution as an effect for change in the vaccine
response.
The variability within DQB1 region of Sirohi goat population was calculated using the Wu–Kabat variability
index. Our results suggest a lot of interesting sites in the
amino acid structure of the DQB1, where substitution has
taken place. The Wu–Kabat index reveals variability starting from 2.67 at β29, β60 to 7.19 at β81. A total of 19
residues in the translated sequence of DQB1 were found
to be polymorphic with at least three amino acid substitutions. Similar results were reported by Amills et al. (2004),
where many amino acid residues within and outside the
pockets were found to be polymorphic in nature. In the
present study, although a significant association of these
substitutions with vaccine response is not observed, but
variability of the region is well explored.
Many factors influence the vaccine response as a trait
in mammals. Role of environmental factors as well as
other MHC and nonMHC genes are important, however,
apart from that, the nature of the responding variable is
also one of the most important criteria to seek such an
analysis. PPR vaccine is a strong antigen and its invasion
produces a cascade of reactions responsible for the production of antibody. In our earlier study (Gowane et al.
2016a), 94.92% Sirohi kids were observed to be protected
with a single dose of PPRV vaccine. Therefore, in spite of
having variability within the protected category, the differences between the animals are not much, and hence,
association of minor change in the phenotype vis-a-vis
genotype is not visible. Earlier studies carried out at our
lab also failed to show statistically significant association
of MHC regions with the PPR vaccine response in sheep
(Gowane et al. 2017). There are several studies, which
revealed the effect of QTLs and nongenetic factors in detail
showing the role of nonMHC genes and environmental
influences on vaccine response (Leach et al. 2010; Gowane
et al. 2013a,b, 2016a,b). In goat, only one study (Singh
et al. 2010) could show significant association of DRB gene
polymorphism obtained by PCR-RFLP with Johnes disease. Apart from this, there are no studies, which reveal
association of MHC genotypes with disease resistance or
susceptibility in goat.
In conclusion, the genetic variability of DRB and DQB1
gene in Sirohi goat revealed rich diversity at these loci
with positive evolutionary trend. Our study provides first
description of the evidence of such a strong diversity of
MHC in Indian goat breed for DRB and DQB1 regions.
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Due to the complex nature of the phenotype, i.e. vaccine response, good response to the antigen used, several
unaccountable sources of variation and less data size
for providing enough statistical power to the test, the
association with studied loci was found to be nonsignificant. Observed variability within the DRB and DQB1
loci reveals huge potential of Sirohi goat population from
genetic diversity point of view.
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