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ABSTRACT

The present study was undertaken with the objective of investigating the genetic structure of Nili-Ravi
and Murrah buffaloes, the two important dairy type river buffalo breeds of North India. A total of 95 animals
representing Nili-Ravi and Murrah buffaloes were analyzed using 24 heterologous cattle microsateliite markers
which revealed an average of 5.28 and 5.16 alleles per locus respectively. The average inbreeding coefficient
(F,g) was substantially high in both Nili-Ravi and Murrah buffaloes, with significant deficit of heterozygotes
viz. 18.8% and 22.8% respectively. The test for Hardy-Weinberg equilibrium showed significant deviations at
most of the loci in both the populations except 9 in Nili-Ravi and 8 in Murrah buffaloes respectively. The mean
multilocus Fg; value (0.124) suggested significant (P<0.01) degree of breed differentiation. The Neighbour-
Joining tree constructed from allele sharing distance measures among individual animals showed two distinct
clusters of the two breeds. Principal component analysis supported this genetic differentiation as the scatter
diagram revealed distinct clustering of individuals of these two breeds. Bayesian cluster analysis also revealed
a similar type of genetic structure, with the proportion of membership coefficient in each of the two inferred
populations being more than 98% from either of the two source population respectively. The genetic distinctness

of these two north Indian dairy type buffalo breeds as revealed by microsatellite analysis may have significant
impact on issues concerning conservation and biodiversity.
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INTRODUCTION

Livestock has been an integral component of traditional
agriculture since time immemorial. In India, buffaloes play
pivotal role in livestock production through contributions
in terms of milk, meat, hide and draft power for agricultural
operations. India is habitat of the best riverine breeds of
buffalo in the world. Out of the 10 well defined buffalo
breeds, Nili-Ravi and Murrah are considered to be the best
dairy types in the Indian subcontinent.

Up to the early 1930s Nili and Ravi buffaloes were
considered as varieties of Murrah which differed little
except in geographical location (Olver, 1938). However,
they were shown as different breeds in the late 1930s
as listed in the second and third All India cattle shows.
The original home tract of Nili-Ravi buffaloes was the
erstwhile undivided Punjab and the animals of this breed
can now be located in Ferozepur, Amritsar and Gurdaspur
districts in the state of Punjab. Rohtak, Jind, Hisar, Jhajhar,
Fatehbad and Gurgaon districts of Haryana state form the
original tract of Murrah buffaloes. Nili-Ravi buffaloes are
more similar to Murrah, both being large sized breeds and
having many characteristics in common except in terms
of certain morphological features like five white markings
called “Panch Kalyani” and “Wall eyes’. Nili-Ravi buffaloes
are widely distributed in neighbouring Pakistan and in the
past had traveled to other countries being primarily used
as improver breed for milk production especially in China
and Philippines. The Murrah breed is well renowned as
global breed and close to Nili-Ravi in milk performance
traits. However, the genetic relationship between these

two important dairy breeds of buffalo has not been
precisely delineated.

Investigation of genetic relationship among
populations can be done using highly polymorphic
genetic markers like microsatellites. They provide lot of
genetic information permitting alternative approaches
to evaluate genetic differentiation like analysis of inter-
individual distances based on the proportion of shared
alleles and the assignment of individuals to populations.
Different assignment procedures have been developed
including those reported by Paetkau et al. (1995), Rannala
and Mountain (1997) and Pritchard et al. (2000).

Studies on genetic structure of Nili-Ravi buffalo
population and their relationship with Murrah buffaloes
assume significance from conservation point of view as
well as in designing optimal breeding strategies for their
genetic improvement. Moreover, the Nili-Ravi population
is declining fast in its breeding tract (Punjab state of India)
with an estimated population size of 0.2 million (Vij and
Tantia, 2005). The present study was undertaken with the
objectives of evaluating the genetic diversity within Nili-
Ravi buffalo population and to estimate its relationship
with that of Murrah buffaloes.

MATERIAL AND METHODS

Blood samples and microsatellite genotyping: Blood
samples were collected from 95 unrelated individuals
belonging to Nili-Ravi (47) and Murrah (48) breeds of
buffaloes. Although no pedigree records were available,
care was taken to ensure unrelatedness among the samples
by selecting animals from distinct villages and also by
detailed interview of the farmers. Genomic DNA was
isolated from blood samples following standard procedure
of SDS and proteinase K method (Sambrook and Russell,
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distances between individual animals were utilized
to perform principal component analysis using SPSS
version 1300 A seatter gram of the first three largeat
principal component scores was examined to visnalize the
grometric relationship between individual animals. Breed
differentiation was futther investigated using Bayesian
clustering approach implemented in STRUCTURE
program (Tritchard et al. 2000). Tndividual animals were
assigned to different clusters based on their multilocus
genotvpes. Admixture model was used with a burn in
period of 1000000 jterations and 100000 Markov Chain
Monte Catlo (MCMC) repetitions to calculate the
probable numbert of genetic clusters.

RESULTS

A total of 95 animals representing Nili-Ravi and
Murrah buffaloes were analyzed using 24 microsateliite
markers. The allele size range, observed and effective
number of alleles at different microsatellite loci analyzed
are presented in Table 1. A total of 128 and 125 alleles
were observed across 24 loci with a mean of 5.28 and 5.16
in Nili-Ravi and Murrah buffaloes respectively. Allelic
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polymorphism varied hetween 2 (ILTSTS 073) to 10
(TLSTS 052) in Nili-Ravi and between 2 (11TSTS 073) to
8 (CSIRM 060, FIEL 013, 11515 058, TLSTS 052, 1L.STS
061) in Murrah buffalaes respectively. The mean effective
number of alleles was lesser than observed number of
alleles in both the breeds with 3.16 and 3.05 in Nili-Ravi
and Murrah respectively.

Different measures of genetic variation like
observed and expected heterozygosity, Nei's expected
heterozygosity and heterozygote deficiency are presented
in Table 2. Observed heterozygosity varied between 0.174
(ILSTS 029) to 0.891 (ILSTS 061) and 0.046 (ILSTS 045)
to 0.750 (ILSTS 052) in Nili-Ravi and Murrah buffaloes
with a mean of 0.506 and 0.479 respectively. The mean
expected heterozygosity was 0.633 and 0.613 in Nili-
Ravi and Murrah respectively. The average inbreeding
coefficient (F, ) was substantially high in both Nili-Ravi and
Murrah buffaloes, with significant deficit of heterozygotes
viz. 18.8% and 22.8% respectively. The test for Hardy-
Weinberg equilibrium showed significant deviations at most
of the loci in both the populations except 9 in Nili-Ravi and
8 in Murrah buffaloes respectively (Table 4).

Table 2 Summary of heterozygosity and F , at 24 different microsatellite loci in Nili- Ravi and Murrah buffaloes

Locus Heterozygosity (Nili-Ravi) Heterozygosity (Murrah) 7
Ho* He* Nei's He Ho* He* Nei'sHe  Nili-Ravi  Murrah

CSRM 050 0.448 0.783 0.770 0.619 0.781 0.772 0.418 0.198
ILSTS 626 0.583 0.682 0.672 0.429 0.627 0619 0.132 0.308
HEL 013 0.841 0.778 0.769 0.619 0.750 0.741 -0.093 0.164
ILSTS 030 0.378 0.634 0.627 0.435 0.739 0.731 0.397 0.405
ILSTS 033 0.326 0.696 0.689 0.405 0.595 0.588 0.526 0.312
ILSTS 017 0.587 0.703 0.695 0.341 0.657 0.649 0.116 0.475
ILSTS 018 0.456 0.401 0.396 0.167 0.158 0.156 -0.152 -0.067
ILSTS 045 0617 0.675 0.668 0.046 0.191 0.189 0.076 0.759
ILSTS 034 0.739 0.614 0.607 0.596 0.572 0.566 -0.218 -0.053
ILSTS 058 0511 0.801 0.792 0.489 0.848 0.839 0.355 0.417
ILSTS 056 0426 0.373 0.369 0.511 0.536 0.530 -0.154 0.036
ILSTS 068 0.362 0.787 0.778 0.619 0.746 0.737 0.535 0.160
CSSM 066 0.851 0.819 0.810 0.578 0.742 0.734 -0.050 0213
ILSTS 036 0571 0.761 0.752 0.583 0.733 0.723 0.240 0.183
1LSTS 095 0239 0.593 0.587 0.091 0.609 0.602 0.593 0.849
ILSTS 029 0.174 0.257 0.255 0.300 0.469 0.463 0.317 0.352
ILSTS 028 0522 0810 0.710 0.691 0.711 0.703 0.340 0.017
ILSTS 025 0.364 0608 0.598 0.643 0.674 0.666 0.392 0.034
ILSTS 052 0.596 0.736 0.728 0.750 0.823 0.815 0.181 0.079
ILSTS 031 0.326 0.385 0.380 0.356 0.354 0.350 0.143 -0.015
ILSTS 073 0432 0343 0.339 0.313 0.321 0.318 -0.275 0.016
BM 1818 0.178 0.370 0.366 0.369 0.485 0.479 0.514 0.229
ILSTS 061 0.891 0.779 0.770 0.689 0.747 0.739 -0.157 0.068
ILSTS 008 0.500 0.748 0,740 0.535 0.785 0.776 0.324 0.311
Mean 0.506 0.633 0.625 0.479 0.613 0.606 0.188 0.228

" Ho = Observed Heterozygosity; * He = Expected Heterozygosity



B

Journal of Livestock

i

Six different methods were employ(.d

breeds .
ffalo wiit distance between the two Studie

=4

Biodiversity

wo bu

Mean estini
i were ce ‘

all loci Cavalli-Sforza and Edwards chor

0 gy
})ufral( |Tnatg.

e (he 1
in the : >
distance (Da), Nei's standar enet

“gtatistics j
Results of T tod in Table 3:

zed are presen . okknifing over o dis‘t; -t g
.“:?H.ﬁ,‘u obtained ﬁ‘(lnlrl‘:_‘:". ';”)’ [ (I and Ow(‘lr;') sharing distance (Dps) were 0.176, (,,27.1.?(‘;’ '(l)q "nfjl,gk“
.:“;7 0.124 and 0.207 1« vsis indicated an ”'I s respectively. All these distance base )33, an llgy,
0. wzu'\'("\'- The global m:; Zop. The mean multiloc ‘f considerable level of genetic differ;-ni. .m"'th"dg du.'tr,;
“‘:3";07\'}:("’0 deficiency of g " nil%rm“ (p<().()l) ""“f"".’ ; Ravi and Murrah buffalo breeds 4[’ {atmn h‘—"w‘.‘h("'“.r;
::(‘ \'all;(‘ sugg“‘“‘d % highl)u;f;ﬁfu of the gonclic Vzll‘lilll()l; 'mulysis suppnrtc(l this Fedelig .g't Tingj al o “en ‘\*'IIL
b::-vd differentiation ml'f ;(;i'\t,'ldlmls within breed mllt :H'lgram cevesled distine (‘lu‘iterir;gr:;fcp”e : mp"nem
W e 11 s 1 S. L — i e s
Mplaim‘dlhy b:‘i[w\i\i(o;"rcsul(ing from between breec two breeds (Figure 2). lndmduals r,;.:}:'er
12.4% of the vark et
for each of 24 microsatellite loci analyzed across Nili-Ravi ang Murra, bug
— > Statistics for €a ‘ uffy
Table 3. Global F-Statist =5 Fis (1) Locus Fit (F) Fst (1) - e,
Locus il 0 0506 0.300 ILSTS 036 0.227 0.006 OZ”’
CSAM 060 SR 0'003 0.239 ILSTS 095 0.823 0.358 0‘72;
i o 0,006 0.042 ILSTS 029 0.363 0,019 0
. o 0.1%8 0.415 ILSTS 028 0.292 0.108 it
i g:z; 0214 0.451 ILSTS 025 0215 0.024 it
pligon 0316 0.000 0.316 ILSTS 052 0.207 0079 O
e 0.601 0.627 -0.067 ILSTS 031 0.070 -0.010 0.079
ey ' 0.238 ILSTS 073 -0.127 0,009 _
ILSTS 045 0.442 0.268 : 0665 0.117
ILSTS 08 0.445 0076 0.399 ILSTS 061 0.024 0.011 0%
ILSTS 056 0.007 0.029 -0.023 ILSTS 008 0.360 0.051 0.3
ILSTS 068 0415 0.069 0.371 Mean 0.307 0.124 0207
CSSM 066 0.161 0.088 0.079

Further, to confirm the genetic distinctness of
these breeds, Bayesian clustering analysis was performed
to assign the individuals to different clusters using
STRUCTURE program. The program STRUCTURE
was initially run with a number of expected populations
ranging from K=1 to K=4, 50 as to choose the appropriate
value of K which suits best to the whole dataset. Several
independent runs for each ‘K’ were performed to verify
that the estimates were consistent across runs. The best
value of InPr (X/K) was obtained for K=2 (-5366.4). The
proportion of membership coefficient of the two sampled
breeds in each of the two clusters is depicted in Figure 3.
The first cluster had contributions of 99.2% from Murrah
breed while the second cluster had 98.7% contribution
from Nili-Ravi buffaloes.

DISCUSSION
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Table 4. Test for Hardy-Weinberg equilibrium at 24 microsatellite loci in Nili-Ravi and Murrah buffaloes

~Locus Nili-Ravi Murrah
DF Chi Square P-value DF Chi Square P-value
CSRM 060 21 102.90 0.000 28 114.75 0.000
ILSTS 026 10 12.90 0.230 10 113.20 0.000
HEL 013 21 23.70 0.308 28 76.76 0.000
ILSTS 030 6 38.29 0.000 10 35.36 0.000
ILSTS 033 15 54.72 0.000 6 16.72 0.010
ILSTS 017 10 2111 0.020 10 73.99 0.000
ILSTS 019 3 229 0.515 0.34 0.952
ILSTS 045 10 9.30 0.504 52.87 0.000
ILSTS 034 6 7.7 0.260 6 5.20 0518
ILSTS 058 21 81.60 0.000 28 79.73 0.000
ILSTS 056 10 3.24 0.975 10 3.40 0.970
ILSTS 068 10 61.92 0.000 10 20.83 0.022
CSSM 066 15 28.95 0.016 10 19.01 0.040
ILSTS 036 10 46.32 0.000 10 76.57 0.000
ILSTS 095 10 44.84 0.000 15 209.21 0.000
ILSTS 029 6 22.64 0.001 10 31.62 0.000
ILSTS 028 21 55.45 0.000 15 3.59 0.999
ILSTS 025 10 79.19 0.000 10 12.05 0.281
ILSTS 052 45 114.20 0.000 28 41.85 0.045
ILSTS 031 6 24.45 0.000 3 0.17 0.982
ILSTS 073 3.13 0.077 0.03 0.855
BM 1818 10 56.79 0.000 6 11.86 0.065
ILSTS 061 21 18.96 0.588 28 34.04 0.199
ILSTS 008 10 35.83 0.000 10 47.95 0.000

Considerable level of heterozygote deficiency
was noticed in Nili-Ravi and Murrah buffaloes. The
global analysis on all the 95 individuals also revealed
a heterozygote deficiency of 20.7%. This was further
realized by deviations of both the population from
Hardy Weinberg equilibrium at many of the studied
loci. Gametic disequilibria could be triggered by diverse
sources including presence of null alleles, Wahlund
effect, physical linkage and epistatic selection (Callen et
al. 1993; Pemberton et al. 1995). However, most of the
investigated loci were found to be neutral as revealed
by Ewens —~Watterson neutrality test except ILSTS 058
and ILSTS 008 in Murrah and ILSTS 068, CSSM 066,
ILSTS 036 and ILSTS 008 in Nili-Ravi buffaloes. Also,
the exact test for linkage disequilibrium did not reveal
significant P-values suggesting independent assortment of
the microsatellite loci evaluated.

Both the breeds of buffaloes analyzed in this study
had been traditionally selected for high milk production
in the breeding region. With the advent of A.L, the use of
semen from intensively selected bulls generally favours the
presence of sire lines leading to increased consanguinity.
This is true especially in case of Murrah buffaloes which
showed higher heterozygote deficiency (22.8%) than

that of Nili-Ravi buffaloes. However, other causes such
as segregation of low frequency null alleles and possible
relatedness of few samples (although care was taken
to collect samples from unrelated individuals) with the
absence of pedigree records in the field might have played
their part for the high observed heterozygote deficiency.
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Figure 2. Scattergram showing relative position of individuals
of Murrah and Nili-Ravi buffaloes as defined by the three
largest principal component scores
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