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ABSTRACT

The genetic diversity among 3 dwarf breeds of cattle in India, viz. Malnad Gidda, Punganur and Vechur were
analysed using 12 sets of microsatellite markers. All 11 amplified microsatellite loci were polymorphic with a
mean number of alleles of 7.81841.66 across breeds and in different breeds it ranged from 7.273 in Malnad Gidda
to 3.546 in Vechur. The mean polymorphic information content (PIC) value observed and expected heterozygosity
values across the population were 0.642, 0.610 and 0.683, respectively. A moderate level of inbreeding was observed
with the inbreeding estimates ranging from -0.027 (ILSTS6) to 0.271 (HAUT24). Among the 3 breeds the highest
mean number of alleles (7.273), mean PIC value (0.639), observed heterozygosity (0.630) and lower inbreeding
estimates at majority of loci were observed in Malnad Gidda cattle indicating high degree of heterozygosity compared
to Punganur and Vechur breeds. Even though departure from Hardy Weinberg Equilibrium (HWE) was found in
Vechur and Punganur cattle population at majority of the loci, the population combining the 3 breeds was maintained
at HWE with respect to most of loci under study. The genetic distance analysis revealed highest genetic distance
between Vechur and Punganur (0.331) and lowest between Malnad Gidda and Punganur (0.125).
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Various breeds of indigenous cattle (Bos indicus) have
been evolved over centuries to meet requirements under
different agro-climatic conditions. Indigenous breeds have
unique morphological features, viz. prominent hump, a long
face, upright horns, drooping ears, dewlap and slender legs.
They have relatively low basal metabolic rate and better
ability for heat dissipation. Malnad Gidda (Fig. 1a, b), Vechur
(Fig. 1c,d) and Punganur (Fig. le, f) are dwarf breeds of zebu
cattle with their home-tract in Southern India. Dwarf breeds
are fit breeds for economic utilization of resources towards
the maintenance costs. These animals have advantage of low
maintenance cost and can be met through roughage source
alone. The Western Ghats is a mega biodiversity region, with
varied flora, fauna and landscapes. A large number of poor
households from resource-poor areas with difficult agro-
climatic conditions in Western Ghats derive their livelihood
through livestock agriculture. Adult body weight of Malnad
Gidda is between 80—120 kg, and are found in almost every
household of Malnad and coastal region of Karnataka, India.
They are well known for their tenacity to cope-up with
adverse climatic conditions of the hilly terrain of Western
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Ghats, hence play a significant role in the rural livelihood
by providing much needed milk, draught and manure.
Further, Malnad Gidda cows are famous for regular calving
under low input regime. In addition, the incidence of many
tropical diseases in this breed is rare. It was reported that
Malnad Gidda breed was genetically different from each of
the other South Indian medium/ large sized cattle breeds,
viz. Hallikar, Khillari, Krishna Valley, Ongole and Deoni
(Ramesha ef al. 2002). Punganur is an endangered breed of
dwarf cattle breed originating from Puganur area in Chittor
district, Andhra Pradesh, India. Government of Andhra
Pradesh has taken up conservation and improvement of
Punganur cattle at Livestock Research Station, Palamaner,
Andhra Pradesh (Narendra 1993, Reddy et al. 2004). Vechur,
yet another endangered dwarf breed of zebu cattle, has its
origin from Vechur, Kottayam, Kerala, India. These animals
are short in size and with light red, black, fawn and white
colour. Cows are extremely small in size, weighing about
125 kg with a height of not more than 90 cm (Susamma
1996). They are capable of producing 2—-3 kg milk / day
(Susamma 1996).

Microsatellite DNA markers, the most helpful tools for
genetic diversity studies owing to their high variability and
abundance throughout the genome (Rogic et al. 2011), have
been widely used by researchers in genetic studies of cattle
breeds over decades. Their utility in studies related to intra-
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Fig. 1 (a-f). (a) Malnad Gidda cow with calf, (b) Malnad Gidda bull; (c) Vechur cow with calf, (d) Vechur bull; (¢) Punganur cow,

(f) Punganur bull.

population diversity, genetic differentiation and
relationships between different cattle populations was
explored (Medugorac et al. 2009, Li et al. 2007, MacNeil
et al. 2007, Brenneman et al. 2007) and proved to be highly
accurate and extremely robust and competent methods and
these highly polymorphic and co-dominant Mendelian-
inherited markers are currently well established and
successfully employed in cattle (Glowatzki-Mullis et al.
1995, Heyen et al. 1997, Bredbacka et al. 1999). The ease
of use and the high degree of information provided by the
large number of alleles per locus (Baumung ef al. 2004)
also make them favourable tool for genetic diversity studies.

Awareness about the value of indigenous breeds have
provoked the scientific community to take necessary actions
to stop the erosion of these breeds and to take steps for
their improvement which demands the genetic diversity
study as well as proper formulation of population structure.
Recently, Government of India has launched Rashtriya
Gokul Mission aimed at conservation and improvement of
indigenous breeds of cattle, which requires a large-scale
intervention from Research and Development institutions
for effective conservation and propagation of valuable
native germplasm. Any programme aiming at ex-situ
conservation warrants genetic characterization of breeds,
precise identification of superior germplasm and its
effective use in the genetic improvement. The aim of our
study was to analyze the genetic variability and population
structuring in the dwarf breeds of India — Malnad Gidda,
Vechur and Punganur.

MATERIALS AND METHODS

Experimental animals and genomic DNA preparation:
Cattle (50) belonging to Malnad Gidda (30),Vechur (10)

and Punganur (10) breeds of cattle were used for the study.
Blood samples (8—10 ml) from unrelated animals were
collected from their home-tract aseptically by jugular vein
puncture and genomic DNA was isolated by high salt
method (Miller et al. 1988). The samples were diluted in
Tris EDTA buffer and stored at —20°C for subsequent
analysis.

Microsatellite markers: Twelve microsatellite markers,
viz. ILSTS6, BM1824, HAUT24, TGLA227, ILSTS11,
CSSMS, HEL1, MM12, ETH10, CSSM66 and MM8 were
chosen from the available list of primers recommended by
ISAG/FAO, 2004, which were used for the genetic diversity
analysis of three indigenous dwarf cattle breeds of India.
Only the forward markers were fluorescently labeled,
whereas the reverse primers were unlabeled. Two
fluorescent dyes, viz. FAM & HEX were used. The
polymerase chain reaction (PCR) was accomplished in a
volume of 25u1 containing 0.5pl of template DNA,1.0ul
dNTPs (10mM Mix), 1.0ul of each primer (100ng/pul), 2.5ul
of 10X Taq assay buffer and 0.25 pul of FasTaq enzyme
(3U/ul). The PCR cycle was accomplished by denaturation
for 5 min at 94°C, followed by 35 cycles of 5 sec at 94°C,
10 sec at annealing temperature (52°C) of each primer, 10
sec at 72°C, and final extension of 7 min at 72°C. The PCR
products were multiplexed after all individual products were
verified on agarose gel and the PCR product-multiplex mix
was analyzed on an genetic analyzer 3500xL, against Liz
500R size standard.

Statistical analysis: After determining the presence of
repeats by analysing the data, microsatellite allele
frequencies, effective number of alleles, observed and
expected heterozygosity, F-statistics and genetic distance
were calculated and test of Hardy-Weinberg equilibrium
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Table 1. Observed and effective number of alleles, polymorphism information content, observed and expected heterozygosity,
within population inbreeding estimate and Hardy-Weinberg Equilibrium across the population of three dwarf cattle breeds

Locus na? neb PIC® Hd H.° Fisf HWE(®%?)
ILSTS6 7.000 2.967 0.635 0.643 0.671 —-0.027 10.820
BM1824 7.000 3.344 0.664 0.738 0.709 -0.167 37.382%%*
HAUT24 10.000 4.246 0.743 0.500 0.774 0.271 29.413%*
TGLA227 7.000 1.963 0.451 0.500 0.497 —-0.092 7.232
ILSTSI11 5.000 2.667 0.57 0.595 0.633 -0.173 15.073
CSSMB 7.000 2.338 0.551 0.548 0.579 0.054 14.849
HEL1 7.000 2.763 0.616 0.619 0.646 -0.097 16.636
MMI12 9.000 5.113 0.785 0.643 0.814 0.215 36.778%*
ETHIO0 7.000 2.864 0.584 0.524 0.659 0.241 16.524
CSSM66 10.000 4.997 0.776 0.833 0.810 —-0.062 18.540
MMS 10.000 3.504 0.689 0.571 0.723 0.217 12.707
Mean 7.818 3.342 0.642 0.610 0.683 0.043 -

a0bserved number of alleles, P Effective number of alleles, °Polymorphic information content, dobserved heterozygosity, *expected
heterozygosity, 'Wright’s (1978) fixation index, *significant at P<0.05; **significant at P<0.01.

was carried out using the Popgene version 1.31 (Yeh ef al.
1999). The polymorphism information content (PIC) was
also calculated according to Nei (1978) using Cervus 3.0.7.

RESULTS AND DISCUSSION

Microsatellite markers were used to assess the genetic
diversity among the 3 dwarf cattle breeds of Southern India.
Out of 12 primer sets used, 1 primer set failed to amplify.
Therefore, remaining 11 sets of primers were used for
further analysis. All the amplified loci were polymorphic.
The number of alleles, effective number of alleles, PIC,
heterozygosity, and within population inbreeding for the 3
breeds were calculated and presented in Tables 1 and 2. A
total of 86 alleles were observed in 3 different dwarf cattle
breeds of cattle under study. The number of alleles ranged
from 5 to 10 with the mean number of alleles per locus
being 7.818+1.66 and effective number being 3.34+1.03
(Table 1). According to standard protocol for selection of
microsatellite loci, to consider a loci as a marker for genetic
diversity studies, a minimum of 4 alleles should be present
at the loci, so all the loci considered in the study could be
used for cattle population diversity analysis. The highest
number of alleles across the population was 10 at loci
HAUT24, CSSM66 and MMS8 and the lowest was at locus
ILSTS11 with 5 alleles. These values reflected the high level
of allelic diversity in the studied population.The high allelic
diversity observed in the studied population also indicated
very less selection pressure on these indigenous dwarf
breeds. Kale et al. (2010) also reported a high allelic
diversity, which ranged from 3 to 8 alleles at different loci
under study in Indian cattle. In the present study in the 3
dwarf cattle breeds under investigation the number of alleles
varied from 2 to 10. The mean allelic value was highest in
Malnad Gidda (7.273) and lowest in Vechur (3.546) cattle
(Table 2). The loci TGLA227 in Vechur and ILSTS6 in
Punganur showed 2 alleles only. Within the breed the highest
number of alleles observed were 10 alleles in Malnad Gidda
at loci HAUT24 and MMS&, 5 alleles in Vechur at locus

CSSM66 and 7 alleles in Punganur at locus CSSM66.

The mean polymorphic information content (PIC) value,
across the population was 0.642 and the highest PIC value
was at locus MM 12 (0.785) and least was at locus TGLA227
(0.451). The high PIC value (>0.5) for all the loci except
TGLA227 indicated that these markers are highly
informative for diversity studies in the breeds under study.
In Brazilian Nellore cattle also the lowest PIC value was
reported at locus TGLA227 (Cervini ef al. 2006). The mean
PIC in Malnad Gidda,Vechur and Punganur breeds were
0.639, 0.569 and 0.506 respectively. The mean allelic
variation and PIC values indicated that Malnad Gidda
population was more heterogenous compared to other 2
breeds under study. In Hissar and Hariana cattle, Rahman
and Khan (2009) reported higher PIC values of 0.749 in
Hariana cattle and 0.719 in Hissar cattle using 27
microsatellite markers. For Malnad Gidda cattle the highest
PIC value (0.766) observed was at MM12 locus and least
(0.466) observed was at TGLA227 locus. For Vechur cattle
the highest PIC value (0.745) was observed at 2 loci,
CSSM66 and MM 12 and least (0.269) at TGLA227 locus.
In Punganur breed of cattle the highest PIC value (0.755)
was observed at CSSM66 locus and least (0.294) was at
locus HELL1. In 2 out of 3 populations studied the locus
TGLA227 was showing lowest PIC value indicating that
this locus is highly conserved.

The observed heterozygosity values varied from 0.500
(TGLA227 and HAUT24) to 0.833 (CSSM66), while the
expected heterozygosity ranged from 0.497 (TGLA227) to
0.814 (MM 12) with mean observed heterozygosity of 0.610
and expected heterozygosity 0.683 across the 3 populations
under study. The earlier reports on Tharparkar cattle with
0.64 (Sodhi et al. 2008) and Orissa cattle populations with
0.62 to 0.66 (Sharma et al. 2012) were comparable with
observations in this study. Observed heterozygosity of
0.704+0.016 was reported (Sharma et al. 2013) in 5 Indian
breeds of cattle with the help of microsatellite markers. In
other Indian breeds the report observed heterozygosity
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Table 2. Genetic characteristic of 11 microsatellite loci in Malnad Gidda (MG), Vechur (VR) and Punganur (PU) breeds of India

Breed Locus na? neb PIC® Hd HZ° Fis" HWE(%2)

MG ILSTS6 7 3.120 0.641 0.667 0.691 0.019 13.699
BM1824 6 2.965 0.601 0.767 0.674 -0.157 5.486
HAUT24 10 3.830 0.719 0.467 0.751 0.368 116.936**
TGLA227 6 1.996 0.466 0.500 0.507 -0.002 9.054
ILSTS11 4 2.757 0.567 0.567 0.648 0.111 26.103**
CSSMB 7 2.323 0.545 0.567 0.579 0.005 36.145%
HEL1 7 3.315 0.671 0.700 0.710 -0.002 15.015
MM12 8 4.775 0.766 0.667 0.804 0.157 78.3656**
ETHI0 6 2.778 0.578 0.567 0.651 0.115 7.859
CSSM66 9 4.639 0.755 0.833 0.798 -0.062 61.963*%*
MMS& 10 3.956 0.720 0.633 0.760 0.152 34.130
Mean 7.273 3.314 0.639 0.630 0.689 - -

VR ILSTS6 4 3.556 0.720 0.750 0.821 -0.044 4.750
BM1824 4 2.286 0.642 0.750 0.643 -0.333 0.900
HAUT24 3 2.462 0.466 0.250 0.679 0.579 5.330
TGLA227 2 1.600 0.269 0.500 0.429 -0.333 0.200
ILSTS11 4 2.909 0.672 1.000 0.750 -0.524 3.000
CSSMB 3 2.462 0.492 0.500 0.679 0.158 1.833
HEL1 3 2.133 0.466 0.750 0.607 —-0.412 0.900
MM12 4 4.000 0.745 0.500 0.857 0.333 17%*
ETHI0 3 2.133 0.466 0.250 0.607 0.529 7.200
CSSM66 5 4.000 0.745 0.750 0.857 0.000 7.667
MMS& 4 3.200 0.581 0.500 0.786 0.273 5.330
Mean 3.546 2.795 0.569 0.591 0.701 - -

PU ILSTS6 2 1.882 0.359 0.500 0.500 -0.067 0.000
BM1824 4 2.560 0.559 0.625 0.650 -0.026 5.889
HAUT24 4 3.122 0.624 0.750 0.725 -0.103 17.143%*
TGLA227 5 2.000 0.474 0.500 0.533 0.000 7.273
ILSTS11 2 1.882 0.359 0.500 0.500 -0.067 0.000
CSSMB 4 1.969 0.458 0.500 0.525 -0.016 7.273
HEL1 3 1.471 0.294 0.250 0.342 0.220 7.000
MM12 5 3.879 0.701 0.625 0.792 0.158 7.583
ETHI0 5 2.286 0.525 0.500 0.600 0.111 9.333
CSSM66 7 4.571 0.755 0.875 0.833 -0.120 23.833
MMS& 4 1.969 0.458 0.375 0.525 0.238 15.454*
mean 4 2.508 0.506 0.546 0.593 -0.067 -

a0bserved number of alleles, © effective number of alleles, “polymorphic information content, Yobserved heterozygosity, *expected
heterozygosity, 'Wright’s (1978) fixation index, *significant at P<0.05; **significant at P<0.01.

values in Kherigarh (Pandey et al. 2006a); Kenkatha
(Pandey et al. 2006b) Sahiwal (Mukesh et al. 2004) and
Deoni (Metta et al. 2004) were 0.57, 0.54, 0.43 and 0.59,
respectively, which are comparable with the results obtained
in this study. In Malnad Gidda observed heterozygosity
ranged from 0.467 (HAUT24) to 0.833 (CSSM66) and
expected heterozygosity ranged from 0.507 (TGLA227) to
0.804 (MM12). In Vechur cattle at locus ILSTSI11 the
observed heterozygosity was 1 whereas, expected
heterozygosity at that particular locus was 0.750. The
highest expected heterozygosity was at loci CSSM66 and
MM12 (0.857). The least observed heterozygosity value
was at HAUT24 and ETH10 (0.250) and expected
heterozygosity value was at TGLA227 (0.429) in Vechur
breed. In Punganur the observed heterozygosity ranged from
0.250 (HEL1) to 0.875 (CSSM66) and expected
heterozygosity ranged from 0.342 (HEL1) to 0.833

(CSSM66). The mean observed heterozygosity among the
3 breeds was highest (0.630) in Malnad Gidda population,
whereas mean expected heterozygosity was highest (0.701)
in Vechur cattle. The least mean observed heterozygosity
(0.546) as well as expected heterozygosity (0.593) were
observed in Punganur.

Within population inbreeding estimate (Fis): The
inbreeding estimates across the population ranged from —
0.027 (ILSTS6) to 0.271 (HAUT24). This reflected a
moderate level of inbreeding or heterozygote deficiency in
the population. In Malnad Gidda the highest F;, was at locus
HAUT24 (0.368), the F;, at majority of loci were low
indicating high degree of heterozygocity in Malnad Gidda
cattle population. In Vechur, 6 out of 11 loci showed very
low or negative F;  value (Table 2) with highest F;, at locus
HAUT24 (0.579) and lowest at locus ILSTS6 (—0.044). In
Punganur highest F;; was at loci MM& (0.238), in 8 out of
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11 loci very low F,, was observed indicating high
heterozygocity.

Hardy-Weinberg equilibrium for genotype distribution
across the 3 populations was maintained for majority of
the loci. Three out of 11 loci under investigation showed
significant Chi-square values suggesting departure from
Hardy-Weinberg Equilibrium (HWE). In Vechur cattle only
MM12 and in Punganur cattle HAUT24 and MM8 showed
departure from HWE, whereas in Malnad Gidda 5 out of
11 loci showed departure from HWE. The significant
deviation of certain microsatellite loci from HWE in Malnad
Gidda and the differences between observed and expected
heterozygosities at those loci suggested a tendency of these
markers towards heterozygote deficiency. According to Nei,
1978 the various reasons for hete-rozygote deficiency in
populations can be inbreeding, genetic hitchhiking, null
alleles or non-amplifying alleles and occurrence of
population substructure (Wahlund effect). The deviation
from HWE, the heterozygote deficiency, and F,> 0 can be
attributed to the confinement of this breed to a small
geographical area in their respective breeding tract, and
shortage of breeding bulls in the population. In an another
study in Indian cattle breeds using microsatellite markers,
deviation from HWE was reported in 22 loci in Gaolao and
18 loci in Kenkatha (Chaudhari et al. 2009). Also a shortage
of heterozygotes was reported in Kherigarh (Pandey ef al.
2006a) and Tharparkar (Sodhi ez al. 2008) breeds of cattle.

Genetic distance: Nei’s genetic distance is presented in
Table 3. The genetic distance was highest between Vechur
and Punganuer (0.331) and lowest between Malnad Gidda
and Punganur (0.125). Deepika and Salar (2014) reported
similar genetic distance between Punganur and Binjharpuri
cattle (0.319). They also reported the genetic distance of
Punganur with Hariana, Kankrej, Mewati, Nagori,
Tharparkar, Ghumusari, Hill Cattle and Kangayam as 0.427,
0.443, 0.450, 0.467, 0.472, 0.459, 0.487 and 0.508,
respectively. Nei’s genetic distance based on phylogenetic
analysis described the evolutionary relationship between
these cattle breeds in the form of graphical representation
(Fig.2). The phylogenetic tree constructed based on
microsatellite analysis also clearly revealed that Vechur and
Punganur were distinct from each other. The present
findings are not in agreement with the earlier report that
Vechur breed was closer to Punganur than Malnad Gidda
breed of cattle based on RAPD fingerprinting (Das et
al.2012).

Based on the present results it was concluded that out of
12 primer sets used, 11 got amplified and found to be
polymorphic as well as highly informative. The mean

Table 3. Nei’s standard genetic distance (1978)
among the three breeds of dwarf cattle

Population Vechur Malnad Gidda Punganur
Vechur HAAE

Malnad Gidda 0.211 oAk

Punganur 0.331 0.125 ook
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50 Vechur
23 Malnad Gidda
27
23 Punganur

Fig. 2. The phylogenetic relationship among Malnad Gidda,
Vechur and Punganur breed based on 11 microsatellite loci (Nei’s
Genetic distance).

observed heterozygosity and expected heterozygosity as
well as the F;  across the dwarf breeds revealed that there
was moderate degree of inbreeding in the studied
population. Among the 3 breeds, the allelic variation and
PIC value were highest in Malnad Gidda population
indicating a high degree of genetic diversity within this
breed. This result was also supported by the high observed
and expected heterozygosity as well as negative F,  values
at majority of the loci within the population. In Punganur
cattle at majority of the loci the F;, value was very low or
negative. The F;, at locus HEL1 was highest across the
population and also in Malnad Gidda as well as Vechur
suggesting a high degree of inbreeding in the population
with respect to this particular locus probably due to positive
degree of selection favouring this locus in the population
over the period of evolution. Even though a departure from
Hardy Weinberg Equilibrium (HWE) was found in Vechur
and Punganur cattle population in individual population
study, the population, combining the 3 breeds was
maintained at HWE with respect to most of loci under study.
The deviation from HWE, the heterozygote deficiency, and
F;> 0 in Vechur and Punganur breeds could be attributed
to the confinement of this breed to a small geographical
area in their respective breeding tract, and a shortage of
breeding bulls in the population. Calculated Nei’s genetic
distance indicated that the genetic distance was highest
between Punganur and Vechur and lowest between Malnad
Gidda and Punganur breeds of cattle.
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