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Yalaga sheep - A microsatellite based genetic profile
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ABSTRACT

The genetic profile of Yalaga sheep of Karnataka was sketched based on genotypes at 25 microsatellite markers
recommended for Indian sheep. A high level of genetic variation was discovered within the investigated breed as
quantified from various genetic diversity estimates. Distinct alleles (240) were detected across the analyzed
microsatellite loci. The mean number of observed alleles per microsatellite marker was 9.60 and number of effective
alleles was 4.86. The average observed and expected heterozygosity values were 0.596 and 0.757, respectively.
The mean polymorphism information content (PIC) value (0.725) reflected high level of genetic variability and
utility of the markers used. The high Fig value (0.215) may have been generated due to heterogeneity among the
flocks sampled within the population caused by Wahlund effect. The information generated may be useful in
guiding conservation management programs for sheep breeds in Karnataka.
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Use of commercial breeds of livestock for production
gains over several decades, has led to stagnation or decline
of the genetic diversity within species. Since India is one
of the mega biodiversity hotspots, there is no dearth of
genetic diversity in livestock species especially sheep. There
are 40 registered sheep breeds in India, which have been
characterised and documented. However, there are several
local breeds with potential for improvement, which possess
traits and genetic diversity that are still unidentified. Such
breeds or populations need to be characterised and their
genetic potential should be assessed for future utilisation.
Microsatellite markers have been used extensively for the
quantification of genetic diversity in livestock breeds all
over the world (Arora and Bhatia 2004, Peter et al. 2007,
Ginja et al. 2013, Montenegro 2015). Since microsatellites
are neutral or non-coding, they are independent of natural
selection. Hence, these markers are most suited for studies
on conservation genetics. Information of genetic diversity
of populations would enable their prioritization for guiding
conservation management programs (Hanotte and Jianlin
2005).

Karnataka harbours some of the best ovine germplasm
for mutton production and is the second largest producer
of sheep meat in India. The 4 registered sheep breeds in
Karnataka are Kenguri, Bellary, Hassan and Mandya
(Acharya 1982). Besides these 4 breeds, another relatively
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lesser known sheep population in Karnataka is the Yalaga,
which also finds mention as a rare breed, in a Gazetteer
compiled for the Government of India in 1877 (Rice 1877).
The Yalaga sheep are long legged, long necked, thin bodied,
with drooping hind quarters, short tail and well known for
their high quality mutton (Singh 1967). Since sheep are
able to subsist on meagre inputs, such lesser known sheep
of economic value may provide alternate means of income
for marginal farmers. Therefore, characterization of Yalaga
sheep at the genetic level is pertinent as it is an important
mutton breed on which negligible information is available.
This study was therefore undertaken to quantify the genetic
diversity of the Yalaga sheep population using microsatellite
markers.

MATERIALS AND METHODS

Blood sampling and DNA extraction: Random blood
samples of 52 Yalaga sheep were collected from Bagalkot
district of Karnataka for microsatellite based genetic
characterisation. Care was taken to avoid the possibility of
mixing of blood with other populations or breeds by taking
samples from animals exhibiting specific characteristics.
Genomic DNA was isolated using the standard phenol
chloroform extraction method (Sambrook et al. 1989).

Microsatellite analysis: Genetic diversity was assayed
in Yalaga sheep using 25 microsatellite markers. Of the 25
microsatellite markers used in the study, 20 are
recommended for ovines (Bradley ef al. 1997), and the
remaining markers (CSRD247, HSC, INRA63, MAF214
and OarCP49) were taken from the panel of markers for
parentage verification tested at the 2001/02ISAG
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comparison test (Di Stasio 2001). The forward primer for
each marker was fluorescently labelled with one of the dyes
- FAM, NED, VIC or PET. Amplifications of the loci were
performed in 25 pul of final reaction volumes containing at
least 100 ng of genomic DNA, 5 pM of each primer, 1.5
mM MgCl,, 100 pM dNTPs, 0.5 U Taq polymerase and 1x
buffer. A common touchdown PCR programme was used
for amplification (Bradley ez al. 1997). The 25 markers were
divided into 5 multiplexes with 5 markers in each plex.
Amplification was confirmed on 2% agarose gel, and the
genotyping was carried out on an automated DNA sequencer
using LIZ 500 as the internal size standard. Allele sizing
was performed using GENEMAPPER software.

Statistical analysis of data: Allele frequencies, observed
number of alleles (N,), observed heterozygosity (H,) and
expected heterozygosity (H,) were calculated using the
GenAlex program (Peakall and Smouse 2006).
Polymorphism information content (PIC) was calculated
according to Botstein et al. (1980). The genetic bottleneck
effect was inferred for the populations using mode shift
analysis under the assumption of the two-phase
microsatellite mutation model, implemented in the program
Bottleneck version 1.2.02 (Piry et al. 1999).

RESULTS AND DISCUSSION

Marker diversity: The 25 microsatellite markers used in
the investigation covered 19 ovine chromosomes. All the
microsatellite loci amplified well and were effective in
detecting polymorphism with reasonable amount of genetic
variation apparent from the allele frequency data as well as
more than 3 alleles/marker. Distinct alleles (240) were
detected across the analysed microsatellite loci. The
polymorphic information content is a parameter indicative
of the degree of informativeness of a marker. Following
the criteria of Botstein ef al. (1980), in the present study,
all the markers except BM6506 were highly informative
(PIC >0.5). The most polymorphic locus was OarHH35
(PIC=0.875) and the least polymorphic was BM6506
(PIC=0.393). High level of genetic variability and utility
of the set of markers used in biodiversity evaluation of
native Indian sheep was reflected by the fact that 96% of
markers were highly polymorphic (PIC>0.5, Botstein ef al.
1980).

Intra-breed genetic diversity: The genetic diversity
measures for Yalaga sheep are reported in Table 1. The
number of observed alleles (N,) varied between 3 (BM6506)
and 15 (HSC) with an average 0of 9.60. The effective number
of alleles (N,) was less than the observed values ranging
from 1.99 (BM6506) to 8.76 (OarHH35) with mean of 4.86.
A high degree of intra-breed genetic variation was observed
within Yalaga sheep in terms of allele diversity. Previous
studies on other Indian ovine breeds also reported
substantial level of allele diversity (Arora et al. 2011a, b,
¢). These values were higher than those reported for Bellary,
Mandya, Kenguri and Hassan sheep of Karnataka (Table
2). A direct comparison cannot be made as these studies
were based on silver staining and manual recording of
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Table 1. Genetic diversity measures for Yalaga sheep across 25
microsatellite markers

Locus N, N, H, H, Fig
BMO0757 8 3.243 0.521 0.692 0.247
BMO0827 7 5.062 0.795 0.802 0.009
BM1314 11 3.055 0.298 0.673 0.557
BM6506 3 1.992 0.426 0.498 0.145
BM6526 14 7.681 0.447 0.870 0.486
BMS8125 6 2.854 0.580 0.650 0.107
CSRD247 12 7.379 0.706 0.864 0.183
CSSM31 12 7.425 0.809 0.865 0.066
CSSM47 12 4.617 0.605 0.783 0.228
HSC 15 6.245 0.682 0.840 0.188
INRAG63 14 4.700 0.553 0.787 0.297
MAF214 7 2.330 0.304 0.571 0.467
OarAE129 7 3.343 0.105 0.701 0.850
OarCP20 7 2.314 0.694 0.568 -0.222
OarCP34 9 4.728 0.559 0.788 0.291
OarCP49 10 6.793 0.880 0.853 -0.032
OarFCB128 10 7.257 0.740 0.862 0.142
OarFCB48 11 6.046 0.761 0.835 0.088
OarHH35 11 8.767 0.590 0.886 0.334
OarHH41 6 3.176 0.646 0.685 0.057
OarHH47 11 5.501 0.720 0.818 0.120
OarHH64 8 3.653 0.409 0.726 0.437
OarJMP08 10 5.273 0.711 0.810 0.122
Oar]MP29 11 4.437 0.720 0.775 0.070
OarVH72 8 3.752 0.633 0.733 0.137
9.6 4.865 0.596 0.757 0.215

N,, observed alleles; N, effective number of alleles; H,
observed heterozygosity; H,, expected heterozygosity; Fig,
heterozygote deficiency.

e’

genotypes. However, the observed number of alleles in
Yalaga was comparable to that reported for Madras Red
(9.8, Selvam et al. 2009) and Ramnad White (9.667, Raja
et al. 2012). The effective number of alleles (mean=4.86)
though lower than the allele diversity in Yalaga was also in
conformity with other indigenous breeds investigated earlier
(Arora et al. 2011a). The average observed heterozygosity
was less than the expected. The intra-population observed
heterozygosity ranged from 0.105 (OarAR129) to 0.880
(OarCP49). The expected heterozygosity per locus varied
from 0.498 (BM6506) to 0.886 (OarHH35) in Yalaga sheep.

The mean average observed (H,) and expected
heterozygosity (H,) values were 0.596 and 0.757,
respectively. The estimates of heterozygosity for Yalaga
sheep were similar to those of the registered breeds of
Karnataka (Table 2). The gene diversity (H,) values,
reflecting a considerable level of genetic variability in
Yalaga sheep, were in accordance to earlier studies in several
indigenous sheep breeds (Pramod ef al. 2009, Arora et al.
2010, Arora et al. 2011a). Significant deviations from Hardy
Weinberg equilibrium (HWE) observed at most of the loci
(P<0.001) in the investigated population might due to
heterozygote deficit.

A high level of Fig (0.215) revealed heterozygote
deficiency in Yalaga sheep population. Significant
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Table 2. Comparative genetic diversity estimates of sheep breeds of Karnataka
Breed Sample No.of Genotyping No. of alleles Heterozygosity PIC Fig Reference
No. markers  method
used N, N, H, H,

Bellary 50 20 Silver 6.650 3.660 0.510 0.680 0.660 0.237 Jain et al. 2005a
staining

Deccani 40 25 Automated ~ 7.440 3.810 0.593 0.678 0.637 0.132 Arora et al. 2010
DNA
sequencer

Hassan 50 18 Silver 7.400 3.694 0.533 0.686 0.644 0.207 Jain et al. 2006a
staining

Kenguri 50 20 Silver 6.550 4.140 0.520 0.730 0.700 0.293 Jain et al. 2006b
staining

Mandya 50 19 Silver 5.740 3.330 0.550 0.650 0.630 0.161 Jain et al. 2005b
staining

Yalaga 52 25 Automated  9.600 4.865 0.596 0.757 0.725 0.215 Present study
DNA
sequencer

Na, observed alleles; Ne, effective number of alleles; Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphism

information index; Fig, heterozygote deficiency.

heterozygote deficiencies were also reported in Indian sheep
(Radha et al. 2011, Arora et al. 2011b). Possible
explanations could be presence of null alleles; locus may
be under selection or population subdivision. However,
distinguishing among these is generally difficult. It was not
possible to demonstrate the presence of null alleles due to
non-availability of pedigreed animals with the farmers for
analysis. The highly positive Fig value was highly positive
which may be due to population substructure, as few
samples were collected from several flocks. The high Fig
value may have been generated due to heterogeneity among
the flocks sampled within the breed caused by Wahlund
effect (Hedrick 2013).

A population undergoing a demographic decline would
have reduced level of gene diversity (Cornuet and Luikart
1996). Since Yalaga is reported as a rare breed (Rice 1877),
the bottleneck analysis was performed. The microsatellite
data was subjected to a test based on mode-shift distortion
under the TPM (two phase mutation model) (Luikart et al.
1998) implemented in the Bottleneck software (Cornuet and
Luikart 1996). No mode shift was detected in the frequency
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Fig. 1. Mode shift analysis depicting absence of genetic
bottleneck in Yalaga sheep.

distribution of alleles and a normal L-shaped form was
observed (Fig. 1). These finding suggested absence of any
recent reduction in the effective population size and non-
bottlenecked Yalaga sheep population, as also evident from
recent survey conducted by ICAR-NBAGR.

The presence of overall substantial genetic variability
in Yalaga sheep suggested that this sheep population has
no danger of loss of any genetic variation at nuclear level
at present. The genetic characterisation of indigenous breeds
is climbing a rung to reach the possibilities of utilizing the
natural gene pool in future breeding strategies as well as in
preserving biodiversity.
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