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India has 26 registered goat breeds (NBAGR 2016)
constituting about 30–40% pedigreed vs crossbreds. The
Indian goat displays a wide spectrum of genetic diversity
that has been shaped by natural selection as well as human
influence, the maintenance of which is a key to the long-
term survival if the genetic variation between and within
breeds is low. It is imperative to know the level and extent
of diversity existing within a species/breed before proposing
any programme for its conservation. The identification of
microsatellite loci, because of their high degree of
polymorphism and random distribution across the genome
is one of the methods for inferring genetic diversity (Bruford
et al. 1993). Diversity estimates provide useful information
regarding the genetic structure of a population. This study
presented the microsatellite markers based genetic diversity
within and between Konkan Kanyal, Berari, Sangamneri
and Osmanabadi goat breeds found in Maharashtra region
of India (Fig. 1).

MATERIALS AND METHODS

The study locale is depicted in Fig. 2. DNA was extracted
from whole blood using a standard phenol/chloroform
extraction method (Sambrook et al. 1989). A battery of 25
microsatellite markers identified in ISAG (International

Society for Animal Genetics) and FAO’s (Food and
Agricultural Organization) DAD-IS (Domestic Animal
Diversity Information System) program was utilized to
know the genetic diversity within and between breeds. Only
forward primers at the 5’ end of each pair were labeled
with one of four fluorophores, i.e., FAM (blue), VIC (green),
NED (yellow) and PET (red) supplied by Applied
Biosystem, UK (Table 1). PCR reaction was carried out
with mixture consisting of 50 ng DNA, 200 µM of each
dATP, dCTP, dGTP and dTTP, 50 nM KCl, 10 mM Tris–
HCl (pH 9.0), 0.1% Triton X-100, 2.0 mM MgCl2, 0.75
unit Taq DNA polymerase and 4 pmol of each primer using
PTC-200 PCR machine (M J Research). A touchdown PCR
protocol was used with an initial denaturation of 95°C for
1 min;  3 cycles of 95°C for 45 sec., and 60°C for 1 min; 3
cycles of 95°C for 45 sec, and 57°C for 1 min; 3 cycles of
95°C for 45 sec, and 54°C for 1 min; 3 cycles  95°C for 45
sec and 51°C for 1 min; 20 cycles  95°C for 45 sec, and
48°C for 1 min with final extension at 72°C for 5 min. The
reaction was stopped using 5.0 µl of a stop dye (95%
formamide, 0.25% bromophenol blue and 0.25% xylene
cyanol). PCR products (6 µl) were loaded on a 2% agarose
gel, electrophoresed and visualized over UV light after
ethidium bromide staining to detect the amplification.

Microsatellite genotyping was carried out using
automated DNA sequencer of Applied Biosystems (ABI
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ABSTRACT

Sangamneri, Osmanabadi, Berari and Konkan Kanyal are the known breeds of Maharashtra state of India. DNA
from 50 unrelated goats of each breed was analysed to know the genetic diversity using 25 microsatellite markers.
A total of 479 alleles (192 in Sangamneri, 153 in Osmanabadi, 294 in Berari and 255 in Konkan Kanyal) were
observed. Mean number of alleles per locus and observed heterozygosity were 7.68, 6.12, 11.76, 10.20 and 0.53,
0.42, 0.67 and 0.58 for Sangamneri, Osmanabadi, Berari and Kanyal goat populations respectively. The fixation
coefficients of sub-populations within the total population (FST), varied from 0.04 (OarHH64) to 0.68 (OarJMP29)
with a mean of 0.17. The L-shaped mode-shift curve indicated the absence of reduction in effective population
size. The genetic distances between four breeds indicated the distinctness of Berari and Konkan Kanyal from
Sangamneri and Osmanabadi. Berari and Konkan Kanyal although exists at different geographic locations but
show some genetic overlapping. The Nei’s genetic distance observed between breeds were 0.472 (Sangamneri and
Osmanabadi), 0.667 (Sangamneri and Berari), 0.819 (Sangamneri and Konkan Kanyal), 0.797 (Osmanabadi and
Berari), 0.994 (Osmanabadi and Konkan Kanyal) and 0.092 (Berari and Konkan Kanyal). Konkan Kanyal is
genetically more distant from Osmanabadi and Sangamneri than Berari. Sangamneri and Osmanabadi goat breeds
were assigned to cluster-3 where the proportion of membership for each breed was 0.975 (Sangamneri) and 0.992
(Osmanabadi). Kanyal and Berari goat populations were assigned to another cluster (Cluster 4). The proportion for
their membership was 0.923 (Konkan Kanyal) and 0.869 (Berari).
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3100 Avant) with Liz 500 as internal lane standard. The
electropherograms drawn through Gene Scan were used to
extract DNA fragment sizing details using Gene Mapper
software (version 3.0) of Applied Biosystems, U.S.A.

Statistical analysis: To determine the genetic variation
between goat populations, parameters such as Nei unbiased
expected heterozygosity (Nei 1973) were estimated for all

loci. These parameters were statistically analyzed using
POPGENE software package version 1.32. The F statistics
parameters viz. FIT (total inbreeding), FST (population
differentiation) and small FIS (within population inbreeding)
were estimated using FSTAT software version 2.9.3.2 as
per Wright (1978). The Nei’s genetic distances (Nei 1987)
were used for the comparison of breeds. Neighbour-Joining
methodology was applied and a tree was built from the inter-
individual distances by using the PHYLIP package.
STRUCTURE version 2.2 (Pritchard et al. 2000) was
employed to confirm the genetic pattern of each individual
belonging to the different breeds and to reveal possible
clustering substructures. The Bayesian assignment of
individuals to populations considered an ancestry model
with admixture and correlated allele frequencies. 100
independent runs with 100,000 MCMC (Markov Chain
Monte Carlo) iterations and a burn-in of 10,000 were carried
out for 2<K<4 (K, number of clusters) to estimate the most
likely number of clusters present in the data set.

RESULTS AND DISCUSSION

All the microsatellite markers mentioned in Table 1 were
amplified successfully in all four goat breeds of Maharashtra
and were found polymorphic. Estimates on total number of
alleles, allele size, overall expected and observed
heterozygosity, and observed and effective number of alleles
for each locus in all four goat populations (Konkan Kanyal,
Berari, Osmanabadi and Sangamneri) are presented in
Table 2. The observed number of alleles per locus varied

Fig. 1. Kanyal (A), Berari (B), Sangamneri (C) and
Osmanabadi (D).

Fig. 2. Map of Maharashtra showing locations for animal sampling. Green indicates Sangamneri breed, purple indicates Osmanabadi
breed, red indicates Berari population and blue indicates Kanyal.
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from 5.00 (ILSTS005, ILSTS044) to 19.00 (ILST059) with
mean 10.20 in Konkan Kanyal goats; from 4.00 (ILSTS005,
OarJMP 29) to 26.00 (OarFCB304) with mean 11.76 in
Berari goats; from 2.00 (ILSTS059, RM4, OarJMP29) to
16.00 (OarFCB304) with mean 6.12 in Osmanabadi; and
from 3.00 (ILSTS030, ILSTS022) to 17.00 (OarFCB304)

with mean 3.00 in Sangamneri goats. The effective number
of alleles ranged from 1.17 (OarJMP29) to 8.94 (ILSTS059)
with mean 4.36 in Konkan Kanyal goats; from 1.15
(OarJMP29) to 11.00 (ILSTS059) with mean 4.95 in Berari;
from 1.13 (OarJMP 29) to 7.43 (ETH225) with mean 3.27
in Osmanabadi; and from 1.36 (ILSTS030) to 6.09

Table 1. Microsatellite markers, their sequences, type of repeat, size range and dye

Locus Primer sequence Type of repeat Size range Dye *Chr. No. **Acc. No.

ILSTS008 F-gaatcatggattttctgggg (CA)12 167-195 FAM 14 L23483
R-tagcagtgatgaggttggc

ILSTS059 F-gctgaacaatgtgatatgttcagg (CA)4 (GT)2 105-135 FAM 13 L37266
R-gggacaatactgtcttagatgctgc

ETH225 F- gatcaccttgccactatttcct (CA)18 146-160 VIC 14 Z14043
R- acatgacagccagctgcttact

ILSTS044 F-agtcacccaaaagtaactgg (GT)20 145-177 NED Ann L37259
R-acatgttgtattccaagtgc

ILSTS002 F-tctatacacatgtgctgtgc (CA)17 113-135 VIC Ann 23479
R-cttaggggtgaagtgacacg

Oar FCB304 F-ccctaggagctttcaataaagaatcgg (CT)11(CA)15 119-169 FAM Ann L01535
R-cgctgctgtcaactgggtcaggg

Oar FCB48 Fgagttagtacaaggatgacagaggcac (GT)10 149-181 VIC 17 M82875
Oar HH64 F-cgttccctcactaggaaagttatatatgc _ 120-138 PET 4 212***

R-cactctattgtaagaatttgaatgaatgagagc
Oar JMP29 F-gtatacacgtggacaccgctttgtac  (CA)21 120-140 NED Ann U30893

R-gaagtggcaagattcagaggggaag
ILSTS005 F-ggaagcaatgaaatctatagcc (nn)39 174-190 VIC 10 L23481

R-tgttctgtgagtttgtaagc
ILSTS019 F-aagggacctcatgtagaagc (TG)10 142-162 FAM Ann L23492

R-acttttggaccctgtagtgc
OMHC1 F-atctggtgggctacagtccatg _ 179-209 NED Ann 228***

R-gcaatgctttctaaattctgaggaa
ILSTS087 F-agcagacatgatgactcagc (CA)14 142-164 NED Ann L37279

R-ctgcctcttttcttgagagc
ILSTS030 F-ctgcagttctgcatatgtgg (CA)13 159-179 FAM 2 L37212

R-cttagacaacaggggtttgg
ILSTS034 F-aagggtctaagtccacggc (GT)29 153-185 VIC 5 L37254

R-acctggtttagcagagagc
ILSTS033 F-tattagagtggctcagtgcc (CA)12 151-187 PET 12 L37213

R-atgcagacagttttagagg
ILSTS049 F-cattttcttgtctctcccc (CA)26 160-184 NED 11 L37261

R-gctgaatcttgtcaaacagg
ILSTS065 F-gctgcaaagagttgaacacc (CA)22 105-135 PET 24 L37269

R-aactattacaggaggctccc
ILSTS058 F-gccttactaccatttccagc (GT)15 136-188 PET 17 L37225

R-catcctgactttggctgtgg
ILSTS029 F-tgttttgatggaacacagcc (CA)19 149-191 PET 3 L37252

R-tggatttagaccagggttgg
RM088 F-gatcctcttctgggaaaaagagac (CA)14 109-147 FAM 4 U10392

R-cctgttgaagtgaaccttcagaa
ILSTS022 F-agtctgaaggcctgagaacc (GT)21 186-202 PET Ann L37208

R-cttacagtccttggggttgc
OARE129 F-aatcccagtgtgtgaaagactaatccag (CA)14 130-175 FAM 7 L11051

R-gtagatcaagatatatttttcaacac
ILSTS082 F-ttcgttcctcatagtgctgg (GT)17 100-136 PET 2 L37236

R-agaggattacaccaatcacc
RM4 F-cagcaaaatatcagcaaacct (CA)13 105-127 NED 15 U32910

R-ccacctgggaaggccttta

*Chromosome no.; **Accession number; ***Accession number of Arkdb database (http://www.thearkdb.org); Ann, Annonymous
microsatellite from other species
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(OarFCB304) with mean 3.45 in Sangamneri goats. Overall,
a total of 479 alleles were detected in the four populations
with varying allele frequencies (Table 3) where the number
of alleles per locus varied from 7.00 (ILSTS30) to 32.00
(RM088) with a mean 19.16. The observed number of
alleles were invariably higher than the effective number
across all the loci in the breeds under study. The Konkan
Kanyal and Berari exhibited more allelic polymorphism as
compared to Osmanbadi and Sangamneri. The reason is
obvious that Osmanabadi and Sangamneri are the descript
breeds and the population is propagated with a planned
breeding policy using the bucks of same breed whereas
Konkan Kanyal and Berari are yet to be recognized as breed
and hence no proper breeding policy is practiced. The
indiscriminate mating between individuals may result in
introduction of more allelic variability.

The observed value of heterozygosity varied from 0.13
(OarJMP29) to 0.95 (ILSTS034) with mean 0.58 in Konkan
Kanyal goats; from 0.10 (OarJMP 29) to 1.00 (RM088)
with mean 0.67 in Berari goats; from 0.00 (ILSTS059, RM4,
ILSTS029) to 0.90 (ILSTS002) with mean 0.42 in
Osmanabadi; and from 0.03 (ILSTS022) to 1.00 (ETH225)
with mean 0.53 in Sangamneri goats. The expected
heterozygosity ranged from 0.14 (OarJMP29) to 0.89
(ILSTS059, ILSTS082) with mean 0.67 in Konkan Kanyal
goats; from 0.13 (OarJMP29) to 0.91 (ILSTS059) with
mean 0.73 in Berari; from 0.12 (OarJMP29) to 0.88
(ETH225) with mean 0.61 in Osmanabadi; and from 0.33
(OarJMP29) to 0.84 (OarFCB304) with mean 0.66 in
Sangamneri goats (Table 2). Across the populations, the
observed heterozygosity was lowest (0.11) for OarJMP29
and highest (0.84) for ETH225 with an average of 0.61
whereas the expected heterozygosity was lowest (0.46) for
OarJMP29 and highest (0.92) for ILST058 with mean 0.81
(Table 3). At most of the loci, the expected heterozygosity
was significantly higher than the observed values. Among
the breeds, the difference between the mean observed and
expected heterozygosity was more (0.19) for Osmanabadi
followed by Konkan Kanyal (0.11), Sangamneri (0.07) and
Berari (0.06).

Most of the 25 microsatellite markers utilized to generate
allelic data of Maharashtra goat breeds was also used for
the genetic diversity analysis of Marwari (Kumar et al.
2005), Kutchi (Dixit et al. 2008), Changthangi (Mishra et
al. 2010), Mehsana (Aggarwal et al. 2007), Sirohi (Verma
et al. 2007), Sangamneri (Verma et al. 2011), Singharey
(Shivhare et al. 2017). The precision of estimated genetic
diversity is a function of number of loci studied,
heterozygosity of loci and the number of animals sampled
in each population. The FAO recommended that at least 25
randomly selected markers should be used for diversity
analysis. Barker (1994) suggested that loci with minimum
4 alleles should be taken into consideration for such studies.
Both the conditions have been taken into consideration for
the present investigation as obvious from the minimum
number of loci per locus reported (Table 2).

The allelic number, heterozygosity per locus across the

breeds/populations have been estimated and are given in
Table 3. The total number of samples tested for each locus
varied from 117 (ILSTS029) to 175 (ILSTS034). Alleles
(479) were detected in the four populations with varying
allele frequencies. The mean observed number of alleles
per locus was 19.16 and varied from 7.00 (ILSTS30) to
47.00 (RM088) whereas the effective number varied from
1.86 (OarJMP29) to 13.69 (ILSTS058) with mean 7.10.
Observed heterozygosity per locus ranged from 0.11
(OarJMP29) to 0.84 (ETH225, ILSTS002) with an average
of 0.61 and expected heterozygosity from 0.46 (OarJMP29)
to 0.92 (ILSTS058) with mean of 0.81. Gene diversity (Nei’s
expected heterozygosity) is an appropriate measure of
genetic variation within a population (Nei 1987). Takezaki
and Nei (1996) determined that markers to be used for
diversity analysis should have an average heterozygosity
ranging from 0.3 to 0.8 in the population. The average
expected heterozygosity in the present study were within
this range i.e. 0.67 (Konkan Kanyal), 0.73 (Berari), 0.61
(Osmanabadi) and 0.66 (Sangamneri). The overall expected
heterozygosity across the breeds was 0.81. This again
confirms the suitability of markers used for measuring the
genetic variation. Although differing among populations,
the expected heterozygosity was more than the observed
heterozygosity based on all the microsatellite loci
(Table 2) for all the 4 populations. This showed a positive
deviation from Hardy-Weinberg equilibrium. Similar
observation was made by Dixit et al. (2009) while studying
the differentiation of Mehsana, Kutchi and Sirohi breeds
of North Western India.

Genetic differentiation was explained by fixation indices
(FIS, FST and FIT) for each locus across the populations and
the values in four goat populations are presented in Table
4. FIS is an estimate of genetic variation within population
that measures the homozygosity or reduction in
heterozygosity in an individual due to non random mating
within the subpopulation. FST measures the variation due
to differences among populations which is the reduction in
heterozygosity of a subpopulation due to genetic drift. FIT
is the overall reduction in heterozygosity in an individual
related to the total population. FST varied from 0.04
(OarHH64) to 0.68 (OarJMP29) with a mean of 0.17. All
loci contributed to this differentiation significantly. The
moderate value of FST (0.17) indicated that 17% variation
is due to the breed whereas 83% of the total genetic variation
corresponded to the differences among individuals within
populations of four breeds. FST value of 0.13 was reported
in three Indian goat breeds by Dixit et al. (2009), 0.10 in
12 Chinese indigenous goat populations by Li et al. (2008),
0.20 in goats from Korea and China by Kim et al. (2001)
and 0.07 in Italian goat populations by Iamartino et al.
(2005). The global deficit of heterozygotes across
populations (FIT) amounted to 28% (P<0.05). An overall
significant deficit of heterozygotes (FIS) of 13% occurred
due to out breeding in some populations. Nineteen loci
showed a significant deficit of heterozygosity and five loci
(ETH225, ILSTS008, ILSTS034, ILSTS002 and RM088)
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exhibiting negative value showed an excess of
heterozygosity.

The two phase mutation model under Wilcoxon’s signed
rank test and shift mode test were used to investigate any
recent bottleneck (heterozygosity excess) in four goat
populations. In a population at mutation-drift equilibrium,
there is approximately an equal probability that a locus
shows genetic diversity excess or deficit. Wilcoxon’s signed
rank test was used for evaluating bottleneck because of its
relatively high statistical power (Luikart and Cornuet 1998).
This test can be used with as few as four polymorphic loci
and any number of individuals ranging from 15 to 40.
Increased number of loci (10–20) is recommended to
achieve more accuracy. The excess heterozygosity obtained
was not significant (P<0.05) in the four populations using
a two phase mutation model. The bottleneck test showed
that there was significant deficiency of heterozygosity but
the suspected genetic bottleneck was found to be absent as
the mode-shift curve is a typical “L” shape in all the four
populations (Fig. 3) as also described by Gour et al. (2006).
It is important to conserve the genetic resources of seriously
bottlenecked populations because such populations may be
subjected to increased inbreeding depression, loss of genetic
variation and fixation of deleterious alleles (Fatima et al.
2008). It is important to note that Berari and Konkan Kanyal
goat populations have high genetic diversity as compared
to Osmanabadi and Sangamneri.

Allele frequencies were utilized to measure the genetic
distances between each pair of the studied breeds and
distance matrices were used to build phylogenetic tree based
on neighbour-joining algorithm. The matrix showing
genetic identity and distances between the four populations
is given in Table 5. The Nei’s genetic distance observed
between breeds were 0.472 (Sangamneri and Osmanabadi),
0.667 (Sangamneri and Berari), 0.819 (Sangamneri and
Konkan Kanyal), 0.797 (Osmanabadi and Berari), 0.994
(Osmanabadi and Konkan Kanyal) and 0.092 (Berari and
Konkan Kanyal). Konkan Kanyal is genetically more distant
from Osmanabadi and Sangamneri than Berari. This is more
obvious and expected looking at the geographical distance
between their breeding tracts. But Konkan Kanyal and
Berari showed more genetic similarity as compared to any

Fig. 3. Graphical representation of proportions of alleles in
four goat populations.

Fig. 4. Phylogenetic tree showing relationship between four
goat populations.

Table 3. The average number of observed (Na), effective (Ne),
expected (He) and observed (Ho) heterozygosity in pooled

population

Locus Sample Na Ne Ho He
size

ILSTS030 133 7.00 3.63 0.47 0.72
ILSTS033 171 22.00 10.65 0.73 0.90
ILSTS005 151 17.00 3.36 0.29 0.70
ILSTS065 172 12.00 6.33 0.61 0.84
ILSTS087 126 27.00 8.83 0.75 0.88
OarAE129 139 14.00 6.63 0.44 0.85
ETH225 145 24.00 8.87 0.84 0.89
ILSTS058 165 30.00 13.69 0.76 0.92
ILSTS059 165 18.00 10.08 0.64 0.90
OARHH64 157 13.00 6.43 0.56 0.84
ILSTS008 167 16.00 5.83 0.68 0.83
ILSTS019 169 19.00 8.07 0.66 0.87
ILSTS034 175 24.00 4.98 0.66 0.80
ILSTS082 153 22.00 9.53 0.75 0.89
RM4 143 12.00 3.36 0.56 0.70
OarFCB304 173 47.00 11.90 0.74 0.91
OarFCB48 158 27.00 11.32 0.82 0.91
OarJMP29 127 10.00 1.86 0.11 0.46
ILSTS029 117 15.00 3.08 0.47 0.67
ILSTS044 165 17.00 3.97 0.28 0.75
ILSTS049 145 8.00 3.78 0.60 0.73
ILSTS002 154 14.00 10.00 0.84 0.90
RM088 166 32.00 9.05 0.82 0.89
OMHC1 135 24.00 9.53 0.80 0.89
ILSTS022 150 8.00 2.74 0.43 0.63
Mean 153 19.16 7.10 0.61 0.81
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other breed combination. Using Nei’s standard genetic
distances and the neighbour joining method of clustering,
the dendrogram of relationships among the four goat
population was obtained (Fig. 4). The Sangamneri and
Osmanabadi goat breeds had unique branch, but Berari and
Konkan Kanyal goat populations showed genetic closeness
indicating gene introgression in spite of having
geographically distant native tracts. On the other hand,
Sangamneri and Osmanabadi goat breeds are inhabited in
the regions which are far from the breeding tracts of Berari
and Konkan Kanyal goats. Thus, the genetic relationship
of these four populations corresponds to their breeding
history and geographic origins. The population clustering
according to geographic locations was also observed in
microsatellite analysis of humans (Bowcock et al. 1994),
cattle (MacHugh et al. 1997), buffalo (Vijh et al. 2008),
chickens (Wimmers et al. 2000) and goats (Agha et al. 2008,
Muema et al. 2009). Geographic clustering of breeds based
on mitochondrial DNA analysis was shown (Joshi et al.
2004).

The assignment of cluster analysis can effectively resolve
the genetic similarity of a group of highly diverged breeds
and has great potential for identifying individuals with
different or similar multi-locus genotypes (Ibeagha-Awemu
et al. 2005). The proportion of membership of each defined
population to a cluster is given in Table 6 and Fig. 5. As
obvious from the values given in the Table 6 at K = 4, the
four goat populations were divided into two main clusters.

Sangamneri and Osmanabadi goat breeds were assigned to
cluster-3 where the proportion of membership for each breed
was 0.975 (Sangamneri) and 0.992 (Osmanabadi). Kanyal
and Berari goat populations were assigned to another cluster
(Cluster 4). The proportion for their membership was 0.923
(Konkan Kanyal) and 0.869 (Berari).

In conclusion, the microsatellite markers selected for this
study suitably amplified to generate information on genetic
variability. The mean number of alleles per locus and the
average Nei’s heterozygosity supported the justifiable use
of selected battery of markers. The analysis revealed that
there was substantial genetic diversity among the Konkan
Kanyal, Berari, Osmanabadi and Sangamneri breeds. Most
of the loci in these breeds were not in Hardy–Weinberg
equilibrium and exhibited heterozygote deficiency. There
was significant genetic differentiation (FST) among breeds
which indicated that 17% of the total genetic variation
corresponds to differences among populations and the
remaining 83% is the result of differences among

Table 4. F estimates in Maharashtra goat populations

Population wise FIS estimates

Locus FIS (Kl) FIS (Br) FIS (Ob) FIS (Sn) FIT FST FIS

ILSTS030 0.07 0.13 0.34 0.29 0.38 0.19 0.20
ILSTS033 0.004 -0.14 -0.03 0.38 0.22 0.11 0.12
ILSTS005 0.24 0.15 0.46 0.28 0.57 0.40 0.29
ILSTS065 0.28 0.17 0.47 0.69 0.35 0.06 0.30
ILSTS087 0.14 0.05 0.14 0.12 0.16 0.15 0.01
OaeAE129 0.04 0.23 0.35 0.87 0.55 0.23 0.41
ETH225 0.15 0.34 0.35 -0.56 0.08 0.13 -0.05
ILSTS058 -0.16 0.05 0.00 0.25 0.18 0.09 0.09
ILSTS059 0.08 0.10 1.00 0.05 0.38 0.20 0.22
OARHH64 0.17 0.14 0.80 0.21 0.32 0.04 0.30
ILSTS008 -0.32 -0.10 0.21 0.29 0.20 0.23 -0.03
ILSTS019 0.28 0.15 0.03 -0.03 0.24 0.15 0.10
ILSTS034 -0.29 -0.14 0.06 0.01 0.18 0.28 -0.13
ILSTS082 0.16 0.13 0.30 0.02 0.19 0.06 0.13
RM4 0.16 0.30 1.00 -0.04 0.35 0.08 0.30
OarFCB304 0.13 -0.05 0.14 0.22 0.19 0.10 0.10
OarFCB48 -0.02 0.04 -0.03 0.06 0.09 0.10 -0.00
JMP29 0.11 0.25 0.00 0.75 0.81 0.68 0.39
ILSTS029 0.08 0.17 1.00 -0.12 0.51 0.29 0.30
ILSTS044 0.54 0.25 0.28 0.35 0.61 0.38 0.37
ILSTS049 -0.03 0.26 0.60 0.10 0.25 0.09 0.18
ILSTS002 0.01 -0.05 -0.07 -0.09 0.06 0.12 -0.06
RM088 -0.37 -0.23 0.27 0.00 0.11 0.18 -0.08
OMHC1 -0.03 -0.11 0.16 0.35 0.18 0.12 0.06
ILSTS022 0.29 0.19 0.25 0.91 0.38 0.13 0.28
Mean 0.05 0.15 0.32 0.21 0.28 0.17 0.13

Table 5. Genetic similarity and genetic distances among four
populations.

Population Sangamneri Osmanabadi Berari Kanyal

Sangemneri **** 0.472 0.667 0.819
Osmanabadi 0.472 **** 0.797 0.994
Berari 0.667 0.797 **** 0.936
Kanyal 0.819 0.994  0.092 ****
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individuals. The genetic distance between four breeds/
populations indicated the distinctness of Berari and Konkan
Kanyal from Sangamneri and Osmanabadi. Berari and
Konkan Kanyal although existing at different geographic
locations show some genetic overlapping. But based on their
phenotype and geographical locations of their breeding
tracts, the two populations can be treated as distinct
populations.
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