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Genetic architecture of Black Bengal and Chegu goats
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Microsatellites are the markers of choice to decipher the
population genetic parameters and have exceptionally high
variability. India has 20 recognised breeds of goats (Acharya
1982) distributed throughout the country. The heterologous
loci were polymorphic in goat and were utilized for
demographic studies (Behl et al. 2003). Most of the studies
in the Indian goats are restricted to morphological attributes
and very little work is available on the genetic level (Kumar
et al. 2005a,b, Gour et al. 2005). Black Bengal goats are
widely distributed in eastern India, meat type with a kidding
rate of 1.6 with 50% twining, and are famous for quality
Morocco leather. There is no threat to the breed as far as the
census size is concerned. Chegu goats are found in Lahul
Spiti and Kangra valleys of Himachal Pradesh. The breed
has its economic importance with pastoralist based farming
system of high altitude cold arid region. The population size
is 8000. The breed is famous for fine Pashmina (down
undercoat) production but due to low yields of Pashmina is
now being reared for meat. We carried out microsatellite
analysis of these 2 phenotypically distinctive populations of
North-West mountainous region (Chegu) and eastern India
(Black Bengal). The present study was undertaken to examine
the population structure, ancestral proportion and
differentiation in the two populations.

The blood samples from the tract of 2 goat populations,
viz. Black Bengal and Chegu were collected at random from
unrelated individuals in EDTA vacutainers and transported
at 4°C. A total of 40 samples were collected from Black
Bengal from 25 flocks in West Bengal and 35 Chegu goats
from 16 flocks in Himachal Pradesh. The DNA was isolated
using standard laboratory protocol (Sambrook et al. 1989).
The PCR conditions were standardized for 22 heterologus
primers and the amplified products were run on
polyacrylamide gel electrophoresis followed by silver
staining of the gels (Bassam et al. 1991). The gels were scored
and genotype data was generated for these loci. The data
obtained on these 22 microsatellite loci was subjected to

analysis to obtain the expected and observed heterozygosity
values in the 2 breeds using POPGENE software (Yeh et al.
1999). The software FSTAT 2.9.1 (Goudet 1995) was used
to compute values of standard genetic diversity indices, their
variances and estimate of FST. The F statistics values FIS, FIT
and FST were estimated using Jack-knifing over loci and the
confidence interval were generated using 10 000
permutations with the GDA software (Lewis and Zaykin
2002). The analysis of molecular variance (AMOVA) was
carried out using the software ARLEQUIN version3.0
(Excoffier et al. 2005). The assignment of individuals was
carried out using the “leave one out” procedure (Efron 1983).
The Bayesian clustering method (as implemented in the
software structure) was used to infer the population structure
and simultaneously assigns individuals to the populations of
their origin was implemented (Pritchard et al. 2000). The
model assumes that there are K populations (where K is
unknown), each K is characterized by a set of allele
frequencies at each locus. The posterior probabilities of K
(i.e., the likelihood of K as a proportion of the sum of the
likelihood for different values of K) were estimated assigning
uniform prior values of K between 2 and 4. The presence of
structure in the 2 populations was inferred using the increase
in likelihood values as obtained from the data analysis. The
results presented in the study are based on 100 000 iterations,
following a burn in period of 10 000 iterations.

Alleles (211) were amplified using 22 loci. The number
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of alleles was 188 in Black Bengal and 163 in Chegu breed.
The mean number of alleles in Black Bengal and Chegu were
8.54±0.52 and 7.41±0.36 and the effective number of alleles
were 5.75 and 4.99 alleles respectively (Table 1). The mean
heterozygosity values were 0.81±0.02 and 0.79±0.01 for the
2 breeds (Fig. 1). The maximum observed and expected
heterozygosity in Black Bengal was for locus OARCB34
and ILSTS029, respectively. These values were 0.83
(ILSTO72) and 0.60 (ILSTS049) in Chegu breed. 69 alleles
of 22 loci were absent in one or the other population (Private
alleles). The FIS values were calculated using Weir and

Cockerham (1984), and Robertson and Hill (1984) in both
the populations. Out of 22 loci, 9 loci in Black Bengal and
13 loci in Chegu deviated significantly from HWE pointing
towards existence of sub-population structure. The FIS values
were 0.151 and 0.112 for Black Bengal and Chegu
populations respectively. The global FIS value was found to
be 0.135. The hierarchical analysis of molecular variance
revealed 9.33% of the variance between the populations. The
estimates were calculated using Arlequin software (Excoffier
et al. 2005) using pair-wise differences method (Weir 1996).
Among individuals within population component contributed

Table 1. Hetrozygosity and number of alleles in 2 goat breeds

Locus Black Bengal Chegu

Na Ne Ho He PIC Na Ne Ho He PIC

OARFCB11 12 5.86 0.68 0.84 0.82 7 5.40 0.74 0.83 0.82
OARFCB20 9 5.97 0.83 0.84 0.81 8 4.77 0.74 0.80 0.81
OARFCB48 13 9.97 0.83 0.91 0.87 7 6.08 0.63 0.85 0.87
OARFCB304 12 8.38 0.68 0.89 0.88 11 8.03 0.69 0.89 0.88
OARCP34 7 6.43 0.88 0.86 0.82 8 4.94 0.83 0.81 0.82
ETH10 10 5.45 0.75 0.83 0.81 10 4.84 0.80 0.81 0.81
ETH152 8 4.44 0.75 0.78 0.80 8 6.00 0.60 0.85 0.80
ETH225 5 3.26 0.68 0.70 0.72 5 3.80 0.69 0.75 0.72
ILSTS001 9 5.12 0.68 0.81 0.78 8 4.10 0.74 0.77 0.78
ILSTS005 11 9.28 0.83 0.90 0.87 9 6.27 0.63 0.85 0.87
ILSTS011 7 5.52 0.78 0.83 0.80 6 4.44 0.69 0.79 0.80
ILSTS19 9 5.69 0.65 0.83 0.82 7 5.70 0.74 0.84 0.82
ILSTS022 7 4.78 0.68 0.80 0.77 6 4.12 0.71 0.77 0.77
ILSTS029 9 5.93 0.58 0.84 0.79 7 4.04 0.83 0.76 0.79
ILSTS033 8 5.18 0.60 0.82 0.74 6 3.15 0.69 0.69 0.74
ILSTS038 7 5.51 0.65 0.83 0.81 7 5.24 0.74 0.82 0.81
ILSTS044 9 4.41 0.38 0.78 0.78 7 4.63 0.63 0.80 0.78
ILSTS049 12 9.38 0.73 0.90 0.86 11 6.03 0.80 0.85 0.86
ILSTS052 4 2.19 0.48 0.55 0.66 6 4.34 0.63 0.78 0.66
ILSTS059 8 4.61 0.73 0.79 0.82 8 6.81 0.69 0.87 0.82
ILSTS065 7 5.44 0.78 0.83 0.77 6 3.75 0.69 0.74 0.77
ILSTS072 5 3.76 0.70 0.74 0.72 5 3.32 0.66 0.71 0.72
Mean 8.55± 5.75± 0.69± 0.81± 0.80± 7.41± 4.99± 0.71± 0.80± 0.80±

0.269 0.218 0.013 0.009 0.006 0.201 0.145 0.008 0.006 0.006

Na, number of observed alleles; Ne, effective number of alleles; Ho, observed heterozygosity; He, expected heterozygosity; PIC,
polymorphic information content.

Fig 2. Estimated membership fraction in each of the K=2
inferred clusters.

Fig 3. Estimated membership fraction in each of the K=3
inferred clusters.
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12.25% to the total variance. The among population variation
(FST) and among individuals within population (FIS) were
significant using the permutation test. The pair wise FST value
between Black Bengal and Chegu was 0.095 and was
statistically significant. The linearised FST value (Slatkin
1995) was 0.105 and was statistically significant. The analysis
of variance (locus wise) between these 2 populations gave
higher values for among population differentiation for some
of the loci compared to others. The analysis of variance
revealed 15% of the variance attributable to between
populations when frequency method was used. All the
individuals could be assigned to their respective population
with 100% accuracy using the frequency method and leave
one out procedure (Efron 1983). The Bayesian analysis for
assignment of individuals using STRUCTURE software
(Pritchard et al. 2000) correctly assigned the individuals to
their respective cluster. The log likelihood values obtained
were –6201.4 (K=2), –0.6089.8 (K=3) and –6115.0 (K=4).
Among the values K=3 gave the highest value. The clustering
for K=3 and K=4 revealed only change in clustering of Black
Bengal breed (Figs 2 and 3). The K=2 partitioned the 2
populations in 2 distinctive clusters while K=3 split the
individuals of Black Bengal in 2 clusters. The Chegu
individuals remained in earlier cluster meaning that the Chegu
has only single ancestry. The correspondence analysis was
carried out and it revealed that the individuals of the two
populations formed distinct clusters (Fig. 4). The inter-
individual distances were estimated using Allele sharing and
Nei’s standard genetic distances and trees constructed (Fig.
5) using Neighbour Joining Method (Saitou and Nei 1987).
The mean number of alleles in these 2 populations were

higher than reported in Jhakrana and Marwari (Kumar et al.
2005a, b) and Jamunapari goats (Gour et al. 2005). The values
of mean observed heterozygosity were 0.69 and 0.71 in Black
Bengal and Chegu respectively and these values were also
higher than other 3 Indian goats studied. The higher
heterozygosity pointed to allelic richness and higher gene
diversity in these breeds. The FIS values obtained in our study
were lower than other Indian breeds and this was expected
owing to more number of alleles and higher heterozygosity
values. This can also be attributed to the sampling of animals

Fig 5. Neighbour joining tree based on inter individual distances
based on allele sharing.

Fig 4. Correspondence analysis of two breeds of goats.



November 2010] GENETIC ARCHITECTURE OF BLACK BENGAL AND CHEGU GOATS 1137

81

over a large area in these 2 breeds. Chegu being confined to
mountainous terrain had only 1 inferred cluster suggesting
no inter-mixing with other goat breeds. Black Bengal being
distributed over a large area revealed ancestral contribution
from at least 2 populations. The assignment was 100% for
the 2 populations owing to higher FST values obtained. Vijh
and Tantia (2004) also reported assignment accuracy of 100%
in 4 breeds of poultry when FST values were similar to present
study. Inter-individual distances and correspondence analysis
separated the individuals in 2 distinct clusters as there was
no admixture in the 2 populations. The results revealed that
both the populations are quite distinctive separate
conservation strategies need to be developed for sustenance
and conservation of these 2 breeds of India in their respective
breeding tracts.

SUMMARY

The present study was undertaken to examine the
population structure, ancestral proportion and differentiation
in the two populations of North-West Mountainous Region
(Chegu) and eastern India (Black Bengal). A total of 40
samples were collected from Black Bengal from 25 flocks
in West Bengal and 35 Chegu goats from 16 flocks in
Himachal Pradesh. Both the populations were found quite
distinctive and separate conservation strategies need to be
developed for sustenance and conservation of these 2 breeds
of India in their respective breeding tracts.
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