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Introduction

India is endowed with some magnificent breeds of horses that
have evolved and adapted to different geographical and eco-
logical conditions. Special mention is made of horses of the
Zanskar region for their exceptional ability to survive and
perform under the harsh climatic conditions of their high-
altitude habitat (between 3000 and 5000 metres). These
horses, with small, strongly built and compact bodies, are
known for their ability to survive on scarce food in the win-
ter snow-bound months and yet have incredible stamina and
strength. However, poor management of these animals has
led to dilution of their characteristic features to some ex-
tent. The ever-increasing road network and mechanization
have also led to steep decline in their population and imme-
diate conservation measures are required (Bhat et al. 1981;
Singhvi 2001; Yadav et al. 2001). In a breed improvement
or conservation programme genetic evaluation of the con-
cerned breed is a major prerequisite. Microsatellite mark-
ers, which are highly polymorphic, dispersed throughout all
eukaryotic nuclear genomes, follow codominant inheritance,
amplified easily by polymerase chain reaction (PCR), and
scored on urea–polyacrylamide gels with a fair degree of re-
liability, are the markers of choice for evaluation of genetic
diversity of a population (Takezaki and Nei 1996; Goldstein
and Schlotterer 1999). Increasing numbers of breeds of horse
are now evaluated for diversity and differentiation employ-
ing microsatellite markers (Bjornstad et al. 2000; Canon et
al. 2000; Kelly et al. 2002; Tozaki et al. 2003; Aberle et
al. 2004; Achmann et al. 2004; Morais et al. 2005; Solis et
al. 2005; Zabek et al. 2005; Glowatzki-Mullis et al. 2006).
Reports are now also available on some of the Indian horse
breeds (Chauhan et al. 2004; Gupta et al. 2005). The present
study was undertaken to genetically evaluate Zanskari horses
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for genetic diversity and to evaluate whether they have expe-
rienced any recent genetic bottlenecks. The Zanskari breed
of horse was characterized for within-breed diversity using
a set of 25 microsatellite markers, and the results indicate
that substantial genetic diversity exists in this breed. The
within-population inbreeding estimates (F IS) indicate mod-
erate levels of inbreeding. The sign test and standardized
differences test of these data revealed absence of any signifi-
cant heterozygotic excess in both infinite allele model (IAM)
and sequential allele model (SMM), demonstrating that the
Zanskari breed of horse has not experienced any recent ge-
netic bottleneck.

Materials and methods

Blood samples and DNA isolation

Blood samples were collected from 42 genetically unrelated
animals of Zanskari breed from its breeding tract in Jammu
and Kashmir state. About 10 ml of blood per animal was col-
lected aseptically into EDTA (0.5 mM, pH 8.0) coated Vacu-
tainers. Genomic DNA was isolated by the standard proce-
dure of proteinase K digestion, phenol / chloroform / isoamyl
alcohol extraction and absolute ethanol precipitation. The
isolated genomic DNA was stored at −20◦C and working di-
lutions were stored at 4◦C.

Microsatellite analysis

Genomic DNA was amplified by PCR using a set of 25
horse microsatellite markers (table 1). The PCR protocol was
based on Crawford et al. (1995). Each 25-µl reaction con-
sisted of DNA (about 100 ng), primers (60 ng each), dNTPs
(40 mM each), 10× buffer (10 mM Tris, 50 mM KCl, 0.1%
gelatin; pH 8.4, 2.5 µl), MgCl2 (1.5 mM) and Taq DNA poly-
merase (0.75 U). The thermocycling conditions included an
initial denaturation at 95◦C for 2 min, followed by 30 cy-
cles of 45 s at 95◦C, 45 s at annealing temperature (table 1),
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and 45 s at 72◦C. A final elongation step was carried out at
72◦C for 10 min. The amplified products were resolved by

electrophoresis through 7% denaturing urea–polyacrylamide
gel and visualized by silver staining. PCR product sizes were

Table 1. Primer sequences, chromosome numbers, and annealing temperatures for 25 mi-
crosatellite loci employed for genetic characterization of Zanskari horse.

Chromosome Annealing
Locus Primer sequence number temperature (◦C)

HTG4 CTATCTCAGTCTTGATTGCAGGAC 9 58
CTCCCTCCCTCCCTCTGTTCTC

HTG6 CCTGCTTGGAGGCTGTGATAAGAT 15 58
GTTCACTGAATGTCAAATTCTGCT

HTG7 CCTGAAGCAGAACATCCCTCCTTG 4 58
ATAAAGTGTCTGGGCAGAGCTGCT

HTG8 CAGGCCGTAGATGACTACCAATGA 9 58
TTTTCAGAGTTAATTGGTATCACA

HTG10 CAATTCCCGCCCCACCCCCGGCA 21 58
TTTTTATTCTGATCTGTCACATTT

HTG14 CCAGTCTAAGTTTGTTGGCTAGAA 22 60
CAAAGGTGAGTGATGGATGGAAGC

HTG15 TCTTGATGGCAGAGCCAGGATTTG 5 55
AATGTCACCATGCGGCACATGACT

AHT4 AACCGCCTGAGCAAGGAAGT 24 60
CCCAGAGAGTTTACCCT

AHT5 ACGGACACATCCCTGCCTGC 8 60
GCAGGCTAAGGGGGCTCAGC

HMS2 ACGGTGGCAACTGCCAAGGAAG 10 58
CTTGCAGTCGATGTGTATTAAATG

HMS3 CCAACTCTTGTGCACATAACAAGA 9 60
CCATCCTCACTTTTTCACTTTGTT

HMS6 GAAGCTGCCAGTATTCAACCATTG 4 60
CTCCATCTTGTGAAGTGTAACTCA

HMS7 CAGGAAACTCATGTTGATACCATC 1 60
TGTTGTTGAAACATACCTTGACTGT

VHL20 CAAGTCCTCTTACTTGAAGACTAG 30 60
AACTCAGGGAGAATCTTCCTCAG

LEX20 GGAATAGGTGGGGGTCTGTT 1 60
AGGGTACTAGCCAAGTGACTGC

NVHE05 CGCATGTGCTTCCCCTCAC 20 60
CCTCTTTCCACGCAATCACTCTA

NVHEQ11 GGCCCCACCCACTAAATATCACTG 19 59
CGGGGTCTTGGAAATTTATGAAGG

NVHEQ18 GGAGGAGACAGTGGCCCCAGTC 10 60
GCTGAGCTCTCCCATCCCATCG

NVHEQ29 GAGATTTTGCCCCAAAGGTTA Unknown 60
CTCTTCTTTCTTCCCCAGGTCT

NVHEQ40 TGGCATCTGAATGGAGAATG 11 60
GATTATGATGCTACAGGGGAAAG

NVHEQ100 CCAAAGCAGAACATGTGAAGTT 1 59
TGGCATAGATGTTAGCTAAGTGA

NVHEQ21 CCAGAACCTGGACTGAACAGTGTC Unknown 60
GAATGTGCTTGATGCAGAAGAAGG

NVHEQ54 AGATGTCCACCTTCTCGCTG Unknown 60
CGGGGCTTTTAGGAGGTAACTA

UCDQ425 AGCTGCCTCGTTAATTCA 28 55
CTCATGTCCGCTTGTCTC

ASB2 CCTTCCTGTAGTTTAAGCTTCTG 15 60
CACAACTGAGTTCTCTGATAGG
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Table 2. Allele size range, number of alleles (observed no, effective ne), observed heterozygosity (Ho), expected heterozygosity
(He), polymorphism information content (PIC) and gene diversity estimates (FIS) at 25 microsatellite loci in Zanskari horse.

Microsatellite Allele size
locus range (bp) no ne Ho He PIC FIS

HTG4 131–141 5 3.73 0.64 0.73 0.71 0.121
HTG6 88–100 4 3.56 0.71 0.72 0.70 0.006
HTG7 118–128 5 3.92 0.62 0.74 0.73 0.169
HTG8 178–192 6 5.45 0.74 0.82 0.81 0.096
HTG10 94–110 6 4.02 0.59 0.75 0.74 0.207
HTG14 129–137 5 3.69 0.64 0.73 0.71 0.118
HTG15 128–140 5 4.64 0.57 0.78 0.78 0.271
AHT4 142–164 9 6.97 0.69 0.86 0.85 0.194
AHT5 126–138 6 5.48 0.55 0.82 0.81 0.330
HMS2 222–236 7 6.67 0.59 0.85 0.85 0.300
HMS3 151–163 7 6.03 0.67 0.83 0.83 0.201
HMS6 159–167 5 4.05 0.57 0.75 0.75 0.241
HMS7 168–186 9 7.01 0.67 0.86 0.86 0.222
VHL20 93–107 7 6.29 0.55 0.84 0.84 0.349
LEX20 196–206 5 4.10 0.59 0.76 0.75 0.213
NVHEQ5 151–161 6 5.64 0.59 0.82 0.82 0.277
NVHEQ11 120–130 6 5.01 0.52 0.80 0.80 0.346
NVHEQ18 118–134 7 6.55 0.60 0.85 0.84 0.297
NVHEQ29 91–103 5 4.74 0.57 0.79 0.78 0.276
NVHEQ40 146–154 5 4.54 0.64 0.78 0.77 0.176
NVHEQ100 185–199 6 5.15 0.59 0.81 0.80 0.261
NVHEQ21 151–159 4 3.20 0.48 0.69 0.68 0.307
NVHEQ54 178–186 4 3.07 0.62 0.67 0.65 0.082
UCDEQ425 242–250 5 4.81 0.64 0.79 0.79 0.188
ASB2 89–101 6 5.33 0.62 0.81 0.81 0.238

estimated by comparing electrophoretic mobility with that of
DNA size markers and previously known samples. The alle-
les were scored manually from the silver-stained gel.

Data analysis

The within-breed genetic variation parameters observed and
effective number of alleles, observed and expected heterozy-
gosity, and gene diversity (F IS) at each microsatellite locus
were calculated using the POPGENE computer program ver-
sion 1.31 (Yeh et al. 1999). The polymorphism information
content (PIC) (Botstein et al. 1980) at each locus was also
calculated. The exact test for linkage disequilibrium between
pairs of loci was computed using GENEPOP software (Ray-
mond and Rousset 1995).

The Zanskari horse was also evaluated for any recent ge-
netic bottlenecks by sign test and standardized differences
test which test the population for presence of any significant
heterozygotic excess under IAM as well as SMM models as
described by Cornuet and Luikart (1996) using the Bottle-
neck computer program (Piry et al. 1999). These methods
are based on the premise that populations experiencing recent
severe reduction in size develop an excess of heterozygosity
at selectively neutral loci, relative to heterozygosity expected
at mutation–drift equilibrium.

Results and discussion

The values of diversity measures at each locus are given in
table 2. Observed number of alleles ranged from 4 (HTG6,
NVHEQ21 and NVHEQ54) to 9 (AHT4 and HMS7), with
a mean (± s.e.) of 5.80 ± 1.32 alleles per locus. PCR
product size range varied from 88–100 at locus HTG6 to
242–250 at locus UCDEQ425. Effective number of alle-
les ranged from 3.07 (NVHEQ54) to 7.01 (HMS7), with a
mean (± s.e.) value of 4.95 ± 1.18. Observed heterozy-
gosity values across the 25 polymorphic marker loci ranged
from 0.48 (NVHEQ21) to 0.74 (HTG8), with a mean (± s.e.)
of 0.61 ±0.06. Expected heterozygosity varied from 0.67
(NVHEQ54) to 0.86 (AHT4), with mean (± s.e.) of 0.78 ±
0.05. These data are consistent with data from previous stud-
ies (Ellegren et al. 1992; Guerin et al. 1994; Coogle et al.
1996; Breen et al. 1997; Eggleston-Stott et al. 1997; Roed et
al. 1997, 1998; Canon et al. 2000; Tozaki et al. 2003; Aberle
et al. 2004). The allele numbers and heterozygosity levels
observed across the studied loci indicate presence of reason-
ably high level of genetic variability in Zanskari horse. The
within-population inbreeding estimate (F IS) of 0.219± 0.087
suggests moderate level of inbreeding.

The mean (± s.e.) PIC for all loci assessed from the al-
lele frequency data was 0.78 ± 0.06, ranging from 0.65 for
NVHEQ54 to 0.86 for HMS7. All the loci used in this study
had PIC values significantly higher than the required value
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of 0.6 (Buchanan et al. 1993), pointing to the high degree
of informativeness of these markers in evaluation of genetic
diversity. Since linked loci have diminished usefulness for
population-genetic studies, we also tested for linkage dise-
quilibrium between pairs of loci with exact tests. No sig-
nificant disequilibrium was detected (P > 0.05) for pairwise
comparisons of loci, including three unmapped loci or for the
two loci on chromosomes 4 and 15 or for three loci on chro-
mosome 9, reiterating their suitability for parent exclusion or
individual identification purposes.
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Figure 1. Normal L-shaped curve of distribution of proportion of
alleles in different allelic frequency classes.

The observed heterozygosity exceeds the average of the
corresponding distribution of heterozygosities expected at
equilibrium for about 15 (14.6 and 14.83 under IAM and
SMM, respectively) of the 25 loci in our sample of Zanskari
horses. The probability (P = 0.053) of getting 14.6 loci
with heterozygosity excess under IAM, and static T2 value
of 1.872 under this model favour the null hypothesis that the
population is in mutation–drift equilibrium. The results ob-
tained under SMM showing a probability (P = 0.092) of ob-
taining 14.83 loci with heterozygosity excess and T2 value of
2.973 also favour the null hypothesis of mutation–drift equi-
librium. In a normal population in mutation–drift equilib-
rium, the proportion of alleles with lower frequency is larger
than the proportion of alleles with higher frequencies. A nor-
mal L-shaped distribution of a plot of allelic frequency class
versus proportion of alleles (figure 1) reinforces the result
that the Zanskari horse population has not experienced any
recent bottleneck. Though the population has drastically de-
creased in number in recent times (Singhvi 2001; Yadav et
al. 2001) the population size has not been reduced to such
an extent, even in the recent past, as to induce detectable ge-
netic bottlenecks. Moreover, the breeding area of Zanskari
horses is spread over a reasonably vast area and the prac-
tice of bringing good studs from neighbouring areas helps in
maintaining adequate genetic variability even when the pop-
ulation size is small. This is in contrast to the situation for
Spiti horses, where the breeding tract is restricted to a small

area of the Pin valley and their breeding is also restricted
to a very small closed population, which has led to genetic
bottlenecks (Behl et al. 2005). The results obtained in this
study may be helpful to both planners and breeders in plan-
ning breeding or conservation strategies for the magnificent
Zanskari horse.
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