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Abstract

Background: Hangul (Cervus elaphus hanglu), the eastern most subspecies of red deer, is now confined only to the
mountains in the Kashmir region of Jammu & Kashmir State of India. It is of great conservation significance as this is
the last and only hope for Asiatic survivor of the red deer species in India. Wild population of free ranging hangul
deer inhabiting in and around Dachigam National Park was genetically assessed in order to account for constitutive
genetic attributes of hangul population using microsatellite markers.

Results: In a pool of 36 multi-locus genotypes, 30 unique individuals were identified based on six microsatellite
loci. The estimated cumulative probability of identity assuming all individuals were siblings (Pjp sibs) was 0.009 (9 in
1000). Altogether, 49 different alleles were observed with mean (+ s.e.) allelic number of 8.17 + 1.05, ranging from 5
to 11 per locus. The observed heterozygosity ranged between 0.08 and 0.83, with mean 040+ 0.11 and the
inbreeding coefficient ranged between —0.04 and 0.87 with mean 0.38 + 0.15. Majority of loci (5/6) were found to
be informative (PIC value > 0.5). All loci deviated from Hardy-Weinberg equilibrium except Ca-38 (P > 0.05) and none
of the pairs of loci showed significant linkage disequilibrium except the single pair of Ca-30 and Ca-43 (P < 0.05).

Conclusions: The preliminary findings revealed that hangul population is significantly inbred and exhibited a low
genetic diversity in comparison to other deer populations of the world. We suggest prioritizing the potential
individuals retaining high heterozygosity for ex situ conservation and genetic monitoring of the hangul population
should be initiated covering the entire distribution range to ensure the long term survival of hangul. We speculate
further ignoring genetics attributes may lead to a detrimental effect which can negatively influence the
reproductive fitness and survivorship of the hangul population in the wild.
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Background

Hangul or Kashmir red deer (Cervus elaphus hanglu),
one of the four eastern most distributed subspecies of red
deer found in the Indian sub-continent, is of great conser-
vation significance since it is the only Asiatic survivor of
the red deer inhabiting the broadleaf forest and temperate
grassland habitats of Zanskar mountain range in Jammu
and Kashmir [1]. Historically, the hangul was widely dis-
tributed in the mountains of Kashmir Himalayas, Chenab
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valley and some parts of Chamba district in Himachal
Pradesh [2]. Over time, the distribution range and popula-
tion size of the hangul deer have shrunken dramatically
due to environmental and anthropogenic pressures,
mainly in the form of habitat loss due to deforestation,
degradation and encroachment [2,3]. The current distri-
bution of the species is largely confined to Greater
Dachigam Landscape (cz. 1000 km?) encompassing the
Dachigam National Park and its adjoining protected areas
[3,4]. The estimated individuals in 1900s were about 3000-
5000 which had shrunk down to about 1000-2000 by 1947
and subsequently reported as low as 180-250 in 1965 [5].
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The estimated individuals left over in the area till 2011
were 218 + 13.96 [6]. Hangul is considered as least con-
cern (LC) under IUCN red data list of threatened species
but it is placed under Schedule-I of the Indian Wildlife
(Protection) Act, 1972 and Jammu & Kashmir Wildlife
(Protection) Act, 1978. It has also been listed among the
top 15 conservation priority species by Government of
India [7]. The Department of Wildlife Protection, Govern-
ment of Jammu & Kashmir in collaboration with Wildlife
Institute of India, Dehradun has been monitoring the han-
gul population by adopting scientifically robust methods
since 2004. The information on the ecology of hangul is
inadequate and only a few short terms ecological studies
have been conducted majority of them dealing with habi-
tat use, feeding habits, distribution and conservation
assessment surveys [2-4,8,9]. Most importantly, the infor-
mation on the genetic diversity of hangul population is
lacking while similar studies have been conducted on
other sympatric red deer species [10-12].

Genetic characterization of a species is considered ne-
cessary to formulate breeding policies and prioritize the
conservation action plans in an effective and meaningful
way [13,14]. Therefore, we attempted to assess the
existing genetic diversity and the extent of inbreeding in
hangul population of Dachigam National Park using the
pneumatic shed hair samples collected opportunistically
during the hangul population estimation exercise carried
out in March, 2011. We took advantage of the microsat-
ellite markers that have been cloned for Chital deer
(Cervus axis) for analyzing genetic diversity of hangul
population [15] since cross species amplification of
microsatellites among closely related species have been
used for the genetic characterization of the species for
which microsatellites have not been cloned or the infor-
mation is limited [16-18].

Methods

Sample collection and DNA isolation

Like the other red deer species, the hangul also shed
their pneumatic hairs during onset of spring which act
as an insulator by protecting them from severe cold
during winter. We participated in the hangul population
estimation exercise carried out in March, 2011 by the
Department of Wildlife Protection, Jammu & Kashmir
and collected individual tuft of pneumatic hair samples
(n=84). The samples were stored in parchment paper
envelope in dry condition till shipment to the laboratory
for genetic analysis. The locations of the collected sam-
ples were recorded using geographical positioning system
and plotted on the map using ArcGis 9.3 [19] (Figure 1).
The genomic DNA was extracted using DNeasy blood
and tissue kit (Qiagen, Germany) following manufacturer’s
protocol with slight modification [16].
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Polymerase chain reaction and microsatellite genotyping
A set of seven microsatellites which were originally iso-
lated from Chital deer and tested for cross amplification
in several other cervids were selected for the present
study [15]. The genotyping was carried out in two con-
secutive multiplex (Mplex) PCRs ie. Mplex 1 (Ca-30,
Ca-38, Ca-42 and Ca-43) and Mplex 2 (Ca-13, Ca-18
and Ca-60) using Qiagen Multiplex PCR Kit (Qiagen,
Germany). PCR reactions were set up in a 15 pl of reac-
tion volume containing 7.5 pl of 2x Qiagen Multiplex
PCR Master Mix, 0.30 pl of 10 uM of each primer pair,
1 pl of Q solution (supplied with kit), 2 pl of DNA
elutant (approx. 20 ng) and remaining RNase-free water
to make the final reaction volume 15 pl. PCR amplifica-
tion were performed on ABI 9600 Fast Thermocycler
(Applied Biosystems, USA). The amplification conditions
were 15 min initial heat-activation of Hot Start Tag
DNA polymerase at 95°C, followed by 35 cycles of de-
naturation at 94°C for 30 s, annealing at specific
temperature (Ta- 60°C for Mplex 1 and 58°C for Mplex
2) for 90 s and extension at 72°C for 60 s with a final ex-
tension at 60°C for 30 min. Fluorescence based fragment
analysis was performed on ABI 3130 Genetic Analyzer
(Applied Biosystems, USA) and allele scoring was done
manually using GeneMapper software version 3.7 (Ap-
plied Biosystems, USA).

Assessment of genotyping error and individual
identification

Inevitable genotyping errors due to allelic drop out
(ADO) and false alleles (FA) if left unaccounted, may
lead to erroneous results in individual identification,
population assignment, kinship and census studies
[20,21]. We typed each sample twice to minimize the
genotyping errors and only consensus genotypes were
relied for further analysis. Maximum likelihood ADO
and FA error rates were quantified using PEDANT ver-
sion 1.0 involving 10,000 search steps for enumeration
of per allele error rates [22]. The specific attribute of
PEDANT is to estimate error rates with confidence in-
tervals from duplicate microsatellite genotypes in the ab-
sence of reference genotypes. Unique individuals from
the chunks of multi-locus genotypes were identified
using GENECAP program [23]. GENECAP has the abil-
ity to include genotypes with missing scores for loci and
finds matching genotypes by comparing each allele of a
sample to all other alleles in all samples. The locus wise
and cumulative probability of identity for unrelated indi-
viduals (Prp) and siblings (Pip sibs) was calculated using
identity analysis module in GenAlEx version 6.5 [24].

Assessment of genetic diversity and extent of inbreeding
The per locus diversity was quantified by estimating the
numbers of observed (N,) and effective alleles (N,),
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observed (H,) and expected (H.) heterozygosity using
POPGENE version 1.32 software [25]. The polymorphic
information content (PIC), an indicator of marker’s in-
formativeness and predicted null allele frequencies were
calculated using CERVUS version 3.0 [26]. For the Hardy-
Weinberg equilibrium estimation, we followed the prob-
ability test approach [27] using the program GENEPOP
version 4.2 [28]. The unbiased estimator of Wrights in-
breeding coefficient Fis was calculated according to
Weir and Cockerham (W&C) [29] using GENEPOP
version 4.2. Linkage disequilibrium (LD) was tested

using GENEPOP version 4.2 to determine the extent of
distortion from independent segregation of loci follow-
ing 10,000 dememorizations, 500 batches and 10,000 it-
erations per batch [28].

Results and discussion

Of the total samples (n = 84) collected, 35 samples could
not be used for the genetic analysis as these hair samples
were either devoid of roots or too few in numbers to go
for DNA extraction. Seven samples did not amplify
while six samples did not produce consensus genotypes
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after duplicate genotyping. We observed fuzzy profile for
locus Ca-60 even after repeating several times and this
ambiguity was found to be consistent with all the sam-
ples forcing us to remove this locus from the initial set.
Thirty six samples produced consensus genotypes after
duplicate genotyping and analyzed for further analysis.

Genotyping errors and individual identification

The observed ADO (g;) and FA (g,) error rates were not
significant for any of the loci except for locus Ca-30 that
exhibited considerably high ADO error rate ie. 0.65
(Table 1). Thirty unique individuals were identified in
the multi-locus genotype dataset of 36 samples. Based
on six microsatellite loci, the estimated cumulative prob-
ability of identity assuming all individuals were siblings
(Pip sibs) was 0.009 (9 in 1000), while locus wise prob-
ability of matching genotypes among unrelated individ-
uals (P;p) and siblings (Pip sibs) varied from 0.30-0.04 to
0.60-0.30, respectively (Table 1). Prez et al. [30] observed
four loci out of 31 to be polymorphic in Arabian leop-
ards and yielded Pip sibs value of 0.56-0.80. The authors
established the applicability of four loci in individual
discrimination where the actual population size of the
area was only 10 individuals. Further, Mondol et al.
[31] have also suggested a combination of four loci with
Pp sibs value of 0.03 to be applicable in discriminating
among individuals from samples of common leopard
collected in human dominated landscape. Mills et al.
[32] recommended that Py less than 0.01 is necessary
for studies requiring population size estimation using
mark-recapture models and 0.001-0.0001 should be suffi-
ciently low for most law enforcement forensic applications
in natural populations. However, Waits et al [33] sup-
ported to use a threshold Py sibs value double than its
census size in a given area. Thus, our findings i.e. Prp sibs
0.009 with a combination of six microsatellites indicated
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sufficient discriminating power to ascertain individuals for
population estimation as compared to the previous studies.

Microsatellites polymorphism and genetic diversity

All six microsatellite markers were found to be poly-
morphic and estimates of genetic diversity are presented
in Table 1 (allelic data can be obtained upon request).
Altogether, 49 different alleles were observed over 30
unique individuals with mean (+ s.e.) allelic number of
8.17 £1.05, ranging from 5 to 11 per locus. The ob-
served number of alleles exceeded the effective number
of alleles for all the six loci. The PIC values for all six
loci except Ca-38 were found to be higher than 0.5 and
therefore 5/6 loci were found to be informative. Three
loci i.e. Ca-43, Ca-13 and Ca-18 showed lower to moder-
ate proportions of null allele frequencies while two loci
did not exhibit any signature for the presence of null al-
lele (a negative Fyyurp values for Ca-38 and Ca-42 imply
an excess of observed heterozygote genotypes). The ob-
served heterozygosity in the population ranged between
0.08 and 0.83, with mean 0.40 + 0.11 and expected het-
erozygosity ranged between 0.41 and 0.86 with mean
0.66 + 0.07. Thus the population showed a low genetic
diversity when compared to the other cervids - reindeer
(0.733), red deer (0.554), roe deer (0.465; Poetsch et al.
[34]), Chital deer (0.58; Gaur et al. [15]), Vietnamese sika
deer (0.40-0.70; The ‘venon et al. [35]), musk deer
(0.548-0.569; Guan et al. [36]). The Fig estimates for all
the six loci except Ca-38 and Ca-42 were found to be
positive and therefore majority of loci (4/6) indicated
heterozygote deficiency due to inbreeding with mean in-
breeding coefficient to be 0.38 + 0.15. This estimate was
considerably higher than the reported estimates in other
cervids - Vietnamese sika deer (0.11 to 0.27; The ‘venon
et al. [35]) and musk deer (0.317-0.357; Guan et al. [36].
However, the inbreeding estimates should be explained

Table 1 Genetic polymorphism of hangul population at Dachigam National Park, Kashmir over six microsatellite loci

Loci  Sample  Allele NL N2 H} HE PIC F§ P’ PE Pip sibs® Pip sibs'® el €2 R,
size range (W&Q) (locus) (cum) (locus) (cum)

Ca-30 25 281-309 6 253 008 062 053 087 23E-01 23E-01  5.1E-01 5.1E-01 065 000 0.77
Ca-38t 27 163-183 7 168 044 041 038 -0.08 3.8E-01 88E-02  64E-01 3.2E-01 0.00 0.04 -0.05
Ca-42 30 104-138 11 468 083 080 076 -004 73E02  64E-03  3.8E-01 1.2E-01 0.07 003 -0.04
Ca-43 25 225-253 11 378 044 075 072 042 87E-02  55E-04  40E-01 4.9E-02 0.11 000 026
Ca-13 24 205-233 9 626 042 086 082 051 44E-02  24E-05  34E-01 1.7E-02 000 000 033
Ca-18 20 126-138 5 209 020 053 047 063 2.8E-01 6.8E-06  5.6E-01 94E-03 0.14 008 043
Mean 817 35 040 066 061 038

+ SE 1.05 071 011 007 007 015

N?— observed number of alleles; Né— effective number of alleles; H%— observed heterozygosity; Hi- expected heterozygosity; PIC®- polymorphic information
content; F&- inbreeding coefficient index; P~ (locus)- probability of identity (locus); Pﬁ)— (cum)- probability of identity (cumulative); P sibs® (locus) - probability of
identity for sibs (locus); Pip sibs'® (cum)- probability of identity for sibs (cumulative); '~ allelic dropout rate; £}2- false allele rate; Fi3, - predicted frequencies of

null alleles.
1 indicates no deviation from HWE (P > 0.05).
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with caution as the microsatellites showing high propor-
tion of null alleles may influence the overall inbreeding
estimates and associated parameters [37]. We compared
genetic diversity estimates of hangul with Chital deer
[15] (all six microsatellites were adopted from this study)
and observed hangul population to display a large num-
ber of alleles with a wider size range on either side for
all the six microsatellites. Such allelic range variation in
the microsatellites is caused by the both contraction and
expansion repeat motifs among different species [38]. In
the present study, all loci except Ca-38 deviated to
Hardy—Weinberg equilibrium (HWE) (P < 0.05) and we
postulate heterozygote deficit and presence of null alleles
could be the reason of HWE departure [39]. Mutations
in one or both primer binding sites are the most often
causes of occurrence of null alleles. This problem is par-
ticularly common while transferring microsatellites
from one species to another using the same set of
primers. None of the pairs of loci showed significant
linkage disequilibrium except the pair of Ca-30 and Ca-
43 (P < 0.05). Heterozygosity of locus Ca-30 was found
to be offensive and the extremely low magnitude of ob-
served heterozygosity ‘close to zero’ was duly supported
by heterozygote deficiency due to large allele drop out
and the presence of considerably high frequency of null
allele (Table 1). We also recorded the fixation of one of
the two alleles in majority of the samples and therefore
present our concern to use this locus for population
genetic analysis with caution. However, the locus may
behave differently in other sympatric deer species as
reported by Gaur et al. [15].

Higher observed than expected heterozygosity for loci
Ca-38 and Ca-42 remained cryptic and this may be at-
tributed with the facts that the contribution of individual
breeding animals is not equal to the next generation, e.g
dominant males. In polygynous species such as hangul,
the dominant males have their specific territories leading
to meta-populations which certainly show allelic fre-
quency shift over generations. Logically, a single domin-
ant male may easily increase a particular set of alleles
among his progenies as it will be preferred for mating by
many of the female hangul deer in harems. Bebié and
McElligott [40] also produces the evidence that the ele-
vated aggression rate among female red deer in harems
during oestrous, is due to the competition for selection of
dominant male mates. Meaning thereby, a dominant male
may have high probability to mate with different females
in harems and may propagate his alleles to the subsequent
generations. However, we do not refuse the possibility of
stochastic or selection effects of being the elevated ob-
served heterozygosity estimates for loci Ca-38 and Ca-42.
For instance, a microsatellite locus may be near to (and so
in linkage disequilibrium with) a locus under selection
and hitchhiking effect can alter what we observed at these
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two microsatellites [41,42]. The most possible argument
of ruling-out hitchhiking effect that most selections act to
reduce diversity was not evidenced in our study.

Conclusions

This preliminary study showed that the hangul popula-
tion is considerably inbred and has a low genetic diver-
sity when compared to other deer populations of the
world. In particular, such losses of genetic diversity, re-
duced viability and fecundity due to inbreeding (inbreed-
ing depression) are of concern to the long term survival
of the species. We remained conservative in making
strong inferences due to small sample size and involving
only a few number of microsatellites. However, we
present the constitutive genetic attributes of hangul
population of Dachigam National Park that needs to be
followed by the inclusion of more microsatellites for
population monitoring of hangul in this area. We rec-
ommend the entire hangul population in and around
Dachigam National Park should be investigated further
in combination with a good sampling strategy to investi-
gate species biology (including patterns of genetic diver-
sity, relatedness and population connectivity) and to
prioritize the potential individuals retaining high hetero-
zygosity for conservation breeding program.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Mukesh conceived the idea, participated in its design and coordinated in
writing the manuscript. LKS and SAC collected samples. Mukesh carried out
PCR assays, genotyping, data analysis and wrote the manuscript. SS, SPG, LKS
and SAC assisted in improving the MS with their comments. VPK and NM
assisted in wet lab experiments. All authors read and approved the final
manuscript.

Authors’ information

Authors’ biography

Mukesh (Ph.D.) - Young Scientist affiliate at Wildlife Institute of India (WII),
Dehradun and engaged in the conservation genetics of Cheer Pheasant in
Himachal Pradesh, India. Lalit K. Sharma (Ph.D.) - Biodiversity Communication
Expert at Indian Council of Forestry Research and Education (ICFRE),
Dehradun, India. Samina A. Charoo (Ph.D.) — Research Officer at Department
of Wildlife Protection, Jammu & Kashmir, India. Ved P. Kumar and Nipun
Mohan (M.Sc.) are research scholars at WIl. SP. Goyal (Ph.D) and S.
Sathyakumar (Ph.D.) are senior wildlife biologists at Wil and involved in
strengthening wildlife conservation in India for over 25 years through
teaching, training and research.

Acknowledgements

Authors are thankful to Director, Dean and Research Coordinator, Wildlife
Institute of India, Dehradun for their help, encouragement and support. Our
sincere thanks are due to the Department of Wildlife Protection, Jammu &
Kashmir particularly Shri. A. K. Singh, Chief Wildlife Warden, Officials and field
staff for providing the necessary help and cooperation for the study. We
thank other field staff of Dachigam National Park. Dr. Mukesh heartily
acknowledges the support received from Dr. Han Jianlin (IAS-CAAS, China)
and Dr. Jennifer Seddon (University of Queensland, Australia) for kind
reviewing the earlier drafts of the present manuscripts.

Grant sponsor: Wildlife Institute of India, Dehradun.



Mukesh et al. BMC Research Notes 2013, 6:326
http://www.biomedcentral.com/1756-0500/6/326

Author details

"Wildlife Institute of India, Post Box # 18, Chandrabani, Dehradun 248 001,
Uttarakhand, India. “Indian Council of Forestry Research and Education, Post
Box # New Forest, Dehradun 248 006, Uttarakhand, India. 3Department of
Wildlife Protection, Government of Jammu & Kashmir, Srinagar 190 001,
Jammu and Kashmir, India.

Received: 13 December 2012 Accepted: 13 August 2013
Published: 16 August 2013

References

1.

13.
14.

20.

Grzimek B: Artiodactyla. Pp. 1-639 in S Parker, Ed. Grzimek's Encyclopedia of
Mammals, Vol. 5, 1st. Edition, New York: McGraw-Hill; 1990.

Schaller GB: Observation on Hangul or Kashmir stag (Cervus elaphus
hanglu). J Bombay Nat Hist Soc 1969, 66(1):1-7.

Charoo SA, Sharma LK, Sathyakumar S: Distribution and relative
abundance of Hangul (Cervus elaphus hanglu) in Dachigam national
park. Spanish Journal of Wildlife 2010, Galemys 22(n° especial):171-184.
Ahmad K, Sathyakumar S, Qureshi Q: Conservation status of the last
surviving wild population of Hangul or Kashmir red deer Cervus elaphus
hanglu in Kashmir, India. J Bombay Nat Hist Soc 2009, 106(3):245-255.
Gee EP: Report on the status of the Kashmir stag. J Bombay Nat Hist Soc
1965, 62(3):87-109.

Charoo SA, Nagash RY, Sathyakumar S: Monitoring of Hangul in Dachigam
landscape: March 2011: technical report. Dehradun: Department of Wildlife
Protection, J& Govt. and Wildlife Institute of India; 2011:27.

MoEF-India: Recovery programme for critically endangered species and habitat:
conservation chapter-2: annual report.; 2011-12:77. http://moef.gov.in:
accessed on 13 October 2012.

Ahmad K: Aspects of Ecology of Hangul (Cervus elaphus hanglu) in Dachigam
national park, Kashmir India: PhD thesis. Dehradun, India: Forest Research
Institute Deemed University; 2005.

Sharma LK, Charoo SA, Sathyakumar S: Habitat use and food habits of
Hangul (Cervus elaphus hanglu) at Dachigam national park. Spanish
Journal of Wildlife 2010, Galemys 22(n° especial):309-329.

Goodman SJ, Tamate HB, Wilson R, Nagata J, Tatsuzawa S, Swanson GM,
Pemberton JM, McCullough DR: Bottlenecks, drift and differentiation, the
population structure and demographic history of sika deer (Cervus
nippon) in the Japanese archipelago. Mol Ecol 2001, 10(6):1357-1370.
Kuehn R, Schroeder W, Pircher F, Rottmann O: Genetic diversity, gene flow
and drift in Bavarian red deer populations (Cervus elaphus). Conserv Genet
2003, 4:157-188.

Coulson T, Guinness F, Pemberton J, Clutton-Brock T: The demographic
consequences of releasing a population of red deer from culling. Ecology
2004, 85:411-422.

Frankham R: Genetics and extinction. Bio/ Conserv 2005, 126:131-140.
Mukesh, Fernandes M, Jianlin H, Sathyakumar S: Genetics driven
interventions for ex situ conservation of red junglefowl (Gallus gallus
murghi) populations in India. Zoo Biol 2013. http://onlinelibrary.wiley.com/
doi/10.1002/200.21081/abstract.

Gaur A, Singh A, Arunabala V, Umapathy G, Shailaja K, Singh L:
Development and characterization of 10 novel microsatellite markers
from Chital deer (Cervus axis) and their cross-amplification in other
related species. Mol Ecol Notes 2003, 3:607-609.

Thakur M, Rai ID, Mandhan RP, Sathyakumar S: A panel of polymorphic
microsatellite markers in Himalayan monal Lophophorus impejanus
developed by cross-species amplification and their applicability in other
Galliformes. Eur J Wildl Res 2011, 57:983-989.

Mukesh, Javed R, Gaur U, Jianlin H, Sathyakumar S: Cross species
applicability of chicken microsatellite markers for investigation of
genetic diversity of Indian duck Anas platyrhynchos populations. Afri J
Biot 2011, 10(76):17623-17631.

Mukesh, Sathyakumar S: Eighteen polymorphic microsatellites for
domestic pigeon Columba livia var. domestica developed by cross
species amplification of chicken markers. J Genet 2011, 90:286-e89.

ESRI: ArcGIS desktop: release 10. Redlands, CA: Environmental Systems
Research Institute; 2011,

Bellemain E: Genetics of the Scandinavian brown bear (Ursus arctos):
implications for biology and conservation: PhD thesis. France: Agricultural
University of Norway, Norway and Université Joseph Fourier; 2004.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 6 of 6

Pompanon F, Bonin A, Bellemain E, Taberlet P: Genotyping errors: causes,
consequences and solutions. Nat Rev Genet 2005, 6:847-859.

Johnson PCD, Haydon DT: Maximum-likelihood estimation of allelic
dropout and false allele error rates from microsatellite genotypes in the
absence of reference data. Genetics 2007, 175:827-842.

Wilberg MJ, Dreher BP: GENECAP: a program for analysis of multilocus
genotype data for non-invasive sampling and capture-recapture
population estimation. Mol Ecol Notes 2004, 4:783-785.

Peakall R, Smouse PE: GenAlEx 6.5: genetic analysis in Excel. Population
genetics software for teaching and research-an update. Bioinformatics
2012, 28:2537-2539.

Yeh FC, Yang RC, Boyle TBJ, Ye ZH, Mao Judy X: POPGENE version 1.32, the
user-friendly shareware for population genetic analysis, Molecular biology and
biotechnology centre. Canada: University of Alberta; 1999. http://www.
ualberta.ca/fyeh/.

Kalinowski ST, Taper ML, Marshall TC: Revising how the computer program
CERVUS accommodates genotyping error increases success in paternity
assignment. Mol Ecol 2007, 16:1099-1106.

Guo SW, Thompson EA: Performing the exact test of Hardy-Weinberg
proportion for multiple alleles. Biometrics 1992, 48:361-372.

Raymond M, Rousset F: GENEPOP: population genetics software for exact
tests and ecumenicism. J Hered 1995, 86:248-249.

Weir BS, Cockerham CC: Estimating F-statistics for the analysis of
population structure. Evolution 1984, 38:1358-1370.

Perez |, Geffen E, Mokady O: Critically cndangered Arabian leopards
Panthera pardus nimr in Israel: estimating population parameters using
molecular scatology. Oryx 2006, 40:295-301.

Mondol S, Navya R, Athreya V, Sunagar S, Selvaraj VM, Ramakrishnan U:

A panel of microsatellites to individually identify leopards and its
application to leopard monitoring in human dominated landscapes.
BMC Genet 2009, 10:79.

Mills LS, Citta JJ, Lair K, Schwartz M, Tallmon D: Estimating animal
abundance using non-invasive DNA sampling: promise and pitfalls.
Ecol Appl 2000, 10:283-294,

Waits LP, Luikart G, Taberlet P: Estimating the probability of identity
among genotypes in natural populations: cautions and guidelines.

Mol Ecol 2001, 10:249-256.

Poetsch M, Seefeldt S, Maschke M, Lignitz E: Analysis of microsatellite
polymorphism in red deer, roe deer, and fallow deer-possible
employment in forensic applications. Forensic Sci Int 2001, 116:1-8.
Thuy LT, Ly LV, Maudet F, Bonnet A, Jarne P, Maillard JC, The 'venon S:
Microsatellite analysis of genetic diversity of the Vietnamese Sika deer
(Cervus nippon pseudaxis). J Hered 2004, 95:11-18.

Guan T, Zeng B, Peng Q, Yue B, Zou F: Microsatellite analysis of the
genetic structure of captive forest musk deer populations and its
implication for conservation. Biochem Syst Ecol 2009, 37(3):166-173.
Chybicki 1J, Burczyk J: Simultaneous estimation of null alleles and
inbreeding coefficients. J Hered 2009, 100(1):106-113.

Prasad MD, Muthulakshmi M, Madhu M, Archak S, Mita K, Nagaraju J: Survey
and analysis of microsatellites in the silkworm, Bombyx mori: frequency,
distribution, mutations, marker potential and their conservation in
heterologous species. Genetics 2005, 169:197-214.

Pemberton JM, Slate J, Bancroft DR, Barret JA: Non amplifying alleles at
microsatellite loci: a caution for parentage and population studies.
Mol Ecol 1995, 4:249-252.

Bebié N, McElligott AG: Original investigation female aggression in red
deer: does it indicate competition for mates? Mamm biol 2006,
71(6):347-355.

Maynard-Smith J, Haigh J: The hitchhiking effect of a favorable gene.
Genet Res 1974, 23:23-35.

Kaplan NL, Hudson RR, Langley CH: The ‘hitchhiking effect’ revisited.
Genetics 1989, 123:887-899.

doi:10.1186/1756-0500-6-326

Cite this article asvlukesh et al.: Loss of genetic diversity and inbreeding
in Kashmir red deer (Cervus elaphus hanglu) of Dachigam National Park,
Jammu & Kashmir, India. BMC Research Notes 2013 6:326.



http://moef.gov.in
http://onlinelibrary.wiley.com/doi/10.1002/zoo.21081/abstract
http://onlinelibrary.wiley.com/doi/10.1002/zoo.21081/abstract
http://www.ualberta.ca/fyeh/
http://www.ualberta.ca/fyeh/

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Sample collection and DNA isolation
	Polymerase chain reaction and microsatellite genotyping
	Assessment of genotyping error and individual identification
	Assessment of genetic diversity and extent of inbreeding

	Results and discussion
	Genotyping errors and individual identification
	Microsatellites polymorphism and genetic diversity

	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

