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Abstract

Aim: To study the genome profile of Chital deer (A.axis) by microsatellite markers using faecal DNA & to assess its usefulness
as non invasive method of genotyping.
Materials and Methods: DNA was isolated from 44 animals from faeces and blood, out of which 26 (3 from blood and 23
from faeces) were subjected for genotyping. The PCR products of all the ten microsatellite loci were subjected to 6 % UreaPAGE to differentiate allelic size.
Result: Total 57 alleles and 49 genotypes were found with their frequencies ranging from 0.022 to 0.457 and 0.043 to 0.696
respectively. The observed number of alleles ranged from 4 -8, (Av. = 5.7 per locus). The PIC and Shannon's information index
values for all loci ranged between 0.6645 to 0.8270 (Av. = 0.7442 per locus) and 1.1870 to 1.8852 (Av. = 1.5122 per locus)
respectively.
Conclusion: Faecal DNA can be effectively used in genotyping wild animals, however the method and time of collection &
storage as well as the type of faecal material largely influences the quality & quantity of DNA.
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Introduction

Spotted deer or commonly called as “Chital” are
one of the most common wild herbivore found in
forests of India. The chital deer (Axis axis), also called
the Indian spotted deer and the Axis deer, is native to
India and Sri Lanka and does not have any special
conservation status (Schedule III of Indian Wildlife
Protection Act, 1972) and is listed as Least Concern
(LC) in the IUCN Red List of threatened species [1].
Being so ubiquitous this deer species can act as a model
organism for conservation genetic as well as wildlife
forensic studies. Till date, there are very few studies on
molecular genetics of chital deer in India. Recently, ten
novel microsatellite markers were identified in chital
deer and tested for their cross species amplification in
other cervids in a captive population by Gaur et al. [2].
In the current study we used ten microsatellite loci, as
described by Gaur et al. [2], in a free ranging, semicaptive population of chital deer. Microsatellites have
become the genetic markers of choice for many kinds
of molecular applications and they have found their
extensive use in conservation biology too, including
species identification [3], analysis of population
structure [4] and dispersal patterns [5], to estimate
genetic variability and inbreeding [6], for sex
determination [7], for tracking alleles through a
population [8] and individual identity and estimation of
degree of relatedness between populations or pairs of
individuals [9,10].
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Microsatellite marker provides an advantage in
conservation studies as they are relatively easy to
genotype and they require a very less amount of DNA
that can be isolated from epithelial cells sloughed off in
saliva [11], urine [12] or faeces [13]. Hence, non
invasive techniques like utilizing faecal DNA to study
the genetic architecture of wild animal population
using microsatellite markers has become the backbone
of conservation biology, these methods have found
promising role in genetic monitoring [14], study of
habitats [15], detection of rare and cryptic species [16],
effect of human interventions on wild animal
population [17] and genetic monitoring of founder
population [18]. In this study we have targeted a semi
captive population of chital deer which is found in a
natural enclosure of a small protective area, the DNA
was isolated from two sources, firstly from blood of the
animals that were brought to the nearest wildlife center,
Center for Wildlife Forensic and Health (CWFandH,
Jabalpur) for treatment and from faeces of the animals
collected from the protected area. Then, the appropriate
DNA samples were subjected to microsatellite
genotyping to study the genome profile and estimate
the population genetic parameters of the targeted chital
deer population.
Materials and Methods
Study area: Experimental material for this study
comprised of DNA isolated from blood and faeces of
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Table-1. Population genetic parameter for each microsatellite marker in studied chital deer (axis axis) population
Locus

Ta (oC)

Product Size (bp)

K

ne

He

PIC

I

FIS

Ca13
Ca18
Ca30
Ca38
Ca42
Ca43
Ca60
Ca67
Ca71
Ca75
Mean
St. Dev.

58
56
56.3
57
58
61
59
55.4
64
46.3

210 – 252
139 – 155
290 – 350
215 – 250
198 – 254
255 – 300
252 – 320
189 – 222
261 – 310
190 - 215

6
5
4
5
8
6
8
5
6
4
5.7
1.4181

4.1654
3.6736
3.0142
3.8755
5.7814
4.4083
3.8473
3.9925
4.7658
2.9803
4.0504
0.8223

0.7768
0.7440
0.6831
0.7585
0.8454
0.7903
0.7565
0.7662
0.8077
0.6792
0.7608
0.0511

0.7599
0.7278
0.6682
0.7420
0.8270
0.7732
0.7401
0.7495
0.7902
0.6645
0.7442
0.0500

1.5794
1.43
1.2111
1.4738
1.8852
1.6156
1.6133
1.491
1.6358
1.187
1.5122
0.2068

-0.3159
-0.3740
-0.4965
-0.3478
-0.2091
-0.2934
-0.3512
-0.3342
-0.2656
-0.5050
-0.3319
0.0796

Ta is Annealing temperature in OC, K is number of alleles, ne is the effective number of alleles, He is expected heterozygosity, FIS is Wright's
(1978) fixation index as a measure of heterozygote deficiency or excess, PIC is Polymorphic information content, I is Shannon information
index.

chital deer, the samples were collected from CWFandH,
Madhya Pradesh Pashu Chikitsa Vigyan Vishwa
Vidyalaya (MPPCVV), Jabalpur, and Dumna Nature
Reserve, Jabalpur, M.P., India.
Sample collection: The samples were collected within
an hour of defecation, stored on ice then brought to the
lab and stored at -21oC and processed rapidly. DNA
from total 44 chital deer was isolated out of which 26
DNA samples (3 from blood and 23 from faeces)
showed optimum quality and quantity and were
subjected for further genotyping.
DNA isolation: DNA isolation from blood was carried
out by using method described by John et al. [19]. DNA
from freeze dried faeces was isolated by using QIAamp
DNA stool mini kit (Qiagen, Germany) as per
manufacturer's instruction with little modifications.
The modifications include, crusing the faeces in liquid
nitrogen to make it finely powdered then adding double
the amount of lysis buffer (supplied with kit) as well as
addition of 0.5% Triton X 100 and then incubation at
37oC for about 2 -4 hr. in a water bath after thorough
vortexing, and keeping the tubes in horizontal position
for atleast 15 min with a little mixing in between during
the addition of InhibitEX tablet. Proteinase K (25
mg/µl) was prepared fresh just before the DNA
isolation.
Quality and quantity check of DNA: The DNA was
subjected to 0.8% agarose gel electrophoresis to assess
its quality; the concentration of DNA in samples was
obtained from Nanodrop spectrophotometer (ND 1000). The average quantity of DNA from blood
ranged from 250ng/µl to 1220.7 ng/µl (OD 260/280 –
1.7-1.9), this DNA also served as a positive control,
DNA from faeces was of relatively poor quality and
quantity ranging from 25 ng/µl to 117 ng/µl (OD
260/280 – 1.6-1.8).
PCR amplification and urea denaturing PAGE: Ten
primers specific for microsatellite loci in Chital deer as
described by Gaur et al. [2] were used in the current
study. A typical PCR cycle consisted of initial denaturation at 94°C for 10 min., denaturation at 94°C for 30
s, annealing 46.3°C to 64°C for 30 s, extension at 72°C
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for 1 min. the cycle was repeated for 30 times, then
final extension at 72 °C for 5 min. The PCR products
obtained were then subjected to 4 % agarose gel
electrophoresis for preliminary analysis and then on 6
% Urea – PAGE for size differentiation between the
alleles [20]. The PAGE products were visualized by
silver nitrate staining following the procedure of
Gustavo and Gresenhoff [21].
Results

The microsatellite analysis was done using Popgene
v1.32 [22]. Total 57 alleles and 49 genotypes were
found with their frequencies ranging from 0.022 to
0.457 and 0.043 to 0.696 respectively. The observed
number of alleles ranged from 4 -8, (Average = 5.7 per
locus). Maximum number of alleles i. e., eight were
seen on loci Ca42 and Ca60. The PIC values for all loci
ranged between 0.6645 to 0.8270 (Av.= 0.7442 per
locus). The observed homozygosity was zero and the
observed heterozygosity was one. Expected homozygosity and expected heterozygosity parameters varied
between 0.1546 to 0.3208 (Av. = 0.2392) and 0.6792 to
0.8454 (Av.= 0.7608). The values of Shannon's
information index were also calculated that ranged
between 1.1870 to 1.8852 with an average of 1.5122
per locus (Table 1: Population genetic parameter for
each microsatellite marker in studied chital deer (axis
axis) population). FIS values ranged from – 0.2091 to –
0.5050 (Av. = - 0.3319). Chi square value revealed that
all the loci significantly (P > 0.05) deviated from Hardy
– Weinberg equilibrium.
Discussion

The results of gene and genotype frequency and
heterozygosity parameters were found to be in
concordance with those of Gaur et al. [2] in spotted
deer. The heterozygosity level of microsatellite varies
from species to species and sometimes within species.
The heterozygosity and number of alleles determine its
polymorphic information content and the polymorphic
nature of microsatellite markers makes them marker of
choice in characterization and genetic diversity
studies. The PIC obtained in the present study was
about 0.7442 per locus which was not significantly
84
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higher than those of certain other ungulates (0.71 in
spotted deer [2], 0.81 in musk deer [23], 0.73 in forest
musk deer [24]).
We did not detect a single homozygote in the
current study which explains the negative FIS values
that are obtained and signifies an excess of heterozygotes in the population this might have occurred due
to small sample size and scattered nature of the studied
population. In the current study we utilized faecal DNA
as the source for genotyping wild animals. Utilizing
faecal DNA is advantageous as it is non invasive and
does not require handling and restraining of wild
animals. Sample storage and processing are the major
factors determining the quality and quantity of faecal
DNA [25,26], however the season of collection also
determines the quality [27], especially in Indian
conditions, in general, samples collected in summer
season showed a poor response to DNA isolation
protocol. Non invasive genotyping is much easier in
animals with bulk faeces like elephants [28], apes [29]
and brown bears [30], but it is much more difficult in
animals having pellet type of dry faeces like those of
deer family.
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5.
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7.

8.

Conclusion

In this study, we used DNA from two sources for
microsatellite genotyping, blood and faeces. As
expected, faecal DNA showed a poor quality and
quantity, this might have occurred as we didn't used any
preservative for faecal samples. Retention of faecal
inhibitors is a common problem and hence multiple
copies are to be set up in PCR. The microsatellite
analysis revealed high degree of polymorphism among
the studied loci in the targeted population. There was
no homozygote individual found, it might be because
the population is not entirely closed and there is
continuous movement of animals in and out of protected
area as well as the small population size included in the
study. Faecal DNA can become a good source of
genomic DNA in wild animals, although time of
collection, type of preservative [31] used and processing
steps do affect the quality and quantity of DNA.
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