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ABSTRACT
Gender identiﬁcation of wild ungulates is imperative and critical, particularly for juveniles. Accurate
gender determination is important for studying ecology and conservation biology. Therefore, a simple
molecular technique, that is precise with non-invasive sampling approaches such as faeces, would be
valuable. In the present study a set of molecular markers was developed exploiting the AMLx/y gene
to assess gender of Punjab urial population in Kala Bagh, using faecal samples as the DNA source. In
our study, among 92 urial samples, 54 (58.69%) were identified as female samples, 34 (36.95%) were
recognized as males while for remaining 4 (4.34%) samples there was no amplification, resulting in their
gender not being able to be assessed. This non-invasive sampling technique accurately identiﬁes gender
and has importance in developing conservation application for Punjab urials as well as equally applicable
to other wild ungulates.

P

unjab urial (Ovis vignei punjabiensis), a wild sheep, is
endemic to Northern Punjab, Pakistan and categorized
as vulnerable by IUCN Red List of Threatened Species.
The urial population has declined by 30% over the last
three generations (Valdez, 2008). It is facing severe
hunting and poaching pressure and hence striving for its
survival (Awan et al., 2006; Khan et al., 2015). Gender
determination is an important component offering
essential information to manage populations to avoid their
extinction (Taberlet et al., 1993). Several studies have
been reported to estimate population structure of urials
(Awan et al., 2004; Habiba et al., 2015; Khan et al., 2015).
Some previous studies suggest equal ratio of males and
females in Kala Bagh Game Reserve (Schaller, 1977)
while another study (Awan, 2006) reported a female-biased
gender ratio in all areas of its population in Salt Range
Punjab. A female-biased gender ratio is may be because
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of the selective harvesting of males for trophies. Hunting
is strongly biased towards males with large horns and has
an important impact on population structure. Male lambs
also fetch a higher price than female lambs. Such studies,
based upon observations may biased public opinion on the
matter and require scientific validations (Shahzad et al.,
2012).
Non-invasive genetic sampling has gained popularity
and opened new avenues in conservation genetics. Faecal
sampling is becoming widely used by offering ease in
collection, potential for getting big sample sizes, and
least disturbance to the target species. Such sampling may
include faeces (Reed et al., 1997), hair (Taberlet et al.,
1997) and sloughed skin (Claphaml et al., 1993; Richard
et al., 1994) as a source of DNA. Non-invasive sampling
gathers data without capturing, handling or otherwise
physically restraining individual animals.
Various molecular markers are being used for gender
determination in mammals based on PCR. In mammals, the
gender-determining Zfx/y, SRY and AMLx/y genes have
been used to distinguish the gender. A marker preferred
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for gender identification from non-invasive samples must
meet size restrictions forced by degraded DNA (Brinkman
and Hundertmark, 2009).
The present study was designed for gender
identification of Punjab urials through a non-invasive
sampling technique in Kala Bagh Game Reserve,
Mianwali. We designed markers against the AMEx/y gene
to estimate the gender ratio in the area.
Materials and methods
The faecal samples were collected in several field
tours between April 2016 and May 2017 from Kala
Bagh Game Reserve, District Mianwali. The faecal
samples were collected from the ground rather than direct
collection from the rectum. Initially the samples were
collected in sterilized falcon tubes containing 90% ethanol
and transferred to the working laboratory where they were
further shifted in silica gel for prolonged storage. A total of
92 samples of urials were used for gender determination.
Positive control faecal samples of Punjab urials (both
male and female) were collected from Lahore Zoological
Gardens, required for standardization of procedures and
comparison of results.
DNA isolation was performed with a starting material
of 20mg of each faecal sample. DNA extractions were
conducted using commercial Gene All Exgene Stool SV
Kit following the manufacturer’s instructions. The DNA
extracts were eluted in a total volume of 150µl. Blank
extractions were also performed to monitor possible
contaminants during the extraction process. The DNA
samples of urials, were then amplified using primers
designed for this study against the AMLx/y gene (URI_
AML_F: 5′- CAGCCAAACCTCCCTCTGCC -3′, URI_
AML_R: 5′- TTGGTCTTGTCTGTTGCTGGCCA-3′).
The PCR reactions were conducted in a total volume of
25 µl reaction using 0.2 mM dNTPs, 1X PCR buffer, 2
mM MgCl2, 0.2µM of each forward and reverse primer,
2µl of DNA extract and 1U Thermo Scientific™ Taq DNA
Polymerase. Ampliﬁcations were performed in a Bio-Rad
thermocycler with an initial denaturation at 95°C for 5
min, followed by 45 cycles at 94°C for 30 s (denaturation),
64°C for 30 s (annealing) and 72°C for 45 s (extension)
followed by final extension at 72°C for 5 min. Positive and
negative controls were also used in all reactions to monitor
validation of results. The replicate amplifications (three)
were also performed for all reactions for comparison. PCR
products were then run on 2.5% agarose gel to visualize
the results.
The amplified PCR products were purified by Gene
All Exp in Gel SV kit according to the manufacturer’s
instructions before sequencing. The PCR products were
then subjected to sequencing using an ABI 3130 Genetic

Analyzer. The sequencing results were analyzed by
aligning the sequencing data with reported sequences of
Ovis aries using Bio Edit Sequence Alignment Editor
Version 7.2.5. Only positive controls and two samples
one male and one female samples were sequenced for
confirmation. The designed protocol does not require
sequencing of all samples except for standardization of
protocol, as gender can be differentiated by performing gel
electrophoresis only.
Results and discussion
The results of gender-specific primers showed that
among 92 urial samples, 54 (58.69%) were identified as
female samples, 34 (36.95%) were recognized as males
while for the remaining 4 (4.34%) samples there was no
amplification: this could be because of poor quality and
quantity of DNA. All samples were designated as male
and female by taking consensus of banding pattern in each
of the replicates of the samples using the designed primer
set. Female samples produced a single band (~250bp)
while males produce double bands (~195bp and ~255bp)
consistently (Fig. 1). A previous study (Awan, 2006)
reported that the male/female adult gender ratio was close
to unity (89:100) but in our study it was biased towards
females (1.5).

Fig. 1. PCR results of PCR products of AMEL gene from
control positives and samples. Lane M: 100bp DNA
marker, Lane 1: Control negative, Lane 2: Male control
positive, Lane 3: Female control positive, Lane 4: Female
sample, Lane 5: female sample, Lane 6: Male sample, Lane
7: Female sample, Lane 8: Male sample, Lane 9: Female
sample, Lane 10: Female sample, Lane 11: Female sample.

Moreover, the difference in product length of X and Y
alleles presents a suitable and effective method for gender
differentiation using even low-quality DNA by agarose
gel electrophoresis. The application of the procedure will
offer the ﬁrst chance to assess the gender ratio of Punjab
urial in Kala Bagh Game Reserve, District Mianwali using
molecular techniques. Our approach indicates that the
protocol can be successfully performed using non-invasive
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genetic sampling. The technique used is robust for gender
determination of Punjab urial population to get an idea
about population dynamics of the wild sheep. The same
procedure can be used for gender determination of other
urial sub species (Ovis vegnei vegnei and Ovis vegnei
blanfordi) endemic in Pakistan. Although these primers
have not been practically used for gender determination of
other ungulates, it is certainly likely to work for them. The
BLAST results have shown a strong resolution power of
the primers, possibly being able to amplify DNA in other
ungulate species. The method described here can also
equally apply to both young and adult animals in gender
determination. The problems associated with the gender
determination, based upon morphological characters, such
as horn length and style may now be overcome through the
proposed approach, thus overcoming the biases of either
relying on public opinion or physical counting.
Conclusion
Gender identification via non-invasive sampling is of
primary importance in conservation genetics. The present
study presents a reliable, accurate, reproducible and
efficient procedure to identify the gender of Punjab urials
from non-invasive samples. Although only a single species
was tested in this study, the BLAST results demonstrate
that the designed primers are efficient for other ungulate
species as well. This system can be applied to other
threatened ungulates species to improve the reliability of
gender-ratio and population-size estimates based on noninvasive samples.
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