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Abstract. Asrori |, Tjong DH, Novarino W, Mansyurdin, Syaifullah, Roesma DI. 2023. DNA primer design for sex identification of
Sumatran tiger body samples. Biodiversitas 24: 241-249. Many reports of cases of illegal trade in animal body parts have resulted in
more and more samples of animal body parts being seized. Seized sample from illegal trade needs to be identified with the help of
molecular methods to ensure the profile of the seized samples including the determination of their sex. At the molecular level,
amelogenin gene amplifications are used to determine the sex of mammals. Previous studies using primers for amelogenin gene
amplification found that amelogenin X (AMELX) and amelogenin Y (AMELY) bands in male samples were difficult to distinguish due
to very small differences, 20 base pairs (bp). The difficulty of distinguishing these bands resulted in errors in detecting male and female
individual samples. Therefore, it was to design a more specific primer as a way to avoid this error. The purpose of this study was to
design a DNA primer for the sex identification of the Sumatran tiger (Panthera tigris sumatrae Pocock, 1929). The research was carried
out using descriptive methods and molecular observation of the AMELX and AMELY Sumatran tiger sequences. The primer design
results in this study were 100% able to identify the sex of the Sumatran tiger sample. The present primer design (F= 5’
TCGGTTAACAATTCCCTGGGC’3 and R= 5’AGGCCAAATAGGAGTGTGCT’3) is more specific than the primers previously

reported.

Keywords: Design primer, gen amelogenin, intron, Panthera tigris sumatrae, specific primer

INTRODUCTION

The Sumatran tiger is one of nine tiger subspecies
(Seidensticker et al. 1999). There used to be three tiger
subspecies in Indonesia, but, the Javan tiger (Panthera
tigris sondaica Temminck, 1844) and the Balinese tiger
(Panthera tigris balica Schwarz, 1912), became extinct in
the 1940s and 1980s (Xue et al. 2015). The Sumatran tiger
(Panthera tigris sumatrae Pocock, 1929) is an endangered
species on the IUCN (International Union for Conservation
of Nature) Red List. Although there are already
international laws and regional regulations on tiger parts
trade, poaching, and illegal activities, many cases continue
to this day (Goodrich et al. 2015).

The increasing demand for Sumatran tiger body parts
and cases of habitat destruction were the main causes of the
decline in tiger numbers during the twentieth century.
Therefore, monitoring the population of this species is very
important. Sex ratio information is important to provide
information for animal conservation and management
(Joshi et al. 2019). The sex ratio is important to obtain
information on the estimated number of males and females
caught in illegal hunting, and to estimate the Sumatran tiger
population in ecological studies (Colorado et al. 2012).

Identification of the sex of an adult Sumatran tiger can
be determined by direct observation. However, often the
results of confiscations from illegal trade are only body
parts in the form of nails, flesh, skin, hair, bones, and other

biological materials (Kamarcharya et al. 2018). Therefore,
it is necessary to carry out a comprehensive examination to
ascertain the profile of the confiscated samples, which are
thought to be part of the Sumatran tiger. DNA molecular
marker is one of the methods to identify separate from the
animal’s bodies. Previous research using molecular
methods to identify body part samples, among others, was
reported by Ashrifurrahman et al. (2019) that there is a
specific site on the 23rd sequence nucleotide base of the
COl gene, and then Ashrifurrahman et al. (2022) reported
that the COI gene can be used as a marker to identify
Sumatran tiger samples. Molecular sex identification can
be done by amplifying the amelogenin gene
(Gokulakrishnan et al. 2012; Farahvash et al. 2016; Dutta
et al. 2017). The amelogenin gene is used for molecular sex
identification in mammals. Electrophoresis results from the
amplification of the amelogenin gene, indicated by two
bands in the male sample, and one band in the female
sample (Ahmad et al. 2021; Lucas et al. 2022).

Sex identification of the Sumatran tiger based on the
amelogenin gene using primers from Pilgrim et al. (2005)
has also been reported by Asrori et al. (2022). Asrori et al.
(2022) reported that the results of the sex identification of
the Sumatran tiger based on Pilgrim et al. (2005) showed
that the amelogenin gene amplification bands on the X and
Y chromosomes in male samples were difficult to
distinguish. the difficulty to distinguish AMELX and
AMELY bands due to the difference in the length of the



242 BIODIVERSITAS 24 (1): 241-249, January 2023

DNA produced only 20 bp (214 bp and 194 bp). The
problem of distinguishing these bands results in errors
when detecting male and female individual samples. So, it
is necessary to design a more specific primer as a way to
avoid this error.

The factors that must be considered in designing
primers are primer length, melting temperature (Tm),
primer annealing temperature (Ta), number of GC bases,
and specificity or uniqueness (Ye et al. 2012). Reports on
AMELX and AMELY sequences in several mammalian
species indicate that there are differences in the sequences
of the AMELX and AMELY introns (Pilgrim et al. 2005;
Das et al. 2019; Kawasaki et al. 2020; Lohay 2020; Ahmad
et al. 2021). It can be concluded that the sequence of the
amelogenin Y intron gene in each animal species is
different. Therefore, it was possible to design specific
primers for the sex identification of the Sumatran tiger.

MATERIALS AND METHODS

Sample collection

The sample in this study consisted of ten blood samples
from individuals of the Sumatran tiger (P. t. sumaterae)
whose sex was known (four males and six females). So that
there is no doubt in the application for sex identification of
seized samples in the future. The use of blood samples
aims to speed up the isolation process and get better results
because blood samples have a higher concentration of
DNA. Blood samples were collected by veterinarians at
Sumatran tiger individuals who were rehabilitated at the
Dharmasraya Sumatran Tiger Rehabilitation Center (PR-
HSD).

Procedures
DNA isolation and Polymerase Chain Reaction (PCR)
DNA isolation was carried out from Sumatran tiger
blood following the Invitrogen DNA Isolation KIT
protocol. The results of DNA isolation were stored at -
20°C for further analysis. The results of the DNA isolation
were then electrophoresed on a 1.2% agarose gel. The PCR
process targets the amelogenin gene sequence based on
Pilgrim et al. (2005) (F 5 CGAGGTAATTTTTCT
GTTTACT 3; R 5" GAAACTGAGTCAGAGAGGC 3.
The temperature PCR process refers to Pilgrim et al. (2005)
and is modified by Asrori et al. (2022). The PCR reaction
with a total volume of 25 pL, by mixing 12.5 uL. of GoTaq
green supermix, 9.5 pL of nuclease free water, 1 pL
forward primer, 1 pL reverse primer, and 1 ul. DNA
isolation. Predenaturation was carried out at 95°C for 3
minutes, then denaturation was carried out at 95°C for 30
seconds, and after that annealing at 48°C for 60 seconds
and 72°C for 25 seconds. The final extension was carried
out at 72°C for 5 minutes. The amplification process with
this PCR machine runs for 35 cycles. The results of the
PCR will be visualized and analyzed by 3% agarose gel
electrophoresis.

Gel extraction and sequencing

AMELX and AMELY DNA were extracted from male
Sumatran tiger samples using gel extraction. The QlAquick
Gel Extraction Kit protocol was followed for gel
extraction. The extraction results were visualized on a 3%
agarose gel. After the AMELX and AMELY DNA were
separated, the AMELX and AMELY nucleotide base
sequencing was carried out.

Sequencing

DNA amplification products (DNA amplicon) from the
PCR process were sent to Firstbase Company Singapore to
be purified and used as samples in nucleotide sequencing
(DNA sequencing) reactions.

Primer design

The primer design was carried out using PrimerBlast
software (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/), with reference to Ye et al. (2012). The primer
design was based on an analysis of the Sumatran tiger
amelogenin gene sequence. Then, also one pair of primers
based on the alignment results of the Sumatran tiger
amelogenin sequences. After that, the most qualified
primer was selected.

Specificity and efficiency test of design results with PCR
primer

Specificity and efficiency test of primers designed by
PCR using DNA isolates from nine Sumatran tiger blood
samples (Table 1). The PCR reaction was performed with
the composition of Supermix Bioline 12.5 pL, Nuclease
free water 3.5 pL, forward primer 3 pL, reverse primer 3
pL, and DNA isolation results in 5 pL. Predenaturation was
carried out at a temperature of 95°C for 15 minutes, then
denaturation was carried out at a temperature of 94°C for
30 seconds. After that, annealing was carried out at a
temperature that was in accordance with the results of
temperature optimization using gradient PCR for 60
seconds and elongation at 72°C for 60 seconds. The last
cycle, the final extension, was carried out at 72°C for 10
minutes. The amplification process with this PCR machine
runs for 45 cycles. The results of the PCR will be
visualized and analyzed by 3% agarose gel electrophoresis.

Table 1. Sumatran tiger blood samples

Sample code Sex
HS01 Male
HS02 Male
HS03 Male
HS04 Male
HS05 Female
HS06 Female
HS07 Female
HS08 Female
HS09 Female




ASRORI et al. — Design primer for sex identification 243

Data analysis

The data from the sequences were contiguous using the
SeqMan software, and the contiguous sequences were
aligned with the comparison sequences from GenBank
(https://www.ncbi.nlm.nih.gov/)  using the  BioEdit
program. Variations in nucleotide bases between Sumatran
tiger amelogenin gene sequences and comparison
sequences indicate that the amelogenin gene can be used as
a specific molecular marker.

RESULTS AND DISCUSSION

Polymerase Chain Reaction (PCR)

The results of amplification of the amelogenin gene in
Sumatran tiger nuclear DNA using forward primer 5'
CGAGGTAATTTTTCTGTTTACT 3' and reverse primer
5 GAAACTGAGTCAGAGAGGC 3' (Pilgrim et al. 2005)
with an annealing temperature of 48°C are shown in Figure
1. Two DNA bands for male samples measuring
approximately 190 bp and 210 bp and one DNA band for
female samples measuring approximately 210 bp, were
identified using a 50 bp DNA ladder comparator (Figure 1).

Sumatran tiger amelogenin gene sequence variations
with comparative sequences

Before designing a specific primer, it is necessary to
know the sequence of the Sumatran tiger amelogenin gene
variation. The results of the alignment of the Sumatran
tiger amelogenin gene sequences, with the comparison
amelogenin gene sequences are shown in Figure 2. The
alignment results showed that there were many differences
(variations) in the nucleotide base sequences for the
Sumatran tiger AMELX and AMELY sequences with 18
comparison sequences from different families (Figure 2).
The alignment of the amelogenin gene sequences in nine
Sumatran tiger samples had many similarities (Figure 2).

Primer design
The Sumatran tiger sample AMELY sequence with
code HSO1Y represents all Sumatran tiger AMELY

2001373

100bp

194 bp

samples. The designed primer is expected to amplify about
150 bp of the Sumatran tiger AMELY sequence. The
results of the primer design using PrimerBlast on the NCBI
site obtained 10 primer candidates for AMELY and also
one pair of primers based on the alignment results of the
Sumatran tiger amelogenin sequences (Table 2). The
eleven primer candidates were then re-selected according
to the criteria for good primers for the PCR process (Wang
2016). Based on the primer candidate results from
PrimerBlast, one primer pair, primer pair 11 (F = 5’
TCGGTTAACAATTCCCTGGGC  3; R = %
AGGCCAAATAGGAGTGTGCT 3°) was selected that
met the characteristics of a good primer for the PCR
process, referring to Wang’s (2016) report.

Comparison of design result primers with previously
reported primers

The results of the PrimerBlast test showed that the
designed primer could detect the AMELY sequence in the
cat (Felis catus Linnaeus, 1758) with one nucleotide base
difference in the forward primer. While the results of the
Pilgrim primer test using PrimerBlast showed that the
Pilgrim primer could detect AMELY sequences in cats and
several other species. Based on Table 3 and Table 4, it is
known that the primer design result is more specific than
Pilgrim’s primer.

Primer test

The primer test of the design results on the Sumatran
tiger sample showed only one band in the male sample.
While the female sample did not show a band because it
did not have AMELY. Based on Figure 3, it is known that
the primer designed successfully amplified the AMELY
sequence in all-male Sumatran tiger samples. The designed
primer targets the PCR product at a size of 141 bp. The
primer amplifies the Y chromosome amelogenin gene
sequence starting from the sequence 2034-2195 bp,
referring to the AMELY sequence from the lion
(NC_056697.1) (Figure 4).

Figure 1. Visualization of DNA purification results in Sumatran tiger samples to be sequenced. L= Ladder 50 bp. Note: HS01-HS04 =

Male individual, HS05-HS09 = Female individual
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Figure 2. Results of alignment of Sumatran tiger amelogenin gene sequences with comparison sequences. Note: HS: Sumatran tiger
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Table 2. Primer candidates based on primer blast for AMELY Sumatran tiger

Sequence 5°-3° Length Tm GC% Comss:n:zntary
Primer Pair 1
Forward CGGTTAACAATTCCCTGGGCT 21 60.62 52.38 1
Reverse CCAGGCAGCTGGTAATGAGA 20 59.46 55 0
Product Length :101
Primer Pair 2
Forward TCATTACCAGCTGCCTGGTTT 21 59.92 47.62 3
Reverse GAAACTGAGTCAGAGAGGCCA 21 59.38 52.38 2

Product Length : 72
Primer Pair 3

Forward GGTTAACAATTCCCTGGGCTC 21 58.9 52.38 2
Reverse TGCAGGCTTAAACCAGGCAG 20 60.9 55 2
Product Length : 112
Primer Pair 4
Forward ACAATTCCCTGGGCTCTGTAAA 22 59.62 45.45 2
Reverse AGAGGCCAAATAGGAGTGTGC 21 60.07 52.38 2
Product Length : 136
Primer Pair 5
Forward GTTAACAATTCCCTGGGCTCTG 22 59.24 50 3
Reverse GCCAAATAGGAGTGTGCTGG 20 58.9 55 0
Product Length : 136
Primer Pair 6
Forward CAATTCCCTGGGCTCTGTAAA 21 57.91 47.63 2
Reverse AACCAGGCAGCTGGTAATGAG 21 60.34 52.38 1
Product Length : 96
Primer Pair 7
Forward GTTAACAATTCCCTGGGCTCT 21 57.91 47.62 1
Reverse GAGGCCAAATAGGAGTGTGC 20 58.62 55 2

Product Length : 139
Primer Pair 8

Forward AGTTCTCATTACCAGCTGCCTG 22 60.36 50 3
Reverse ACTGAGTCAGAGAGGCCAAAT 21 58.74 47.62 2
Product Length :74
Primer Pair 9
Forward CCTGGGCTCTGTAAAGAATAGC 23 60.12 47.83 0
Reverse AAACCAGGCAGCTGGTAATG 20 58.45 50 0

Product Length : 91
Primer Pair 10

Forward TTCGGTTAACAATTCCCTGGGC 22 61.14 50 3
Reverse GTGTGCTGGGACAATGCAG 19 59.42 57.89 2
Product Length :129
Primer Pair 11
Forward TCGGTTAACAATTCCCTGGGC 21 60.61 52.38 3
Reverse AGGCCAAATAGGAGTGTGCT 20 59 50 1

Product Length : 141

Table 3. Comparison of the design primer blast primer with  Table 4. Report on the application of Pilgrim primers for

Pilgrim’s primer amplification of the amelogenin gene in Felidae
Sequences detected by Author Species tested
Design result primer Pilgrim’s primer Pilgrim et al. (2005) F. catus (domestic cat)
AMELY P.t sumatrae AMELY F. catus Lynx (Bobcat)
AMELY F. catus AMELY Bos taurus Bobcat (Bobcat)
AMELX Bos taurus Cougar (Puma)
AMELY Lutra lutra Pandhee et al. (2016) F. catus (domestic cat),
AMELX Lutra lutra F. catus (jungle cat),
AMELY Meles meles Pardofelis temminckii (Asean golden cat)
AMELY Equus caballus Panthera tigris (tiger)
AMELX Equus caballus Prionailurus viverrinus (fishing cat)
Kromosom Pyrochroa serraticornis Kamarcharyaetal. (2018)  P.t tigris (benggalan tiger)

Asrori et al. (2022) P.t sumatrae (sumatran tiger)
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Figure 3. Visualization of the amelogenin gene amplification of
the Sumatran tiger using the design primer. Note: HS01-HS04 =
Male individual, HS05-HS09 = Female individual

Discussion

Sumatran tiger amelogenin gene amplification results
based on Pilgrim et al. (2005) primer is in line with the
reports of Pilgrim et al. (2005) that the identification of
male domestic cat samples was characterized by the
visualization of two DNA bands (AMELX= 195 bp;
AMELY= 214 bp), and one DNA band for female
(AMELX= 214 bp) at 214 bp. The difference of domestic
cats has a difference of 20 nucleotide bases.

Based on the sequence of amplification results, the
primer was designed to identify the sex of the Sumatran
tiger. Before designing the primer, alignment was carried
out to determine the variation and similarity of the
amelogenin gene sequence of the Sumatran tiger with other
mammals. This same or similar sequence of bases is called
a conserved sequence. According to Huber et al. (2019), a
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large number of conserved sequences can be used as
universal PCR primers. While, designing specific primers
according to Hisao and Ayana (2016) must have unique or
varied sequences, sequences that are different from other
DNA sequences. Sequence variations between Sumatran
tigers and comparison sequences indicate that primers can
be designed to identify the sex of Sumatran tiger samples.
Alignment results did not show specific sequences for
AMELX and Sumatran tiger AMELY that could be
amplified simultaneously (other than in the Pilgrim primer
attachment area). So in this study, a primer was designed
that would only amplify Sumatran tiger AMELY.

Primer design was carried out using PrimerBlast
software (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/) (Ye et al. 2012). Because it will only amplify
AMELY, the visualization of the amplification results
showing bands for male samples and no bands for female
samples. The primer pair chosen in this study was primer
pair 11. Referring to Wang’s (2016) report, the results of
BLAST analysis, primer length, GC percentage, melting
temperature, and dimer primer analysis of 11 primer pairs
were the best of all suggested primer pairs. The primer
lengths selected in this study were 21 bp and 20 bp. A good
primer length according to Wang (2016), is 17 bp-28 bp. In
line with the report, the study by Chuang et al. (2013)
reported that a good primer length for PCR was 16-28
bases. Wu et al. (2004) also reported that in addition to the
primer length, it is also necessary to pay attention to the
difference between the forward and reverse primer lengths.

Another characteristic that needs to be considered in the
selection of primers for PCR is the percentage of GC base
in the primer. The percentage of GC base is an important
characteristic of primers because it affects the adhesion
strength of a primer (Chuang et al. 2013; Wang 2016;
Banaganapalli et al. 2019). Primer pair 11 has a GC base
percentage of 52.38% and 50%, respectively. The
percentage of good GC base according to Wang (2016) is
40-60%.

Gen AMELY
4,272 bp
Primer Forward
2034 bp- 2054 bp
. = y
<
Primer Reverse
2176 bp- 2195 bp
| !
Sekuen Target
141 bp

Figure 4. Illustration of the location of the primer attachment of the design result (black), on the Sumatran tiger AMELY sequence

based on the AMELY lion sequence reference (NC_056697.1) (white)
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Melting temperature (Tm) is also a characteristic that
needs to be considered in the selection of primers. Based
on Table 2, it is known that the melting temperatures of
primer pair 11 are 60.61 C and 59°C. Melting temperature
is one of the most important things to consider in the
selection of PCR primers (Chuang et al. 2013). According
to Wang (2016), the melting temperature of a good primer
pair for PCR is 50°C-62°C with a maximum difference in
melting temperature between forward and reverse primers a
maximum of 3-5°C. Melting temperature is related to the
percentage of GC of a primer. Melting temperature and GC
percentage are primer characteristics that influence each
other (Kumar et al. 2014; Victoriano et al. 2022).

Another characteristic that needs to be considered in
primer design is the possibility of dimer primers occurring.
Based on analysis using DINAMelt software, it is known
that all primer pairs form dimers. Thus, primer pair 11 was
chosen, which had the least number of primer dimers and
fulfilled other good primer characters (Figure 5). To
minimize the possibility of false dimers and priming, the
PCR process is generally carried out at high temperatures
(>50°C) (Mona et al. 2021).

Dimer analysis is required to ensure that the primers do
not hybridize with the DNA template sequence. The
occurrence of dimers will have a negative impact on the
PCR results (Meagher et al. 2018; Jansson and Hedman
2019). Cross-dimer occurs when the forward and reverse
primers stick together. Meanwhile, self-dimer is formed
when the forward primer attaches to another forward
primer, or the reverse primer attaches to another reverse
primer (Garafutdinov et al. 2020). The percentage of GC
base in a primer also influences the formation of primer
dimers. Because it is made up of three hydrogen bonds, the
bond between bases G and C is very strong. This makes the
nucleotide bases in primers with GC bases easier to bind.
To reduce the occurrence of dimer primers, primers with
the smallest G-C bonds were chosen (Assal and Lin 2021).

According to Garafutdinov et al. (2020), the
accumulation of dimer primers in PCR can be reduced or
eliminated. The possibility of dimer primer formation can
be suppressed by adding a sequence of nucleotide bases at
the 5' end (inactive side) of the primer. Other studies
(Brodin et al. 2013; Mubarak et al. 2020) also suggested
optimization by increasing the temperature of the annealing
process to reduce the rate of dimer primer formation. In
addition, based on the reports of Pandhee et al. (2016),
Kamarcharya et al. (2018) and Asrori et al. (2022), primers
designed by Pilgrim can also amplify the amelogenin gene
of other species in the Felidae family.

The amelogenin gene is a gene encoding the
amelogenin protein that functions as the main matrix of
tooth enamel (Chowdhury et al. 2018). The amelogenin
gene found in most mammals is located on the X and Y
chromosomes (Fabian et al. 2017). Due to the diversity
between AMELX and AMELY, this gene has been used as
a marker to check sex in mammals, including humans
(Chowdhury et al. 2018; Dash et al. 2020; Ahmad et al.
2021; Lucas et al. 2022). The amelogenin gene has been
used to identify sex in several species in the family Felidae
(Lynx, Bobcat, Domestic cat, and Puma) (Pilgrim et al.
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2005). Pandhee et al. (2016) reported that the primer
designed by Pilgrim et al. (2005) was successful in
amplifying the amelogenin gene in five species of the
Felidae family, namely F. catus (Persian cat), F. catus
(forest cat), Pardofelis temminckii (Vigors & Horsfield,
1827) (Asian golden cat), P. tigris (tiger), and Prionailurus
viverrinus (Bennett, 1833) (mangrove cat). Kamarcharya et
al. (2018) also reported that these primers can amplify the
amelogenin gene in the Bengal tiger (P. t tigris). The three
studies used primers designed by Pilgrim with a PCR
product length range of 214 bp for AMELX and 194 bp for
AMELY. Specific primer design experiments for the
mammalian amelogenin gene have previously been
reported by Erwanto et al. (2012) who designed specific
primers for pork identification. Specific primers were
designed with a fragment length of 300 bp. However, the
PCR test found cross-amplification reactions with other
species (chickens, goats, and cattle).
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The primer is designed to amplify AMELY which is
only present in males. Interpreting results show bands for
male samples and no bands for female samples. The
alignment results show that the amelogenin gene sequences
of the Sumatran tiger and the amelogenin gene sequence
data that have been reported in the EMBL and GenBank
databases have variations in nucleotide bases, so that
specific sequences can be determined to identify the
Sumatran tiger. Thus, the results of the primary design,
100% can be used to determine the sex of a sample of
Sumatran tiger body parts. The method used in this study
can be used on various types of samples (bone, meat, skin,
nails, teeth, etc.), including old samples. According to
Hofreiter et al. (2001), animal specimens that have been
stored for hundreds of years can still be identified, and their
DNA can be sequenced. However, according to Schweitzer
et al. (2008), hypothesized that DNA analysis is not useful
for very ancient (tens of thousands of years) specimens.

In conclusion, primer for sex identification samples of
Sumatran tiger body parts has been successfully designed
and can be used to quickly sex identification samples of
Sumatran tiger body parts. The sequences of primer
forward and primer reverse in this study were F= 5’
TCGGTTAACAATTCCCTGGGC’3 and R=
5’AGGCCAAATAGGAGTGTGCT’3.
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