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Abstract

The endangered Asian elephant is found today primarily in protected areas. We characterized
18 dinucleotide microsatellite loci in this species. Allelic diversity ranged from three to
eight per locus, and observed heterozygosity ranged from 0.200 to 0.842 in a wild population.
All loci were in Hardy–Weinberg equilibrium, but linkage disequilibrium was detected
between two loci in the wild, but not in the zoo elephants. These loci will be useful for the
population-level studies of this species.
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Populations of Asian elephants are threatened by
poaching, habitat loss and conflicts with humans. Almost
all populations are fragmented and restricted to protected
areas. For these populations to remain viable, effective
management will be needed, which will require information
about population sizes, age structure and genetic diversity.

Noninvasive genotyping can be used to obtain these data
from free-ranging animals in forested habitats. Although
microsatellite loci developed for African elephants can
be used in studies of Asian elephants (Eggert 

 

et al

 

. 2000;
Siripunkaw 2003) and five tri- and tetranucleotide loci
have been characterized in Asian elephants (Fernando

 

et al

 

. 2001), additional polymorphic loci are needed for
population studies. We developed dinucleotide microsat-
ellite loci using an enrichment protocol (Hamilton 

 

et al

 

.
1999) along with a polymerase chain reaction (PCR)-based
detection technique.

Genomic DNA was extracted from blood samples of
two elephants from the Zoological Society of San Diego’s
Frozen Zoo using the DNeasy Blood and Tissue Kit
(QIAGEN). DNAs were digested with 

 

Nhe

 

I and 

 

Xmn

 

I,
producing fragments of 200–1000 bp, which were ligated
to double stranded SNX linkers. After enrichment for GT

repeats using the method of Hamilton 

 

et al

 

. (1999), the
DNA was ligated into pBluescript II KS and recombinant
plasmids were transformed into 

 

Escherichia coli

 

 XL1-Blue
supercompetent cells (Stratagene) and grown on plates
containing ampicillin (Hamilton 

 

et al

 

. 1999).
Colonies containing recombinant plasmids (

 

n

 

 = 576)
were selected and boiled for 10 min in TE buffer. To detect
those containing microsatellites, 1 

 

µ

 

L of the colony boil
was used as template in 2 PCRs. The first used redesigned
versions of primers T3 (AATTAACCCTCACTAAAGGG)
and T7 (GTAATACGACTCACTATAGGGC) (Stratagene)
in a 25-

 

µ

 

L volume containing 1

 

×

 

 PCR Gold Buffer (Applied
Biosystems), 0.2 m

 

m

 

 each dNTP, 0.6 

 

µ

 

m

 

 each primer,
1.5 m

 

m

 

 MgCl

 

2

 

, and 0.5 U Ampli

 

Taq

 

 Gold DNA polymerase
(Applied Biosystems). The second contained these reagents
and DNA as well as 0.6 

 

µ

 

m

 

 (GT)

 

10

 

 primer. The PCR was
performed in an Eppendorf Mastercycler ep and reactions
consisted of denaturation for 10 min at 95 

 

°

 

C, followed by
35 cycles of denaturation at 95 

 

°

 

C for 25 s, primer annealing
at 55 

 

°

 

C for 45 s, and primer extension at 72 

 

°

 

C for 2 min,
and one final 10-min extension cycle at 72 

 

°

 

C. Products
were visualized and compared in a 2% agarose gel stained
with Gel Star (Cambrex). Reactions containing two primers
(T3/T7) produced single bands, while those containing
three primers (T3/T7/GT

 

10

 

) produced multiple products
with or without a smear (indicating products of different
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sizes) in microsatellite-containing plasmids. Colonies in
which the secondary band or smear was approximately
200-bp smaller than the T3/T7 product were selected and
the T3/T7 product was sequenced in both directions in an
ABI PRISM 3730 automated DNA sequencer.

Thirty primer pairs were designed using primer 3
(Rozen & Skaletsky 2000), and screened for polymorphism
using 13 samples from the Zoological Society of San Diego’s
Frozen Zoo. Eighteen loci were screened on 20 dung
samples from the population of Salak-Phra Wildlife
Sanctuary, Thailand. DNA from dung samples was
extracted following Boom et al. (1999). Amplifications were
performed in 12.5-µL volumes containing 15–20 ng template
DNA for zoo samples and 2.0 µL of DNA extracted from
dung, 1× PCR Gold Buffer (Applied Biosystems), 0.4 µm
fluorescently labelled forward primer, 0.4 µm reverse
primer, 0.2 mm each dNTP, 2.0 mm MgCl2 and 0.5 U Ampli-
Taq Gold DNA polymerase (Applied Biosystems). The
PCR profile for the zoo samples consisted of 10-min dena-
turation at 95 °C, followed by 40 cycles of 45-s denatura-
tion at 95 °C, 45-s primer annealing at 58 °C, 1-min primer
extension at 72 °C, followed by a final extension of 10 min
at 72 °C. For Salak-Phra samples, cycles were amended as
follows: denaturation for 1 min, primer annealing for
1 min, and a final extension time of 15 min. Fragment sizes
were determined in an ABI PRISM 3730 Genetic Analyser.
Scoring of Salak-Phra samples was confirmed twice for
heterozygotes and three times for homozygotes.

All loci were polymorphic with three to eight alleles
(Table 1). While EMU05 was monomorphic in zoo samples,
it was polymorphic in Salak-Phra samples. Observed
heterozygosities ranged from 0.154 to 0.846 in zoo samples
(not including EMU05) and 0.200–0.842 in Salak-Phra
samples. We tested for departures from Hardy–Weinberg
equilibrium (HWE) and for linkage disequilibrium (LD)
between loci using genepop 3.4 (Raymond & Rousset
1995). For zoo samples, all loci except EMU18 were in
HWE and no LD was found after a Bonferroni correction
was applied (Rice 1989). The departure from HWE was not
surprising, as zoo samples do not represent a natural
population. For Salak-Phra samples, no deviation from
HWE was found but LD was detected between EMU04
and EMU09, likely due to small sample size. Null allele
frequencies were calculated (Table 1) using micro-checker

(van Oosterhout et al. 2004) and no large allele dropout was
detected in Salak-Phra samples.

These loci will be useful in our study of population
structure and population genetics of wild Asian elephant
populations.
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