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Abstract

Eleven novel polymorphic microsatellite loci are presented for the highly endangered
Indian (or greater one horned) rhinoceros Rhinoceros unicornis (Mammalia: Rhinocerotidae).
These will be used to analyse the genetic variability within and between the two remain-
ing large populations of the Indian rhinoceros and to manage captive breeding.
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The Indian rhinoceros (Rhinoceros unicornis ) is highly
endangered. Currently, only 2400 animals are living in the
wild, mainly in two populations in Nepal and Assam,
India (Foose et al. 2000). A further 137 animals are kept in
zoos and wild parks (Wirz-Hlavacek et al. 2001). Protein
electrophoresis in 23 individuals from the Nepal popu-
lation revealed a high variability (Dinerstein & McCracken
1990), whereas another study in three individuals from the
Assam population revealed a low variability (Merenlender
et al. 1989). In addition, indirect evidence suggests that the
two populations differ genetically from each other (Groves
1993; Zschokke & Baur 2002). However, the genetical
variability between the two populations has not yet been
analysed. Microsatellite primers have been developed for
the Black rhinoceros Diceros bicornis but not for any other
rhinoceros species (Brown & Houlden 1999; Cunningham
et al. 1999).

Blood samples were collected from 14 captive Rhinoceros
unicornis descending from the two populations (four from
the Nepal population, nine from the Assam population
and one animal with a parent from each population). Sam-
ples were buffered with K3EDTA (Becton-Dickinson, USA)
and stored at −80 °C. Total genomic DNA was isolated
using a standard phenol–chloroform extraction protocol
(Sambrook et al. 1989). An enriched library was made by
ECOGENICS GmbH (Zurich, Switzerland) from size-
selected genomic DNA ligated into TSPAD-linker (Tenzer
et al. 1999) and enriched by magnetic bead selection with

biotin-labelled (CA)13 and (GA)13 oligonucleotide repeats
(Gautschi et al. 2000a,b). Of 288 recombinant colonies
screened, 179 gave a positive signal after hybridization.
Plasmids from 60 positive clones were sequenced and
primers were designed for 19 microsatellite inserts. Of
these, 16 were tested for polymorphism.

To assay variation among individuals, polymerase chain
reaction (PCR) amplifications were performed in a 10 µL
reaction volume containing 10 ng of genomic DNA, 3 µL
double-distilled water, 0.5 µm of each forward and reverse
primer, and 5 µL HotstarTaq master mix (Qiagen). The lat-
ter contains 400 µm dNTP each, 0.5 units of HotStarTaq
DNA Polymerase (Qiagen), and 2× PCR buffer (Qiagen),
consisting of Tris-Cl, KCl, and (NH4)2SO4, with a final con-
centration of 1.5 mm MgCl2. We used the following ther-
motreatment on a PTC-100™ Programmable Thermal
Controller (MJ Research): 30 cycles with 95 °C for 30 s,
locus-specific annealing temperature (Table 1) for 30 s, and
72 °C for 30 s. Before the first cycle, a prolonged denatura-
tion step (95 °C for 15 min) was included and the last cycle
was followed by an 8-min extension. The amplified prod-
ucts were separated on precast Spreadex®· EL-400 and
EL-1200 gels (Elchrom Scientific AG, Switzerland), which
consist of a novel and fully synthetic matrix of gel poly-
mers (Elchrom Scientific AG). All electrophoresis was
performed using the SEA 2000™ advanced submerged gel
electrophoresis apparatus (Elchrom Scientific AG). Prod-
ucts were visualized using SYBR Gold (Molecular Probes)
and scored against the M3 Marker (Elchrom Scientific AG).
Expected and observed heterozygosity was determined, and
exact tests for departure from Hardy–Weinberg equilibrium
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were performed using genepop, web version 1.2
(Raymond & Rousset 1995).

Eleven primer pairs gave reproducible and interpretable
PCR products (Table 1). Only one locus showed a signi-
ficant discrepancy between observed and expected
heterozygosity (Rh8, P < 0.001). These microsatellite markers
will be used to examine the genetic variability within
and between the populations of the Indian rhinoceros and
they may also be useful to determine the origin of poached
rhinoceros horns and skins from confiscated material.
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Table 1 Microsatellite loci from Rhinoceros unicornis

Locus
Repeat motif based 
on  sequenced clone Primer sequence (5′−3′)

Ta  
(°C)

No. of  
alleles

Size 
 (bp) n HO HE

Accession
no.

Rh1 (TG)13 F: GTGCCATTATTATCCCAGGTC 60 3 148–152 13 0.462 0.640 AJ508894
R: CGTAAGACCTCAAGGGATGC

Rh2 (GT)36 F: GACTTCAAACTTCGCAGCAATC 60 7 212–228 14 0.643 0.709 AJ508895
R: GCCCTAGACCTGGAAATAACC

Rh3 (TC)8TG(TC)7CCTG(TC)4 F: TGTGTGGAGCACATCAGTCTTC 62 3 114–146 14 0.571 0.611 AJ508896
TG(TC)16 R: CCAGGGACCCGTGAGGAT

Rh4 (AC)22 F: CAAAATGTGGGTTTTGTGAGC 60 6 80–106 14 0.643 0.786 AJ508897
R: GACGAGCTTTGTTTGAATGC

Rh5 (TG)15 F: CCCATTAGAGGCTGTAGAGTAATATC 58 5 194–206 14 0.500 0.680 AJ508898
R: GGACTCTAAACTCCAGGGTCAC

Rh6 (CA)4GT(AT)2(GTAT)4 F: CCTTACTGTTGGGAAGATGTTATAGG 58 2 116–118 14 0.286 0.254 AJ508899
GCAT(GT)2(AT)2(GT)11 R: CATCACCTGTGCGTAAGTGC

Rh7 (TG)17 F: CCGTCACATATGACAGTGTGC 62 2 200–202 14 0.357 0.389 AJ508900
R: GGGCAGCTTATGCTCAAGTC

Rh8 (TG)22(AG)2ANACA(GA)28 F: ACACACCTTTATAAACAATATGGTCAC 60 6 218–230 14 0.143 0.738 AJ508901
CA(GA)3CA(GA)9CG(TA)5 R: AGTCTCTAGTCAAAAGGGATTGC

Rh9 (TG)4TT(TG)17TA(TG)5 F: TCTGGTACCACCAAATGTAGC 60 2 146–168 14 0.214 0.304 AJ508902
R: ACGATTACGTCTTTCAGTTGC

Rh10 (GT)24(GC)7 F: TATGCCAGGGAAGAATCTGGTC 60 7 138–150 14 0.643 0.783 AJ508903
R: TCCCTCACCAACTCTCGTAAAC

Rh11 (CA)23 F: CTCGCATCCTCATCAATGC 64 4 147–159 14 0.643 0.659 AJ508904
R: GCAGGTGTACCAGGCTGAG

F, forward primer; R, reverse primer; Ta, optimal annealing temperature; n, number of individuals genotyped; HO, observed heterozygosity; 
HE, expected heterozygosity (Nei 1973).
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