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African rhinoceros have suffered a precipitous decline in
population numbers over the past 25 years. This decline,
though partially a result of habitat destruction, is predomi-
nantly the result of widespread hunting of these species
for their horns. Black rhinoceros (Diceros bicornis) popu-
lations have decreased by more than 96% and have
become extinct in most parts of their previous range [1].
In 1995 there were about 2400 black rhinoceros remain-
ing worldwide [2], of which 35% of the population
occurred in South Africa. Although it is debatable whether
there were as many as seven different subspecies of
black rhinoceros [3], it is irrefutable that more than half of
these populations have become extinct. Currently, the
three major “evolutionary significant units” of black rhinoc-
eros that are recognized are: (i) the south-central popula-
tions extending from Natal in South Africa through to
Zimbabwe and Zambia into southern Tanzania, corre-
sponding to D. b. minor, (ii) the south-western populations
in Namibia, corresponding to D. b. bicornis, and (iii) the
eastern African populations in Kenya and northern Tanza-
nia, corresponding to D. b. michaeli [4].

There are two subspecies of white rhino (Ceratotherium
simum) with the northern subspecies, C. s. cottoni,
thought to exist as a single, small population of 25 individ-
uals in Garamba National Park in Zaire [5]. The southern
subspecies, C. s. simum, was hunted to the brink of
extinction in southern Africa by the early 1900s, except
for a single population in Umfolozi-Hluhluwe Reserve,
South Africa [6]. This reserve now has a relatively stable
population of 7000 animals and there are several seeded
populations in Kenya, Namibia, Swaziland, and Botswana
[7]. African rhinoceros now occur as small, highly frag-
mented populations confined to game reserves. In order
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Isolation and characterization of microsatellite loci
in black rhinoceros (Diceros bicornis)

The black rhinoceros (Diceros bicornis) is currently one of the most endangered Afri-
can mammals as a direct result o habitat destruction and intensive poaching. A micro-
satellite library was constructed to address a number of population genetic questions.
This paper describes the isolation of five black rhinoceros microsatellite loci. Three of
these loci were found to be polymorphic. In addition, the paper demonstrates the utility
for cross-hybridization of these primers in other species of rhinoceros.
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to ensure the long-term survival of these remaining frag-
mented populations, not only poaching has to be halted,
but these populations require interventive management to
prevent loss of genetic diversity due to stochastic demo-
graphic events [8]. This requires a knowledge of the mat-
ing systems, paternity, population demographics, intra-
and interpopulation diversity, ecology, and behavior as
well as an understanding of the population genetics of
these remaining populations. This will be crucial to the
implementation of successful conservation management
programs. In this paper, the isolation and characterization
of microsatellite primers from black rhinoceros are de-
scribed, and the utilization of these primers in white rhi-
noceros is investigated.

A microsatellite library was constructed and screened for
CA repeat loci as previously described [9, 10]. Black rhi-
noceros DNA fragments were restricted with Alul, Haelll
and Rsal, size-selected, and then the purified fragments
were cloned into pUC 18. The library was screened with
an o®2P-labeled poly CA/GT probe (Pharmacia, Piscat-
away, NJ, USA). Positive colonies were isolated and
sequenced by cycle sequencing using an ABI 373
Sequencer. Primers were designed for amplification using
the Primer Premier Lite program. Genomic DNA was
extracted from cell cultures established from the ear nicks
of black and white rhinoceros [11] using standard DNA
extraction methods [12]. Individuals were genotyped for
each microsatellite locus using the following protocol:
1.5 pm of the forward primer of each primer set was end-
labeled with [y->2P]ATP using T, polynucleotide kinase at
37°C for 90 min [12]. The PCR was performed in 10 uL
reaction volumes using the following reaction conditions:
1.5 pm of the reverse primer, 0.2 mm of each deoxyribonu-
cleotide triphosphate, 1.5 mm MgCl,, 10% glycerol and
0.2 U Taq polymerase. DNA was amplified in a Strata-
gene thermocycler (La Jolla, CA, USA) using the following
program: a 1 min denaturing step at 94°C, 1 min at the
annealing temperature, and a 45 s extension step at
72°C. A final 10 min extension step was included. The
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Table 1. Description of five microsatellite loci for Diceros bicornis

Locus Repeat array Heterozygozity ~Number Size range of Annealing Primer sequence

(observed) of alleles alleles temperature (5'-3")

(bp) (°C)

BR3F (CA){(CG(CA)s 0 1 143 60 TGAGCC TGGATCATCTTIGTAGT
BR3R GAAGTC TTG AGT CAT TGG GAA G
BR4F  (CA)qg 0.68 10 124-146 49 CCC CTA AAT TCT AGG AAC AC
BR4R CCA AAG ACC ACC AGT AATTC
BR6F (CA)is 0.59 10 126-158 51 TCATTT CTT TGT TCC CCA TAG CAC
BR6R AGC AAT ATC CAC GAT ATG TGA AGG
BR17F (AT)e(GT)1s 0.49 6 123-135 60 ACT AGC CCT CCT TTC ATC AG
BR17R GCA TAT TGT AAG TGC CCC AG
BR20F (CA)2o 0 1 149 49 ATA GGT ATT TCA AAG ATG CCC
BR20R TGG ACAACTTACTTCCACTTC

F, forward primer; R, reverse primer

Allele number, size ranges and heterozygosities were obtained by screening 72 black rhinoceros from a variety of localities

Table 2. Cross-species amplification of microsatellite loci
for primers developed in the black rhinoceros
(Diceros bicornis)

P3 P4 P6 P17 P20

White rhinoceros M M P M M
Indian rhinoceros M P P P M
Black rhinoceros M P P P M

P, polymorphic product
M, monomorphic product

amplified product was electrophoresed on a 6% denatur-
ing polyacrylamide gel, and the gels were dried and
exposed to autoradiographic film. The genotypes were
scored from the autoradiographs and allele lengths were
determined by comparison with a sequence size ladder of
the M13 polycloning site.

After screening 27 000 colonies, 117 putative repeat loci
were identified. Of these clones 42 were sequenced and
24 were found to contain (CA), loci. Amplification primers
were designed for ten loci since the remaining repeat loci
were cloned in such a manner that there was insufficient
flanking sequences on either side of the repeat locus to
design PCR primers, or the clones did not contain a long
enough repeat locus to be informative, vig., (CA)e. Three
of the microsatellite loci yielded positive polymorphic
bands, two a monomorphic pattern, and the primers for
the remaining five loci yielded multiple amplification
bands. The three polymorphic microsatellite loci tested in
black rhinoceros (n = 72) demonstrated high allelic varia-
tion, with the number of alleles ranging from 6—10 alleles
per locus, and displayed relatively high levels of hetero-
zygosity (Table 1). The heterozygosity values ranged

from 0.49 to 0.68, with a mean heterozygosity of 0.58. All
three populations were found to conform to Hardy-Wein-
berg expectations using the chi-squared test [13]. Addi-
tionally, our unpublished data suggests that there is sig-
nificant population differentiation between the different
subspecies of black rhinoceros [14].

The primers isolated in black rhinoceros hybridized and
successfully amplified loci in the white rhinoceros. These
loci were less polymorphic in white rhinoceros with four of
the five loci demonstrating monomorphic patterns. Three
of five isolated loci amplified a polymorphic pattern in the
Indian rhinoceros (Table 2). This demonstrates the suc-
cessful isolation of microsatellite loci in black rhinoceros,
which will be useful in population genetics studies, thus
benefiting the management of this endangered species.
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