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Diploid Chromosome Number and
Chromosomal Variation in the White
Rhinoceros (Ceratotherium simum)

M. L. Houck, O. A. Ryder, J. Vahala, R. A. Kock, and J. E. Oosterhuis

Chromosomal studies were conducted on 38 white rhinoceroses representing both
the northern and southern subspecies and one subspecies hybrid. Improvements in
tissue culture methods and harvesting techniques have made it possible to obtain
a highly repeatable diploid number of 82 chromosomes for both subspecies. Com-
parison of G-banded karyotypes from the two subspecies failed to indicate a differ-
ence in banding pattern, but did reveal size polymorphisms involving short arm
additions in five individuals. Chromosomal polymorphism, resulting in three individ-
uals with a diploid number of 2n = 81, was noted in northern white rhinoceroses.

Chromosomal studies of rhinoceroses have
been limited because of difficulties in ob-
taining samples, in culturing cells, and in
producing satisfactory chromosomal
preparations. As a result, conflicting find-
ings were reported for the white rhinoc-
eros. Ceratotherium simum, with diploid
numbers reported to be 82 or 84 in studies
involving examination of only one or two
animals (Hansen 1976; Heinichen 1967,
1968; Hsu and Benirschke 1973). More de-
tailed and definitive cytogenetic studies of
rhinoceros species are desirable for gain-
ing insight into chromosomal evolution in
this mammalian family. Chromosomal in-
vestigations are also an important com-
ponent of captive breeding efforts for rhi-
noceros taxa and for other mammalian
taxa, including primates (de Boer 1974),
dwarf antelopes [Ryder et al. 1989), and
cervids (Shi and Pathak 1981; Wurster and
Benirschke 1970).

The white rhinoceros comprises two
recognized subspecies. The historic range
of the northern white rhinoceros (C. s. cot-
toni) included southern Chad, Central Af-
rican Republic, southwestern Sudan,
northeastern Zaire, and northwestern
Uganda. The southern subspecies (C. s.
simum) occurred in southeastern Angola,
southwestern Zambia, Mozambique, Zim-
babwe, Botswana, eastern Namibia, and
South Africa. Populations of the southern
subspecies have increased in size to over
4,500 animals (Gakahu 1993; Ryder 1993)
following the population bottleneck in the
early 1900s. The northern subspecies, once
the most numerous form of white rhinoc-
eros, is now critically endangered. Fewer

than 50 individuals comprise the total
population that includes the wild popu-
lation in Parc Nacional de la Garambe in
Zaire and the captive population (Smith
and Smith 1993). As the population of the
northern white rhinoceros declined, the
need to gain an understanding of the ge-
netic similarities and differences between
the two subspecies for incorporation into
conservation planning for African rhinos
became apparent.

Materials and Methods

We conducted cytogenetic studies on 38
C. simum individuals from nine different
institutions; these included nine males and
19 females of the southern subspecies (C
s. simum), three males and six females of
the northern subspecies (C s. cottoni), and
one female subspecies hybrid (see Table
1). Metaphase chromosomes were ob-
tained from either fibroblast or lympho-
cyte cultures.

We established fibroblast cultures from
skin biopsy specimens by tissue dissoci
ation in 0.5% collagenase (Boehringer
Mannheim), which usually yields visible
fibroblast attachment in a T25 flask in 24-
48 h. This represents a considerable im-
provement over the explant method used
previously, which typically required 2-3
weeks before fibroblast growth appeared.
We maintained the cultures in a 1:1 mix
ture of Minimal Essential Medium Alpha
(a-MEM) (GIBCO) and Fibroblast Growth
Medium (FGM) (Clonetics). The o-MEM
was supplemented with 10% fetal boviné
serum (FBS), 1'% glutamine, and 1% pelr
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icillin-streptomycin. The human fibroblast
growth factor and insulin found in the FGM
medium apparently enhanced the growth
and normal cell division of the cultures
when compared to cells grown in the sup-
plemented «-MEM alone. We harvested
cells using actinomycin D (Cosmegen,
Merck Sharp and Dohme) and Velban (Eli
Lily and Company) following the method
described by Yuetal. (1981) with the mod-
ification of a 30-min hypotonic incubation
at 37°C in 0.075 M KCL

For lymphocyte cultures, we obtained a
cell suspension of autologous plasma and
bufty coat (ap/bc) from 10 ml of heparin-
ized blood according to the method de-
scribed by Rybak et al. (1982). Lympho-
cyte cultures were initiated as soon as
possible after sampling since the mitotic
index at harvest decreased substantially
with the age of the sample. Cultures ini-
tiated from samples over 2 days old did
not routinely yield chromosomes. Cul-
tures containing 9.5 ml of a-MEM medium
(10% FBS) and 0.5-1.0 ml of ap/bc were
supplemented with 0.3-ml pokeweed mi-
togen (GIBCO) and 6 pg/ml phorbol 12-
myristate 13-acetate 4-0 methyl ether (Sig-
ma). Following a 114-h incubation period
at 37°C cells were harvested as above.

We examined the chromosomes of all
38 animals by nondifferential Giemsa
staining. In addition, five of the specimens
were G-banded according to the method
of Seabright (1971) and C-banded using
the method described by Sumner (1972).
All figures presented in this article rep-
resent the complete chromosomal com-
plement of a single cell and have not been
enhanced.

Results

A summary of the diploid chromosome
numbers of all animals included in this
study is presented in Table 1. The diploid
number was found to be 2n = 82 in 35 of
the 38 animals studied. Karyotypic anal-
yses of three individuals, a male C. s. cot-
toniand his two female offspring, revealed
a diploid number of 2n = 81 in which two
fewer acrocentric chromosomes and one
additional metacentric chromosome were
observed. The difference between the
karyotypes of these individuals and the
other 35 C simum individuals examined
May be accounted for by a Robertsonian
translocation (centromere-centromere)
Mechanism,.

In both subspecies the normal nondif-
ferentially stained karyotype (Figure 1)
Consisted of 40 telocentric and acrocentric

Table 1. Summary of the diploid chromosome numbers of the 38 Ceratotherium simum individuals

studied
Studbk
Species no. Sex 2n Location Sire Dam
C. s. simum 24 F 82 Audubon Zoo, LA w w
45 F 82 Busch Gardens, FL W w
49 F 82 San Diego Wid Anm Pk, CA w w
155 F 82 San Diego Wid Anm Pk, CA w W
156 F 82 San Diego Wid Anm Pk, CA W w
157 F 82 San Diego Wid Anm Pk, CA w w
182 F 82 San Antonio Zoo, TX w W
187 M 82 San Diego WId Anm Pk, CA w w
417 F 82 Cincinnati Zoo, OH W W
418 F 82 Cincinnati Zoo, OH W w
420 M 82 3an Diego Wid Anm Pk, CA w w
452 F 82 Knoxville Zoo, TN w w
579 F 82 Audubon Park Zoo, LA w w
580 M 82 Audubon Park Zoo. LA w w
689 M 82 San Diego Wid Anm Pk, CA 52 157
696 F 82 Henry Vilas Zoo, Wi w w
751 F 82 Kings Dominion Wid Anm Pk, VA W W
824 F 82 San Diego Wid Anm Pk, CA 52 134
860 F 82 San Diego Wid Anm Pk, CA 420 147
861 M 82 San Diego Wid Anm Pk, CA 420 135
862 M 82 San Diego Wid Anm Pk, CA 420 277
863 F 82 San Diego WId Anm Pk, CA 420 154
864 M 82 San Diego WId Anm Pk, CA 420 159
908 M 82 San Diego Wid Anm Pk, CA 420 157
928 F 82 San Diego Wid Anm Pk, CA 420 157
929 F 82 San Diego WId Anm Pk, CA 420 139
930 F 82 San Diego WId Anm Pk, CA 420 154
9024 M 82 San Antonio Zoo, TX 180 182
C. s cotton 28 F 82 San Diego Wid Anm Pk, CA w w
74 M 82 San Diego Wid Anm Pk, CA w w
630 M 82 Dvur Kralové Zoo, Czech Republic 373 351
351 F 82 Dvar Kralové Zoo, Czech Republic w w
372 M 81 Dviir Kralové Zoo, Czech Republic w w
374 F 82 Dvir Kralové Zoo. Czech Republic w w
376 F 82 Dviir Kralové Zoo, Czech Republic w w
789 F 81 Dviir Kralové Zoo, Czech Republic 372 351
943 F 81 Dvir Kralové Zoo, Czech Republic 372 351
Subspecies hybrid
Cs.s. x Csc 476 F 82 Dvur Kralové Zoo. Czech Republic Unkn 351

pairs. The X chromosome was identified
as the only large submetacentric element;
the Y was represented by a small sub-
metacentric chromosome. Resolution of
the shortarms varied among preparations.
In several of the largest chromosomes the
short arms were elongated, producing the
appearance of bi-armed elements. When
we examined karyotypes from the same
individual, a chromosome would some-
tirnes appear submetacentric and at other
times the same chromosome would ap-
pear acrocentric. The chromosomes were
aligned according to g-arm length due to
p-arm polymorphisms between individual
animals.

Comparison of G-banded karyotypes
from the two subspecies failed to indicate
a difference in banding pattern. However,
due to the difficulty in obtaining diagnostic
G-bands on small elements, it was not al-
ways possible to pair the smaller chro-
mosomes with confidence. Banding pat-
terns of the larger elements were clearly
resolved, revealing size polymorphisms
involving short arm additions in several
individuals (Figure 2).

One of these length polymorphisms was
identified in chromosome 4. G-banding
analyses of five individuals (three C s. si-
mum and two C. s. cottoni) were consistent
for a short arm polymorphism in chro-
mosome 4. Among these five individuals,
arm-length polymorphisms were also dis-
played by at least one individual in one or
more of the following chromosomes: CSl
3, CS1 9, CS1 10, CS1 13, CS1 19, and CSI 23
(data not shown).

C-banded karyotypes showed no de-
tectable differences between the two sub-
species and revealed that the heterochro-
matin was largely centromeric and present
on all elements. No C-band polymor-
phisms were observed (Figure 3).

Discussion

The first chromosomal studies of the white
rhinoceros were conducted during the in-
fancy of cytogenetic investigations of ex-
otic species and included only one or two
animals. The high chromosome number
and poor cell growth of C. simum made it
difficult to accurately determine the dip-
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Figure 1. Giemsa-stained karyotype of a male southern white rhinoceros consisting of 40 telocentric and
acrocentric pairs. The X chromosome is the only large submetacentric element, and the Y is represented by a

small submetacentric chromosome.
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Figure 2. G-banded karyotype of a male northern white rhino showing size polymorphisms in chromosomes

4.13, 17, and 23.

loid number. Conflicting results were ob-
tained. Heinichen (1967, 1968) first stud-
ied the white rhinoceros and reported a
diploid number of 82. In 1973 Hsu and Be-
nirschke published the karyotypes of both
a male and female white rhino showing 2n
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= 84, and Hansen egreed with this number
in his report in 1976.

In the study reported here, cell growth
was enhanced by using collagenase diges-
tion of skin biopsies when initiating pri-
mary cultures. An improvement in chro-

—

mosomal preparations resulted from the
enhanced celi growth that occurred when
a growth factor-supplemented medium
was used for the rhinoceros cell cultures.
The data derived from the karvotypes of
38 animals clearly indicate that the diploid
number is 2n = 82 for both subspecies,
with the exception of three related C s.
cottoniindividuals that have one less chro-
mosome due to a Robertsonian translo-
cation. With prolonged periods of cultur-
ing in nonoptimal medium, a chromosomal
fission in vitro was observed in some cell
lineages. This ohservation provides a pos-
sible explanation for the findings of a high-
er diploid number in some of the earlier
studies.

Ofthe 28 C s. simumindividuals studied,
16 were wild-born, representing 32 hap-
loid complements, assuming all individu-
als were unrelated. Three captive-born C.
s. simum individuals, of which one parent
was an unsampled wild-born animal, con-
tribute three additional sampled haploid
complements. Two wild-born C. s. simum
parents who were not sampled directly
were sampled through two offspring each,
corresponding to three additional haploid
genomes sampled (2 x 1.5). One wild-born
C. s. simum parent was sampled through
three of her oftspring, which correspond-
ed to 1.75 haploid genomes sampled. Six
of the nine C. s. cottoni animals were wild-
born, thus representing 12 haploid chro-
mosomal complements. One captive-born
C. s. cottoni individual (of which one par-
ent was an unsampled wildborn) contrib-
uted an additional haplotype. The subspe-
cies hybrid contributed one C s. simum
haploid complement. Therefore, assuming
all wild-born animals were unrelated, a
maximum of 40.75 C. s. simumand 13 C s.
cottoni haploid chromosomal comple-
ments were represented.

No difference in G-banding pattern was
detected between the two subspecies. Evi-
dence from mtDNA cleavage studies indi-
cates that these two taxa differ by approxi-
mately 1.0%-1.4% estimated nucleotide
sequence divergence (George et al. 1983,
1993). Variation in mtDNA within popula-
tions and between geographical subspecies
of African rhinoceroses may be lower than
that of other mammals. Mitochondrial DNA
variation within populations and between
subspecies of black rhinoceros (Diceros b
cornis) is also apparently low (Ashley et al
1990; Harley and O'Ryan 1993).

A number of fixed cleavage site differ
ences distinguish the mtDNA of C s. s*
mum and C. s. cottoni (George et al. 1993)-
In spite of the geographical isolation of
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Figure 3. C-banded karyotype of a male southern white rhino.

northern and southern white rhinos and
the evolutionary divergence of the mt-
DNAs of the two taxa, we find no karyo-
typic difference diagnostic for the two taxa.
One adult white rhinoceros individual (a
female born in 1977 and still living) is
known to have one parent of each of the
named subspecies. Although this individ-
ual has failed to reproduce, reproduction
of pure northern white rhinoceroses in
captivity has been low. Consequently, con-
jecture concerning the fertility of this hy-
brid is not warranted.

Cytogenetic studies have been conduct-
ed on four of the five extant rhinoceros
species and indicate that they have re-
mained chromosomally conservative al-
though no G-banding comparisons have
been done. Both the greater one-horned
rhinoceros, Rhinoceros unicornis (Wurster
and Benirschke 1968; Houck ML and Ry-
der OA. unpublished data) and the Su-
matran rhinoceros, Dicerorhinus sumatren-
sis(Houck ML and Ryder OA, unpublished
data) have diploid numbers of 2n = 82.
The common ancestor of these taxa prob-
ably occurred in the late Oligocene to ear-
ly Miocene (Prothero and Schoch 1989).
The black rhinoceros has 2n = 84 chro-
Mosomes (Hungerford et al. 1967; Houck
ML and Ryder OA, unpublished data). No
C¥togenetic studies have been conducted
Onthe rare Javan rhinoceros, R. sondaicus.

ile G-banding comparisons of African
and Asian rhinoceroses have not been re-

ported, the similarity in diploid number of
taxa separated over such a lengthy period
is consistent with a remarkable degree of
chromosomal conservatism.

This stands in contrast to another family
in the order Perissodactyla—the Equidae.
Equids are remarkable for their rapid rate
of chromosomal evolution, extant species
having diploid numbers between 66 and
32 (Ryder et al. 1978). Equids have a com-
mon ancestor in the Pliocene (Evander
1989; Lindsay etal. 1980). Thus, speciation
and chromosomal divergence in equids has
occurred more recently than among extant
rhinocerotids. A molecular explanation of
rapid chromosomal divergence in equids
has been extended by Wichman et al
(1991). The findings presented here sup-
port the notion that equid chromosomal
evolution is remarkable within mammals
(Ryder et al. 1978; Wichman et al. 1991)
and that, in contrast, the related rhino-
cerotids are chromosomally conservative.

Findings of a relatively low rate of chro-
mosomal evolution in rhinoceroses draw
attention to the numerical polymorphism
identified in the endangered northern
white rhinoceros. We recommend that the
incidence of transmission of the rear-
rangement in captive populations be mon-
itored. Furthermore, it would be useful to
determine whether the rearrangement
present in the one wild-caught northern
white rhinoceros bull and his two daugh-
ters also occurs in the wild poputation sur-

viving in Zaire, provided that appropriat:
samples can be collected at minimal risl
to the rhinos.

References

Ashley MV, Melnick DJ, and Western D, 1990. Conser
vation genetics of the black rhinoceros (Diceros
cornis): 1. Evidence from the mitochondrial DNA of |
populations. Conserv Biol 1:71-77.

de Boer LEM, 1974. Cytotaxonomy of the Platyrrhin
(primates). Genen Phaenen 17:1-115.

Evander RL, 1989. Phylogeny of the family Equidae
In: The evolution of Perissodactyls (Prothero DR anc
Schoch RM, eds). New York: Oxford University Press
109-127.

Gakahu CG. 1993. Abundance and distribution of black
and white rhinos in Africa. Proceedings of an Inter-
national Conference on Rhinoceros Biology and Con-
servation. San Diego, May [991. San Diego: Zoological
Society of San Diego; 160-165.

George M Jr, Chemnick LG, Cisova D, Gabrisova E,
Stratil A, and Ryder OA, 1993. Genetic difierentiation
of white rhinoceros subspecies: diagnostic differences
in mitochondrial DNA and serum proteins. Proceed-
ings of an International Conference on Rhinoceros Bi-
ology and Conservation, San Diego, May 1991. San Di-
ego: Zoological Society of San Diego: 105-113.

George M Jr, Puentes LA, and Ryder OA, 1983. Genetic
difierences between subspecies of white rhinoceros.
International studbook of African rhinos. East Berlin:
Berlin Zoological Gardens.

Hansen KM, 1976. Q-bands of some chromosomes of
the white rhinoceros. Hereditas 82:205-208.

Harley EH and O'Ryan C, 1993. Molecular genetic stud-
ies of southern African rhinoceros. Proceedings of an
International Conference on Rhinoceros Biology and
Conservaltion. San Diego, May 1991. San Diego: Zoo-
logical Society of San Diego; 101-104.

Heinichen iG, 1967. Karyotype of Ceratotherium simum
simum and Equus zebra zebra. A preliminary note. J §
Afr Med Assoc 38:247-248.

Heinichen IG, 1968. Karyological studies on southern
African Perissodactyla (Masters thesis). Pretoria, South
Alfrica; University of Pretoria.

Hsu TC and Benirschke K, 1973. An atlas of mammalian
chromosomes, vol. 7. Berlin: Springer; folios 339-340.

Hungerford DA, Chandra HS, and Snyder RL, 1967.
Somatic chromosomes of a black rhinoceros (Diceros
bicornis Gray 1821). Am Nat 101:357-358.

Lindsay EH. Opdyke ND. and Johnson NM, 1980. Plio-
cene dispersal of the horse Equus and late Cenozoic
mammalian dispersal events. Nature 87:135-138.

Prothero DR and Schoch RM. 1989. Origin and evo-
lution of the Perissodactyla: summary and synthesis.
In: The evolution of Perissodactyls (Prothero DR and
Schoch RM. eds). New York: Oxford University Press:
504-529.

Rybak J, Tharapel A, Robinett S, Garcia M, Markinen
C. and Freeman M, 1982. A simple reproducible meth-
od for prometaphase chromosome analysis. Hum Gen
60:328-333.

Ryder OA. Epel NC, and Benirschke K, 1978. Chro-
mosome handing studies of the Equidae. Cytogenet
Cell Genet 21:177-183.

Ryder QA. Kumamoto AT, Durrant BS. and Benirschke
K. 1989. Chromosomal divergence and reproductive
dae). In; Speciation aud its consequences (Otte D and
Endler JA, eds). Sunderland, Massachusetts: Sinauer;
208-225.

Ryder OA (ed). 1993. International rhino conierence
report: summary of the First International Conference
on the Biology and Conservation of the Five Extant

Houck et ai » White Rhinoceros Chromosomes 33



Species of Rhinoceros. May 1991. San Diego: Zootog-
ical Society of San Diego.

Seabright M. 1971. A rapid technique ior human chro-
mosomes. Lancet 2:971-972.

Shi L and Pathak S, 1981. Gametogenesis in a2 male
Indian muntjac x Chinese muntjac hybrid. Cytogenet
Cell Genet 30:152-156.

Smith K and S$mith F, 1993. Conserving rhinos in Ga-
ramba National Park. Proceedings of an Internationai
Conlerence on Rhinoceros Biology and Conservation,

34 The Journal of Heredity 1934:85(1)

D ———— ]

San Diego, May 1991. San Diego: Zoological Society of
San Diego; 166-177

Sumner AT, 1972. A simple technique for demonstrat
ing centromeric heterochromatin, Exp Cell Res 75:304-
306.

Wichman HA, Payne CT. Ryder OA. Hamilton MJ, Malt-
bie M, and Baker RJ, 1991. Genomic distribution of
heterochromatic sequences in equids: implications to
rapid chromosomal evolution. J Hered 82:369-37;.

Wurster DH and Benirschke K, 1968. The chromo-

somes of the great Indian rinoceros. Experi:
511

Wurster DH and Benirschke K. 1970. indian i
Muntiacus muntjak: a deer with a low diplo:
mosome number. Science 68:1364-1366.

Yu RL. Aronson MM, and Nichols WW. 198"
resolution bands in human fibroblast chrom
induced by actinomycin D. Cytogenet Cell Gt
111-114.



