
Theor Appl Genet (1992) 84:986-989 

�9 Springer-Verlag 1992 

Chromosome polymorphism in Ateles geoffroyi 
(Cebidae; Primates; Mammalia) 

S. Herzog l, A. Herzog 2, H. H~ihn 2, B. Matern 3, and W. Hecht 2 

1 Abteilung ffir Forstgenetik und Forstpflanzenziichtung, Georg-August-Universitfit, Bfisgenweg 2, D-W-3400 G6ttingen, 
Federal Republic of Germany 
2 Fachgebiet Veterin/irmedizinische Genetik und Zytogenetik, Justus-Liebig-Universitfit, W-6300 Giessen, 
Federal Republic of Germany 
3 Zoological Gardens of Frankfurt am Main, W-6000 Frankfurt am Main, Federal Republic of Germany 

Received December 20, 1991; Accepted January 27, 1992 
Communicated by F. Mechelke 

Summary. The karyotype of  Ateles geoffroyi (Cebidae; 
Primates; Mammalia) was studied using G- and C-band- 
ing techniques, and standardized idiograms are pro- 
posed. A polymorphism of  chromosome 3 due to a peri- 
centric inversion has been identified for the first time. 
Genetic analysis of  this polymorphism showed Mende- 
lian inheritance. 
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Introduction 

Early investigations on the karyotype of  Ateles geoffroyi 
(black-handed spider-monkey) revealed a chromosome 
number of  2n = 34 with conventional staining techniques: 
the autosomes consist of  15 meta- or submetacentric 
pairs as well as one acrocentric pair. Both gonosomes 
have been described to be metacentrics (Hsu and 
Benirschke 1968). This latter study, on two animals, con- 
firmed the results of  Bender and Mettler (1958) and Chu 
and Bender (1961) who in their investigations on differ- 
ent species of  Ateles, found identical karyotypes as far as 
the autosomes and the X-chromosome were concerned. 
However, in more recent papers, the male gonosome has 
been described to be a small acrocentric, whereas Hsu 
and Benirschke (1968) found it to be a metacentric. 
Moreover, Egozcue et al. (1969) found two dimorphic 
autosome pairs in a single male by conventional staining 
techniques. 

A karyotype analysis by means of  G- and C-banding 
techniques as well as a systematic description of  the 
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bands of  each chromosome in accordance with an inter- 
national standard has not yet been performed. The pur- 
pose of  the investigation reported in the present paper 
was to study the karyotype o f  Ateles geoffroyi by means 
of  G- and C-banding techniques, with special regard to 
the formerly described chromosome polymorphisms, and 
to propose a standardized idiogram. 

Materials and methods 

In order to obtain the metaphase chromosomes, blood lympho- 
cyte cultures of nine specimens (including a complete family of 
seven individuals) from the Zoologischer Garten Frankfurt am 
Main (FRG) were prepared by means of standard culture tech- 
niques. The metaphase chromosomes were studied by modified 
G- and C-banding techniques (Sumner et al. 1971; Seabright 
1972) and photographed at a 1,000-fold magnification under oil 
immersion. 

The schematic representation of the chromosomes follows 
the International System for Human Cytogenetic Nomenclature 
(Standing Committee on Human Cytogenetic Nomenclature 
1985), by which the chromosomes are visualized as consisting of 
a continuous series of light and dark bands. The designation of 
the chromosomes according to their centromeric positions is in 
accordance with Nagl (1980). 

Results 

The somatic, diploid chromosome set of  all nine animals 
consisted of  34 chromosomes, namely 32 autosomes and 
two gonosomes (2n-- 34, XX respectively XY). Figures 1 
and 2 show a proposal for the G- and C-banded idio- 
grams of  A teles geoffroyi. The bands and landmarks were 
drawn from the photos of  the chromosomes of  all ani- 
mals following the ISCN (1985). All autosomes exhibit 
distinct C-bands of  varying sizes. The nombre fondamen- 
tal (N.F.) is 64; however chromosome pair no. 16 as well 
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Fig. 1. Photographic and schematical 
representation of the G-banded idio- 
gram of Ateles geoffroyi 

Fig. 2. Photographic and schematical 
representation of the C-banded idio- 
gram of Ateles geoffroyi 
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Fig. 3. C- and G-banded chromosome 
3 (left) and 3i (right) of A teles geoffroyi, 
as well as a schematical G-banded rep- 
resentation 

Table 1. Relative chromosome length (~, as percentage of the 
total length of the diploid autosome set) of Ateles geoffroyi 
revealed by the measurement of 22 haploid chromosome sets 

Pair ~ s x Range ~ s x Range 
(p-arm) (q-arm) 

1 1.9 0.24 1.4-2.3 4.0 0.21 3.7-4.4 
2 1.7 0.14 1.4-1.9 3.5 0.15 3.2-3.7 
3 1.3 0.17 1.0-1.7 2.9 0.15 2.7-3.3 
4 t.4 0.17 1.1-1.7 2.7 0.24 2.2-3.0 
5 1.6 0.14 1.4-1.8 2.4 0.24 1.9-Z9 
6 1.4 0.18 1.0-1.8 1.9 0.27 1.5-2.5 
7 1.5 0.16 1.2-1.8 1.7 0.18 1.3-2.0 
8 1.3 0.27 0.9-1.8 1.7 0.20 1.5-2.2 
9 1.2 0.15 1.0-1.5 1.4 0.21 1.0-1.7 

10 1.0 0.13 0.8-1.3 1.6 0.23 1.2-2.1 
11 1.0 0.15 0.8-1.4 1.4 0.20 1.1-1.6 
12 0.9 0.13 0.7-1.2 1.5 0.21 1.0-1.8 
13 0.9 0.16 0.5-1.2 1.4 0.17 1.0-1.6 
14 0.9 0.12 0.7-1.2 1.2 0.18 0.9-1.5 
15 0.7 0.12 0.5-0.9 0.7 0.12 0.6-0.9 
16 0.1 0.05 0.0-0.1 1.2 0.15 1.0-1.5 

X 1.5 0.24 1.0-1.9 2.2 0.36 1.3-2.6 
Y 0.1 0.05 0.0-0.1 0.8 0.28 0.4-1.0 

Table 2. Segregation results of potymorphic chromosome pair 
number 3 in a family of Ateles geoffroyi. For phenotypes, see 
Fig. 3 

Mating Off- Off- Off- Off- Exact level 
type spring spring a spring a spring" of signi- 

(total) "3,3 . . . .  3,3i . . . .  3i,3i" ficance 

3,3 x 3,3i 5 2 (2.5) 3 (2.5) 0 (0) 0.81 

a Expected number in parentheses 

as the male gonosome show only very short  p-arms, 
which are not  unequivocally measurable or even detect- 
able. Relative chromosome arm lengths and centromeric 
indices are shown in Table 1. 

Both G-banding  and C-banding reveals that  the stud- 
ied popula t ion  is polymorphic  for a pericentric inversion 
of  the proximal  q-arm of  chromosome 3 (Fig. 3). 

The hypothesis of  Mendel ian inheritance of  this chro- 
mosome polymorphism was tested using the family da ta  
available for seven specimens (Table 2). 

Discussion 

The karyotype  of  Ateles geoffroyi has been described by 
means of  G- and C-banding techniques, and this has 
enabled us to make a proposa l  for the respective s tandard  
karyotypes.  

A chromosome polymorphism of  chromosome pair  3 
has been observed for the first time, I t  is due to a pericen- 
tric inversion involving the p- and the proximal  q-arm. 
Neither  chromosome length nor  even the centromeric 
index are changed by this inversion. Genetic analysis of  
a complete family provides evidence for the Mendel ian 
inheritance of  the chromosome polymorphism.  This al- 
lows its use as a genetic marker  system, e.g. in studies of  
mat ing behaviour.  In fact, the present s tudy provides 
evidence that  one elder male &-male)  is the father o f  all 
the offspring in the enclosure. 

The po lymorphism of  chromosome pair  3 found in 
the present study of  Ateles geoffroyi is not  identical to 
that  observed by Egozcue et al. (1969) as it does not  lead 
to any al terat ion in chromosome length or centromeric 
index. However,  Cebidae are known to have unstable 
karyotypes.  Chromosomal  rearrangements found in the 
genera Cebus and Lagothrix give rise to intraspecific 
chromosome polymorphisms (Freitas and Seufinez 1982; 
Garcia  et al. 1983; Mudry  de Pargament  1985; Clemente 
et al. 1987). The comparat ive study of  the lat ter  authors  
found the polymorphisms to be due only to differences in 
the amount  of  interstit ial or terminal  heterochromatin.  
Moreover,  Clemente et al. (1987) showed that  the inter- 
faces between heterochromat in  and euchromatin  can be 
labile regions prone to breakage and rearrangements.  
Evidently, the polymorphism described in the present 
s tudy is not  due to the loss of  heterochromatin  (see 
Fig. 3), which explains the lack of  differences in chromo- 
some length between the two types of  chromosome 3. 
However,  the breakage points  for the inversion corre- 
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spond to the interfaces between heterochromatin and 
euchromatin.  This means that the mechanism of the 
chromosome rearrangement in Ateles geoffroyi fits into 
the recent concept of karyotype evolution of Primates. 
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