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ABSTRACT We employed in situ hybridization of chromosome-specific
DNA probes (“chromosome painting”) of all human chromosomes to establish
homologies between the human and the silvered lead monkey karyotypes
(Presbytis cristata 2n=44). The 24 human paints gave 30 signals on the
haploid female chromosome set and 34 signals on the haploid male chromo-
some set. This difference is due to a reciprocal translocation between the Y
and an autosome homologous to human chromosome 5. This Y/autosome
reciprocal translocation which is unique among catarrhine primates has pro-
duced a X X,Y,Y/X.X;X,X, sex-chromosome system. Although most human
syntenic groups have been maintained in the silvered leaf monkey chromo-
somes homologous to human chromosomes 14 and 15, 21 and 22 have experi-
enced Robertsonian fusions. Further, the multiple FISH signals provided by
libraries to human chromosomes 1/9, 6/16 indicate that these chromosomes
have been split by reciprocal translocations. G-banding analysis shows three
different forms of chromosome 1 (X;) which differ by a complex series of
inversions in the 10 individuals karyotyped. Comparisons with the hybridiza-
tion patterns in hylobatids (gibbons and siamang) demonstrate that resem-
blances in chromosomal morphology and banding previously taken to indicate
a special phylogenetic relationship between gibbons and colobines are due to
convergence. A. J. Phys. Anthropol. 102:315-327, 1997.  © 1997 Wiley-Liss, Inc.

From studies using classical staining, the
diploid number of both African (genus Colo-
bus) and Asian (genus Presbytis) colobines
was found to be 2n=44 (Chiarelli, 1963;
Ushima et al., 1964). In the genus Colobus
the karyotype was found to be composed of
all metacentric and submetacentric chromo-
somes which included one nucleolar orga-
nizer region (NOR)-bearing “marked pair.”
With classical staining, the karyotype of the
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genus Presbytis appeared to be identical to
that of the African colobines with the excep-
tion of one pair of small chromosomes which
were acrocentric.

There are only a few publications on
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chromosome banding in colobines. The re-
ports on African colobines, genus Colobus,
are limited to R-banding (Dutrillaux et al.,
1982; Muleris et al., 1986). There are more
reports on chromosome banding in Asian
colobines, i.e., genus Presbytis (Sharma et
al.,, 1972; Krishna-Murthy et al.,, 1979;
Ponsa et al., 1983; Dutrillaux et al., 1984).
Ponsa et al. (1983) reported on the G and Q
banding of Presbytis obscurus and Presbytis
cristata. They described the banding pat-
tern of only one female of P. cristata and
noted the presence of two variant forms of
chromosome 1. The publications of Dutril-
laux et al. (1982) and Muleris et al. (1986)
using R-banding compared three different
species of genus Colobus with P. cristata.
In contrast to the conclusion reached from
classical staining they noted numerous
chromosomal differences between all these
species. Further, they described a Y/autoso-
mal translocation in P. cristata, the only
case known in catarrhine primates (Dutril-
laux et al., 1984).

Although the majority of colobines species
have yet to be studied by any cytogenetic
method, the data are sufficient to conclude
that more complete karyological information
would be useful for clarifying a range of evo-
lutionary problems concerning colobines and
other primates. These include the origin and
radiation of colobines, the phylogenetic rela-
tionships between Asiatic and African colo-
bines, and the relationships between colo-
bines and other primates (Sarich, 1970; Peng
et al., 1993; Jablonski and Peng, 1993; Stan-
yon et al., 1992b, 1995a). Some cytogeneti-
cists have even proposed a strict relationship
between colobines and hylobatids as (Chia-
relli, 1963, 1972). Finally, the role of chromo-
somes in colobine speciation needs exami-
nation.

The classification and taxonomy of colo-
bines is unsettled and has been subjected
to continued revision (Napier and Napier,
1967, 1985; Vogel and Winkler, 1990;
Groves, 1970, 1993; Oates et al., 1994). For
instance, there is no consensus even on the
number of genera or species (see Table 1).
The silvered leaf monkey is -classified
as either P. cristata (Napier and Napier,
1967, 1985; Thorington and Groves, 1970;
Vogel and Winkler, 1990) or Trachypithecus
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cristatus (Hooijer, 1962, Groves, 1989;
Oates et al., 1994). Here we use the name
P, cristata.

We hoped that more complete and reliable
data on colobine chromosomes using both
chromosome banding and molecular meth-
ods could be used to examine these diverse
taxonomic schemes. However, chromosomes
can be a useful tool in evolutionary studies
only if some fundamental criteria are re-
spected. First, it is absolutely essential to be
sure that homologous structures are com-
pared. Comparative cytogenetics have al-
ways been limited by difficulties in estab-
lishing between species chromosomal
homology (Stanyon et al., 1995a). With the
introduction of molecular methods, such as
in situ hybridization of human chromosome-
specific DNA libraries or probes (“chromo-
some painting”: Lichter et al., 1988; Pinkel
et al., 1988; Collins et al., 1991), it is now
possible to unequivocally establish chromo-
somal homology between any two primate
species (Wienberg et al., 1990, 1992; Stanyon
et al., 1992a).

Recently, in situ hybridization was suc-
cessfully used to establish the homologies
between karyotypes of humans and great
apes (chimpanzees, gorilla, orangutan),
lesser apes (Hylobates lar, Hylobates syndac-
tylus, and Hylobates concolor) and macaques
(Wienberg et al., 1990, 1992; Jauch et al.,
1992; Stanyon et al., 1992a, 1995a; Koehler
et al., 1995a, 1995b). The data on colobine
karyotypes will be also useful as an “out-
group” to distinguish ancestral, primitive
conditions (plesiomorphism), from derived
characters (apomorphisms) and thereby es-
tablish the polarity of chromosomal differ-
ences among hominoids.

Here we report on “chromosome painting”
of human chromosome-specific DNA probes
to establish homologies between the human
and the silvered leaf monkey karyotypes.
This technique allows a comparison of com-
plete chromosomal homology directly at the
DNA level. We were able to establish the
homology between all human and silvered
leaf monkey chromosomes. This pattern was
then compared with that of previously stud-
ied primates with particular reference to gib-
bons. Further, we report on G-banded karyo-
type of 10 P. cristata (four males, six females)
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TABLE 1. Two currently used taxonomic classifications of colobine monkeys

Colobine classification according to

Napier and Napier (1985)

Oates et al. (1994)

Common name

African colobines
Colobus guereza
Colobus polykomos

Colobus angolensis
Colobus satanas
Colobus badius
Colobus verus
Asian colobines
Presbytis melalophos
Presbytis comata
Presbytis frontata
Presbytis hosei
Presbytis potenziani
Presbytis rubicunda
Presbytis thomasi
Presbytis cristata

Presbytis francoisi
Presbytis geei
Presbytis obscurus
Presbytis phayrei
Presbytis pileatus
Presbytis johnii
Presbytis vetulus
Presbytis entellus
Simias concolor
Nasalis larvatus
Pygathrix nemaeus
Rhinopithecus roxellana

Rhinopithecus avunculus

Colobus guereza
Colobus polykomos
Colobus vellerosus
Colobus angolensis
Colobus satanas
Procolobus badius
Procolobus verus

Presbytis melalophos
Presbytis comata
Presbytis frontata
Presbytis hosei
Presbytis potenziani
Presbytis rubicunda
Presbytis thomasi
Trachypithecus cristatus
Trachypithecus auratus
Trachypithecus francoisi
Trachypithecus geei
Trachypithecus obscurus
Trachypithecus phayrei
Trachypithecus pileatus
Trachypithecus johnii
Trachypithecus vetulus
Semnopithecus entellus
Simias concolor

Nasalis larvatus
Pygathrix nemaeus
Pygathrix roxellana
Pygathrix bieti
Pygathrix brelichi
Pygathrix avunculus

black and white colobus
king or ursine colobus
white-thighed colobus
Angolan colobus

black colobus

red colobus

olive colobus

banded leaf monkey

Sunda Island leaf monkey
white-fronted leaf monkey
Hose’s leaf monkey
Mentawai leaf monkey
maroon leaf monkey
Thomas’s leaf monkey
silvered leaf monkey
lutung

Francois’s leaf monkey
golden leaf monkey

dusky leaf monkey
Phayre’s leaf monkey
capped leaf monkey

John’s leaf monkey

purple faced leaf monkey
Hanuman langur
simakobu

proboscis monkey

Douc langur

golden snub-nosed monkey
Yunnan snub-nosed monkey
Guizhou snub-nosed monkey
Tonkin snub-nosed monkey

and present a standardized ideogram based
on chromosome measurements.

MATERIALS AND METHODS

Presbytis cristata chromosomes were pre-
pared from lymphoblast cell lines and whole
blood cultures; altogether 10 individuals
were studied. The whole blood samples from
six recently caught wild monkeys attributed
to two subspecies came from Djakarta zoo
and were kindly provided by A. Camperio-
Ciani: P, eristata cristata (samples 9, 36, fe-
males; 37, 38, males) and P. cristata pyrrhus
(samples 8, 23, females). Cell culture of these
whole blood samples was according to Small
et al. (1985). Chromosome preparations from
these samples were used only in banding
pattern comparisons.

Chromosome preparations used in hybrid-
ization experiments came from lymphoblast
cultures of one male (PCR1) and one female
(PCR2) from Indonesia, and one male (106)
and one female (108) from Thailand. The

subspecies of these animals is unfortunately
not known.

Hybridization of human specific chromo-
some probes has now become routine in com-
parative primate cytogenetics. We followed
in situ hybridization as previously reported
(Stanyon et al., 1992a, 1995a; Koehler et al.,
1995a, 1995b). All hybridized (i.e., “painted”)
P. cristata chromosomes were identified with
trypsin G-banding before hybridization. In
addition to the G-banding protocol, the iden-
tification of chromosomes was also facili-
tated by DAPI-banding concurrently with in
situ hybridization. This double banding sys-
tem allowed us to easily assign the in situ
hybridization signal to the correct P. cristata
chromosomes or chromosome segments. Mi-
crophotography and image processing was
the same as previously reported (Koehler et
al., 1995a, 1995b).

The ideogram was prepared measuring 10
metaphase spreads. The numbering of chro-
mosomes was according to the relative
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A G-banded male karyotype of P. cristata 2n=44. Four chromosomes have no homologs. One

of them is the typical mammalian X that we called X,. Only one chromosome 1 is present because of the
Y/autosome translocation. The chromosome 1 was hybridized by the human chromosome 5 probe and
was also called X;. The human library Y hybridized two chromosomes that were hybridized also by the
human chromosome 5 probe. These chromosomes were labelled Y; and Y.

length of chromosomes. The chromosome
banding represented in the ideogram is an
idealized pattern derived from a number of
medium resolution karyotypes.

RESULTS
G banded P. cristata karyotypes

We found that all 10 P. cristata had a dip-
loid number of 2n=44. The smallest autoso-
mal pair was acrocentric; all the other
chromosomes were submetacentric or meta-
centric. In the females two homologs for all
chromosomes were identified. In all the
males, four chromosomes had no homologs.
One of these chromosomes clearly corres-
ponds to the typical primate X chromosome.
Another chromosome was homologous to the
longest chromosome present in the female
karyotype (chromosome 1 or X;). The other
two chromosomes, a metacentric and an
acrocentric, both of medium length, did not
show any immediate similarity to any chro-
mosome found in the karyotype of females.
There was no typical small primate Y-chro-
mosome. A karyotype of a male is shown in
Figure 1.

Variant forms of chromosome 1 (X,)

Three different forms of chromosome 1
were found in the 10 individuals karyotyped
here (Fig. 2). These three chromosome forms,
designated la, 1b, and lc¢, appear to differ
by a complex series of inversions, but the
exact break points and the number of inver-
sions necessary to derive all three forms are
not clear. The forms found in the 10 monkeys
are shown in Table 2.

Localization of human chromosome
specific probes in the karyotype
of P. cristata

All 24 human chromosome-specific DNA
probes gave bright paintings (i.e., hybrid-
ized) on the silvered leaf monkey chromo-
somes. Figure 3 shows examples of the hy-
bridization signals obtained while Figure 4
presents a summary of the in situ hybridiza-
tion results on a G-banded idiogram of the
P, cristata. The 24 probes gave 30 signals on
the haploid female chromosome set and 34
signals on the haploid male chromosome set
(Fig. 5).

The difference in the number of signals
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Fig. 2. Three different forms of chromosome 1 were
found in 10 individuals. Only forms la and 1b were
present in the Indonesian animals. Two females were
heterozygous for lalb. Only form lc was found in the
two Thailand monkeys.

between male and females was due to the
fact that the human Y chromosome probe
hybridized to segments of two chromosomes
that were also hybridized by the human
chromosome 5 probe. These chromosomes
have been labelled Y, and Y,. The other un-
paired chromosome in males was homolo-
gous only to human chromosome 5 and has
been alternately labelled as X, or chromo-
some 1.

Twelve human probes (3, 4, 7, 8, 9, 10, 11,
12, 13, 17, 18, 20) completely hybridized a
single P. cristata autosome. In six cases a
single P. cristata chromosome was hybrid-
ized by two human probes providing new
chromosomal syntenies: human 14/15, 21/22
provided signals on one P. cristata chromo-
some while probes 1/19 and 6/16 each hybrid-
ized with two different P, cristata chromo-
somes. Chromosome probes 6 and 16 are
found on two P. cristata. Further, silvered
leaf monkey 8 is divided in five signals of
probes from human 1 and human 19.

Unhybridized chromosome segments

The centromeres of most chromosomes
were not hybridized. The terminal segments
of chromosomes 4p, 10p, 11p, 14p, 17p, 18p,
the short arms of 21p and Y, did not hybrid-
ize with any human paint.

DISCUSSION
G-bands

Our results confirm and extend the only
previous report on G-banding of a single fe-
male P, cristata (Ponsa et al., 1983). All indi-

319

TABLE 2. Variant forms of chromosome 1 (X,) in each of
ten monkeys (P. christata)

Chromosome 1

P. cristata® Origin Sex (X,) karyotype?
PCR1 Indonesia M a
PCR2 Indonesia F ab
8 Indonesia F aa
9 Indonesia F bb
23 Indonesia F bb
36 Indonesia F ab
37 Indonesia M b
38 Indonesia M b
106 Thailand M ¢
108 Thailand M cc

!Individual animals (samples) were numbered. See text.

2Three forms, a, b, and ¢, of chromosome 1 (X?) were found that differ
by a complex series of yet unclear inversions. As a result of a reciprocal
translocation between this chromosome and the Y-chromosome, males
have only one intact chromosome 1 or X, (see text).

viduals karyotyped had 2n=44. Addition-
ally, we found a third variant of the
chromosome 1 (X;). We confirmed the R-
banding results which indicated the pres-
ence of a Y-autosomal translocation (Dutril-
laux et al., 1984). However, our numbering
system does not follow published reports.
The publications of Dutrillaux et al. (1984)
and Muleris et al. (1986) are based on R-
banding and are difficult to compare with
G-banding. The publication of Ponsa et al.
(1983) showed a Q-banded karyotype that
was not sufficient to identify all our G-
banded chromosomes.

Hybridization of human chromosome
specific DNA probes

The hybridization of probes to the chromo-
somes of P, cristata allowed us to establish
the chromosomal homology between Asian
colobine monkey and humans (Table 3). This
technique has been previously used to estab-
lish the chromosomal homologies between
humans and other hominoids (ss), hylobatids
(gibbons and siamang) and a cercopithecine
monkey (Japanese macaque). Our results
can be used to make more secure karyologi-
cal comparisons between a colobine and all
the other catarrhine subfamilies.

The hybridization data indicate that most
human chromosomal syntenies are also
presentin P, cristata. Many of the same chro-
mosomal syntenies are common to all catar-
rhine species studied so far (great apes, ma-
caques, and the silvered leaf monkey) and
such syntenies may be considered conserved
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or ancestral for Old World primates. The hy-
lobatids, however, are an exception and have
highly rearranged genomes (Jauch et al.,
1992; Koehler et al., 1995a, 1995b).

Out of 22 human autosomes, 18 are found
intact in P. cristata. However, of these 18, the
hybridization pattern shows the existence of
two different syntenic groups in P. cristata
due to association between human 14 and
15 to form silvered leaf monkey 5, and 21
and 22 to form silvered leaf monkey 15, the
“marked” NOR chromosome.

Human syntenic groups disturbed
in P. cristata

The hybridization pattern demonstrates
that five human syntenic groups (1, 2, 6,
9, 19) are disturbed, because some human
chromosome probes hybridized to more than
one P. cristata chromosome. However, it is
well known that human chromosome 2 was
derived by an apomorphic tandem fusion
after the divergence of humans from African
apes. The fragmentation of the other four
human chromosomes can be derived in the
P, cristata karyotype by reciprocal transloca-
tions: silvered leaf monkey chromosome 6
and 8 may have been produced by reciprocal
translocation between human chromosomes
19 and 1, while silvered leaf monkey chromo-
some 9 and 16 have probably been produced
by reciprocal translocation between human
chromosomes 16 and 6. Further, the alter-
nating pattern between chromosome seg-
ments homologous to human chromosomes
1 and 19 on silvered leaf monkey 8 indicates
that a pericentric inversion followed the
translocation.

Sex chromosomes

The hybridization results combined with
G-banding allowed a precise description of
the Y-autosomal translocation. It is a recip-
rocal translocation involving a chromosome
homologous to the entire human chromo-
some 5. Strictly speaking the sex chromo-
somes system in P. cristata should be de-
scribed as X;X,Y,Y,, where X, equals the
original X, X, equals the intact homolog to
human chromosome 5 (silvered leaf monkey
1), and Y; and Y, represent the reciprocal
translocation products of silvered leaf mon-
key la and Y. This reciprocal translocation
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was further confirmed by probes specific to
P cristata Y, and Y, chromosome to meta-
phases of Cercopithecus aethiops, the Afri-
can green monkey. The long and short arms
respectively of the green monkey Y chromo-
some were hybridized by the two probes (un-
published data).

Translocations between the Y chromo-
some and an autosome are rare in primates.
In catarrhines, P. cristata is the only species
known to have a Y/autosome translocation.
However, a number of platyrrhines have Y/
autosome translocations (cf. Stanyon et al.,
1995b). Red howler monkeys (Alouaita seni-
culus) also have an X, X,Y,Y/X X, X.X, sex-
chromosome system. Meiotic studies of red
howler spermatocytes by Lima and Seuanez
(1991) showed that in this case pairing oc-
curs sequentially end to end to form a chain
configuration in the order: X;-Y,-X,-Y,.

Unfortunately, we were unable to make
meiotic studies (testicular biopsies are diffi-
cult to obtain) and consequently we do not
know if a chain configurations are found in P.
cristata. However, chain configurations have
been found owl monkeys and Goeldi’s mar-
moset which have a Y/autosome transloca-
tion and a X;X,Y/X,X;X,X, sex-chromosome
system (Ma et al., 1976).

Female (X;X,X,X,) silvered leaf monkeys
produce only one gamete type (X;X;). In
males only one type of segregation in the

Fig. 3. Examples of the sequential G-banding and
hybridization signals obtained with probes of DNA li-
braries specific to human chromosomes on metaphase
of the silvered leaf monkey. Conserved chromosomal syn-
teny between humans and the silvered leaf monkey is
shown by double hybridization signals for human chro-
mosome 8 library (a,b), human chromosome 13 library
(e,d), and human chromosome 18 library (e,f). Dis-
rupted chromosomal synteny is shown by the four hy-
bridization signals present for the human chromosome
16 library (g,h) which results from a reciprocal translo-
cation with chromosome segments homologous to human
chromosome 6. In the above examples biotinylated
probes were detected with avidin conjugated to FITC.
A double hybridization experiment on the same meta-
phase is shown in G-bands (i), human chromosome 21
detected by avidin FITC (j), and human chromosome
22 library labelled with digoxigenin and detected with
TRITC-labeled antibodies (k). Note that the “marked”
NOR bearing chromosomes are hybridized. All images
in this figure were recorded directly on black and white
photographic film without computer image processing.
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Fig. 4. Examples of the images obtained with a
cooled CCD camera and image processing as previously
described (Koehler et al., 1995). Images were a result of
merging DAPI banding and hybridization signals ob-
tained with a probes specific to human chromosome 19
(a) and human chromosome 5 (b). Note the multiple
signals for chromosome segments homologous to human
chromosome 19 (a) showing that this chromsome is

highly rearranged in silver leaf monkeys. The unusual
three signal pattern of hybridization of human chromo-
some 5 DNA libraries in male silvered leaf monkeys is
due to a reciprocal translocation with the Y-chromosome
and has produced a X;X,Y,Y/X;X;X,X, sex-chromosome
system. The largest hybridization signal labels X, and
the other two signals label Y, and Y,.



MOLECULAR CYTOGENETICS OF PRESBYTIS CRISTATA

323

15
15
149

~ TN THD

a 7

g 7
3

2

2

1(X2) 2
16 12 10
1
12
&
10
—
9 10 12
2
17 ﬁz 18
a
17 13 18
17 18 19 20

NE

It
S
:

X Y Ya

x
< <

:
£

Fig. 5. A summary of the in situ hybridization results on a G-banded ideogram of the P. cristaia.

first meiotic division can produce balanced
gametes (X;X; or Y,Y5). Other types of segre-
gation would produce unbalanced gametes
or disrupt the sex determining system (Lima
and Seuanez, 1991). The consequences of sex
chromosome rearrangements have been ex-
tensively discussed (King, 1993). Generally,
the repercussions of X/autosome transloca-
tions are considered to be quite profound,
but Y/autosome translocations do not neces-
sarily have a detrimental reproductive im-
pact (Charlesworth et al., 1987; Ford, 1994).

Much further data will be necessary to
determine if male silvered leaf monkeys

have fertility problems due to the production
of unbalanced gametes. However, because
all males examined so far are X, X,Y,Y,, it
appears that this sex determining system is
stable in the species.

Variants of chromosome 1 (Xy)

Usually karyological reports are based on
very limited samples, often as few as one
or two individuals per species are studied.
Clearly chromosomal polymorphisms can be
easily overlooked in such small samples. Our
study of 10 individuals showed three forms
of chromosome 1 (X;) apparently due to se-
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TABLE 3. Homology! between human and P. cristata
chromosomes or chromosome segments

Human P, cristata
chromosome chromosome(s)
1 6,8
2 11,17
3 2
4 3
5 1(Xy), Y1, Y2
6 9, 16
7 4
8 7
9 14
10 12
11 13
12 10
13 19
14 5
15 5
16 9
17 16
18 20
19 6,8
20 21
21 15
22 15
X X,
Y Y, Y,

'Homology was established at the DNA level by hybridization with
human chromosome specific probes subsequent to trypsin G-banding.

ries of, as yet unclear, inversions. Two of
these forms probably are similar to those
found by Ponsa et al. (1983) in a single fe-
male. In the males only one intact chromo-
some 1 is present due to a reciprocal translo-
cation with the Y. Eight of our monkeys came
from Indonesia and in these monkeys two
forms were present, a and b. Of the five Indo-
nesian females, two were found to be hetero-
zygous, two were homozygous for form b, and
one was homozygous for form a. Of the three
Indonesian males, two had form b and one
had form a. We studied only one male and
one female from Thailand and found only
form c. It is tantalizing to hypothesize that
form cis present only in continential silvered
leaf monkeys. However, this possibility must
be confirmed by adequate samples.

The Indonesian monkeys studied were
captured in the wild and so we are sure that
this variability is not a consequence of hy-
bridization in captivity. The frequency of in-
version variants for chromosome 1 (X;) in
P. cristata appears quite high. In humans,
chromosome 9 is the best-known inversion
polymorphism with frequencies of up to 4%
in some populations. Inversion polymor-
phisms with much higher frequencies are
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found in non-human primates. A complex
inversion polymorphism of chromosome 9
(homologous to human 12) is present in high
frequencies in both Bornean and Sumatran
orangutans (de Boer and Seuanez, 1982). In
gibbons, three forms of chromosome 8 (ho-
mologous to segments of humans chromo-
somes 5, 9, 17, 16 and 22) are also found at
high frequencies (Stanyon et al., 1987).

Every time that reasonable samples of
species are karyotyped the concept of “one
karyotype one species” as stated by Dutril-
laux (1979) and Lejeune (1983) is clearly
shown to be a gross oversimplification (Stan-
yon, 1992). It is now clear that chromosomal
polymorphisms can exist for considerable
time and even survive speciation events
(Stanyon et al., 1987). Clearly pericentric
inversions have played an important part in
differentiating primate karyotypes. Inver-
sions have been fundamental in the karyo-
typic evolution of Hominoidea and in the ori-
gin of the human genome.

The exact role of chromosome variability
in speciation is still an open question. How-
ever, recent models of chromosome specia-
tion give inversion polymorphisms a pri-
mary role in population divergence and
isolation (Rumpler et al., 1995). Only more
complete data on karyotype evolution will
determine if chromosome polymorphisms
have played an important role in leaf
eater speciation.

Comparison of chromosome painting
pattern P. cristata and other primates

The hybridization pattern of P. cristata
demonstrates the existence of the following
associations: 14/15, 21/22 (due to simple
Robertsonian changes), 1/19, 6/16 (due to re-
ciprocal translocations). Out of these associ-
ations, only 14/15 was also found in ma-
caques (Wienberg et al., 1992), but it is not
present in gibbons, great apes, or humans.
This character is common to both Cerco-
pithecinae and Colobinae and was probably
present in the karyotype of their common
ancestor. Two hypotheses can be proposed
concerning 14 and 15: 1) this syntenic group
may be ancestral for all catarrhines and in
this case a synaphomorphic fission occurred
in the common ancestor of gibbons, great
apes, and humans; or 2) chromosomes 14
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and 15 were independent chromosomes in
the common catarrhine and a fusion oc-
curred in the common ancestors of all Old
World monkeys. Chromosome painting data
from both cows and pigs and gene mapping
data from the cat show that 14 and 15 are
syntenic in these species and support the
first hypothesis (Rettenberger et al., 1995;
Solinas-Toldo et al., 1995).

The “marked” chromosome of P. cristata
is formed by homologs to human 21 and 22.
In macaques the “marked” chromosome is
composed by segments homologous to hu-
man 20/22 while in gibbons (H. lar; 2n=44)
the “marked” chromosome is composed by
homologs to human chromosomes 2 and 3.
The phylogenetic significance of marked
chromosomes has been recently discussed by
Stanyon et al. (1995a). Briefly, the “marked”
chromosomes along with similar diploid
numbers and FN (fundamental numbers,
the number of chromosome arms) were
taken by some cytogenetists as evidence of
a special phylogenetic relationship between
gibbons and colobines (Chiarelli, 1972).
However, the chromosome painting data
clearly show that the resemblance between
marked chromosome in colobines and gib-
bons is the result of convergence. The
“marked” chromosomes in these two groups
are not homologous. There is a relationship
between the “marked” chromosomes of colo-
bines and cercopithecines; the presence of
probe 22 in the “marked” chromosomes of
both groups makes these chromosomes
partly homologous. The phylogenetic signifi-
cance of chromosomes 21 and 22 for homi-
noid phylogeny is not clear. It is possible
that their independence in gibbons and great
apes is a linking trait; however, 21 and 22
may well have been independent in ances-
tral catarrhine. As has been shown for the
bovine karyotype a chromosome homologous
to human chromosome 22 is a single element
(Solinas-Toldo et al., 1995).

In P, cristata chromosome segments ho-
mologous to human chromosomes 6 and 16
are directly associated on two chromosomes
due to a reciprocal translocation. In H. con-
color two segments of paints 6 and 16 are
also found on the same chromosome. How-
ever, this is not a trait which links gibbons
and colobines because, first, these segments
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are not directly associated in the concolor
gibbons, but separated by two other seg-
ments homologous to human chromosomes
10 and 5, and, second, the association in gib-
bons is not the result of a reciprocal translo-
cation, but probably of a secondary apomor-
phic rearrangement involving a primary
product consisting of the two associations
5/16 and 6/10 which are also found in H.
lar and H. syndactylus (Jauch et al., 1992;
Koehler et al., 1995a, 1995b). It is safe to
conclude that the presence of signals from
paint 6 and 16 on one chromosome in gibbons
and P. cristata is due to convergence. Fur-
ther, the rapid and massive genomic reshuf-
fling in gibbons also permits us to conclude
that the similarity in diploid and fundamen-
tal numbers has equally resulted from con-
vergence. There is no cytogenetic data to
support a special phylogenetic relationship
between gibbons and colobines.
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