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Origin of human and ape chromosomes has been studied by comparative chromosome
banding analysis and by fluorescence in situ hybridization (FISH). As it is not always possible to
determine exact breakpoints and distribution or orientation of specific DNA stretches by these
approaches FISH-banding was applied in the present study to reanalyze the chromosomes of
Barbary macaque (Macaca sylvanus). Interestingly, the results agree with those of previous studies
in other macaques, supporting the idea that the genetic differences leading to the observed large
morphological differences within the Ceropithecoidae still have to be discovered.

Barbary macaque — FISH — multicolor banding (MCB) — chromosomal breakpoints

Uwpnnt L Ywwhyutph gpndnundutph dwgnudp neuncdUwupnyty £ ppndnundubnh hwdGdw-
nwywu nhyptptughw| gnibwynpdwu W $ynenpbugblunwihl in situ hhpphnwgdwu (FISH) Uhgngny:

Pwuh np Wpywd dninbgnidubpp Uhown sk, np enuyp U tnwihu hunwy npnptp Yunpdwéputph
yewntpp L YUe-h uwtghdhy hwwndwélubph pwphuntdu N tnbnwywjnidp, nyjwp hGnwagnuntjwu
Ut Uwagnphpjwl dwywy (Macaca sylvanus) ppndnundubph Ypyuwyh ybpnidncejwt hwdwp Yhpwnybg
E nhytnptughw| FISH-UGpYnLU: IGnwepppwlwl £, np wpnntuputpp hwdpuyuned BU wy JwywyuGnph
Uwhunpn  hGwnwgnuincegniliubph - wpyntUpUbphU'  hwuwtnwwnting - Ceropithecoidae  UGpuncd  funpnp
dLwpwlwywl thnthnpunieinlluGpht  hwlgbgunn  gBUGnhywywl  wwppGpnienllutnh  hGwnwagw
nuntdUwuhnniejwU wuhpwdtunnieniup:

Uwaphpjwl dwlwly — FISH — ppndnundlbph pwquwqnil pbpunwynp Uepyncd —
pnnunundubph Yunpdwéelbn

BbI710 M3y4YeHO MPOUCXOXKAECHHE XPOMOCOM UENOBEKAa U 00€3bsIHBI C MPUMEHEHHEM CPaB-
HUTENbHOU MU (epeHIIaNBHON OKPaCKH XPOMOCOM U (DIIFOOPECLEHTHON in Situ ruOpuau3aluu
(FISH).Tak kak yka3aHHBIE TOIXOAbI HE BCETa MO3BOJIIOT TOUHO ONPEAEIIATh TOUKU Pa3pbIBOB U

98




COMPREHENSIVE MOLECULAR CYTOGENETIC ANALYSIS OF BARBARY MACAQUE (MACACA SYLVANUS)

pacnperenenue Win opueHTanuio crnernuduuecknx ysactkos JJHK, B maHHOM mccinenoBanum Juist
MOBTOPHOTO aHAJIM3a XPOMOCOM Marpubckoro makaka (Macaca sylvanus) Oblna TpHMeHEeHa
nmuddepentmansuas FISH-okpacka. IHTepecHo, 94TO MOTydeHHBIE JaHHBIC COTIIACYIOTCS C Pe3yib-
TaTaMM TNPEABIIYIINX HCCICIOBAHUM IPYIHMX MaKaK M ITOJTBEXIAIOT HEOOXOJUMOCTH JNalbHEH-
IIUX MCCIICJOBAaHUH TI'€HEeTHUECKUX Pa3inyuuid, oOyCIaBIMBAIOMMX KPYHHbIE MOP(OIOrHYecKue
pasnuuus, BHyTpu Ceropithecoidae.

Maepubckuii maxax — FISH — Muozoysemnas oughgepenyuanvhas okpacka
XPOMOCOM — XPOMOCOMHbBLE PA3PbIGY

Cytogenetic studies in ape species were done to great extent in the 1970s to 1980s
[18] as “comparative cytogenetic studies of non-human primates can provide a substantial
contribution to investigations on the evolutionary history of chromosomes and a better un-
derstanding of primate and human phylogeny” [9]. Later on the invent of molecular cyto-
genetics, especially multicolor-fluorescence in situ hybridization (FISH) studies using
whole chromosome painting probes gave another boost for studies on chromosomal chan-
ges during primate evolution (for review see [10]). Still the FISH-banding approaches
available since end of the 1990s [7] were yet applied neither in many species (see below),
nor in systematic studies for the question of karyotype evolution, with a few exceptions [5;
12-13]. The nowadays most frequently applied FISH-banding approach is the so-called
multicolor banding (MCB) approach, which is anchored in the human DNA-sequence [17].
MCB was already successfully applied for the characterization and comparative molecular
cytogenetic mapping of the following primate species before: Gorilla gorilla [10], Hyloba-
tes lar [11] and Trachypithecus cristatus [6].

Here we provide the first MCB-based study for the characterization of the North-
African Barbary macaque (Macaca sylvanus = MSY). Macaques belong to the Old World
monkeys (Catarrhini), family Ceropithecoidae, subfamily Cercopithecinae and tribe Papio-
nini. It is thought that the genus Macaca underwent a radiation in Pliocene or Pleistocene,
i.e. during the last 3-5 million years [3]. While morphologically the genus Macaca under-
went multiple changes, on the chromosomal level this group kept surprisingly constant —
all of them have 42 chromosomes and on cytogenetic level they do not differ at all [2].
This fact is also supported that different macaque species can form hybrids, even fertile
ones, easily [8].

The MSY was studied yet only by banding cytogenetics and FISH using whole
chromosome paints [9]. As even in times of next generation sequencing basic cytogenetic
data is needed for exact alignment of the new complex datasets [19] here we provide the
first MCB-based FISH-banding study in MSY. The hereby obtained data is crucial for
further comparative cytogenetic studies in non-human primates and their evolutionary
history.

Materials and methods. Peripheral blood of MSY (1 male and 1 female) was acquired in
the zoological gardens of Erfurt and Hodenhagen (both Germany), respectively. The correspon-
ding veterinaries acquired blood for the present study only if blood collection was necessary any-
way for other medical reasons during routine checkups of the animals. Blood lymphocytes from
heparinzed blood were subjected to short term culture and cytogenetic work-up using standard pro-
cedures.

24 chromosome-specific MCB probes were applied in 24 independent FISH-experiments
in MSY-chromosome-preparations as previously reported [10]. Evolutionary conserved chromoso-
mal breakpoints were characterized with respect to the human chromosome complement
(see tab. 1). Nomenclature of MSY chromosomes was adapted from [9].

Results and Discussion. Applying MCB in MSY overall 43 evolutionary break-
events in comparison to human karyotype were recorded (tab. 1). The observed break-

99




points were observed to be identical to those known from other macaque species before
[16]. Still it has to be admitted that the nomenclature of macaque chromosomes is not
uniform — e.g. MSY chromosomes 12 and 13 have the designations 9 and 15 in [15],

FANX., ETAL

which may confuse.

Fig. 1. Representative example for MCB-result obtained in MSY. Result of MCB 10

probe set applied on a human chromosome 10 (HSA) compared to the result obtained on
homologous MSY chromosome 9. A paracentric inversion with evolutionary conserved

breakpoints in 10q11.23 and 10q22.3 was observed (arrows). For each chromosome
pseudocolor depiction and underlying fluorochrome profiles are shown.

Tab. 1. Breakpoints of Macaca sylvanus (MSY) according to MCB. Abbreviations:

cen = centromeric position; HSA = Homo sapiens

MSY| MSY chromosomes given as derivatives of human chromosomes cen

1 inv(1)(q23.3q42.13),dim(1)(q12) 1q42.13

2 | der(3)(qter->q27.3::p22.3->p24::q22.1->q27.3::p22.3->p12.3::p26.3- 3q26.1
>p24::q22.1->p12.3:)

3 | der(7)(21qter->21q11.2::7p22.3->7p22.1::7q21.3->7q22.1::7q11.23- like HSA 7
>7p21.3::7p21.3->7q11.23::7q22.1->7qter)

4 | inv(6)(p24925.2) and inv(6)(q21925.2) 6q24.3

S | inv@)(p15.3q10) like HSA 4

6 | nochange to HSA S like HSA 5

7 | der(15)t(14;15)(q11.2;q26.3) 15925

8 | nochange to HSA 8 like HSA 8

9 | inv(10)(q11.23q22.3) like HSA 10

10 | der(20)(22qter->22p13::20p11.21->20p13::20q11.21->20qter) like HSA 22

11 | no change to HSA 12 like HSA 12

12 | inv(2)(ql14.1q21.1) 2q22.1

13 | inv(2)(qll.1q14.1) 2pll.2

14 | inv(11)(pl15.4q13.4) 11p15.4

15 | der(9)(9qter->9q34::7::9q34->9p24.3::9921.11->9q22.33:),dim(9)(q12) 9q33.2

16 " like HSA 17

17 | no change to HSA 13 13g21.31

18 | no change to HSA 18 18q21.2

19 | no change to HSA 19 like HSA 19

20 | inv(16)(g22.1g22.3),dim(16)(q11.2) like HSA 16

X | nochange to HSA X like HSA X

Y | del(Y)(ql2ql2) like HSA'Y

Apart from that, species specific amplifications present in human in 1q12, 9q12,
16q11.2 and Yq12 were not present in MSY at the corresponding regions. Still unknown
material was amplified in MSY in regions homologous to 17p10, 17q24 and 9q34. At
least for 1724 complex regions of segmental duplication were reported [4]. Such spe-

cies specific amplifications are suggested to play major roles in speciation [10].
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Centromeric regions present in MSY were identical to human centromeric posi-
tions in MSY 3, 5, 6, 8-11, 16, 19, 20, X and Y (tab. 1). It is well known that the centro-
meric regions, even if being intraspecifically stable do not contain identical alphoid
DNA stretches [1]; this is thought to be a hint on faster evolution of these genomic re-
gions compared to other, euchromatic ones.

Different centromeric positions than in human were observed in the MSY chro-
mosomes 1, 2, 4, 7, 12-15, 17 and 18 (tab. 1). The latter was denominated a centromere
repositioning and was thoroughly discussed in [14].

Overall, the present study confirmed for another macaque species that the general
chromosomal composition cannot be the reason for specification in this genus.

The present study in MSY using high resolution FISH-banding underlined the
conclusion already drawn in [9] that “the karyotype has not played a fundamental role in
the diversification and speciation in this group, because apparently there is no necessary
causal link between chromosomal changes and morphological diversification or specia-
tion”. In other words: the genetic differences leading to large morphological differences
within the Ceropithecoidae still have to be identified. At the same time it needs to be re-
vised if the family Hylobatidae really is as morphological inconsistent due to its extre-
mely chromosomal diversity [11] or due to other, subchromosomal changes.
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