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Origin of human and ape chromosomes has been dtinyiecomparative chromosome
banding analysis and by fluorescence in situ hykattbn (FISH). As it is not always possible to
determine exact breakpoints and distribution oerttation of specific DNA stretches by these
approaches FISH-banding was applied in the presemly to reanalyze the chromosomes of
Barbary macaqueMacaca sylvanys Interestingly, the results agree with thoseref/pus studies
in other macaques, supporting the idea that thetgedifferences leading to the observed large
morphological differences within the Ceropithecoidtil have to be discovered.

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

Uwpnnt b juwhlubph ppondnundubph swgnudp nuunidbwuhpdty b ppndnundubph hwdk-
dwwnwlut nhdbptughw) gniwynpdwi b pyninpliugbitnughtt in situ hhpphnugdwt (FISH)
uhongny:

Lwih np tpdus Unnbgnidubpp dhown sk, np pny Eu tmwjhu hunwly npnoty junpduspubtph
Yhwnkpp b Yul-h uykghdhly hwwndusubph puojunidt nt mbknuljuynidp, ndjuy hknwgqnunnipyu
ukp Uwqphpjwt dwlwl (Macaca sylvanus) ppnunundubph Yphuwlh Jtpnisnmipjut hwdwp
Yhpwnyl) E nhdtipkughwy FISH-ubkpynid: Zknwppppulwi E, np wpyniupibpp hwdpbljunid Eu wyp
dwlulubph twjunpy hbwwgnunipniuubph  wpynipubtphtt'  hwuwnwwnbing  Ceropithecoidae
uhpunid  junonp  Ahwpwlwljwl  thnthnjumpmitiitbphtt  hwigkgunng  qhubnhljuljut  wwp-
phpnipnititph hbnwgu ntuntdbwuppnipyut wthpudbonnipyniup:

Uwgpppyul dwlpul — FISH — ppnunundiibph puquugnyl pkpunun/np Gkphnid —
ppnunundtibph finpyudplln

Bouro u3yueHO IPOUCXOXKAEHHE XPOMOCOM 4YeOBeKa ¥ 00e3bsHBI C IPUMEHEHUEM CPaBHHU-
TeNbHOM AuddepeHIMANTBHON OKpacKu XpoMocoM X (IIOOpeCcLeHTHOH in situ ruGpuausanun
(FISH).Tax kax ykasaHHbIe IOAXOZBI He BCET/a MO3BOJIIIOT TOYHO OIIPeZEIATh TOYKY Pa3pHIBOB K
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pacipeziesieHue WIM OpHeHTauuio crenuduyueckux yuactkos JIHK, B maHHOM mcciaenoBanuu
ZJ1s TIOBTOPHOTO aHAaJIM3a XpPOMOCOM Marpubckoro Makaka (Macaca sylvanus) 6bli1a IpuMeHeHa
mubdepennuansaan FISH-okpacka. HTepecHO, 4TO IOTy4eHHbIe JaHHbIE COTJIACYIOTCA C pe-
3yJIbTaTaMU IpPeIBIAYLIMX MCCIeJOBAaHUI APYrMX MaKaK M IIOATBEXJAIOT HeOGXOZMMOCTB
JalbHeHIINX NCCIeJOBAHUI TeHeTHUeCKUX Pas3INduii, 06y CIaBINBaIOIX KPYIIHbIe MOP(OJIO-
rudeckue pasauyaus, BHyTpu Ceropithecoidae.

Marpru6crnti makax — FISH — Muoronysersas gugpepeHynarsHad OKpacka
XPOMOCOM — XPOMOCOMHEIE PA3DEIBBI

Cytogenetic studies in ape species were done #i grtent in the 1970s to 1980s
[18] as “comparative cytogenetic studies of non-anmrimates can provide a substantial
contribution to investigations on the evolutionaigtory of chromosomes and a better un-
derstanding of primate and human phylogeny” [9tet@n the invent of molecular cyto-
genetics, especially multicolor-fluorescence iru ditybridization (FISH) studies using
whole chromosome painting probes gave another foostudies on chromosomal chan-
ges during primate evolution (for review see [1@jill the FISH-banding approaches
available since end of the 1990s [7] were yet appfieither in many species (see below),
nor in systematic studies for the question of kye evolution, with a few exceptions [5;
12-13]. The nowadays most frequently applied FISiHeing approach is the so-called
multicolor banding (MCB) approach, which is anchibiethe human DNA-sequence [17].
MCB was already successfully applied for the charamation and comparative molecular
cytogenetic mapping of the following primate spediefore: Gorilla gorilla [10], Hyloba-
tes lar [11] and Trachypithecus cristatus [6].

Here we provide the first MCB-based study for tharacterization of the North-
African Barbary macaque (Macaca sylvanus = MSY)cafgies belong to the Old World
monkeys (Catarrhini), family Ceropithecoidae, sutifga Cercopithecinae and tribe Papio-
nini. It is thought that the genus Macaca underveergdiation in Pliocene or Pleistocene,
i.e. during the last 3-5 million years [3]. Whileorphologically the genus Macaca under-
went multiple changes, on the chromosomal leval ¢houp kept surprisingly constant —
all of them have 42 chromosomes and on cytogef®ta they do not differ at all [2].
This fact is also supported that different macasjpecies can form hybrids, even fertile
ones, easily [8].

The MSY was studied yet only by banding cytogesetiod FISH using whole
chromosome paints [9]. As even in times of nextegation sequencing basic cytogenetic
data is needed for exact alignment of the new cexngatasets [19] here we provide the
first MCB-based FISH-banding study in MSY. The hgreobtained data is crucial for
further comparative cytogenetic studies in non-hurpamates and their evolutionary
history.

Materials and methodsPeripheral blood of MSY (1 male and 1 female) weguared in
the zoological gardens of Erfurt and Hodenhagenth(iiZermany), respectively. The correspon-
ding veterinaries acquired blood for the presemtysonly if blood collection was necessary any-
way for other medical reasons during routine chpskof the animals. Blood lymphocytes from
heparinzed blood were subjected to short term ilind cytogenetic work-up using standard pro-
cedures.

24 chromosome-specific MCB probes were applied inn2épendent FISH-experiments
in MSY-chromosome-preparations as previously regabf10]. Evolutionary conserved chromoso-
mal breakpoints were characterized with respecttht®e human chromosome complement
(see tab. 1). Nomenclature of MSY chromosomes waptad from [9].

Results and DiscussiorApplying MCB in MSY overall 43 evolutionary break-
events in comparison to human karyotype were rexxb(thb. 1). The observed break-
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points were observed to be identical to those knfrasm other macaque species before
[16]. Still it has to be admitted that the nometwla of macaque chromosomes is not
uniform — e.g. MSY chromosomes 12 and 13 have #wgdations 9 and 15 in [15],

FAN X., ET AL

which may confuse.

Fig. 1. Representative example for MCB-result obtained in MB¥sult of MCB 10

probe set applied on a human chromosome 10 (HSApared to the result obtained on
homologous MSY chromosome 9. A paracentric inversith evolutionary conserved

breakpoints in 10g11.23 and 10g22.3 was observealg). For each chromosome
pseudocolor depiction and underlying fluorochromafifes are shown.

Tab. 1. Breakpoints of Macaca sylvanus (MSY) according ©BJ4Abbreviations:

cen = centromeric position; HSA = Homo sapiens

MSY| MSY chromosomes given as derivatives of human chromosomes cen

1 | inv(1)(g23.3942.13),dim(1)(g12) 1g42.13

2 | der(3)(qter->q27.3::p22.3->p24::q22.1->¢27.3::p22032.3::p26.3- 3026.1
>p24::922.1->p12.3:)

3 | der(7)(21qter->21q11.2::7p22.3->7p22.1::7921.3-24)27q11.23- like HSA 7
>7p21.3::7p21.3->7911.23::7922.1->7qter)

4 | inv(6)(p24925.2) and inv(6)(g21925.2) 6024.3

5 | inv(4)(p15.3910) like HSA 4

6 | nochangeto HSAS like HSA 5

7 | der(15)t(14;15)(911.2;926.3) 15g25

8 | nochange to HSA 8 like HSA 8

9 | inv(10)(q11.23g22.3) like HSA 10

10 | der(20)(22qter->22p13::20p11.21->20p13::20q11.2Qeter) like HSA 22

11 | no change to HSA 12 like HSA 12

12 | inv(2)(q14.1921.1) 2¢g22.1

13 | inv(2)(g11.1q14.1) 2pl1.2

14 | inv(11)(p15.4913.4) 11p15.4

15 | der(9)(9qter->9q34::?::9934->9p24.3::9921.11->9833,dim(9)(q12) 9g33.2

16 | der(17)(pter->p10::?::p10->gq12::923.3->q21.32::q12- like HSA 17
>021.32::9023.3->q24::?::q24->qter)

17 | no change to HSA 13 13g21.31

18 | no change to HSA 18 18g21.2

19 | no change to HSA 19 like HSA 19

20 | inv(16)(g22.1g22.3),dim(16)(g11.2) like HSA 16

X | nochange to HSA X like HSA X

Y | del(Y)(q12q12) like HSA Y

Apart from that, species specific amplificationggent in human in 1912, 9912,
169g11.2 and Y12 were not present in MSY at theesponding regions. Still unknown
material was amplified in MSY in regions homologdosl17p10, 1724 and 9g34. At
least for 17924 complex regions of segmental dapba were reported [4]. Such spe-

cies specific amplifications are suggested to phayor roles in speciation [10].
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Centromeric regions present in MSY were identicahtiman centromeric posi-
tions in MSY 3, 5, 6, 8-11, 16, 19, 20, X and Yb(t4). It is well known that the centro-
meric regions, even if being intraspecifically d¢éalllo not contain identical alphoid
DNA stretches [1]; this is thought to be a hintfaster evolution of these genomic re-
gions compared to other, euchromatic ones.

Different centromeric positions than in human webserved in the MSY chro-
mosomes 1, 2, 4, 7, 12-15, 17 and 18 (tab. 1).I1der was denominated a centromere
repositioning and was thoroughly discussed in [14].

Overall, the present study confirmed for anothecagae species that the general
chromosomal composition cannot be the reason fexifigation in this genus.

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