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Abstract. We used reciprocal chromosome painting with both
African green monkey (C. aethiops) and human chromosome spe-
cific DNA probes to delineate homologous regions in the two
species. Probes were derived by fluorescence-activated chromo-
some flow sorting and then were reciprocally hybridized to met-
aphase spreads of each species. Segments in the size range of a
single chromosome band were identified, demonstrating the sen-
sitivity of the approach when comparing species that diverged
more than 20 million years ago. Outgroup analysis shows that the
great difference in diploid numbers between the African green
monkey (2n4 60) and humans (2n4 46) is mainly owing to
fissions, and the direction of change is towards increasing diploid
numbers. However, most break points apparently lie outside of the
centromere regions, suggesting that the changes were not solely
Robertsonian as has been previously assumed. No reciprocal trans-
locations have occurred in the phylogenetic lines leading to hu-
mans or African green monkeys. The primate paints established
here are a valuable tool to establish interspecies homology, to
define rearrangements, and to determine the mechanisms of chro-
mosomal evolution in primate species.

Introduction

Over the last decade, chromosome painting has been extensively
used to study primate chromosome evolution. With this technique,
homologies between karyotypes are established by hybridizing
DNA probes specific to individual human chromosomes to meta-
phases of the species under comparison (Wienberg et al. 1990).
Hybridization with human chromosome-specific probes outside of
the primates provides the necessary outgroup comparison for
drawing phylogenetic and taxonomic conclusions (reviewed in
Wienberg and Stanyon 1995, 1997).

Chromosome banding and gene mapping studies have sug-
gested that most Old World monkeys and especially Papionini
(macaques, baboons, mandrills, and Cercocebus monkeys; 2n4
42) have remarkably conserved genomes (Fig. 1). This conclusion
was confirmed by chromosome painting (Wienberg et al. 1992)
and recently was extended to leaf-eating monkeys (Colobine; 2n
4 44; Bigoni et al. 1997a, 1997b). However, Cercopithecus mon-
keys, which have been divided into 20 or 22 species (Fleagle
1988), show a high variability of diploid numbers, ranging from 2n
4 48–72 (Dutrillaux et al. 1978; Dutrillaux 1979; Ponsa` et al.
1980; Sineo et al. 1986).

The karyology ofCercopithecus aethiopshas been the subject

of numerous reports (Stock and Hsu 1973; Finaz et al. 1976;
deGrouchy et al. 1977; Estop et al. 1978; Dutrillaux et al. 1978;
Dutrillaux 1979; Ponsa` et al. 1980; Sineo et al. 1986). Many chro-
mosomes ofC. aethiopsshow a close resemblance to single arms
of human or Papionini banded chromosomes. The general assump-
tion is that the karyological differences are mainly due to Robert-
sonian fusions or fissions (Stock and Hsu 1973; Dutrillaux et al.
1978; Clemente et al. 1990.). Molecular cytogenetics now provides
the tools to test this assumption and to determine whether fissions
or fusions are the primary mechanism responsible for the variabil-
ity in Cercopithecus monkey chromosome evolution.

We analyzed the karyotype ofC. aethiops aethiops(2n 4 60;
fundamental number of FN4 98) by reciprocal painting. In re-
ciprocal painting, chromosome-specific DNA probes from both
species are used to paint karyotypes bi-directionally. Reciprocal
painting (Arnold et al. 1996; Goureau et al. 1996; Wienberg et al.
1997) provides important additional information to one-way paint-
ing by helping to define sub-chromosomal homologies and break-
points. We employed cross-species FISH with probes derived from
flow-sorted metaphase chromosomes of human to “paint” homolo-
gous segments in African green monkey chromosomes. To con-
firm and extend these observations, DNA probes from flow-sorted
African green monkey chromosomes were prepared and then used
to “paint” human metaphase spreads.

Materials and methods

Cell samples and tissue culture.Cell cultures were established from
kidneys of fourC. aethiops aethiopsmales. Animals were housed at theCorrespondence to:J. Wienberg at Frederick, Md.

Fig. 1. A simplified phylogeny of Old World primates including humans
andCercopithecus aethiops.
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Paul-Ehrlich Institut (Frankfurt, Germany). Metaphase chromosome
spreads were prepared and stored as previously reported (Wienberg et al.
1992; Stanyon et al. 1992). Chromosome isolation for sorting was as pre-
viously reported (Rabbits et al. 1995; Wienberg et al. 1997; Stanyon et al.
1999) with staining by Chromomycin A3 and Hoechst 33258.

Flow cytometry.Cereopithecus aethiopschromosome preparations were
sorted on a FACStar Plus flow sorter (Becton Dickinson) equipped with
two 5-W argon ion lasers to allow bivariate flow sorting. Four hundred of
each chromosome type where sorted directly into separate 500-ml PCR
tubes containing 32ml of sterile distilled water and then stored at −20°C.

Preparation of chromosome-specific paints.DOP-PCR amplification
was a modification of the method described previously (Telenius et al.
1992). Briefly, reaction buffer (25 mM N-Tris (hydroxymethyl)-3-amino-
proanesulfonic acid, 50 mM KCl, 2 mM MgCl2, 1 mM dithiothreitol, pH
9.00, detergent (0.05% polyoxyethylene ether W-1), deoxynucleotide tri-
phosphates (each at 250mM), primer 6-MW (58CCG ACT CGA GNN
NNN NAT GTG G 38 where N4 any base, 4mM), and 2.5 units ofTaq
polymerase (NBS Biologicals) were added and gave a final reaction vol-
ume of 50ml and were overlaid with 30ml of mineral oil. After an initial
denaturation for 9 min at 94°C, nine cycles of 94°C for 1 min, 30°C for 1.5
min, transition at 0.23°C per s to 72°C held for 3 min were followed
immediately by 30 cycles of 94°C for 1 min, 62°C for 1 min, 72°C for 3
min. The final extension at 72°C was increased to 10 min.

Primary PCR products were labeled either with biotin-16-dUTP or
digoxigenin-11-dUTP (Boehringer Mannheim) by taking 1ml of the pri-
mary DOP-PCR product to a second round of PCR under the conditions
described above, with the exception that only 25 cycles at the higher
annealing temperature were performed and the dTTP concentration was
lowered to 125mM, and 100mM of labeled dUTP was added. All PCR
reactions were performed on a Trio thermal cycler (Biometra). The con-
centrations and the sizes of PCR products were determined by 1% agarose
gel electrophoresis. Eventually, fragment size was adjusted to 300–600 bp
by DNase I treatment.

Chromosome painting.Hybridization and detection were carried out by
a modification of the procedure described previously (Cremer et al. 1988;
Lichter et al. 1988; Pinkel et al. 1988). For single color, FISH 100–150 ng
of biotinylatedC. aethiops-specific paint and 1mg of competitor DNA
(human Cot-1 DNA, DRL) were made up to 12ml with hybridization
buffer (50% deionized formamide, 10% dextran sulfate, 2 × SSC), dena-
tured at 68°C for 10 min, and preannealed by incubation at 37°C for 30
min. When performing two-color FISH, we combined paints by mixing
150 ng of differently labeled DNA for each probe. Denaturation and pre-
annealing of probes were performed as described above. Slides were de-
natured by incubation in 70% formamide in 2 × SSC at 68°C for 1 m 20
s, quenched in ice-cold 70% ethanol, and dehydrated through an ethanol
series. The preannealed paints were applied on two slides and allowed to
hybridize overnight at 37°C. Post-hybridization washes, with high strin-
gency, and detection were performed as previously described (Lichter et al.
1988). After detection, chromosomes were counter-stained with 0.08mg/
ml 48,6-diamidino-2-phenylindae (DAPI) solution in 2 × SSC for 5 min
and mounted in antifade AF1 (Citifluor).

Detection of hybridized signals, microscopy, and image process-
ing. Digital images were taken with a cooled CCD camera (Photometrics
NU200 series equipped with a Kodak KAF 1400 chip) coupled to a ZEISS
Axiophot epifluorescence microscope. Camera control and digital image
acquisition (8-bit gray scale) employed an Apple Macintosh Quadra 950
computer and NU200 software (Photometrics). The DAPI, TRITC, and
FITC images were merged with BDS Registration software.

Results

Characterization of the flow karyotype of C. aethiops.The C.
aethiopsflow karyotype was resolved into 32 peaks (Fig. 2). Chro-
mosome paints were made from each peak, and FISH to metaphase
spreads of the same species allowed us to identify the content of
each peak in the flow karyotype. Almost all chromosomes were
resolved in single peaks. However, Chrs 23 + 24 + 25 were found

in one peak and 14 + 22 in another peak and could not be resolved.
Other chromosomes were not found in single peaks but could be
resolved. Chrs 8 + 21 displayed heterogeneous sorting of two
polymorphic homologs of Chr 21, leading to one chromosome
being present in two different peaks, and an enriched Chr 13
fraction was sorted from a “border” of the mixed peak of 4 + 13.
Some polymorphic chromosomes were sorted in two different
peaks (Chrs 17, 19, 21, 26, 28). Thus, from 31 different African
green monkey chromosomes we obtained 28 paint probes. The
border sort of Chr 13 allowed us to treat the combined peak 4 + 13
as a single chromosome paint for Chr 4. Therefore, 26 different
paints informative for single, one paint specific for two, and one
for three monkey chromosomes were obtained.

Reciprocal chromosome painting.Reciprocal chromosome paint-
ing was carried out with human chromosome-specific probes onC.
aethiopschromosomes and vice versa. Both human andC. aeth-
iops paints gave intensive cross-species signals, as previously re-
ported for human vs. other Old World monkey genomes (Wien-
berg et al. 1992; Bigoni et al. 1997a, 1997b). Examples of painting
experiments are given in Fig. 3. The results obtained from recip-
rocal hybridizations are internally consistent in every case. When
theC. aethiopspaints contained multiple chromosomes, the recip-
rocal approach allowed us to assign homologies for all human and
monkey chromosomes.

Painting African green monkey probes to human chromosomes.
The 28 different chromosome paints produced 39 signals on the

human karyotype. ElevenC. aethiopsautosomal paints (paints
derived from Chrs 1, 3, 5, 6, 8, 9, 11, 12, 16, 18 and 19) hybridized
to an entire human homolog.C. aethiopsprobe 2 painted two
entire human chromosomes (human Chrs 20 and 21). The other 16
C. aethiopspaints gave signals on subregions of human chromo-
somes. Paints forC. aethiopschromosomes 4, 7, 10, 13, 17, 20, 26,

Fig. 2. Bivariate flow karyotype of African green monkey chromosomes
from a primary fibroblast culture of a male. Painting probes established by
DOP-PCR from flow-sorted chromosomes and in situ hybridization to
African green monkey metaphase spreads allowed the chromosomal as-
signment of each peak. Note the nomenclature for African green monkey
follows an ordering of chromosomes by which metacentrics are numbered
first, then submetacentrics and acrocentrics (Sineo et al., 1986). Thus, Chrs
7, 20, and the X are the largest in the karyotype, a finding which is also
reflected by the chromosome-sorting results. Two peaks showed more than
one chromosome (14 + 22 and 23, 24, 25), while from the 4 + 13peak an
enriched sort for Chr 13 was possible. Note that chromosomes 21, 26, and
28 showed polymorphisms that caused the homologs to be found in two
separate peaks.
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Fig. 3. Examples of in situ hybridizations of DOP-PCR-generated African green monkey paints hybridized to human chromosomes and vice versa.a)
shows the human chromosome paint 1 on African green monkey Chrs 20 and 25, whileb) is the reverse painting of African green monkey paint 20 to human
Chr 1p and to a small band on the long arm.c) shows a hybridization with a paint containingC. aethiopsChrs 23, 24, and 25. The chromosome probe
23 paints part of the long arm of human Chr 5, monkey probe 24 paints most of human Chr 14, and 25 hybridizes to the long arm of human Chr 1. A small
band on human Chr 14 is not painted and is homologous to material specific for African green monkey Chr 29 (see also f).d) African green monkey paint
7 delineates the entire long arm of human Chr 4.e) human Chr 15 paints two African green monkey chromosomes, 26 and 29.f) human Chr 14 paints
African green monkey Chrs 24 and 29 (arrows).
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and 27 gave one; 15, 22, and 29 gave two; and paints 21 and 28
gave three signals each. The mixed paint for Chrs 23 + 24 + 25
gave three signals on different human chromosomes 1, 5, and 14.
The mixed monkey paint 14 + 22 hybridized to two regions on
human Chr 3, to the entire short arm of Chr 2, and to the proximal
region of 2q. The sex chromosome paints hybridized to their ho-
mologs. A summary of the results is shown in Fig. 4.

Painting human probes to African green monkey chromosomes.
The total number of signals obtained with the 24 human chro-

mosome-specific DNA paints onC. aethiopsmetaphases was 33.
Thirteen of 22 human autosome paints (paints 8–13, 16–22) gave
one signal. All of these, with the exception of 21 and 22, which
together formC. aethiopsChr 2, hybridized one entireC. aethiops
homolog each. Seven human autosomal probes (paints 1, 2, 3, 4, 5,
6, and 7) gave two signals each and hybridized to two entireC.
aethiopschromosomes. Paints 14 and 15 both hybridized to a
separate, entireC. aethiopschromosome (chromosomes 24 and 26
respectively). In addition, they both recognized subregions onC.
aethiopsChr 29. The human sex chromosome probes hybridized to
their C. aethiopshomologs. The summary of the hybridizations is
shown in Fig. 5.

Discussion

Transfer of gene mapping data between human and African green
monkey.The African green monkey is an important animal model
in biomedical research; however, the gene map is poorly devel-
oped. Only 29 genes are mapped both in human and this monkey.
A further seven genes are in various unassigned linkage groups
(O’Brien, 1993, for review; Fig. 5). This low number reflects the

labor-intensive techniques involved in classical gene mapping ap-
proaches. Further, polymorphic markers are of little use in com-
paring genetic maps between species, since they are often not very
well conserved. All the previous assignments of homologies are in
accordance with the present painting results. Recent reciprocal
chromosome painting has shown that FISH can be used effectively
to transfer gene mapping data from densely mapped species to
those with poorly developed maps. It has been shown that the
accuracy of this transfer is more than 90% of genes (Goureau et al.
1996; Wienberg et al. 1997; Stanyon et al. 1999). For instance, we
can immediately propose three previously identified but unas-
signed linkage groups to specific chromosomes ofC. aethiops:U1
4 AK1 to CAE12; U24 HEXA, MPI, NP, and PKM2 to CAE29;
U3 4 CKBB to CAE24 (Fig. 5). In the 13 cases where human
chromosomal synteny is maintained (Chrs 8–13 and 16–22), genes
already assigned to these individual human chromosomes can be
transferred to individual green monkey chromosomes with a better
than 90% confidence. In the nine cases (human Chrs 1–7, 14, and
15) where synteny is not conserved between species reciprocal
painting can permit a provisional sub-chromosomal assignment of
mapping. For example, genes mapped on human Chr 1p can be
assigned toC. aethiopsChr 20, which is homologous to this hu-
man chromosome arm. Sub-chromosomal assignments can be pro-
posed for nine individual human chromosomes that are found frag-
mented in the monkey karyotype: 1, 2, 3, 4, 5, 6, 7, 14, and 15. In
this way, literally thousands of genes assignments of human chro-
mosomes or human chromosomal subregions can now be trans-
ferred to individual monkey homologs (Fig. 4 and 5).

Mechanisms of chromosome evolution in C. aethiops.Compared
with other Old World monkeys (Wienberg et al. 1992; Bigoni et al.
1997a, 1997b), the karyotype ofC. aethiopsseems highly derived,

Fig. 4. The idiogram summarizes the in situ hybridization experiments painting African green monkey probes on human chromosomes. The hybridization
sites and the number of the African green monkey painting probes are given on the right side of each chromosome. The horizontal lines indicate the limits
of the hybridization signals. Pericentromeric areas were generally without hybridization signals. The exact assignments for probes containing African green
monkey probes 14 + 22 and 23, 24, 25 were deduced from the reciprocal results painting human on African green monkey chromosomes.
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but is still much more conserved than those of gibbons (Jauch et al.
1992; Koehler et al. 1995a, 1995b), which are even more closely
related to humans. These differences suggest that chromosome
painting may not be sensitive enough to identify small transloca-
tions in more distantly related species. However, in the present
experiments a number of hybridization signals ofC. aethiops
paints on human chromosomes were about the size of single chro-
mosome bands: CAE chromosome paints 21 and 28 on HSA7, and
CAE paint 29 on HSA14. These hybridizations demonstrate the
sensitivity of the approach even when comparing species that di-
verged more than 20 million years ago. We conclude that chro-
mosome painting clearly demonstrated large differences in fre-
quencies of chromosome rearrangements over evolutionary time in
various phylogenetic lines and that there is no simple molecular
clock for karyotype reshuffling (Wienberg and Stanyon 1997).

Outgroup analysis including New World monkeys, prosimians,
and several non-primate mammals indicates that the direction of
changes in the karyotype of African green monkey is towards
increasing diploid number (that is, fission). On analysis of the
position of hybridization signals, the breakpoints can be mapped in
most instances outside the centromeric regions. This result sug-
gests that the changes were not solely Robertsonian, as has been
commonly assumed (Dutrillaux et al. 1978; Estop et al. 1978;
Ponsa` et al. 1980). This conclusion can be made for the break-
points of the monkey homologs to human Chrs 1, 3, 5, 6, 14, and
15, whereas hybridization data for homologs to human Chrs 4 and
7 may include breakpoints within the centromeres. This hypothesis
was not previously clear, because the exact borders of homologous
subregions were not well defined in the banding comparisons ofC.
aethiops.

Further outgroup comparisons show that there are a number of
other derived chromosome rearrangements in both human and Af-
rican monkey karyotypes. The well-known human Chr 2 fusion is
reflected by two homologs inC. aethiops.The chromosome asso-
ciation homologous to human 14/15 is ancestral to primates and
other mammalian orders, but derived in both species. This chro-
mosome association was independently fissioned in both humans
and African green monkey, leading to two and three homologs
respectively. InC. aethiopsChrs 26, 24, 29 have resulted from two
fissions of this ancestral chromosome. The hybridization pattern
demonstrates, that the breakpoints differ from those in human Chrs
14 and 15 (Fig. 3 e, f). Finally, the association between human Chr
20 and 21 homologs found inC. aethiopsChr 2 is a derived trait,

since both chromosomes are independent in the ancestral Catar-
rhine karyotype. The various combinations found for the human
NOR-bearing chromosome homologs to 21 and 22 in different Old
World monkeys definitely show that these chromosomes were in-
dependent in the last common ancestor (Wienberg et al. 1992;
Stanyon et al. 1995; Bigoni et al. 1997a, 1997b).

Generally, chromosome painting delineates interchromosomal
rearrangements such as fusions and fissions and translocations.
There is no evidence for any reciprocal translocation in the phy-
logenetic lines leading to humans orC. aethiops.However, the
multiple hybridization patterns of someC. aethiopspaints on hu-
man Chrs 3 and 7 suggest that inversions have occurred in the
phylogenetic lines leading to human and African green monkey.
Further chromosome painting to other Old World monkeys and
great apes will clarify the exact rearrangements involved.

The origin of Cercopithecus monkeys is still under discussion.
Comparisons of the hybridization pattern in other Old World mon-
keys shows that all Papionini share two derived chromosome as-
sociations, 7/21 and 20/22. These associations appear to link all
Papionini after the divergence of Cercopithecus monkeys. How-
ever, it would be helpful to have more chromosome painting data
from a number of Cercopithecus species to define the exact origin
of this genus. The paint set ofC. aethiopswill be helpful in
defining the chromosomal rearrangements in the genus Cercopi-
thecus; however, it could also be used to establish interspecies
homology and establish chromosomal phylogenetic evolution in
other Old World monkeys, New World monkeys, and prosimians.
Such research could help analyze the origin and evolution of pri-
mate chromosomes as will finally help to establish the ancestral
karyotypes of all primates.

Acknowledgments.The work was funded by the Deutsche Forschungsge-
meinschaft (DFG Wi-970/6-1), Italian MURST 60% grants, and the British
Medical Research Council.

References

Arnold N, Stanyon R, Jauch A, O’Brien P, Wienberg J (1996) Identifica-
tion of complex chromosome rearrangements in the gibbon by FISH of
a human chromosome 2q microlibrary, yeast artificial chromosomes and
reciprocal chromosome painting. Cytogenet Cell Genet 74, 80–85

Bigoni F, Koehler U, Stanyon R, Wienberg J (1997a) Chromosome paint-

Fig. 5. The idiogram summarizes the in
situ hybridization experiments painting
human probes on African green
monkey chromosomes. The
hybridization sites and the number of
the human painting probes are given on
the right of each chromosome. The
horizontal lines indicate the limits of
the hybridization signals. In addition,
gene mapping data (O’Brien 1993) are
included. All gene mapping data are
consistent with the chromosome
painting results. We have also included
in bold number three previously
identified but unassigned linkage
groups to specific chromosomes ofC.
aethiops.

P. Finelli et al.: Comparative reciprocal chromosome painting in human and green monkey 717



ing establishes homology between human and black and white Colobine
monkey chromosomes. Am J Primatol 42, 289–298

Bigoni F, Koehler U, Stanyon R, Ishida T, Wienberg J (1997b) Fluores-
cencein situ hybridization establishes homology between human and
Silvered Leaf monkey chromosomes reveals reciprocal translocations
between chromosomes homologous to human Y/5 1/19 and 6/16 and
delineates a X(1)X(2)Y(1)Y(2)/X(1) X(1)X(2)X(2) sex-chromosome system.
Am J Phys Anthropol 102, 315–327

Clemente IC, Ponsa M, Garcia M, Egozcue J (1990) Evolution of the
simiiformes and the phylogeny of human chromosomes. Hum Genet 84,
493–506

Cremer T, Lichter P, Borden J, Ward DC, Manuelidis L (1988) Detection
of chromosome aberrations in metaphase and interphase tumour cells by
in situ hybridization using chromosome specific library probes. Hum
Genet 80, 235–246

de Grouchy J, Finaz CN, van Cong (1977) Comparative banding and gene
mapping in primate evolution. Evolution of chromosome 1 during fifty
million years. InChromosomes Today,A de la Chapelle, M Sorsa, eds.
(Amsterdam: Elsevier/North-Holland), Vol 6, pp. 183–190

Dutrillaux B (1979) Chromosomal evolution in primates, tentative phylog-
eny fromMicrocebus murinus(prosimian) to man. Hum Genet 48, 251–
314

Dutrillaux B, Viegas-Pequignot F, Couturier J, Chauvier G (1978) Identity
of euchromatic bands from Man to Cercopithecidae (Cercopithecus
aethiops, Erytrocebus patas, Miopithecus talapoin). Hum Genet 45,
283–296

Estop A, Garver JJ, Pearson PL (1978) Further studies on the comparative
karyology of the African green and rhesus monkeys. Genetica 49, 131–
138

Finaz C, Dubois MF, Cochet C, Vignal M, de Grouchy J (1976) Le caryo-
type du Cercopithe`que (Cercopithecus aethiops) marquage et nomen-
clature. Ann Genet 19, 213–216

Fleagle JG (1988)Primate Adaptation and Evolution.(San Diego: Aca-
demic Press)

Goureau A, Yerle M, Schmitz A, Riquet J, Milan D et al. (1996) Human
and porcine correspondence of chromosome segments using bidirec-
tional chromosome painting. Genomics 36, 252–262

Jauch A, Wienberg J, Stanyon R, Arnold N, Tofanelli S et al. (1992)
Reconstruction of genomic rearrangements in great apes and gibbons by
chromosome painting. Proc Natl Acad Sci USA 89, 8611–8615

Koehler U, Arnold N, Wienberg J, Tofanelli S, Stanyon R (1995a) Geno-
mic reorganization and disrupted chromosomal synteny in the siamang
(Hylobates syndactylus) revealed by fluorescence in situ hybridization.
Am J Phys Anthropol 97, 37–47

Koehler U, Bigoni F, Wienberg J, Stanyon R (1995b) Genomic reorgani-
zation in the concolor gibbon (Hylobates concolor) revealed by chro-
mosome painting. Genomics 30, 287–292

Lichter P, Cremer T, Borden J, Manuelidis L, Ward DC (1988) Delineation
of individual human chromosomes in metaphase and interphase cells by
in situ suppression hybridization using recombinant DNA libraries. Hum
Genet 80, 224–234

Müller S, O’Brien PCM, Ferguson-Smith MA, Wienberg J (1997) Recip-
rocal chromosome painting reveals homologies between human and pro-

simian (Eulemur macaco macacoand Eulemur fulvus mayottensis)
karyotypes. Cytogenet Cell Genet 78, 260–271

O’Brien SJ (1993) (ed)Genetic Maps, Locus Maps of Complex Genomes,
6th ed. (Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory
Press)

Pinkel D, Landegent J, Collins C, Fuscoe J, Segraves R et al. (1988)
Fluorescence in situ hybridization with human chromosome specific
libraries: detection of trisomy 21 and translocation of chromosome 4.
Proc Natl Acad Sci USA 85, 9138–9142
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