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Probe pDP1007, which contains highly conserved DNA sequences from the sex-
determining region of the human Y chromosome, cross-hybridized with owl monkey
EcoRI restriction fragments of 1.8 kb and 6.6 kb. Southern transfer analysis of owl
monkey (karyotype Vl)-rodent somatic cell hybrids localized the 1.8-kb fragment on
the owl monkey X chromosome and the 6.6-kb fragment, which is male specific, on
chromosome 14/Y. Regional In situ chromosome mapping of pDP1007 revealed spe-
cific sites of hybridization: the distal short arm of the X chromosome of karyotypes
IV, VI, and VII; the small metacentric Y of karyotype IV; the C-band positive region
on the short arm of chromosome 17/Y (karyotype VII); and the C-band positive region
on the long arm of chromosome 14/Y (karyotype VI). These molecular findings rein-
force cytologlcal evidence that Y-chromosomal material has been transferred to
autosomes 14 and 17 in owl monkeys of karyotypes VI and VII, respectively, in which
there are no independently segregating Y chromosomes.

The widely distributed South American owl
monkey, Aotus, is characterized by diver-
sified karyotypes with diploid chromo-
some counts ranging from 46 to 58.2A1U3>19

In addition, some owl monkeys are distin-
guished by an uncommon chromosomal
sex determination system. A Y-to-auto-
some (Y;A) translocation in the males has
been observed in at least three isolated
populations of owl monkeys inhabiting
Bolivia (karotype VI, 2n = 49 male; 50 fe-
male), Peru (karyotype VII, 2n =• 51 male;
52 female), and Brazil (2n = 49 male; 50
female).8'912 The initial interpretation of
this XX:X,t(Y;A) sex determination system
was based on cytological observation of
male meiotic pairing of the X chromosome
with two autosomes to form a trivalent
structure and on the identification of un-
paired mitotic chromosomes by band pat-
tern analysis.912 In tracing the evolution of
the owl monkey Y chromosome, Ma found
that this chromosome is prone to rear-
rangement and translocation.6 The Y chro-
mosome, the smallest chromosome in the
owl monkey complement, can be meta-
centric (in karyotypes I, II, III, IV, VIII, and
IX), acrocentric (in karyotypes V, X, and
XI), translocated onto the short arm of an
autosome (in karyotype VII), or intersti-
tially inserted into the long arm of auto-
some 14 (in karyotype VI).

Recent advances in molecular cloning
techniques have led to the isolation of nu-

merous DNA sequences from various re-
gions of the human Y chromosome. A par-
ticular focus of interest has been the
portion of the short arm of the human Y
chromosome (HSA Yp) that has been pro-
posed to contain the sex-determining
gene(s).1618 Within this region, certain sin-
gle-copy DNA sequences were found to be
evolutionarily conserved by cross-react-
ing with DNA sequences in a wide range
of placental mammals, including the owl
monkey.18 Therefore, these highly con-
served HSA Y DNA sequences, which de-
tect male-specific restriction fragments in
the placental mammalian genome, can be
valuable markers for regional localization
of the Y chromosome (or chromosome
segment) in the owl monkey chromosome
complement with an XX:X,t(Y;A) sex de-
termination system. In our study, one of
these conserved single-copy DNA se-
quences from the human Y chromosome,
clone pDP1007, was used to map the au-
tosomally translocated Y chromosome (or
chromosome segment) in karyotype VI (2n
= 49; male) of the Bolivian owl monkey
and in karyotype VII (2n = 51; male) of
the Peruvian owl monkey.

The single-copy DNA probe pDP1007
derives from interval IA2 of the human Y
chromosome. It detects two related se-
quences, one on HSA Yp and another on
HSA Xp21-p22.18 The DNA sequences on
HSA Yp, designated ZFY,U appear to en-
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Figure 1. Southern transfer of EcoRl-digested DNA
from male and femaJe owl monkeys hybridized with
the human pDP1007 probe.

code a zinc-finger protein and may prove
to be the testis-determining factor.18 The
closely related sequences on the HSA Xp
chromosome, the X-linked homologue of
ZFY, are referred to as ZFX.U The pDP1007
probe and its homologues also have been
used in analyzing the sex-determining re-
gion on the mouse Y chromosome.1518

Materials and Methods

The human insert of plasmid pDP1007 is
a 1.3-kb genomic Hind III fragment purified
from phage XOX82. This fragment, which
derives from the human Y chromosome,
is inserted into the Hind HI site of pUC13.

Rodent-owl monkey karyotype VI so-
matic hybrid cell lines containing various
subsets of owl monkey chromosomes, pre-
viously used for gene mapping studies,7

are included here for mapping the owl
monkey homologue of pDP1007 DNA se-
quences. The construction, propagation,
and chromosomal identification of these
hybrid lines have been described previ-
ously.14

Southern Transfer Analysis
Cellular DNAs from owl monkey lympho-
cytes, rodent fibroblast cell lines, and ro-

1.8 -
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Figure 2. Southern transfer analysis of DNA from
rodent-owl monkey (karyotype VI) cell hybrids con-
taining the ZFXQl ,8-kb fragment) and Z /^ (6.6-kb frag-
ment) gene loci. Lane 1, owl monkey (male) control;
lane 2, mouse control; lanes 3, 4, and 6, hybrid clones
containing the 1.8-kb fragment but lacking the 6.6-kb
fragment; lane 5, hybrid clone that has the 6.6-kb frag-
ment but not the 1.8-kb fragment

dent-owl monkey (karyotype VI) somatic
cell hybrids were digested to completion
with restriction endonuclease EcoRI, sep-
arated on an 0.8% agarose gel, transferred
to a nylon membrane (Amersham), and
hybridized with the ^P-labeled pDP1007
in sodium phosphate buffer (pH 7.2) at
65°C. We subsequently rinsed the mem-
brane in sodium phosphate buffer (pH 7.2)
with 1 % SDS and exposed it to Kodak XAR-5
film at -70°C with intensifying screens for
1 to 10 days.

Chromosome in situ Hybridization
We cultured leukocytes of male owl mon-
key karyotypes IV (2n = 52), VI (2n = 49),
and I + VII (2n = 52) in F10 nutrient me-
dium supplemented with 15% fetal bovine
serum and 1% phytohemagglutinin (Well-
come). We treated the cells with bromo-
deoxyuridine and harvested them to ob-
tain prometaphase and metaphase spreads
as described by Harper and Saunders.4 We
air-dried slides with good mitotic chro-
mosomes for at least 3 days before sub-
jecting them to in situ hybridization treat-
ment

We labeled the probe to a specific ac-
tivity of 6-8 x 107 cpm//xg DNA using tri-
tiated 3H-TTP, 3H-dATP, and 3H-dCTP

(NEN) and the random primer technique
of Feinberg and Vogelstein.3

We treated slides with good mitotic
spreads with ribonuclease, exposed them
to a short denaturation treatment with
formamide, and hybridized them over-
night with 10 ng/slide of the 3H-labeled
probe. We then rinsed them to remove the
excess probe, coated them with a nuclear
track emulsion, and stored them at 4°C in
the dark for 7 to 21 days. The slides were
then developed, fixed, and air-dried as de-
scribed previously.10

To obtain C-banded chromosomes, we
stained the slides with Hoechst and Giem-
sa stains using a modified procedure de-
scribed by Lin et al.5 We treated additional
slides by the sodium borate method1 to
obtain C-banded chromosomes. Mitotic
spreads on each slide were screened with
a Nikon Plan 100 x dry NCG objective. We
recorded silver grains in contact with
chromosomes from each definable meta-
phase by tabulating them on an idiogram
with the nomenclature designated for owl
monkey karyotypes IV, VI, and VII as de-
scribed previously.11 In addition, we pho-
tographed some mitotic spreads and
printed them for confirmational analysis.

Results

DNAs extracted from a total of 34 (16 male,
18 female) owl monkeys of karyotypes 1
through VII were probed with pDP1007.
The data, as illustrated in Figure 1, are
consistent with previous findings.18 Cross-
reactivity of the human Y probe pDP1007
with EcoRI-digested DNAs from the 16 male
owl monkeys was revealed by the pres-
ence of two nonpolymorphic bands of 6.6
kb and 1.8 kb. The 6.6-kb fragment was
absent from DNAs prepared from the fe-
male owl monkeys and present in those
prepared from the male owl monkeys. The
intensity of the nonpolymorphic 1.8-kb
fragments in the female samples was twice
that in the male samples.

EcoRI -digested DNAs from a panel of 16
rodent-owl monkey (karyotype VI, male)
somatic cell hybrids were hybridized with
the same probe. We scored them sepa-
rately for the presence of the 1.8-kb and
6.6-kb fragments (Figure 2), as summa-
rized in Table 1. The 1.8-kb fragment seg-
regated concordantly with the X chro-
mosome. The assignment of the 1.8-kb DNA
sequences to the owl monkey X chromo-
some was confirmed by the high discor-
dancy rate (13% to 69%) with all other
chromosomes. Therefore, this 1.8-kb frag-
ment assigned to the X chromosome rep-
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Table 1. Segregation pattern of the owl monkey 1.8-kb and 6.6-kb fragments with DNAs from rodent-owl monkey (karyotype VI) tomillc cell hybrid*
containing different subsets of owl monkey chromosomes

Frag- Segregation
ment pattern

1.8 kb +/+
+/-
- /*
- / -

% Discordancy

6 6 kb +/+
+ / -
- /+
-J~

% Discordancy

Chromosome
1

9
4
1
2

31

2
0
8
6

50

2

6
7
0
3

44

1
1
5
9

38

3

4
9
0
3

56

1
1
3

11

25

4

8
5
0
3

31

1
1
7
7

50

5

10
3
1
2

25

1
1

10
4

69

6

8
5
1
2

38

0
2
9
5

69

9

6
7
0
3

44

1
1
5
9

38

10

7
6
0
3

38

1
1
6
8

44

11

7
6
0
3

38

1
1
6
8

44

12

6
7
0
3

44

0
2
6
8

50

13

8
5
0
3

31

1
1
7
7

50

14

6
7
0
3

44

1
1
5
9

38

15

4
9
0
3

56

0
2
4

10

38

16

10
3
1
2

25

1
1

10
4

69

17

4
9
0
3

56

1
1
3

11

25

18

3
10
0
3

63

0
2
3

11

31

19

8
5
0
3

31

1
1
7
7

50

20

9
4
0
3

25

1
1
8
6

56

21

11
2
0
3

13

1
1

10
4

69

22

12
1
1
2

13

2
0

11
3

69

23

12
1
3
0

25

1
1

14
0

94

24

8
5
0
3

31

1
1
7
7

50

25

3
10
0
3

63

0
2
3

11

31

26

10
3
0
3

19

1
1
9
5

63

X

13°
0°
0°
3°

0

2
0

11
3

69

14/Y

2
11
0
3

69

2°
0"
0-

14-

0

The number of hybrid cell lines that retained the DNA sequences and chromosome (+/+) , retained the DNA sequences but lost the chromosome ( + / - ) , lost the DNA
sequences but retained the chromosome ( - / + ) , and lost both the DNA sequences and chromosome ( - / - ) are Indicated.

" Independent hybrids showing concordant segregation.

',T' V ]

A B
Figure 3. Representative autoradiograms showing
hybridization of the pDP1007 probe to (A) the X chro-
mosome and (B) the Y chromosome of owl monkey
karyotype IV (2n - 52).

resents the owl monkey homologue of the
human ZFX gene.

The segregation pattern of the 6.6-kb
fragment is 100% concordant with owl
monkey chromosome 14/Y (karyotype VI).
The discordancy rate of all other chro-
mosomes, ranging from 25% to 94%, pro-
vides evidence for the assignment of the
6.6-kb fragment to chromosome 14/Y. The
6.6-kb fragment, therefore, represents the
owl monkey homologue of the human ZFY
gene.

In order to identify the precise chro-
mosomal locations of the owl monkey
homologues of the ZFX and ZFY loci, mi-
totic spreads prepared from a male owl
monkey of karyotype IV (2n = 52) were
hybridized with the labeled probe. One
hundred and eighteen silver grains were
in contact with chromosomes from a total

of 35 mitotic spreads selected for the anal-
ysis. Eighteen (15%) silver grains were as-
sociated with the X chromosome, with a
peak of 12 grains (67%) deposited at the
distal end of the short arm. In addition, a
second peak of 15 grains (13%) was con-
centrated on the Y chromosome (Figure
3). Because of its size, no specific site of
hybridization could be determined on this
tiny metacentric Y chromosome from pre-
liminary data. However, the high percent-
age of silver grain deposition on the Y
chromosome provides evidence for the as-
signment of the ZFY locus to the Y chro-
mosome of owl monkey karyotype IV. No
noticeable regions of grain deposition
could be defined over the autosomes.

To confirm the chromosomal assign-
ment of the owl monkey ZFX locus and to
map the ZFY locus regionally on chro-
mosome 14/Y (karyotype VI), we probed
mitotic spreads from two male owl mon-
keys of karyotype VI (2n = 49) with the
tritiated pDP1007 sequences. In situ hy-
bridization with pDP1007 on 169 mitotic
cells revealed a total count of 493 silver
grains associated with chromosomes. Six-
ty-eight grains (13.7%) were over the X
chromosome, with a peak of 53 grains
(78%) deposited at the distal end of the
short arm, identical to the site on the X
chromosome of karyotype IV. Moreover, a
second peak of 86 (17.4%) silver grains
was localized on chromosome 14/Y, of
which 52 (60%) were deposited on the in-
terstitial C-band positive region of the long
arm (Figure 4). The remaining grains were
scattered over the other chromosomes;
there were no noticeable grain deposition
regions. Statistical evaluation of the silver
grains indicated that probe pDP1007 hy-
bridized to specific sites on the X and 14/Y
chromosomes of owl monkey karyotype

VI—precisely, to the distal short arm of
the X chromosome and to the interstitial
C-band positive region of the long arm of
chromosome 14/Y.

The same hybridization procedure was
repeated with metaphase spreads from a
male owl monkey hybrid (karyotype 1 x
VII) sired by a male Peruvian owl monkey
of karyotype VII (2n = 51). Results from
the analysis of silver grain deposition on
100 metaphase spreads revealed similar
findings: two peaks of grain counts, one
on the X chromosome and the other on
chromosome 17/Y. On the X chromosome,
76% of the grains were deposited on the
distal short arm at a site identical to the
one reported for karyotypes IV and VI.
Concurrently, 70% (24 of 34) of the silver
grains localized on chromosome 17/Y
(karyotype VII) were concentrated at the
C-band positive region of the distal short
arm (Figure 5).

Discussion

Analysis of the Southern transfer hybrid-
iaation of DNAs from 34 owl monkey sam-
ples with the human Y-specific probe
pDP1007 revealed two nonpolymorphic
bands of 6.6 kb and 1.8 kb in the males
and only the 1.8-kb fragment in the fe-
males. These findings provide additional
data supporting an earlier proposal18 that
the 6.6-kb fragment is Y specific and the
related 1.8-kb fragment derives from the
X chromosome. This interpretation also is
confirmed by the segregation of these frag-
ments with owl monkey chromosomes in
a panel of rodent-owl monkey (karyotype
VI) somatic cell hybrids. The 6.6-kb frag-
ment, the ZFY homologue, was assigned
to chromosome 14/Y, and the 1.8-kb frag-
ment, the ZFX homologue, was mapped on
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Figure 4. Idiogram of the silver grain deposition on 169 metaphase spread* of owi monkey karyotype VI (2n = 49) after in situ hybridization with the pDP1007 probe.
The silver grains are clustered in the short arm of the X chromosome and In the interstitial long arm of chromosome 14/Y.

the X chromosome of owl monkey karyo- key karyotypes IV, VI, and I x VII revealed ments of the ZFX locus on the X chro-
type VI. a unanimous regional localization of the mosome of three owl monkey karyotypes

Analysis of the silver grain deposition ZCTgene on the distal short arm of the X confirmed the location of this gene. This
counts on chromosomes of male owl mon- chromosome. These independent assign- is the first X-chromosomal gene that has
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Figure 5. (Right) Distribution of silver grains on
chromosome 17/Y from an analysis of 100 metaphase
spreads of karyotype VII after in situ hybridization with
pDP1007. (Left) C-banded chromosome 17/Y (karyo-
type VII) with a silver grain indicating the location of
the ZFY gene locus (arrow).

been regionally localized on both the owl
monkey and the human X chromosomes.

The assignment of the homologue of the
human ZFY gene to the Y chromosome of
owl monkey karyotype IV suggested that
this conserved gene sequence could be
used as a marker for locating the Y-derived
material in other owl monkey karyotypes.
In owl monkey karyotype VII, the Y-chro-
mosome marker is regionally localized on
the distal short arm of chromosome 17/Y
at a site that stains positively after C-band-
ing treatment. In owl monkey karyotype
VI, the Y-chromosome marker is assigned
to the interstitial region of the long arm of
chromosome 14/Y, a region that is also
C-band positive. These findings provide
the first molecular evidence confirming our
previous cytological observations that the
Y chromosome was translocated to the
short arm of autosome 17 in karyotype VII
of the Peruvian owl monkey.12 In karyo-
type VI of the Bolivian owl monkey, the Y
chromosome was inserted interstitially into
the long arm of autosome 14 (the homo-
logue of autosome 17 of karyotype VII).
Additional assignment of gene markers to

autosome 14 (and 14/Y) will be of assis-
tance in supporting or refuting the pos-
tulated inversional rearrangement respon-
sible for the interstitial insertion of the Y
chromosome or chromosome segment
onto this autosome.

Although we localized the Y-specific se-
quences regionally on autosome 17
(karyotype VII) of the Peruvian owl mon-
key and homologue 14 (karyotype VI) of
the Bolivian owl monkey, it remains un-
clear how large a portion of the Y chro-
mosome, whether a segment or the entire
chromosome, was involved in the trans-
location. Nevertheless, the identification
of the homologous, highly conserved
Y-chromosome region in at least two di-
vergent primate species (human and owl
monkey) reinforces the conclusion that
this region on HSA Yp contains the sex-
determining gene(s).

Reference*

1. Cannlzzaro LA, and Emanuel BS. An improved meth-
od for G-bandlng chromosomes after in situ hybrid-
ization. Cytogenet Cell Genet 1984; 38:308-309

2. Esplnal CT, Moreno E, Umana J, Ramirez CJ, and
Montilla M. Susceptibility of different populations of
Colombian Aotus monkeys to the FCB-1 strain of Plas-
modium faldparum Am J Trop Med Hyg 1984; 33:777-
782.

3. Felnberg A, and Vogelsteln B. A technique for la-
beling DNA restriction endonuclease fragments to high
specific activity. Anatyt Blochem 1984, 137.266-267.

4. Harper ME, and Saunders GF. Localization of single
copy DNA sequences on G-banded human chromo-
somes by in sifu hybridization. Chromosoma 1981, 83:
431-439

5. Lin CC, Draper PN, and De Braekeleer M. High-
resolution chromosomal localization of the beta gene
of the human beta globin gene complex by m situ hy-
bridization. Cytogenet Cell Genet 1985; 39:269-274.

6. Ma NSF. Chromosome evolution in the owl monkey,
Aotus. Am J Phys Anthropol 1981; 54:293-303.

7. Ma NSF. Gene map of the New World Bolivian owl
monkey, Aotus. J Hered 1983; 74:27-33.

8. Ma NSF, Aquino R, and Collins WE. Two new karyo-
types in the Peruvian owl monkey, Aotus hivirgatus
Am J Primatol 1985; 9:333-341.

9. Ma NSF, Elliott MW, Morgan L, Miller A, and Jones
TC Translocation of Y chromosome to an autosome
in the Bolivian owl monkey, Aotus. Am J Phys Anthro-
pol 1976; 45:191-202.

10. Ma NSF, Gerhard DS, Housman DE, Orldn S, and
Bruns G. Owl monkey gene mapping: the assignment
of gene loci for catalase, beta globin gene cluster,
HRAS1, insulin and parathyroid hormone. Cytogenet
Cell Genet 1986; 43:57-68.

11. Ma NSF, Jones TC, Miller AC, Morgan LM, and
Adams EA. Chromosome polymorphism and banding
patterns in the owl monkey QAotus). Lab Anim Sci 1976;
26 1022-1036.

12 Ma NSF, Renquist DM, Hall R, Sehgal PK, Slmeone
T, and Jones TC. XX/XO sex determination system in
a population of Peruvian owl monkey, Aotus. J Hered
1980; 71:336-342.

13. Ma NSF, Rossan RN, Kelley ST, Harper JS, Bedard
MT, and Jones TC. Banding patterns of the chromo-
somes of two new karyotypes of the owl monkey, Aotus,
captured in Panama. J Med Primatol 1978; 7:146-155.

14. Ma NSF, Simeone T, McLean J, and Parham P.
Chromosome localization and gene synteny of the ma-
jor histocompatibility complex in the owl monkey,
Aotus. Immunogenetics 1982; 15:1-6.

15. Mardon G, Mosher R, Disteche CM, Nishioka Y,
McLaren A, and Page DC Duplication, deletion, and
polymorphism in the sex-determining region of the
mouse Y chromosome Science (in press).

16. McLaren A. Sex determination in mammals. Trends
in Genet 1988; 4:153-156.

17. Page DC. Is ZFY the sex-determining gene on the
human Y chromosome? Philos Trans R Soc Lond 1988
(In press).

18. Page DC, Mosher R, Simpson EM, Fisher EMC, Mar-
don G, Pollack J, McGillivray B, de la Chapelle A, and
Brown LG. The sex-determining region of the human
Y chromosome encodes a finger protein. Cell 1987; 51.
1091-1104.

19. Yunis E, de Caballero OMT, and Ramirez C. Genus
Aotus Q- and G-band karyotypes and natural hybrids.
Folia Primatol 1977, 27.165-177.

Ma et al • Y-Autosomal Translocations in Owl Monkeys 263

 at T
ufts U

niversity on M
arch 19, 2012

http://jhered.oxfordjournals.org/
D

ow
nloaded from

 

http://jhered.oxfordjournals.org/

