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Summary. We have used Y-specific and Y-derived DNA
probes for in situ hybridization and Southern blotting analysis
to characterize a Y;15 translocation showing normal Mende-
lian inheritance in a family. Cytogenetically there appeared to
be an unbalanced translocation of Yqh to 15p; this transloca-
tion may be considered as a prototype of those translocations
between Yq and the short arm of an acrocentric chromosome
which have a population incidence of approximately 1 in 2,000.
Our molecular studies showed that, in all probability, the
breakpoints were near the border between Yqll.23 and
Yql2, and in 15pll, respectively; the translocation is ab-
breviated t(Y;15)(q12;p11). Using the Y-specific probe
pY431 in a quantitative Southern hybridization assay, normal
females had no hybridization, female carriers and normal men
had the same amount, and male carriers had twice that
amount. Cytogenetic analysis and quantitative in situ hybrid-
ization using probes pY431 and pY3.4 were consistent with
the hypothesis that the portion of Yq translocated to 15p com-
prised all of Yq12 and none of Yq11. The absence of Southern
hybridization with probes specific for Yp and Yql1 confirmed
this observation. Even though the family was ascertained
through two brothers who both had schizophrenia and were
carriers of the translocation, the clinical evaluation of a total
of nine individuals with the translocation and five without it
did not suggest its association with an abnormal phenotype.

Introduction

The short arms and satellite regions of the human acrocentric
chromosomes are highly heteromorphic with respect to size
and staining properties (Harnden and Klinger 1985). When
such a region is large and brilliantly fluorescent by quinacrine
staining, it resembles the distal part of the long arm of the Y
chromosome and raises the question as to whether it might
represent material translocated from Yql2. Using Y-specific
probes such Y;acrocentric translocations have been shown to
exist both by Southern hybridization (Cooke and Noel 1979;
Schmidtke and Schmid 1980; Burk et al. 1983; Schmid et al.
1983; Vergnaud et al. 1986) and by in situ hybridization (Lau
1985; Lau et al. 1985).

According to Nielsen and Rasmussen (1976a) the fre-
quency of Y;autosome translocations in the general popula-
tion is approximately 1 in 2000. Two distinctly different types
of translocations occur. In the more common form the distal
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portion of Yq is translocated to the short arm of an acrocentric
chromosome. Those forms in which the Y material is translo-
cated onto a non-acrocentric chromosome are much rarer and
may involve any part of the Y chromosome (Smith et al.
1979). Translocations belonging to the first group, most com-
monly t(Y;15), have been seen in normal individuals and are
therefore thought to be compatible with a normal phenotype
including fertility (Nielsen and Rasmussen 1976a; Cohen et al.
1981; Fryns et al. 1985). Translocations of the second type of-
ten lead to an abnormal phenotype, notably including sterility
(Biihler 1980, 1985; Davis 1981; Fryns et al. 1985; Goodfellow
et al. 1985).

In this study we have made use of Southern blotting and in
situ hybridization using Y chromosome specific probes to cha-
racterize a t(Y;15) segregating in a family. We correlate the
findings with the phenotypic features of individuals carrying
and not carrying the translocation chromosome. Finally, our
in situ hybridization data provide information about the regio-
nal distribution of the probes we have used on the normal Y
chromosome.

Materials and methods
Cytogenetic analysis

Chromosome preparations from phytohaemagglutin-stimu-
lated whole blood cultures (72h) were obtained by standard
methods. Banding was done by the GTG-technique according
to Seabright (1971), QFQ-banding according to Caspersson et
al. (1971) and CBG-banding according to Sumner (1972).

DNA probes

Repeated and single-copy DNA sequences specific for the Y
chromosome or recognizing fragments localized on the Y
chromosome and elsewhere were used as molecular probes.
Probe pY431 (recognizing Y-specific 2.1-kb Haelll repeat
DNA) was obtained from Kirby Smith (unpublished). Probe
pY3.4 (recognizing Y-derived 3.4-kb Haelll repeat DNA)
was obtained from Yun-Fai Lau and Yuet Wai Kan (Lau et al.
1984). Probe 50f2 was obtained from Jean Weissenbach
(Guellaen et al. 1984). Probe pDP105 was a gift from David
Page. It detects Y-specific TaglI fragments of 2.5 kb (pDP105/
A) and 5.2kb (pDP105/B) (unpublished results). In those
Southern blotting experiments in which the intensity of the
bands was measured by densitometry we used the probe NJ-3
(Tsipouras et al. 1983), localized on chromosome 7 and ob-
tained from Petros Tsipouras, as a control.
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In situ hybridization and Southern blotting

Slides were aged for 1 week at room temperature prior to in
situ hybridization. The probes were nick-translated with *H-
dCTP (57.1 Ci/mmol, New England Nuclear) and *H-dTTP
(105.4 Ci/mmol). In situ hybridization was carried out accord-
ing to the method of Harper and Saunders (1981). The chro-
mosome preparations were hybridized with *H-labelled probe
pY431 (specific activity 1.1 X 107 cpm/ug) at a concentration
of 40-50ng/ml or with the *H-labelled probe pY3.4 (specific
activity 6 X 10°cpm/ug) at a concentration of 5-30 ng/ml. The
slides were coated with Kodak NTB-2 emulsion and exposed
for 3-11 days at 4°C. Following developing and fixation of the
photographic emulsion the chromosomes were stained with
0.25% Wright’s stain. Complete metaphase spreads were
photographed and, after trypsin treatment (Popescu et al.
1985), karyotyped and analysed for silver grain localization.

DNA was extracted from whole blood in EDTA using
standard methods (Page and de la Chapelle 1984). DNA sam-
ples (2 ug) were digested with Haelll and 5-ug DNA samples
with Taql, the fragments separated on 0.7% agarose gels,
transferred to nitrocellulose filters (Schleicher and Schuell,
BASS5), denatured and hybridized to radioactively labelled de-
natured probes. The probes were radiolabelled by nick-trans-
lation to a specific activity of 1.8 X 10°® to 2.1 X 10° cpm/pg,
using 2P-CTP (3000 Ci/mmol, Amersham). After hybridiza-
tion, the filters were washed and exposed to Fuji X-ray films
with intensifying screens.

Clinical description

The family was ascertained through the proband (individual
IT1-11 indicated on the pedigree, Fig. 1). Clinical data on the
family members were obtained by general somatic, neurologi-
cal, and psychiatric examination, and psychological tests.
Some symptomless family members were not studied; data on
their physical and mental health were obtained through inter-
views with those relatives that we studied. Below is a brief
summary of the findings.

Male translocation carriers

II-1 and III-1 were somatically and psychically normal. Indi-
vidual II-2 was somatically normal at age 76. Based on psycho-
logical tests and psychiatric examination his mental status was
considered to be borderline normal. Individual ITIT-11 has suf-
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Fig. 1. Pedigree of the family

fered from a psychotic disorder diagnosed previously as para-
noid schizophrenia since the age of 27. Individual ITI-12 had
bradycephaly. He has acted strangely and violenty since the
age of 17 and has showed on-going florid paranoid delusions.
Both III-11 and III-12 are treated in a state high security hos-
pital because of their impulsive and aggressive behaviour.

Males without translocation

Individuals III-3 and III-6 were mentally and physically nor-
mal. Individual III-7 served a 3-month prison sentence for as-
sault and battery at the age of 34. He has not been in psych-
iatric care and is physically normal. Individual ITI-8 was hos-
pitalized twice for schizophrenia at the age of 25.

Females

No evidence was obtained indicating mental or physical ab-
normalities in females I11-4, III-9, III-10 and IV-1 with the
translocation. Females 1I-4 and III-2 without the transloca-
tion, as well as female III-5 (chromosomes or DNA not
studied) were also mentally and physically normal.

Results

Cytogenetic analysis

Of those individuals whose karyotypes were studied, nine had
one chromosome 15 with a very large short arm here referred
to as 15p+. The 15p+ chromosome appeared identical in all
individuals in whom it was found. The abnormal short arm
stained lightly on G-banded and brilliantly on Q-banded prep-
arations (Fig. 2). Not shown in Fig. 2 is C-banding by which
the 15p+ region stained darkly. Using the nomenclature of
Harnden and Klinger (1985) the designation of this chromo-
some is var(15)(p1,GTGS53,CBG51,QFQ55). The morphology
and staining properties of this chromosome were compatible
with it carrying a piece of Yq12 on its short arm. The segrega-
tion shown in Fig. 1 is compatible with normal dominant in-
heritance. ’

In situ hybridization

To characterize the 15p+ chromosome further we examined
the chromosomes from a male and a female family member
(II-2 and II1-9, respectively) by in situ hybridization with the
Y-specific probe pY431. Metaphases from II-2 were also ex-
amined with probe pY3.4. The brightly quinacrine-fluorescent
regions in Yql2 and 15p+ were heavily labelled with both
probes (Fig. 3).

With probe pY431, hybridized to metaphases from the
male translocation carrier II-2, 24% of the chromosomal
grains were located on the Y chromosome and 15% on the
15p+ chromosome (Fig. 4B). In the female translocation car-
rier 1II-9, 39% of all chromosomal grains were localized on
the 15p+ chromosome (Table 1). The remaining grains were
distributed throughout the chromosome complement without
any accumulation of grains over any other chromosome or re-
gion, as shown in Fig. 4A.

With probe pY3.4, hybridized to metaphases from II-2,
27% of the chromosomal grains were on the Y chromosome
and 20% on the 15p+ chromosome (Fig. 5B). Considerable
numbers of grains also occurred in the centric regions of the
chromosomes 9; 17% of all grains were on the two homo-
logues of this chromosome. The short arms of the other ac-
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Fig.2A, B. G- and Q-banded chromosomes. A Partial karyotype 46,XY,15p+ . -
(G-bands) from individual III-12. B Metaphase showing 46,XY,15p+ .
(Q-bands) from individual III-11. Intensely fluorescent regions in 15p+ and » \\ \ .
Y indicated by arrows \
Fig.3.A, B. In situ hybridization of probe pY3.4 to a 46,XY,15p+ metaphase
from individual II-2. A After Wright staining showing grains (arrows). - /
B After destaining and trypsin treatment followed by Wright staining B

yielding G-bands. Arrows indicate 15p+ and Y chromosomes

Table 1. Grain counts obtained by in situ hybridization. NA, Not applicable

Indi- Karyotype Probe No. Mitoses with grains on Total Grains on
vidual of. 15p+ 9 no..of 15p+ 9
mito- grains
ses No. (%) No. (%) No. (%) onall No. (%) No. (%) No. (%)
chromo-
somes

-2 46,XY,15p+ pY43l 67 45 (67%) 30 (45%) 3 (4%) 308 75 (24%) 45 (15%) 3 (1%)
-9  46,XX,15p+ pY431 80  NA 69 (86%) 7 (9%) 279 NA 108 39%) 7 (3%)
-2 46XY,15p+ pY34 51 47 (92%) 42 (82%) 29 (57%) 295 80 (27%) 58 (20%) 49 (17%)

rocentric chromosomes, and the centromeric region of chro- female translocation carrier IT11-9 (lane 3) and male transloca-
mosome 5 were also labelled, but to a much lesser degree tion carrier II-2 (lane 4) hybridized simultancously with the
(Fig. 4C). probes pY431 and NJ-3 are shown in Fig. 6. Two prominent

bands of hybridization are seen at 2.1kb and 3.0 kb. The band
produced by probe NJ-3 recognizing sequences on chromo-
some 7 was used as a reference to estimate the amount of
Autoradiograms of Southern blots of Haelll-digested DNA DNA available for hybridization in each lane. Densitometric
from normal male IIT-8 (lane 1), normal female 1I-4 (lane 2), tracings were made in which the amount of hybridizing DNA

Southern hybridization
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Fig. 4.A—-C. Histograms showing the
localization of grains on the chromo-

10 somes. A Probe pY431, female trans-
location carrier I11-9. B Probe pY431,
male translocation carrier II-2. C Probe
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Fig.SA, B. Schematic representation of grain distribution on the 15p+ and Y chromosomes. A Probe pY431, individual II-2. B Probe pY3.4,

individual II-2

3.0 kb — W — NJ-3
21 kb — W = 8 - pvasi
1 2 3 4

Fig. 6. Autoradiograph of Southern blot after hybridization with the
probes pY431 (2.1kb) and NJ-3 (3.0kb). lane I, normal male III-8;
lane 2, normal female I1-4; lane 3, translocation carrier female 1I1-9;
lane 4, translocation carrier male II-2

in the 2.1-kb band (Y-specific) was calculated relative to the
amount present in the chromosome-7-specific band at 3.0kb.
If the value for the control female was 0, then the normal male
and the female translocation carrier had values of 1.02 and
1.14, respectively, while the male translocation carrier had the
value 2.28.

To find out exactly what portion of the Y chromosome was
included in the translocation, we performed Southern blotting
experiments with the Y chromosome specific probes pDP105

and 50f2. The results shown in Table 2 indicate that none of
the DNA segments recognized by these probes were present
on the translocation chromosome since DNA from female car-
riers did not hybridize with these probes. Referring to the map
of the Y chromosome published by Vergnaud et al. (1986)
these results indicate that at least intervals 3,4 and 6 were not
included. Interval 3 is in the short arm, interval 4 is in the
centromeric region and interval 6 is in the distal part of the
euchromatic region of the long arm. Thus the breakpoint must
have been either in distal Yq11.2 or in the heterochromatic
region Yql2. We conclude that there is no evidence for any
euchromatic part of the Y chromosome being involved.

Discussion

Our findings using in situ hybridization and Southern blotting
confirmed the cytogenetic interpretations that the 15p-+ car-
ries material from Yq and also provided quantitative evidence
to show that the heterochromatic band Yql2, present on the
15p+ chromosome, is of the same size as that of the Y chro-
mosome segregating in this family. We demonstrate the ab-
sence of any of the Y-specific fragments recognized by probes
localized in the euchromatic portion of the Y, including Yp,
the pericentromeric region, and Yql1. On the deletion map of
Yq (Vergnaud et al. 1986) fragment 50f2/C,E was assigned to
interval 6, the most distal of those intervals that map to the
euchromatic region of Yq. Since probe 50f2/C,E is not present
on the 15p+ chromosome we conclude that the breakpoint on

Table 2. Summary of the results of Southern hybridization with the probes pDP105, 502 and pY431

Subject Sex Presence Fragments of probe Fragments of probe 50f2 Probe pY431
of t(Y;15) pDP105
A B AorB C D E
111-7, I1I-8 M Absent + + + + + + +
II-1, HI-11 M Present + + + + + + +
II-4, normal control F Absent - — — _ - _
119, Iv-1 F Present - - - — - - +
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the ancestral Yq was probably close to the end of the euchro-
matic region. The same conclusion can be made from the re-
sults obtained by Vergnaud et al. (1986) in a t(Y;15) female
whose translocation breakpoint on the Y was similar to the
one we report here.

We have not been able to use molecular methods to help
determine the breakpoint on chromosome 15. However, since
the 15p+ has a centromere which is not that of the Y (based
on the absence of probes localized in intervals 3 and 4), the
breakpoint must be in the short arm. The cytogenetic evi-
dence clearly suggests 15p11. Thus the abnormality can be de-
scribed as a translocation t(Y;15)(q12;p11). The translocation
is unbalanced since it entails the loss of most of 15p and the
gain of Yq12. We show by several methods that females with
the 15p+ have one copy of Yq12 while males have two copies.
The full abbreviation of the karyotype in male and female car-
riers is 46, XY or 46,XX,—15,+der(15),t(Y;15)(q12;p11).

We wish to draw attention to the localization of grains on
the structurally normal Y chromosome shown in Fig.5A, B.
With probe pY431, 71% of all the grains on the Y chromo-
some, and with probe pY3.4, 65% respectively, were on Yq12
while 29% and 35%, respectively, were on the euchromatic
portion (mostly Yql1). Moreover, in the case of pY3.4 we
counted 49 grains on the two chromosomes 9, which almost
equals the number observed on Yql2. In comparison, the
numbers of grains on the short arms of the other acrocentric
chromosomes were small. With the exception of the paper by
Szabo et al. (1979) our results provide the first quantitative
approach to the chromosomal localization of those repeated
sequences that are recognized by these widely used probes
(Lau et al. 1985). The data we provide for the two probes
were obtained using identical hybridization conditions and are
therefore directly comparable. However, in the case of these
highly repetitive related satellite DNAs, different conditions
of stringency will produce quite different hybridization re-
sults. For extensive comparison between probes, several
stringencies should probably be used. We wish to emphasize
the great inter-individual variability that exists in mitotic
heterochromatin size for, e.g. chromosomes 9 and Y as docu-
mented cytogenetically (Harnden and Klinger 1985). Experi-
ments on individuals with different expressions of these het-
eromorphisms are needed to characterize this variation fur-
ther in molecular terms.

The t(Y;15) described here can probably be regarded as a
prototype of those translocations that occur between Yq and
the short arm of the acrocentric chromosomes. Such familial
translocations have been described for each of the other acro-
centric chromosomes except for chromosome 21 (only one de
novo case; Fryns et al. 1985). Adult and fertile de novo trans-
location carrier males have not been described so these trans-
locations evidently represent ancestral events that are regu-
larly transmitted to the offspring by virtue of their lack of
phenotypic effect. As far as we know these familial transloca-
tions and so-called satellited Y chromosomes (Schmid et al.
1984) are the only well-documented human ones known to
date that have no phenotypic effect even when unbalanced.
Carriers have a loss of Dp and an extra dose of Yq12 or vice
versa. The lack of phenotypic effect is not surprising, as it is
well established that the loss of one or even several short arms
of acrocentric chromosomes has no deleterious consequences
(Chandley et al. 1975; Nielsen and Rasmussen 1976b) and
that the presence of two entire Y chromosomes often has no
effect (Thompson et al. 1967; Chandley et al. 1976).

Several members of the family we describe are mentally
abnormal. While it appears unlikely that the clinical features
are related to the cytogenetic and molecular abnormality seen
in some family members we are continuing our clinical and
psychiatric investigations with the aim of elucidating the
aetiological mechanisms involved.
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