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Summary.  Three 45,X males have been studied with Y-DNA 
probes by Southern blotting and in situ hybridization. South- 
ern blotting studies with a panel of mapped Y-DNA probes 
showed that in all three individuals contiguous portions of the 
Y chromosome including all of the short arm, the centromere, 
and part of the euchromatic portion of the long arm were pre- 
sent. The breakpoint was different in each case. The indi- 
vidual with the largest portion (intervals 1-6) is a fertile male 
belonging to a family in which the translocation is inherited in 
four generations. The second adult patient, who has intervals 
1-5,  is an azoospermic, sterile male. These phenotypic find- 
ings suggest the existence of a gene involved in spermato- 
genesis in interval 6 in distal Y q l l .  The third case, a boy with 
penoscrotal hypospadias, has intervals 1-4B. In situ hybrid- 
ization with the pseudoautosomal probe pDP230 and the Y 
chromosome specific probe pDP105 showed that Y-derived 
DNA was translocated onto the short arm of a chromosome 
15, 14, and 14, respectively. One of the patients was a mosaic 
for the 14p+ translocation chromosome. Our data and those 
reported by others suggest the following conclusions based on 
molecular studies in eight 45,X males: The predominant 
aetiological factor is Y;autosome translocation observed in 
seven of the eight cases. As the remaining case was a low- 
grade mosaic involving a normal Y chromosome, the maleness 
in all cases was due to the effect of the testis determining fac- 
tor, TDF. There is preferential involvement of the short arm 
of an acrocentric chromosome (five out of seven transloca- 
tions) but other autosomal regions can also be involved. The 
reason why one of the derivative translocation chromosomes 
becomes lost may be that it has no centromere. 

(Maserati et al. 1986; Disteche et al. 1986; Gal et al. 1987; 
Magenis et al. 1987). The presence of Y DNA in the patient 
described by Gal et al. (1987) had been signalled in an earlier 
paper on the same patient (Schempp et al. 1985). Secondly, 
low-grade mosaicism involving an intact Y chromosome was 
observed in one patient (de la Chapelle et al. 1986). Eight ad- 
ditional non-mosaic 45,X male patients were described in the 
literature before molecular studies became possible (reviewed 
by Gal et al. 1987). Based on cytogenetic observations, sev- 
eral authors had suggested that the probands carried Y chro- 
mosome material translocated onto an antosome (Subrt and 
Blehova 1974; Vignetti et al. 1977; Koo et al. 1977; Turleau et 
al. 1980; Schempp et al. 1985). 

It thus appears possible that most 45,X males are the result 
of Y; autosome translocations, as recently suggested (Fraccaro 
et al. 1987). Since one of the derivative translocation chromo- 
somes is lost, the variable clinical phenotypes may depend on 
what Y chromosome material is lost, and on the origin and 
amount of autosomal material lost. To elucidate these ques- 
tions we undertook a cytogenetic and molecular reinvestiga- 
tion of three previously studied 45,X males. Our results con- 
firm the earlier findings of Subrt and Blehova (1974) and Tur- 
leau et al. (1980) based on cytogenetic observations, that the 
two 45,X males have Y;autosome translocations involving the 
short arm of an acrocentric chromosome. In addition one 
case, previously reported not to have Y-DNA (de la Chapelle 
et al. 1986, case 2) also has a Y;autosome translocation but is 
a mosaic for it. Our data provide an explanation for the loss of 
one of the derivative chromosomes. Finally we report  pheno- 
typic findings indicating that a Y chromosomal gene related to 
fertility (Tiepolo and Zuffardi 1976) is located in interval 6 on 
Yq11. 

Introduction 

Maleness associated with a 45,X karyotype is a rare condition 
in which the individuals have male external genitalia and 
testes. Sexual development is often abnormal or delayed; 
most patients are azoospermic and many have other abnor- 
malities. In the last 2 years the application of molecular tech- 
niques has shown that two alternative mechanisms may give 
rise to this condition. Firstly, translocation of Y chromosomal 
D N A  onto an autosome has been observed in four patients 
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Materials  and methods  

Patients 

Case 1 is a phenotypically normal male belonging to a family 
described in detail by Subrt and Blehova (1974). He is the 
grandfather of a boy with multiple congenital abnormalities. 
An identical chromosome abnormality was found in the boy, 
his normal father, grandfather (our case 1) and great-grand- 
father. All  four males have 45 chromosomes and no Y chro- 
mosome. Extra material on one 15p was originally interpreted 
as representing part of Yp. 



Table 1. Southern hybridization of Y-DNA probes on lymphocyte DNA 

Inter- DNA probe used 
val a 

Probe/locus 

Presence (+) or absence ( - )  of Y-specific restriction fragments 

Enzyme String- Reference Case i Case 2 Case 3 Father Mother Normal 
ency b of of males 

case 3 case 3 

Normal 
females 

1 pDP132 TaqI H D.C. Page, + + + + - + 
unpublished 

2 pDP61 TaqI H D.C. Page, + + + + - + 
unpublished c 

3 50f2/A,B EcoRI M Guellaen et al. + + + + - + 
1984 

3 pDP105/A TaqI M D.C. Page, + + + + - + 
unpublished 

4A pDP34 TaqI H Page et al. + + + + - + 
1984 

4B pDP97 EcoRI H D.C. Page, + + + + - + 
unpublished a 

4B 50f2/D EcoRI M Guellaen et al. + + + + - + 
1984 

5 i2f TaqI H Bishop et al. + + - + - + 
1984 

6 50f2/C,E EcoRI M Guellaen et al. + - - + - + 
1984 

6 pDP105/B TaqI M D.C. Page, + - - + - + 
unpublished 

7 pY431-HinfA TaqI M K. Smith, - - - + - + 
unpublished 

a Vergnaud et al. 1986; Page 1986 
b H, High stringency (hybridization at 47°C, wash at 65°C); M, medium stringency (hybridization at 42°C, wash at 55°C) 
c Probe derived from plasmid 115 (Geldwerth et al. 1985) 
d Probe derived from cosmid Y97 (Wolfe et al. 1985) 

Case 2 is an azoospermic male described in detail by Tur- 
leau et al. (1980). The parents were cytogenetically normal.  
Based on extensive cytogenetic analysis Turleau et al. (1980) 
concluded that euchromatic Y chromosome material  was trans- 
located onto one chromosome 14p in the patient.  

Case 3 is a 14-year-old boy who was born with penoscrotal  
hypospadias (de la Chapelle  et al. 1986, case 2). His psycho- 
motor  development  is slightly retarded.  Lymphocytes  and fi- 
broblasts from this patient  were extensively studied cytogenet-  
ically, and the karyotype was judged to be 45,X without evi- 
dence of translocation. Moreover ,  molecular  studies involving 
Southern blott ing with several single copy and two repeti t ive 
Y chromosomal  D N A  probes produced no evidence of Y 
chromosome derived D N A  (de la Chapel le  et al. 1986). 

Southern blotting 

D N A  was extracted f rom blood lymphocytes,  lymphoblastoid 
cells or cultured skin fibroblast cells by published methods  
(Kunkel  et al. 1977). Restrict ion enzyme digestion, electro- 
phoresis, transfer and hybridization of D N A  were per formed 
as previously described (Page and de la Chapelle  1984). 

In situ hybridization 

The metaphases for in situ hybridization experiments were  ob- 
tained f rom phytohaemagglut inin-st imulated 3-day cultures of 
whole blood or  from Epstein Barr  virus t ransformed lympho- 
blastoid cell cultures. In situ hybridizations with 3H-labelled 
probes were carried out as described previously (Andersson et 

al. 1986). Probes were labelled to specific activities of 1.5 x 
107 cpm/~tg (pDP230) and 9 × 106 cpm/~tg (pDP105) and used 
at concentrat ions of 20-50 ng/ml. Slides were developed after 
4-16  days of exposure and metaphases were stained with 
0.25% Wright 's  stain and photographed.  To obtain bet ter  
banding of chromosomes the slides were destained by immers- 
ing them in a series consisting of 95% ethanol,  then 95% 
ethanol,  1% HC1, and finally methanol .  They were then 
treated with 0.03% trypsin in 0.012% E D T A - H a n k s  solution 
for 2 -4 ra in  (Popescu et al. 1985) and restained for G-bands 
with Wright 's  stain. 

DNA probes 

D N A  probes detecting Y-specific restriction fragments used in 
Southern blott ing experiments are listed in Table 1. Probe 
pDP230 (DXYS20) (Page et al. 1987b) detects homologous 
pseudoautosomal  sequences on Yp and Xp in normal  human 
males. Probe pDP105 (DYZ4)  (D. C. Page, unpublished) de- 
fines multiple Y-specific loci, one on Yp (interval 3) and one 
on Yq (interval 6) in normal  males. 

Results 

Cytogenetic studies 

As described in detail previously, extra chromosome material  
occurred on one 15p in case 1 (Subrt and Blehova 1974) and 
on one 14p in patient 2 (Turleau et al. 1980). Re-investigation 



of patient 3 yielded results as follows: All  mitoses from recent 
phytohaemagglutinin-stimulated blood cultures and a recently 
established lymphoblastoid cell culture had an elongated short 
arm on one chromosome 14. The same chromosome was also 
seen when the slides from blood cultures done in 1975 and 
1979 were re-investigated. It did not occur in mitoses from the 
father, mother or brother. In a fresh fibroblast culture the 
14p+ chromosome was observed in 4 mitoses out of 29 (14%); 
while in the remaining 25 mitoses there were 2 chromosomes 
14 without any p+  phenomenon. Fibroblast mitoses prepared 
in October 1982 were re-studied. These came from the same 
culture that was used to produce DNA for the Southern blot- 
ting experiments reported previously (de la Chapelle et al. 
1986). Re-analysis of 38 mitoses indicated that 14p+ was pre- 
sent in 11 (29%) and absent in 27 mitoses. Examples of lym- 
phocyte derived chromosomes belonging to the affected pair 
in the three patients are shown in Fig. 1. 

Southern hybridization 

Southern blotting experiments using lymphocyte or lympho- 
blast D N A  from the 45,X males were done with a panel of 
probes detecting different intervals on the normal Y chromo- 
some (Vergnaud et al. 1986; Page 1986). The results are 
shown in Table 1. All  three individuals had single-copy Y- 
DNA from the euchromatic part of the chromosome but 
lacked the repetitive DNA,  DYZ2, that characterizes the 
heterochromatic portion (interval 7). The amount of Y chro- 
mosomal material present was different in the three males. In- 
dividual 1 had the largest portion (intervals 1-6), patient 2 
had intervals 1-5, and patient 3 intervals 1-4B. These find- 
ings are in good agreement with the cytogenetic observations 

Fig, 1A-C. G-banded translocation chromosomes from the lympho- 
cytes of the three 45,X males. A Case 1, B case 2, C case 3 

(Fig. 1) that individual I appeared to have the largest, and pa- 
tient 3 the smallest, addition of chromosomal material on the 
short arm of the affected autosome. 

In patient 3 our previous study had failed to detect any Y- 
DNA (de la Chapelle et al. 1986). In the previous experiments 
only DNA from fibroblasts had been used, while the findings 
obtained recently and shown in Table 1 were on lymphoblas- 
toid cell DNA.  We therefore repeated the experiments using 
fibroblast DNA from harvests made in 1982 and from a new fi- 
broblast culture started in 1986. In all these samples the 
probes from intervals 1-4B did hybridize with the patient 's 
DNA but the hybridization signal was extremely weak, no 
more than one-tenth that found in lymphoblast DNA. This ex- 
plains why the signal was not detected in our previous study. 

In situ hybridization 

The results obtained with the Y-specific probe pDP105 and 
the pseudoautosomal probe pDP230 in lymphocyte or lym- 
phoblastoid metaphases are shown in Table 2 and Fig. 2. The 
short arms of the translocation chromosomes were heavily 
labelled with both probes in all three individuals. The 
pseudoautosomal probe pDP230 also showed a peak on Xp in 
all experiments. These findings suggest that the extra material 
in the acrocentric translocation chromosome is derived from 
the Y chromosome in all three 45,X males. 

Discussion 

Aetiology of maleness in 45,X males 

In addition to the three individuals we describe, Y;autosome 
translocation has been demonstrated by DNA studies in four 
other cases (Maserati et al. 1986; Disteche et al. 1986; Gal et 
al. 1987; Magenis et al. 1987). In a few additional patients re- 
viewed by Gal et al. (1987) and Fraccaro et al. (1987) Y;auto- 
some translocation may be present even if unsuspected on cy- 
togenetic grounds. Thus Y; autosome translocation is the most 
common cause of 45,X maleness. In comparison, similar 
studies in numerous XX males have not disclosed any case of 
Y;autosome translocation. Instead, X-Y interchange is the 
predominant cause of XX maleness (Guellaen et al. 1984; de 
la Chapelle et al. 1984; Page et al. 1985; 1987a; Affara et al. 
1986; Vergnaud et al. 1986; Andersson et al. 1986; Petit et al. 
1987; Magenis et al. 1987). However, in both conditions male- 
ness is obviously caused by the presence of TDF, which re- 
sides in interval 1 on the tip of the short arm of the Y chromo- 

Table 2. Grain counts on the metaphases from the three 45,X males after in situ hybridization with probes pDP105 and pDP230 

Individual Probe No. of No. of mitoses with grains on 
mitoses chromosomes 

No. of grains on chromosomes 

14p+(%) 15p+(%) 14p+(%) 15p+(%) Total 

1 pDP105 34 
pDP230 55 

2 pDP105 40 36 (90) 
pDP230 58 46 (79) 

3 pDP105 31 28 (90) 
pDP230 49 39 (80) 

32(94) 49(24) 
30(55) 34(12) 

44(18) 
61(13) 

40(16) 
48(12) 

204 
288 

243 
469 

251 
395 



30 

20 

10 
.m 
ra 

"6 

3c 

10 .£ 

30 

20 

A p D P I 0 5  

II,~,,I;,~,i,I . . . . . .  
2 4 5 6 7 8 9 

i 

,,",',!,,,~ ,~, ~ ~ ~ ,~ m # ~ ~ ~, ~ ~ ,,,,,~'~,,,~ 
10 11 12 13 14 15 15~. 16 17 18 19 20 21 22 x 

p D P 2 3 0  

lO 11 12 13 14 t5 15.. 16 17 18 19 20 21 22 x 

30 

20 

10 

30 

20 

10 

30 

20 

10 

B p D P l 0 5  

'!,.~.,~,,~! i.,..@,..I~, ~ ,,~"~''"'IZ £1a~,L, ,'al""°, ,~"""~"1 ~ 
1 2 3 4 5 6 7 8 9 

10 11 12 13 14 14p. 1s 16 17 18 19 20 21 22 X 

p D P 2 3 0  

..... ' " "  " ' ,  ...... , 
1 2 3 4 5 6 7 8 9 

50 

I 
10 11 12 13 14 14.. 15 16 17 18 19 20 21 22 x 

3o(j C .oP~o~ 
20 

.~ 10 

I ................. I I .~.I. ~,Ii.'.~,i/ ~ !,i!.;tJ i ~2  I I i i 
5 6 7 8 9 °I 30 z 

20 

10 

lO 11 12 13 14 14p. 15 16 17 18 19 20 21 22 X 

301 pDP230 
20 

.~ 10 
° 

1~ I ,J~i} 
2 3 4 5 6 7 8 9 40 

z 

10 11 12 13 14 14p° 15 16 17 18 19 20 21 22 x 

Fig. 2A-C. Histograms showing the localization of grains after in situ 
hybridization with probes pDP105 and pDP230. A Case 1, B ease 2, 
C case 3 

some, a region that is invariably present in the genomes of 
those XX or X males who have Y - D N A  (Vergnaud et at. 
1986; Petit et al. 1987; Page et al. 1987a; this report). 

That X-Y interchange is not likely to account for 45,X 
maleness is suggested by the fact that the single X was mater- 
nal in all four patients where the parental origin has been de- 
termined (present patient 3; de la Chapelle et al. 1986, case 1; 
Maserati et al. 1986; Gal et al. 1987). 

Another aetiological factor in 45,X males is mosaicism in- 
volving an intact or structurally abnormal Y chromosome. 
Molecular and cytogenetic studies of one such patient (de la 
Chapelle et al. 1986, case 1) disclosed the extremely cir- 
cumscribed nature of the clone containing the Y chromosome. 
Indeed, 45,X/46,XY mosaicism with quite variable phenotype 
is not infrequent (Btihler 1980; Davis 1981; Magenis and 
Donlon 1982). In the strict sense patients in whom even very 
few cells with a Y chromosome are detected can no longer be 
considered to be 45,X males. However, the proven existence 
of patients with such low-grade mosaicism in which the Y 
chromosome is barely detectable, as in a case of ours (de la 
Chapelle et al. 1986, case 1) makes it likely that other patients 
who are mosaics will remain undetected. 



Breakpoints in the translocation chromosomes; 
loss of one derivative chromosome 

The small size and lack of distinct bands of the Y chromosome 
make it difficult to characterize accurately by cytogenetic 
methods. Thanks to the molecular map of the Y (Vergnaud et 
al. 1986; Page 1986) it was possible to ascertain the breakpoints 
in our patients with the resolution afforded by the probes we 
used. Our results show that in all three individuals the translo- 
cation comprises a contiguous portion of the Y chromosome 
ranging from the tip of the short arm (characterized by the 
pseudoautosomal DNA probe pDP230) to the long arm. The 
centromere is contained in interval 4B represented by probe 
pDP97 and fragment D recognized by probe 50f2. Since these 
were present in all three males we conclude that the break- 
point must have been in Yq. However, the breakpoint occur- 
red at a different site in each patient (Table 1). 

We have not studied the breakpoints in the autosomes in- 
volved by DNA methods. However, we hypothesize that the 
derivative (14p+ and 15p+) chromosomes in our cases have 
the centromere of the autosome and thus have two centro- 
meres. This would explain why the other derivative chromo- 
some presumably formed at the translocation is eliminated; it 
lacks a centromere. We conclude that the likely basis for the 
loss of one chromosome in 45,X males is the fact that the 
translocation leads to the formation of one dicentric chromo- 
some, which is retained, and one acentric chromosome, which 
is lost. 

Phenotypic correlations; mapping of the fertility factor 

The most severely affected of our patients (case 3 with penos- 
crotal hypospadias and psychomotor retardation) has the 
smallest portion of the Y chromosome (intervals 1-4B), while 
patient 2 who is azoospermic but otherwise normal has intervals 
1-5. Case 1 has intervals 1-6 and is clinically normal and fertile; 
moreover, a study of his pedigree (Subrt and Blehova, 1974) 
shows that his normal son and father also were 45,X,15p+. In 
contrast, his grandson, who has the same karyotype, has 
multiple congenital abnormalities, the aetiology of which may 
be unrelated to the Y;15 translocation. 

These findings argue that the Y chromosomal gene related 
to fertility (AZF for azoospermia factor; Tiepolo and Zuffardi 
1976) is located in interval 6 on Yq. We base this suggestion 
on the fact that case i has intervals 1-6 and is fertile while case 
2 has intervals 1-5 and is azoospermic. A similar portion of 
the Y as in our patient 2 occurred in the azoospermic patients 
described by Disteche et al. (1986) and by Gal et al. (1987) 
lending further support to this hypothesis. In addition, among 
X Y q -  males (Vergnaud et al. 1986) case 26 who had intervals 
1-6 of the Y chromosome was fertile while patients who had 
intervals l - 4 B  (cases 22-24) and 1-5 (case 25) were sterile. 

The family of case 1 in which 45,X males are fertile is of 
great interest. In this family an alternative mode of sex deter- 
mination might be said to operate, in which the autosomes 15 
have become sex chromosomes. This kind of sex determina- 
tion operates in some species of monkeys where females are 
XX, while males are X with a probable Y;autosome transloca- 
tion (Ma et al. 1980). Meiotic studies in the family of case 1 
might give important clues as to the meiotic behavior of the 
chromosomes involved. 

Loss of the short arm of one or several acrocentric chromo- 
somes can occur without any phenotypic consequences (e.g. 
Nielsen and Rasmussen 1976; Gahmberg et al. 1980). To date 

no genes apart from those encoding ribosomal RNA have 
been assigned to these chromosome arms (Cox and Gedde- 
DaM 1985) which display heterochromatic characteristics and 
are markedly polymorphic (ISCN 1985). Involvement of an 
acrocentric chromosome has now been found in five of the 
seven 45,X males studied by molecular methods. However, in 
two cases, a non-acrocentric chromosome was involved 
(Maserati et al. 1986; Magenis et al. 1987). The resulting loss 
of euchromatic chromosome material in these instances led to 
phenotypic abnormalities that could be predicted from what is 
known about such deletions (18p-  and 5 p - )  when they occur 
without a translocation. Findings in three further patients in 
whom a Y;5p translocation chromosome is present but who 
have not been studied by molecular methods (Vignetti et al. 
1977; Tolksdorf et al. 1980; Seidel et al. 1981) corroborate this 
conclusion. 

There seems to be preferential involvement of certain por- 
tions of certain autosomes in the translocations of 45,X males. 
We propose that it is not by coincidence that in so many 45,X 
males in whom a Y; autosome translocation has been found or 
suspected, the autosomal point of translocation is in the short 
arm of an acrocentric chromosome. Non-random association 
of acrocentric chromosomes with the sex pair occurs in male 
meiosis (Stahl et al. 1984) and could be a causative factor. 

Acknowledgements. We thank Drs. J. Weissenbach and K. Smith for 
DNA probes. This study was supported by grants from the Sigrid 
Jusdlius Foundation, the Academy of Finland, and the National Insti- 
tutes of Health. Part of the work was done at the Folkhfilsan Institute 
of Genetics, Helsinki. 

References 

Affara NA, Ferguson-Smith MA, Tolmie J, Kwok K, Mitchell M, 
Jamieson D, Cooke A, Florentin L (1986) Variable transfer of Y- 
specific sequences in XX males. Nucleic Acids Res 14 : 5375-5387 

Andersson M, Page DC, Chapelle A de la (1986) Chromosome Y- 
specific DNA is transferred to the short arm of X chromosome in 
human XX males. Science 233 : 786-788 

Bishop C, Guellaen G, Geldwerth D, Fellous M, Weissenbach J 
(1984) Extensive sequence homologies between Y and other 
human chromosomes. J Mol Biol 173 : 403-417 

Btihler EM (1980) A synopsis of the human Y chromosome. Hum 
Genet 55 : 145-175 

Chapelle A de la, Tippett PA, Wetterstrand G, Page D (1984) Genet- 
ic evidence of X-Y interchange in a human XX male. Nature 307 : 
170-171 

Chapelle A de la, Page DC, Brown L, Kaski U, Parvinen T, Tippett 
PA (1986) The origin of 45,X males. Am J Hum Genet 38:330- 
340 

Cox DR, Gedde-Dahl T (1985) Report of the committee on the ge- 
netic constitution of chromosomes 13, 14, 15 and 16. Cytogenet 
Cell Genet 40 : 206-241 

Davis RM (1981) Localisation of male determining factors in man: a 
thorough review of structural anomalies of the Y chromosome. J 
Med Genet 18:161-195 

Disteche CM, Brown L, Saal H, Friedman C, Thuline HC, Hoar DI, 
Pagon RA, Page DC (1986) Molecular detection of a transloca- 
tion (Y;15) in a 45,X male. Hum Genet 74 : 372-377 

Fraccaro M, Lindsten J, Lo Curto F (1987) The origin and phenotype 
of XO males. Hum Genet 75 : 392 

Gahmberg N, Pajunen L, Chapelle A de la (1980) NOR activity in 
two families with balanced D;D translocations and numerous con- 
secutive miscarriages. Hereditas 92:217-221 

Gal A, Weber B, Neri G, Serra A, Muller U, Schempp W, Page DC 
(1987) A 45,X male with Y-specific DNA translocated onto chro- 
mosome 15. Am J Hum Genet 40 : 477-488 



Geldwerth D, Bishop C, Guellaen G, Koenig M, Vergnaud G, Man- 
del J-L, Weissenbach J (1985) Extensive DNA sequence homo- 
logies between the human Y and the long arm of the X chromo- 
some. EMBO J 4:1739-1743 

Guellaen G, Casanova M, Bishop C, Geldwerth D, Andre G, Fellous 
M, Weissenbach J (1984) Human XX males with Y single-copy 
DNA fragments. Nature 307 : 172-173 

ISCN (1985) An international system for human cytogenetic nomen- 
clature. Report of the Standing Committee on Human Cytogenet- 
ic Nomenclature. Karger, Basel New York 

Koo GC, Wachtel SS, Krupen-Brown K, Mittl LR, Breg WR, Genel 
M, RosenthaI IM, Borgaonkar DS, Miller DA, Tantravahi R, 
Schreck RR, Erlanger BF, Miller OJ (1977) Mapping the locus of 
the H-Y gene on the human Y chromosome. Science 198 : 940-942 

Kunkel LM, Smith KD, Boyer SH, Borgaonkar DS, Wachtel SS, Mil- 
ler O J, Breg WR, Jones HW, Rary JM (1977) Analysis of human 
Y-chromosome-specific reiterated DNA in chromosome variants. 
Proc Natl Acad Sci USA 74:1245-1249 

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

Magenis E, Donlon T (1982) Nonfluorescent Y chromosomes. Cyto- 
logic evidence of origin. Hum Genet 60:133-138 

Magenis RE, Casanova M, Fellous M, Olson S, Sheehy R (1987) Fur- 
ther cytologic evidence for Xp-Yp translocation in XX males using 
in situ hybridization with Y-derived probe. Hum Genet 75:228- 
233 

Maserati E, Waibel F, Weber B, Fraccaro M, Gal A, Pasquali F, 
Schempp W, Scherer G, Vaccaro R, Weissenbach J, Wolf U 
(1986) A 45,X male with a Yp/18 translocation. Hum Genet 74: 
126-132 

Nielsen J, Rasmussen K (1976) Autosomal reciprocal translocations 
and 13/14 translocations: a population study. Clin Genet 10 : 161- 
177 

Page DC (1986) Sex reversal: deletion mapping the male-determining 
function of the human Y chromosome. Cold Spring Harbor Syrup 
Quant Biol 5i : 229-235 

Page DC, Chapelle A de la (1984) The parental origin of X chromo- 
somes in XX males determined using restriction fragment length 
polymorphisms. Am J Hum Genet 36 : 565-575 

Page DC, Harper ME, Love J, Botstein D (1984) Occurrence of a 
transposition from the X-chromosome long arm to the Y-chromo- 
some short arm during human evolution. Nature 311 : 199-123 

Page DC, Chapelle A de la, Weissenbach J (1985) Chromosome Y- 
specific DNA in related human XX males. Nature 315:224-226 

Page DC, Brown LG, Chapelle A de la (1987a) Exchange of terminal 
portions of X- and Y-chromosomal short arms in human XX 
males. Nature 328 : 437-440 

Page DC, Bieker K, Brown LG, Hinton S, Leppert M, Lalouel J-M, 
Lathrop M, Nystr6m-Lahti M, Chapelle A de la, White R (1987b) 
Linkage, physical mapping, and DNA sequence analysis of pseudo- 
antosomal loci on the human X and Y chromosomes. Genomics 
1 : 243-256 

Petit C, Chapelle A de la, Levilliers J, Castillo S, Noel B, Weissen- 
bach J (1987) An abnormal terminal X-Y interchange accounts for 
most but not all cases of human XX maleness. Cell 49 : 565-602 

Popescu NC, Amsbaugh SC, Swan DC, DiPaolo JA (1985) Induction 
of chromosome banding by trypsin/EDTA for gene mapping by in 
situ hybridization. Cytogenet Cell Genet 39 : 73-74 

Schempp W, Weber B, Serra A, Neri G, Gal A, Wolf U (1985) A 
45,X male with evidence of a translocation of Y euchromatin onto 
chromosome 15. Hum Genet 71 : 150-154 

Seidel H, Miller K, Spoljar M, Stengel-Rutkowski S (1981) 45,X con- 
stitution in a H-Y antigen positive boy with partial monosomy 5p. 
Clin Genet 19 : 290-297 

Stahl A, Hartung M, Devictor M, Berg6-Lefranc J-L (1984) The as- 
sociation of the nucleolus and the short arm of acrocentric chro- 
mosomes with the XY pair in human spermatocytes: its possible 
role in facilitating sex-chromosome acrocentric translocations. 
Hum Genet 68 : 173-180 

Subrt I, Blehova B (1974) Robertsonian translocation between the 
chromosome Y and 15. Humangenetik 23 : 305-309 

Tiepolo L, Zuffardi O (1976) Localization of factors controlling sper- 
matogenesis in the nonfluorescent portion of the human Y chro- 
mosome long arm. Hum Genet 34:119-124 

Tolksdorf M, Kunze J, Rossius H, Chiyo H (1980) Male infant with 
cat cry syndrome and apparent absence of the Y chromosome. 
Eur J Pediatr 133 : 293-296 

Turleau C, Chavin-Colin F, Grouchy J de (1980) A 45,X male with 
translocation of euchromatic Y chromosome material. Hum Genet 
53 : 299-302 

Vergnaud G, Page DC, Simmler M-C, Brown L, Rouyer F, Noel B, 
Botstein D, Chapelle A de la, Weissenbach J (1986) A deletion 
map of the human Y chromosome based on DNA hybridization. 
Am J Hum Genet 38 : 109-124 

Vignetti P, Chessa L, Bruni L, Ferrante E, Dallapiccola B (1977) 
Translocation Y/5 resulting in cri du chat syndrome. Clin Genet 
12 : 319-322 

Wolfe J, Darling S, Erickson R, Craig I, Buckle V, Rigby P, Willard 
H, Goodfellow P (1985) Isolation and characterization of an aI- 
phoid centromeric repeat family from the human Y chromosome. 
J Mol Biol 182: 477-485 

Received August 26, 1987 / Revised October 8, 1987 


