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Normal Male Development with
Y Chromosome Long Arm

Deletion (Yq-)*
Many observers have reported the variability in Y

chromosome length and the apparent lack of any
phenotypic effect attributable to a very long Y.
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Short Y chromosomes have been found in normal
fertile males (Borgaonkar et al, 1969) as well as in
families with diminished fertility (Muldal and
Ockey, 1962). Large deletions of the Y resulting in
a fragment-like chromosome have been described in
an intersex raised as a female (Lo and Kobernick,
1965), in a Turner's syndrome patient where it
occurred with 45,X mosaicism (Ferguson-Smith
et al, 1969), and in a severely retarded male baby
(Nakagome et al, 1965). The case presented here
is apparently the first in which an extreme deletion
of the Y chromosome was found to be associated
with fertility as well as normal male development.

Case Report
Chromosome studies were done on a 36-year-old

mentally-retarded male (IQ 51), with several minor
physical anomalies. He is 179 cm tall, with a normal
male habitus, including heavy beard and normal external
genitalia. During childhood, he had surgery for bi-
lateral inguinal hernia and undescended testicles, but his
testicles are now of normal adult size. He usually
speaks with a peculiar high-pitched voice, but is capable
of using deep voice tones on occasion. His chest
shows pseudo-gynaecomastia, no true breast tissue being
present.
The shape of the head is remarkably round, with a

bilateral frontal-temporal depression and a low anterior
hairline. The eyes appear deeply set, and he wears
glasses for severe myopia. Brushfield spots are noted
in the iris periphery. There is anteversion of both
auricles, and the chin is prominent. Acne extends from
his shoulders to the upper portions of his chest and back.
In addition, he has numerous small, bright-red cavernous
haemangiomas on the neck, arms, and scalp. Examina-
tion of the extremities shows hypoplasia of the 5th meta-
carpals, resulting in short-appearing 5th fingers. The
big toes are short and slightly clubbed, and all of the
finger and toenails are strikingly short in length.
The patient, the youngest of4 children, was born when

his mother was 32 years old. His sisters, now aged 44
and 42, have had 2 and 3 children respectively, while kis
43-year-old brother has 4 children. All of his sibs and
their children are normal.

Cytogenetic Studies
Chromosome studies from a peripheral blood

culture showed a karyotype of 46 chromosomes, all
of which appear normal with the exception of what
is presumed to be the Y (Fig. 1). This is a small
metacentric chromosome, less than half the size of
the other G chromosomes. When stained with
quinacrine, no brightly fluorescent region attribut-
able to the Y chromosome was seen (Figs. 2 and 3).
A buccal smear stained with quinacrine showed no
fluorescing Y bodies.
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FIG. 1. Karyotype of the patient, showing the deleted Y.

FIG. 2. Patient's fluorescent metaphase cell, stained with quinacrine dihydrochloride ( x 2000). Notethe pale, tiny metacentric Y.

374

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.9.3.373 on 1 S

eptem
ber 1972. D

ow
nloaded from

 

http://jmg.bmj.com/


Case Reports

FIG. 3. Karyotype of fluorescent cell shown in Fig. 2.

Because of these unexpected findings, chromo-
some analysis was done on blood from his pheno-
typically-normal older brother (height 179 cm), and
a morphologically similar karyotype, with a tiny
non-fluorescing Y, was found. Neither his normal
brother nor the patient displayed metaphase plates
with unusual fluorescing regions in any of the auto-
somes that could suggest a translocation of Y long
arm material. As is shown in Fig. 4, the aberrant Y
is approximately 1 micron in length and very meta-
centric.

Discussion
The fact that the patient demonstrates normal

male somatic development and is of average height,
despite such an extensive long arm Y deletion,
indicates that most of the long arm, including the
fluorescent portion of the Y chromosome, is not
necessary for male development. This observation
is strengthened because his older brother, with a
similar deleted Y, is normal and fertile. It would
seem reasonable to assume that the missing Y
chromosomal material is not the cause of the mental
retardation observed in the propositus, and also that
a major Y deletion is consistent with normal fertility
since the brother and father, who must have had the
same deleted Y, both had 4 children.

It is not possible to determine whether the abnor-
mal Y chromosome arose through a simple deletion
of the Y (Yq -) or whether it is an isochromosome
of the short arm (Ypi). Both interpretations are
consistent with the observed morphology. If the
aberration were an isochromosome of the Y short
arm, this would prove that the long arm is devoid of
any significant male-determining genes or fertility
factors. Furthermore, if the abnormal Y in the
present case were an isochromosome of the short
arm, the patient as well as his normal brother and
father would have 2 doses of the genetically-signifi-
cant part of the Y, and would therefore be expected
to show features of the XYY syndrome. Although
the range of phenotypic variation associated with the
XYY karyotype is not sufficiently well-established
to make any such determination on physical findings
alone, it is of interest to note that the patient does
display a number of characteristics that were de-
scribed in an XYY case by Voorhees et al (1970) eg,
acne, a low anterior hairline, gynaecomastia, and
shortened 5th finger. He also manifested the
undescended testes so commonly found in child-
hood XYY cases (Court Brown, 1968). Despite
these XYY characteristics which support the possi-
bility that we may be dealing with a Y short arm
isochromosome, it is not possible to discriminate
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FIG. 4. Partial karyotypes of the G chromosomes with the minute Y, taken from the patient
(left) and his normal brother (right).

with certainty between a Ypi or Yq - on cyto-
logical or clinical grounds. What can be stated
unequivocally, however, is that all or most of the
long arm of the Y chromosome appears to be geneti-
cally inert.

Other cases in the literature also suggest that the
long arm of the Y chromosome is devoid of active
genetic factors. For example, Noel et al (1971) de-
scribe a family in which the Y long arm was trans-
located onto a D chromosome, where it showed
characteristic Y fluorescence and resulted in a

fluorescent Y body in the interphase nuclei of the
females who had it, with 2 such bodies in the inter-
phase nuclei of the male carriers. However, there
was no phenotypic effect in the carriers of this
translocated Y material; the 3 females who had this
translocation in addition to 2 X chromosomes
were completely normal, showed no masculiniza-
tion, and were fertile. Two cases of Turner-like
females with presumed isochromosomes of the long
arm of the Y have been described by Jacobs and
Ross (1966). Although they were somewhat taller
than is found with the 45,X constitution (155 cm and
163 cm, respectively), they did have gonadal dys-
genesis with no secondary female sex development
and no sign of masculinization, except for a deep
voice in one of them.

Evidence that male-determining factors are

located on the short arm of the Y chromosome, very

close to the centromere, is provided by McIlree
et al (1966) who described a dicentric Y chromosome
in each of 2 phenotypically-normal males with
normal-sized testes. Despite the fact that only the

small pericentromeric portion of the Y short arm
was included together with the duplicated long
arms in the dicentric, normal male development
occurred, although both men showed azospermia
(probably due to the meiotic difficulties caused by a
dicentric chromosome). This finding is in marked
contrast to the immature female differentiation ob-
served with an isochromosome of the Y long arm,
where no short arm material at all was present
(Jacobs and Ross, 1966).
An extreme Y deletion, in which only the peri-

centromeric portions appear to be present, has been
reported by Nakagome et al (1965) in a 21-year-old
boy with severe mental retardation. The deleted Y
in their case resembles a tiny dot, yet normal male
differentiation occurred, both testes were descended,
and the height and body proportions were normal.
It is not possible to say whether such an extensive Y
deletion would be compatible with fertility, as the
affected boy's father had a normal Y chromosome.
It is of significance that in at least 2 cases, that of
Nakagome et al (1965) and the patient presented
here, very little Y material was adequate to initiate a
fetal testis and normal male differentiation. The
present case is the only one of which we are aware in
which such an extremely deleted Y is associated with
fertility in both the normal brother and father of the
propositus.

It thus appears that the developmentally signifi-
cant portion of the Y chromosome is very small and
non-fluorescent, with fertility and height factors on
the short arm or very close to the centromere of the
long arm. Since the distal long arm of the Y appears
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to be devoid of any genes or factors necessary for
normal male development, this raises questions as to
why it exists in its present form, and whether it may
have some other functions. The existence of the
fluorescing portion of the Y long arm may be ex-
plained as the result of evolutionary change involv-
ing the accumulation of non-functional genes on
sheltered chromosomes, which Nei (1970) has
demonstrated can occur in a reasonable period of
evolutionary time. This process may explain the
observed polymorphism in Y length, for unlike the
X chromosome, in which deletions or duplications
could present problems during meiosis, the Y
chromosome has no similar restrictions. Further-
more, since survival is possible without the Y but not
without an X chromosome, and since both theX and
Y are believed to have evolved from a homologous
pair of autosomal chromosomes, there must have
been preferential inactivation of the genes of the Y
chromosome. This inactivation would promote
differentiation between the sex chromosomes and
reduce the possibility of crossing-over. Lack of
differentiation between the gonosomes could put a
species at a selective disadvantage by making for a
high incidence of intersex. That such inactivation
occurred is suggested by the fact that there is virtu-
ally no recombination between the X and Y in
organisms with well-differentiated sex chromosomes
(Nei, 1970).

Despite the lack of structural genes, it is possible
that the fluorescing Y long arm does have a function
in orienting this chromosome in the sex bivalent
during meiosis, when, as has been shown by Pearson
and Bobrow (1970), the short arm of the Y enters
into a terminal association with the X chromosome.
The fact that fertility was not impaired in the pre-
sent family may indicate that the Y aberration is in-
deed an isochromosome of the short arm, in which
case it would not matter which end associated with
the X. On the other hand, diminished fertility was
noted by Muldal and Ockey (1962) in a family in
which nearly one half of the Y long arm was de-
leted; and dicentric Ys are associated with infertility,
with the X and Y appearing as univalents in the
majority of cells at diakinesis (McIlree et al, 1966).

Summary
Normal male somatic development was found in a

mentally-retarded man with an extreme deletion of
the Y, which had the appearance of a small meta-
centric chromosome. Since the normal, fertile
brother of the patient was shown to have the same Y
anomaly, it appears certain that the fluorescing long
arm portion of the Y is not necessary for total male
differentiation, including fertility. Although it was

not possible to establish whether the Y anomaly
represents a long arm deletion or a short arm iso-
chromosome, this study demonstrates that most or
all of the Y long arm is genetically inert.

LoRRAINE F. MEISNER and STANLEY L. INHORN

Cytogenetics Unit, State Laboratory of Hygiene,
The University of Wisconsin Medical Center,

Madison, Wisconsin, USA
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A Ring-20 Chromosome
Except in neoplastic cells, some haematopoietic

abnormalities, and in cells known to be damaged by
irradiation or chemicals or viruses, chromosomal
abnormalities involving the F group (19-20) are rare.
This report describes a ring-20 chromosome in a
mentally retarded boy with a behaviour problem,
seizures, and microcephaly.
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