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Genes on the X and Y chromosomes controlling sex

Genetic sex is a matter ofquantity

The way in which differentiated tissues arise from pluripotent
cells in the embryo remains mysterious. Gene regulation is the
key, of course, and much is being learnt about, for example,
the control of transcription by DNA binding proteins.' The
sex difference is an example of differentiation that might be
expected to yield answers if only because many species,
including man, have heteromorphic sex chromosomes that
segregate to offspring in a predictable fashion. But the
segregation is not quite predictable: in our own species there
are exceptions to the X-Y sex determining system, and these
interesting exceptions are now providing answers to questions
about the initiation of mammalian sex differentiation.
To understand the importance of these findings we must go

back to the late 1950s, when it was confirmed that males had a
46, XY and females a 46, XX karyotype. In both mouse and
man XO was found to be female and XXY to be male,
indicating the dominant role of the Y chromosome in the
differentiation of the testis.23 This was a surprise to some
because in Drosophila melanogaster and some other inverte-
brates sex was known to be determined by the ratio of X
chromosomes to autosomes-thus XOs were male and XXYs
female.4

Study of correlations between karyotypes and phenotypes
in chromosomal variants of Klinefelter's and Turner's
syndromes soon showed that the testis determining factors,
as they were called, were located in the short arm of the
Y chromosome5; those without this segment in at least
some cells were invariably female. Somatic cell mosaics
with XX/XXY and XO/XY sex chromosome complements
and XX/XY chimaeras were sometimes intersexes, with both
testes and ovaries showing varying degrees of dysgenesis.
The most extreme examples of sex reversal were males
with Klinefelter's syndrome and an apparently XX female
karyotype6 and females with gonadal dysgenesis and an
apparently XY male karyotype.7 The "XX males" and "XY
females" were predicted to have gained or lost the testis
determining segment as a result of accidental recombination
between the differential segments oftheXandY chromosomes
during male meiosis.8
The first clue in favour of such abnormal X-Y interchange

was the observation that several XX males had lost the father's
Xg blood group allele in the process.8 Later it was shown that
one X chromosome was a little longer than the other9 and that
the tip of the short arm ofthe Y could sometimes be seen at the
end of one of the X chromosomes.'0 Conclusive proof came
from DNA probing, which showed that many XX males not
only had specific sequences from the short arm of the Y" in

the distal end of the short arm of the X'2 but also had lost X
sequences.'3 Conversely, a smaller proportion ofXY females
could be shown to have lost short arm sequences of the Y
chromosome. 14 It became clear that XX males and XY females
held the key to sex differentiation. The goal was to clone the
gene for testis determination from the DNA ofXX males with
X-Y interchange.

It is now almost certain that this goal has been achieved.
Page et al reported last December the details of a likely
candidate for the testis determining gene.'5 This was cloned
from an XX male and was found to be missing from a female
who had a reciprocal translocation between the short arm of
the Y chromosome and chromosome 22 that was associated
with the loss of a tiny segment (160 kilobases) of the short
arm of the Y chromosome. The gene codes for a protein that
contains a series of zinc fingers, a motif characteristic of
proteins that bind DNA, which are thought to participate
in regulating transcription. Its action on the pathway to
differentiation of the testis is unknown, but it might well be
the primary sex determining signal.
A key observation in the important paper by Page et al is

that in addition to the Y linked gene there is apparently a copy
of the testis determining gene carried by the short arm of the
X chromosome. This copy is distinguishable by restriction
mapping and is located more proximally, where it might be
expected to be subject to X inactivation. Given that the X
homologue codes for the same protein as the Y homologue,
female somatic cells (whether XX, XO, or XXX, and so on)
have only one active copy of the gene compared with male
cells (whether XY, XXY, XXXY, or XYY), which have at
least two. XX males usually have two doses because the Y
homologue is transferred to part of the X chromosome that
escapes inactivation.
The implication of these findings is that our species now

falls into line with other species, including Drosophila
melanogaster, in which the primary sex determining system
depends on active gene dosage. In fact all mammalian species
tested are consistent with the dosage system, and even in birds
(which have nothing comparable withX inactivation) it seems
likely that the ZZ male has a double dose of the testis
determining gene compared with the ZW female. It follows
that the description testis determining gene is misleading as
the same gene leads to ovarian differentiation if present in a
single dose. As suggested by German, it would be better to
refer to the X and Y homologues as gonad differentiating
genes and the loci as GDX and GDY, respectively.'6

Several groups of patients remain in whom unusual gonadal
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differentiation requires a more complex explanation. Failure
of testis differentiation in XY females may result not only
from deletion of the GDY locus because of X-Y interchange.
Deletion of the GDX locus would have the same effect and
may even be responsible for familial cases inherited in an X
linked recessive manner, provided that XX carriers of GDX
deletions were fertile. Alternatively, other gene mutations
affecting later stages in the pathway to testis differentiation
may be involved.
The defect in XX true hermaphroditism and in XX males

without the GDY locus is even more intriguing. XX true
hermaphrodites have both ovarian and testicular tissue
(usually ovotestes) associated with ambiguity of the external
and internal genitalia.' The phenotype is identical to spon-
taneous human XX/XY chimaeras and to artificial XX/XY
aggregation chimaeras in mice, but neither the GDY locus nor
any other Y specific sequence can be detected.'" Similarly, in
XX males without the GDY locus other Y specific sequences
are almost invariably absent. These patients are phenotypically
rather different from X-Y interchange males-principally
because they often have hypospadias-and they probably
belong to the same range of abnormal gonadal differentiation
as XX hermaphrodites.

It might be that in both these XX cases the dosage of gonad
differentiating factors is disturbed by an inversion or other
mutation on the short arm of one X chromosome such that
one GDX locus escapes from X inactivation. Random X
inactivation of the two X chromosomes will then lead to
somatic cell mosaicism for cells with two active doses ofGDX
and cells with only one active dose. This is identical to XX/XY
chimaerism, in which some cells are testis determining and
others are ovary determining. Again familial cases with
siblings affected either by XX true herniaphroditism or XX
Klinefelter's syndrome (or both)'7 may all be explained by the
X chromosome with the activated GDX locus sometimes
being transmitted as an X linked dominant trait (with variable
penetrance) by unaffected fertile XX mothers or XY fathers.

The techniques of molecular genetics are powerful, and we
may confidently expect tests of these hypotheses in experi-
mental animals. For example, the sex reversal of female
embryos by adding additional copies of the GDX gene during
early development would provide confirmation. But the
important message at the moment is that a DNA binding
protein will probably shortly be characterised whose primary
function is to determine quantitatively the direction a group
of cells will take along the pathway to tissue differentiation.
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Sickness absence: the doctor's role

Mostly concerned with serious illness

Sickness absence, or more accurately absence from work
attributed to incapacity, is expensive for the country and for
employers. Its cost must be measured not only in social
security payments but also in the loss of productivity and the
inefficiencies of employing extra staff or organising overtime
to cover for missing staff. Government statistics do not record
sickness absence as such, but in the United Kingdom before
1983 some 375 million days of sickness and invalidity benefit
were paid annually because of certified incapacity for work.'
This figure includes payments to the unemployed sick who
would not necessarily be in work if they were fit and excludes
married women who opt out of the state insurance scheme,
special occupational groups such as non-industrial civil
servants, and absences lasting less than four days (which did
not qualify for benefit). More recent data also exclude
payments under the statutory sick pay scheme and are
therefore less relevant.
The epidemiology of sickness absence is complicated by the

variety of indices used to measure it. Two important features
do, however, emerge clearly. Firstly, the demographic
pattern of short term absences differs from that of longer
absences. As might be expected, long term absence tends to

be a problem of older employees; short absences occur more
often in the young, especially in women.2 Thus any analysis
should examine not only the total time lost from work but also
the numbers and lengths of spells which make up the total.
Secondly, ill health is only one ofmany factors that determine
whether an employee takes sick leave. Other influences
include working conditions, the size and structure of the
employing organisation, the arrangements for sick pay, and
personal characteristics such as age, sex, personality, and
family responsibilities.3 There are appreciable regional dif-
ferences in the rates of sickness absence, with the highest
frequencies in the north and west. This variation is apparent
even within geographically homogeneous industries such as
the Post Office3 and may result from cultural differences as
well as from differences in morbidity.
One implication of these observations is that the control of

short term sickness is primarily a problem for the manager.
Employees who go off sick do not divide neatly into the
genuinely ill who are deserving of sympathy and the
malingerers who can be uncovered by careful medical
examination. When patients suffer from chronic disorders
such as asthma or colitis they may be expected to need more
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