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Summary. Two patients with the clinical picture of Turner's syndrome
showed a 46,XXp- and a 46,XXq- karyotype identified by a combination of
fluorescence and autoradiography. Autoradiography showed that the abnormal X
chromosome was indicated in most cells. The Xg findings in case 1 indicated that
the abnormal X chromosome was of paternal origin.

Patients with deletions of the short or long arm of
the X chromosome might give information about
the relationship of specific chromosomal material
to the multiple stigmata encountered in Turner's
syndrome. Ferguson-Smith (1965) and Jacobs
(1969) suggested that genes present on the long and
the short arms of bothX chromosomes are necessary
for the development of a functioning ovary, be-
cause in 46,XXp - and 46,XXq - females the
normal ovaries are replaced by streak gonads. How-
ever, the shortness of stature and the other somatic
abnormalities frequently associated with a 45,X
complement are not present in females with a
46,XXpi or 46,XXq - complement, but are pres-
ent in those with a 46,XXqi or 46,XXp - com-
plement. They suggested, therefore, that genes
apparently influential on the development of stature,
and of the other somatic features which are fre-
quently abnormal in females with a 45,X comple-
ment, are situated on the short arm of the X
chromosome.
However, Hecht et al (1970) and Bocian et al

(1971) have recently challenged this concept and
have presented data indicating that the somatic
stigmata of Turner's habitus, including short
stature, can occur in cases with deletion of the long
arm, as it does in deletion of the short arm of the X
chromosome.
We shall report two patients with Turner's syn-

drome, one with a 46,XXp - and the other with
a 46,XXq - karyotype.
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Case 1
Case Report. The patient, P.E. (241053), was the

third of four girls born after an uncomplicated pregnancy.
Her mother was 34 and her father 39 years of age at her
birth. Nothing is known about parental radiation ex-
posure. Her sibs are healthy. She was first seen at age
16 years because of short stature (130 cm). She was
always shorter than other children. No spontaneous
menstruation had occurred. Her chest was barrel-
shaped, with widely separated nipples, no breast de-
velopment, and her neck was short with slight webbing
(Fig. 1). The pubic hair was scanty, and the external
genitalia were infantile. The labia minora were rudi-
mentary and developed only in the upper third. The
uterus was infantile. Twenty-four hour urinary gona-
dotrophin level was elevated. No laparotomy was per-
formed.

Cytogenetic Studies. Sex-chromatin stain-
ing showed 14% Barr bodies, no fluorescent Y
bodies were present. Chromosome analysis was
performed in Warsaw according to the method of
Moorhead et al (1960). Thirty cells were counted,
six were analysed in detail from enlarged microphoto-
graph. A 46,XXp - karyotype was diagnosed.

Blood and skin was mailed to the Kennedy
Institute in Denmark. Skin was cultured using the
method described by Therkelsen (1964). Twenty-
five cells were examined; all had a 46,XXp -
karyotype. Blood was cultured in the usual way for
48 hours under addition of phytohaemagglutinin.
To one culture 3H-thymidine (10 ,uc/ml cell sus-
pension) was added 41 hours before harvesting.
Colcemid was added 21 hours before harvesting.
Air-dried slides prepared without heating were
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stained with quinacrine mustard using a modifica-
tion of the method of Caspersson et al (1970).
Thirty cells were examined and microphotographed
on a Leitz Orthoplan microscope fitted with a HBO
200 vertical illuminator. The 3H-labelled slides
were destained and restained with Orcein, the others
with Giemsa. The Orcein-stained slides were
covered with Ilford K2 emulsion, exposed for 10
days and developed with amidol. Sixteen cells were
examined by fluorescence and autoradiography.
The Xp - chromosome was easily identified by
fluorescence. It was late labelling in 13 cells (Fig.
2), three cells were unlabelled or unsuitable. Four-
teen cells were examined by fluorescence and
Giemsa staining; all showed a 46,XXp - karyo-
type, the breakpoint being at pl1, near to the
centromere. The karyotype is therefore 46,X,del(X)
(p1l1-s.qter) (Paris Conference, 1971).
The Xg blood groups in this family were studied

by Dr R. R. Race and Dr R. Sanger. The mother
and the girl were Xg(a-), while the father was
Xg(a +).
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FIG. 1. Case 1 at the age of 16 years.
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FIG. 2. Fluorescence and autoradiography of X and Xp - chromo-
somes from four cells with different degrees of 3H-thymidine
labelling.

Case 2
Case Report. The patient, M.G. (131149), was

born as the second of four sibs. Her mother was 25 and
her father 29 years old at her birth. The pregnancy was
uncomplicated. There was no parental exposure to
radiation. An older sister and two younger brothers are
healthy. She was first seen because of short stature (145
cm at the age 21) and primary amenorrhoea. The girl was
always shorter than other children. Her chest was
barrel-shaped, with widely separated nipples, and her
neck was shorter without webbing (Fig. 3). Slight
breast development occurred after hormonal treatment.
The pubic hair was scanty, and the external genitalia
were infantile. The labia minora were rudimentary
and developed only in the upper third. Twenty-four
hour urinary gonadotrophin level was elevated. No lapa-
rotomy was performed.

Radiological studies of her hands revealed a shortening
of the fourth and fifth metacarpals and positive meta-
carpal sign. The graphical picture of the knee joints
revealed flattening of the tibial heads with beak-like
deformities of the medial tibial condyles (Fig. 4).
Cytogenetic Studies. In buccal mucosa

neither Barr bodies nor fluorescent Y bodies were
present. Autoradiographic and fluorescence studies
were performed in the same way as in case 1.

Fourteen cells were examined by fluorescence
and autoradiography. In 11 cells at least the short
arm of the deleted X was later labelling than the
normal one (Fig. 5), one cell showed the Xq -
chromosome early labelling and the normal X late
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FIG. 5. Fluorescence and autoradiography of X and Xq- chro-
mosomes from four cells with different degrees of 3H-thymidine label-
ling. Note breakage and late-labelling patterns of the long arm of
the normal X in cell 4.

labelling (Fig. 6); two cells were unlabelled. Seven
cells were studied autoradiographically only; all
showed a very hot chromosome of the size of the

Lse 2 at the age of 23 years. deleted X. Sixteen cells were studied by fluores-
cence and Giemsa staining. The break-point was
at q21, the karyotype being 46,X,del(X) (pter-e.q21)
(Paris Conference, 1971).
The Xg groups of this patient and her parents

were not examined because her father could not be
traced.

Discussion
General medical examination, gynaecological ex-

amination, and radiological studies of these two
cases showed abnormalities characteristic of Tur-
ner's syndrome. These two patients indicate that
the characteristic feature of Turner's phenotype
can be present in cases with deletion ofthe short arm
of the X chromosome, as well as in cases with dele-
tion of the long arm.
The problem arises whether these abnormalities

could be related to the lack of genes located on the
deleted part of the X chromosome or the lack of

I"§ g influence from the heterochromatic X chromosome
considered en bloc.
The fact that short stature was present in the case

isfmcwith a deletion of the short arm of the X as well as in
n2dialtibial condyles. the case with a deletion of the long arm of the X
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FIG. 6a. Cell (see Fig. 5) with fluorescence and 3H-thymidine labelling.

chromosome, does not decisively speak in favour of
the first possibility because, it could be argued, that
the joint action of genes present both on the short
and the long arms of the X chromosome is necessary
for normal development of stature.
From our studies it is apparent, however, that in

most cells the abnormal X chromosome was inac-
tive. Therefore it could be assumed that in our
cases, there was a lack of genetic information from
the heterochromatic X chromosome, but not from
the euchromatic X. Therefore, the second ex-
planation seems to be more probable. Of course,
we cannot completely rule out the possibility that
some genes are not inactivated on the apparently
heteromatic inactive X chromosome, or that the

action of genes related with stature is exerted during
the early embryonal period, before their inactivation.
The combination of fluorescence and auto-

radiography made it possible to identify both the
normal and the abnormal X chromosomes and to
study their behaviour. In one cell only (in case 2),
the abnormal X was early labelling while the normal
X was late labelling. In all the other informative
cells, the abnormal X chromosome was inactive.
This is a deviation from the random inactivation of
X chromosomes (Lyon, 1961), but is in accordance
with the findings in other cases of X-chromosome
deletion (Fraccaro and Lindsten, 1964; Atkins,
Santesson, and Voss, 1965; Steinberger et al, 1966;
Giannelli, 1970; Kikuchi and Oishi, 1970) and
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FIG. 6b. The same cell as Fig. 6a. Note the unlabelled Xq - chromosome (arrows).

different from the behaviour of abnormalX chromo-
somes in X-autosomal translocations (Allderdice
et al, 1971; Buckton et al, 1971; Mikkelsen and
Dahl, 1973).
The Xg findings in case 1 and in her mother,

where both were Xg(a-) while the father was

Xg(a+), indicate that the child has inherited the
normal X chromosome from her mother while the
abnormal X was of paternal origin and may have
originated in the gametogenesis of the father, as no

sign of mosaicism was found.
Lindsten et al (1963) suggested that the locus con-

trolling the Xg blood groups is located on the short
arm of the X. They based their hypothesis on two
cases of isochromosome for the long arm of the X,
where the patients were Xg(a -) but their fathers

were Xg(a+). Polani et al (1970) however, also
found exceptional Xg(a-) daughters of Xg(a +)
fathers in cases with long arm deletions of the X.
Furthermore, the frequency of Xg(a -) among these
women was male and not female. These findings
together with the preferential late-labelling pattern
of the abnormal X give evidence that the Xg locus
is inactivated in structurally abnormal X chromo-
somes. In structurally normal Xs, the Xg locus
seems to escape inactivation (Ducos et al, 1971).
Unfortunately it was not possible to examine the
Xg groups of the Xq - case and her parents which
would have been of great interest, as an Xg(a -) type
from an Xg(a+) father would have given strong
support to Polani et al's hypothesis of inactivation of
the Xg locus in structural abnormalX chromosomes.
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