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A cytogenetic and molecular study of a series of 45,X
fetuses and their parents

Annette Cockwell, Moira MacKenzie, Sheila Youings, Patricia Jacobs

Abstract
The parental origin of the single X chromosome in
10 45,X fetuses was studied using DNA restriction
fragment length polymorphisms. In six the single X
was maternal in origin, in one it was paternal, and in
one the results were consistent with a paternal
origin. Therefore the parental origin of the X in
45,X fetuses that survive to the second or third
trimester of pregnancy is similar to that of spon-
taneous abortions and live births with a 45,X
constitution. The mothers of two of the fetuses
were themselves found to have an abnormal sex
chromosome complement, but in neither case did
it appear to be related to the chromosome abnor-
mality in the fetus.

Approximately 15 out of every 1000 conceptions that
survive long enough to be clinically recognised
pregnancies have a 45,X chromosome constitution.
The great majority are spontaneously aborted during
the first trimester of pregnancy. Morphologically the
majority of such abortions consist of a chorionic and
amniotic sac with a cord which has at its end either a
fragment of embryonic tissue or a small macerated
embryo. A minority are ruptured sacs with no
evidence of cord or fetal development. 1 A small
proportion of 45,X conceptuses survive until later in
pregnancy and present as second trimester abortions
or stillbirths. The majority of such pregnancies have a
well developed fetus with cystic hygroma and other
clinical stigmata associated with Turner's syndrome.
Fewer than 1 in every 100 45,X conceptuses survives
to birth when they develop as females with gonadal
dysgenesis and the classical features of Turner's
syndrome.
The reasons why 45,X conceptions are associated

with three such different phenotypes are not known.
One possible explanation is that the parental origin
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of the single X chromosome affects the phenotype and
in most liveborn females the single X has a different
parental origin from that of the majority of 45,X
abortions or late fetal deaths. It was estimated from
classic work using the X linked blood group gene Xg
that approximately 80% of liveborn females with a
45,X constitution had a single X chromosome of
maternal origin.2 We recently confirmed these results
using X linked restriction fragment length poly-
morphisms in a series of non-mosaic 45,X females
with Turner's syndrome.3 We have also investigated
the parental origin of a series of spontaneous abortions
with a 45,X constitution and shown that this ascertain-
ment group is similar to the liveborn, approximately
80% having a maternally derived X and 20% a
paternally derived X.4 Thus, in these two groups it is
clear that the parental origin of the single X is not
responsible for the widely differing phenotypes.
However, there is evidence from the 45,X spontaneous
abortions that the parental origin of the X may affect
the phenotype as those with a paternally derived X
were more likely to have a small gestational sac with
or without an embryo than those with a maternally
derived X.4
To date there is no information on the origin of the

single X chromosome in late fetal deaths or stillbirths
with a 45,X constitution. The purpose of this
communication is to report our observations on 10
45,X fetuses ascertained during the second trimester
of pregnancy.

Material and methods
During the past two years 10 fetuses have been
referred to us for routine cytogenetic examination and
found to have a 45,X constitution (table 1). One of
these was a second trimester missed abortion and the
remaining nine were diagnosed as being grossly
abnormal on ultrasound examination and the preg-
nancy subsequently terminated. It has been shown
that such fetuses are very unlikely to survive to birth5
and therefore it is reasonable to consider them
representative of late fetal deaths. Wherever possible,
we obtained tissue for karyotyping and for DNA
extraction from the fetus and a blood sample from
both parents from which we set up cultures for
cytogenetic analysis and also extracted DNA.
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Table I The study population.

Father Mother Previous
reproductive

ID No Ascertainment Age Ch Age Ch history

88/2326 US at 18 weeks: IUGR, cystic hygroma, and
hydrocephalus. Pregnancy terminated. 32 N 26 N Primigravida

89/486 US at 16 weeks: cystic hygroma, pleural
effusion, ascites, and very little amniotic 31 N 29 N 1 spontaneous
fluid. Pregnancy terminated. abortion

89/216 US at 17 weeks: cystic hygroma and ascites.
Pregnancy terminated. 25 N 26 N 1 livebirth

88/3743 US at 17 weeks: cystic hygroma, hydrops, and
umbilical hernia. Pregnancy terminated. 28 N 28 N 1 livebirth

89/1326 US at 16 weeks: cystic hygroma, oedema, and
pleural effusions. Pregnancy terminated. 23 N 20 N 1 livebirth

89/328 US at 17 weeks: cystic hygroma and ascites.
Pregnancy terminated. 29 NT 23 NT Primigravida

89/1258 Missed abortion at 16 weeks: cystic hygroma 1 livebirth and
and- oedema. 37 N 30 47,XXX 2 intrauterine

89/983 US at 17 weeks: cystic hygroma. deaths
Pregnancy terminated. 27 N 23 N 1 TOP

89/3395 US at 16 weeks: cystic hygroma and hydrops
fetalis. Pregnancy terminated. 27 N 22 46,X,del(X) 1 livebirth

90/491 US at 18 weeks: cystic hygroma, grossly (q22.3-f26)
abnormal fetus. Pregnancy terminated. 28 N 27 N 1 TOP

US=ultrasound. N=normal. NT=not tested. IUGR=intrauterine growth retardation.

Solid tissue cultured from the fetus and parental
lymphocytes were processed by standard techniques.
The chromosomes were G or Q banded and sub-
sequently observed by direct microscopic examination.
DNA samples were extracted by a salt precipitation
method,6 digested with the appropriate restriction
enzymes (BCL), separated by gel electrophoresis, and
transferred to Hybond nylon membranes (Amersham).
The filters were then hybridised7 with random
primed 32p labelled DNA probes.8 All 45,X samples
were tested with a Y centromere probe and at least
one other Y specific probe to look for cryptic
mosaicism. The 45,X fetuses and parents of the
remaining eight families were tested with four X
chromosome probes, namely DXS278, DXS255,
DXYS1, and DXS52, selected to span the greater
part of the X chromosome (see Jacobs et a13 for the
details). Information from these probes was used to
establish the parental origin of the single X chromo-
some.

Results
Nine of the 10 fetuses were found to have a 45,X
chromosome constitution while cytogenetic obser-
vations were unsuccessful in one (89/1258). However,
DNA studies showed fetus 89/1258 to have a single X
and no Y chromosome and the chromosome con-
stitution was therefore considered to be 45,X. In one
case (89/328) no parental blood samples were obtained
but chromosomes were examined in the parents of the
remaining nine cases. The chromosomes of all nine
fathers appeared normal, but two of the mothers were
found to be chromosomally abnormal. The mother of
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Figure I PartialGTG banded karyotype ofX chromosomes,
showing deleted (XXq22.3-*q26) on the right. Arrows indicate
breakpoints.
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Table 2 Results of X and Y probe analysis of 45,X fetuses.

X probes Y probes

No DXS278 DXS255 DXYS1 DXS52 DYZ3 ZFY DXYS1 DYS136 Final result

89/2326 M M NI NT - - - - 45,X(M)
89/486 M M M NI - - - - 45,X(M)
89/216 M M NI NT - - - - 45,X(M)

Cons with Cons with
88/3743 P P NT NT - - - - 45,X (cons with P)
89/1326 M M M M - NT - - 45,X(M)
89/328 NT NT NT NT - - NT NT 45,X
89/1258 M M NI M - - _ _ 45,X(M)
89/983 M M NI M - - _ _ 45,X(M)
89/3395 NT NT NT NT - NT NT NT 45,X
90/491 P NI NI P - NT - - 45,X(P)

-=negative. M=maternal. P=paternal. NI=not informative. NT=not tested.

2 3 1 2 3 89/1258 had a 47,XXX constitution in all 30 cells
examined from a lymphocyte culture, while the
mother of 89/3395 had a 46,X,del(X)(q22.3-q26)
karyotype in all 50 cells examined from a lymphocyte
culture (fig 1). Her mother had a normal chromosome
constitution but her father was not available. As it is
unlikely that a male would be viable and normal with
a large deletion of one of his X chromosomes, it seems
reasonable to assume that the deletion in the mother
of 89/3395 is a de novo mutation. The deletion carrier
was clinically unremarkable and had had a healthy
male child before the 45,X pregnancy. Unfortunately,
she declined to provide a further blood sample and
therefore it was not possible either to determine the
parental origin of the single X chromosome in the
45,X conceptus or to determine the precise extent of
the deletion using molecular probes.
No evidence for Y chromosome material was found

4_ in any of the 10 fetuses. Because of the lack of DNA
from the parents of 89/3395 and 89/328 no further
studies were carried out on these families. However,
the parental origin of the remaining eight fetuses was
determined using the four X linked probes. As can be
seen from table 2, in six cases the single X was clearly
maternal in origin, in one case clearly paternal in
origin, and in the remaining case the observations
were consistent with a paternal origin, the DNA from
the mother being degraded. Interestingly enough, in
the 45,X whose mother had a 47,XXX constitution
the single X was maternal in origin. This is illustrated
in fig 2A where it can be seen that the mother has
three different alleles for the multiallelic probe M27i,
the father a different allele, and the fetus a single band
identical to one of the mother's.

!2 Southern blot analysis oftwo 45,Xfetuses. Lane I
id, lane 2 mother, lane 3father. (A) Analysis ofpatient
'8 with probe DXS255. Thefetus has inherited its singleX Discussion
s mother. The mother in this case can also be seen to have a We found six second trimester fetuses with a 45,X
X karyotype. (B)Analysis ofpatient 901491 with the constitution to have a single maternally derived X,
DXS278. Thefetus in this case can clearly be seen to have
ed its single Xfrom itsfather. Size markers are kHindijj. while one of the rema g two was consistent with
sindicate Yspecifc bands. and one had a paternally derived X. Thus, in the
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limited number of cases studied by us, the parental
origin ofthe single X chromosome in 45,X conceptuses
presenting in the second trimester of pregnancy as
missed abortions or grossly abnormal fetuses appears
no different from the parental origin of 45,X spon-
taneous abortions4 or 45,X livebirths.3 In all three
populations, approximately 80% of the 45,X subjects
have a maternal X and 20% a paternal X. Thus the
parental origin of the X does not seem to be
responsible for the very different phenotypes shown
by 45,X conceptuses.

Previous studies have shown that sex chromosome
monosomy is associated with a reduced maternal age
and that this reduction is confined to those cases in
which the maternal X chromosome is absent.3 4 This
observation suggests that some 20% of sex chromo-
some monosomy results from a non-disjunctional
mechanism that is more frequent among younger than
older women. Non-disjunction at a paternal meiotic
division is unlikely to be the major cause of the
remaining 80% in which the paternal sex chromosome
is absent, because cytogenetic studies of human
spermatozoa provide no evidence of an unusually high
incidence of non-disjunction of the sex chromo-
somes.9 10 It seems probable that most sex chromo-
some monosomy results from postzygotic loss of a
paternal sex chromosome. Such a mechanism is
consistent with observations in the mouse where most
45,X cases arise from loss of a paternal X or Y
chromosome after fertilisation."

In our small series we found two of nine mothers
tested to have a sex chromosome abnormality. In
one, a 47,XXX female, we were able to show that the
error resulting in the 45,X fetus was loss of a paternal
X chromosome and therefore unrelated to the
maternal abnormality. Furthermore, as the mother
had three different alleles for at least one X linked
marker, M27,, she herself must have been the result
of a non-disjunctional meiotic error in her mother,
who in turn must have been heterozygous for M27,.
It has been shown that over 90% of 47,XXX females
result from an error in a maternal meiotic division, so
the mother of 89/1258 conforms to the general rule.'2
There are anecdotal reports of a number of chromo-
somally abnormal offspring born to 47,XXX females13
and, on the basis of these, it has been suggested that
47,XXX women may be at an increased risk of
producing chromosomally abnormal offspring. Now
that the methodology exists for studying the parental
origin of such chromosomally abnormal children it
would seem salutary to do so. Many ascertained
through chromosomally abnormal offspring may,
like our case, be no more than chance observations.
The second maternal chromosome abnormality was

an X(q22.3-*q26) deletion, but we were not able to
determine the relation of the deletion to the 45,X
conception. There are very few large interstitial
deletions of Xq published, although it may be that

many deletions classified as terminal are in reality
interstitial. We can find reference to only one other
deletion similar to that seen in the mother of 89/3395.
Krauss et al'4 described a family in which a del(Xq)
was segregating in three generations and in which four
of five carrier females had premature ovarian failure
and the remaining one irregular menses. Nevertheless,
four of the five female carriers had reproduced
successfully. Their patients, like ours, showed none
of the clinical features of Turner's syndrome. Our
patient is aged 22, and thus it is too early to know
whether she too will have premature ovarian failure.
It is interesting that large deletions of the so-called
critical region of the long arm of the X chromosome,
thought to be necessary in double dose for normal
ovarian function,'5 are compatible with ovulation
and fertility. It is clear that careful cytogenetic and
molecular definition of a series of Xq deletions is
necessary to define the role of genes on the long arm
of the X chromosome in the development and
maintenance of ovarian function.
Our observation that two of nine mothers of 45,X

fetuses had a chromosome abnormality is surprising,
but we regard it as probably fortuitous. We have
examined the chromosomes of 35 mothers of 45,X
spontaneous abortions and 31 mothers of 45,X
livebirths and all have been chromosomally normal.
Furthermore, many other laboratories must have
examined the chromosomes of the parents of 45,X
subjects and there has been no report of an excess of
chromosome abnormalities among them. How-
ever, it may be that a structurally abnormal X
predisposes to non-disjunction of the X bivalent
resulting in an excess of conceptuses with a missing or
additional X chromosome. The rarity of fertile
females with a large deletion of one of their X
chromosomes makes this a difficult hypothesis to
test.

Addendum
Blood was obtained for DNA studies from the mother,
but not the father, of 89/3395. The results are
consistent with the single X being of maternal origin.
Thus, the error giving rise to the 45,X conceptus
appears to involve the paternal sex chromosome and
to be independent of the maternal deletion.

We are very grateful to Hilary Brooks for help with
the cytogenetic analysis and to the clinicians who
referred patients to us. The work was supported by
grants from the Wellcome Trust and the Wessex
Regional Health Authority.

1 Canki N, Warburton D, Byrne J. Morphological characteristics
of monosomy X in spontaneous abortions. Ann Genet (Paris)
1988;31:4-13.

2 Sanger R, Tippett P, Gavin J, Teesdale P, Daniels GL. Xg

154



A cytogenetic and molecular study ofa series of45,Xfetuses and their parents

groups and sex chromosome abnormalities in people of northern
European ancestry: an addendum.I Med Genet 1977;14:210-3.

3 Jacobs PA, Betts PR, Cockwell AE, et al. A cytogenetic and
molecular reappraisal of a series of patients with Turner's
syndrome. Ann Hum Genet 1990;54:209-23.

4 Hassold T, Benham F, Leppert M. Cytogenetic and molecular
analysis of sex-chromosome monosomy. Am J7 Hum Genet
1988;42:534-41.

5 Abramowicz JS, Warsof SL, Doyle DL, Smith D, Levy DL.
Congenital cystic hygroma of the neck diagnosed prenatally:
outcome with normal and abnormal karyotype. Prenat Diagn
1989;9:321-7.

6 Miller SA, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated cells.
Nuceic Acids Res 1988;16:1215.

7 Maniatis T, Fritsch EF, Sambrook J. Molecular cloning. A
laboratory manual. New York: Cold Spring Harbour Laboratory,
1982.

8 Feinberg AP, Vogelstein B. A technique for radiolabelling DNA
restriction endonuclease fragments to high specific activity.
Anal Biochem 1983;132:6-13.

9 Martin RH, Balkan W, Burns K, Rademaker AW, Lin CC, Rudd

NL. The chromosome constitution of 1000 human spermatozoa.
Hum Genet 1983;63:305-9.

10 Brandiff B, Gordon L, Ashworth L, Watchmaker G, Carrano A,
Wyrobek A. Chromosomal abnormalities in human sperm:
comparisons among four healthy men. Hum Genet 1984;66:
193-201.

11 Russell LB, Montgomery CS. The incidence of sex-chromosome
anomalies following irradiation of mouse spermatogonia with
single or fractionated doses of X-rays. Mutat Res 1974;25:
367-76.

12 May KM, Jacobs PA, Lee M, et al. The parental origin of the
extra X chromosome in 47,XXX females. Am J7 Hum Genet
1990;46:754-61.

13 Dewhurst J. Fertility in 47,XXX and 45,X patients. Med Genet
1978;15:132-5.

14 Krauss CM, Turksoy RN, Atkins L, McLaughlin C, Brown LG,
Page DC. Familial premature ovarian failure due to an
interstitial deletion of the long arm of the X chromosome.
N EnglI Med 1987;317:125-31.

15 Mattei MG, Mattei JF, Ayme S, Giraud F. X-autosome trans-
locations: cytogenetic characteristics and their consequences.
Hum Genet 1982;61:295-309.

155


