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An improved, non-isotopic method of screening
cells from patients with abnormalities of sexual
differentiation for Y chromosomal DNA content
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Abstract
The detection of45,X/46,XY mosaicism in
patients with abnormalities of sexual dif-
ferentiation is of crucial diagnostic im-
portance. Here we present application of
a PCR based method of detection of
alphoid repeats of Y chromosomal ori-
gin. The method detects 0O01% of male
DNA on a female DNA background. Out
of 28 patients studied, in all cases where
the Y chromosome or a part of it contain-
ing centromeric sequences was present, a

positive amplification signal of Y chro-
mosomal alphoid repeats was detected.
in five cases the Y origin of marker chro-
mosomes was diagnosed. The pattern of
amplification signal distribution of the
SRY gene was identical to that ofY speci-
fic alphoid primers, which confirms
applicability of this method in the mo-

lecular diagnostic laboratory. The other
diagnostic advantage is the ability to use

dried blood specimens as an easy to han-
dle and efficient source of DNA.
(J Med Genet 1993;30:304-7)
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Several laboratory methods of 'sexing' human
DNA have been developed. The focus is
generally on the detection of Y specific chro-
mosomal sequences.'-9 These methods are use-

ful not only for prenatal or postnatal diagnosis
of sex linked disorders but also for detection of
residual host cells in patients with an opposite
sex bone marrow transplant (BMT),'0 for
detecting 45,X/46,XY mosaicism in patients
with Turner's syndrome, and for determining
structural aberrations of the Y chromosome."
Only about 40 to 60% of Turner's syndrome

patients are monosomic for the X chromo-
some." The remaining Turner patients
usually have a structurally abnormal X chro-
mosome (16%) or a mosaic karyotype (18%).
The detection of chromosomal mosaicism
depends on the number of cells examined,'3 the
type of tissue studied, the sensitivity of the
method applied, and whether in vivo or in
vitro selection against one of the cell lines
occurs.'4'5 In mosaics, a second line of cells
may contain structurally normal or abnormal
sex chromosomes (X or Y), in various numbers
of copies per cell. Detection ofY chromosomal
DNA content in the second cell line is of
crucial diagnostic importance owing to the fact
that phenotypic females with a Y chromosome
and gonadal dysgenesis have an approximately
20% risk of developing gonadoblastoma'6

which necessitates surgical removal of the
gonads.

In other cases of abnormality of sexual dif-
ferentiation, for example, patients with small,
structurally abnormal marker chromosomes
which may be derivatives of the Y, the identity
of such marker chromosomes may be difficult
to determine by classical cytogenetic methods.
However, the application of molecular tech-
niques combined with cytogenetics may
greatly improve the speed and accuracy of such
diagnoses and may also be used retrospectively
to confirm or negate previously made dia-
gnoses.
The alphoid (alpha) satellites comprise a

primate specific family of tandemly repeated
sequences present in pericentromeric regions
of all human chromosomes.'7 Despite sequence
similarities this is the only repetitive DNA
family exhibiting significant chromosomal
specificity. This includes the Y chromosome
specific sequences."8 In classical cytogenetics
chromosome specific alphoid probes have
become a tool for the detection of specific
chromosome aberrations and for the definition
of marker chromosomes.'920 Using PCR
primers that recognise chromosome specific
regions of alphoid monomers, one can easily
generate chromosome specific probes for in
situ hybridisation,2' characterise somatic cell
hybrids,22 or define structural chromosomal
aberrations.23
A sex diagnostic procedure using detection

of Y chromosomal alphoid DNA by means of
blotting/hybridisation has previously been de-
scribed.5 In this paper we present an applica-
tion of an improved, PCR based method of
detection of Y chromosomal alphoid DNA,
developed previously by us78 for the rapid,
sensitive, and cost effective screening of
patients with abnormalities of sexual differen-
tiation for Y chromosomal DNA content.

Patients, materials, and methods
All patients were seen at the Department of
Medical Genetics, Medical Academy in Poz-
nani, Poland or at the General Hospital of
Mexico in Mexico City, Mexico.
Genomic DNA was isolated from peripheral

blood by standard methods.24 For the poly-
merase chain reaction (PCR) analysis of
alphoid sequences of the Y and X chromo-
somes, two sets of 20mer primers, Y1,Y2 and
X1,X2 respectively, were applied; sequences
of these primers have been described pre-
viously.78 A typical PCR protocol25 with some
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modifications was used with a cycle of 94°C for
one minute, 57°C for one minute, and 72°C for
one minute, repeated 30 times. PCR products,
170 bp and 130 bp, were detected in 3%
NuSieve/1% regular agarose. All DNA sam-
ples for amplification with Y1,Y2 primers were
digested with EcoRI before amplification.

In some cases DNA was extracted from
blood spotted onto filter paper which had been
autoclaved and short wave length UV irra-
diated to avoid contamination with foreign
DNA.7 Spots were air dried, sealed in plastic
bags, and mailed overseas to our laboratory by
regular mail service.
For SRY amplification, primers XES7 and

XES2 were used and a previously described
protocol26 was followed. The 609 bp PCR pro-
duct was detected in 2% agarose.
The polymerase chain reaction was run on a

programmable thermal controller (MJ Re-
search Inc). Oligonucleotide primers were
synthesised on an Applied Biosystems 391
PCR Mate DNA synthesiser. To minimise
false positive results, all reaction mixtures
were short wave length UV irradiated for five
minutes before PCR, and all molecular pro-
cedures were performed by a female techni-
cian.
Chromosome preparations from peripheral

lymphocytes for karyotype studies were
obtained according to Latos-Bielenska and
Hameister. Slides were stained by GTG,
QFQ, RBG, and CBG standard banding tech-
niques.

Results and discussion
When the previously described method78 for
detection of Y chromosomal DNA by amplifi-
cation of alphoid repeats was routinely used
for diagnostic purposes, the expected Y speci-
fic signal (diagnostic band 170 bp) was
detected only in normal males, but not in
normal female controls (figure A, table). The
specificity of the diagnostic signal was effect-
ively enhanced by slightly raising the anneal-
ing temperature above that originally pub-
lished (higher stringency), and by digestion of
template DNA before amplification with
EcoRI, since the 170 bp fragment to be ampli-
fied does not contain restriction sites for this
enzyme. In all cases control amplification with
the X specific primers resulted in amplification
of the 130 bp segment of alphoid repeats of the
X chromosome (control band 130 bp) (figure
A).
To estimate the range of sensitivity of the

method, male and female DNA was mixed in
varying proportions to mimic certain Turner's
syndrome mosaics, reconstitution in some
bone marrow recipients, certain amniotic
fluid/chorionic villi samples, or male fetal cells
in maternal circulation. The Y specific alphoid
PCR product was easily detectable in ethidium
bromide stained agarose gel, even when male
DNA constituted as little as 0-01% of the
mixture (figure A). This corresponds to a total
of at most 100 pg of male genomic DNA on
a female background. Similar results were
obtained when peripheral blood of males and

(A) PCR of mixtures offemale DNA with decreasing
quantities of male DNA in the presence of specific
primers for alphoid repeats: lane 1, 100% male blood,
primers Yl, Y2; lane 2, 100% male blood, primers Xl,
X2; lane 3, 10% male blood, primers YJ, Y2; lane 4,
1% male blood, primers YI, Y2; lane 5, 01% male
blood, primers Yl, Y2; lane 6, 0 01% male blood,
primers YI, Y2; lane 7, 100% female blood, primers
Y1, Y2; lane 8, 100% female blood, primers Xl, X2.
Positions of 170 bp and 130 bp bands indicated on the
right. (B) PCR of human genomic DNA in presence of
SRY specific primers: lane 1, 45,X/46,X,idic(Y) (q11.23),
52%/48%; lane 2, 45,X/46,X,idic(Y) (q1l.23),
88%/12%; lane 3, normal female control; lane 4,
normal male control. Position of a 609 bp band indicated
on the right.

females was mixed and spotted on filter paper,
DNA eluted, and used as a template for PCR
(data not shown). The major advantage of this
diagnostic procedure is that it does not require
radioactive isotopes, in contrast to previous
methods,'59 although it still exhibits extreme
sensitivity for detection of Y specific se-
quences. This makes this method useful for
detecting Y material even in low percentage
mosaics. That this is an isotope free method
and does not need tedious hybridisation tech-
niques should be especially appreciated in mo-
lecular diagnostic laboratories performing this
kind of procedure routinely.

Because of the high sensitivity of the method
it is necessary to take precautions to avoid even
the slightest contamination with foreign DNA
and for this reason we isolate DNA with
extreme caution, UV irradiate all PCR reac-
tion mixtures (before addition of dNTPs,
primers, and DNA), use separate sets of chem-
icals and equipment, and digest DNA with
relevant restriction enzymes. None of the
experimental steps is performed by a male.

Results of blind studies of 28 patients with
abnormalities of sexual differentiation apply-
ing the described method fully confirmed its
usefulness for analysis of mosaics in these
disorders (table). In none of the cases without
a Y chromosome detected cytogenetically was
a positive Y chromosomal alphoid PCR signal
obtained (groups 1 and 2). As expected, super-
numerary X chromosomes did not influence
the amplification pattern with either Y or X
specific alphoid primers (group 2). In all cases
with the Y chromosome present, either in all or
some cells only, the Y specific alphoid band
was amplified (groups 3 to 6). Five mosaic
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Comparison of amplification of alphoid centromeric repeats of the Y and the X
chromosomes and of the SR Y sequence.

Group Karyotype (phenotype) Alphoid Alphoid SRY No of
Y X cases

1 45,X (female) - + - 15
2 45,X/46,XX/47,XXX (female) - + ND 3
3 46,XY (female) + + + 1
4 45,X/46,XY (male) + + + 1
5 45,X/46,XY (female) + + + 3
6 45,X/46,X +marker (female) + + + 5
7 46,XX (normal female control) - + - 5
8 46,XY (normal male control) + + + 5

ND = not determined.

cases with marker chromosomes of unknown
origin (group 6) were found to be positive for
presence of the Y chromosomal alphoid se-

quences. Consequently all five marker chro-
mosomes were further identified as derivatives
of the Y, specifically as isodicentric Y chromo-
somes with breakpoints at Y1 1.22 or Yql 1.23.
In this study a cytogenetic investigation was

used to confirm PCR derived results.
Obviously, this method is not applicable to
those rare situations in which centromeric se-

quences are deleted, for example, certain cases

of 46,XX males with translocation of part of
Yp to the X chromosome.
The sensitivity of this method makes it

especially useful for detection of mosaicism in
peripheral blood cells in which the second cell
line may be expressed at a lower percentage
than in the embryo or in other tissues owing to
in vivo selection. The selective loss of the
second line could be caused either by a

shortened lifespan of cells containing marker
chromosomes or by increased chromosomal
instability of marker chromosomes that
undergo complex rearrangements."5 One can

think of clinical cases for which sensitivity of
cytogenetic techniques might be not sufficient
and this PCR based method would be the only
source of reliable diagnostic information.

Amplification of a fragment of the SRY
gene26 was used for comparison (table, figure
B). This locus is considered to be a specifically
male sequence that meets many of the criteria
expected of the testis determining factor
(TDF). The pattern of signal distribution was

identical to that of the Y specific alphoid
primers. Although quantification of the Y spe-
cific product has not been performed, we were

able to visualise repeatedly a variation in inten-
sity of the specific product band, which might
reflect differences in the Y chromosome tem-
plate content in mosaics that were studied
(figure B). The disadvantage of using SRY for
detection of the Y chromosome may become
crucial in very low percentage mosaics since
SRY is a single copy gene28 and, also, in cases

of deletion ofYp or fragments ofYp of various
sizes containing SRY. The Y chromosome
with deletion of its short arm can still act as a

factor predisposing to gonadoblastoma, since
the postulated GBY gene (gonadoblastoma
locus on Y chromosome) has been preliminar-
ily mapped to the region including deletion
intervals 4B to 7, that is, it is located near the
centromere or on the long arm of the y.2930
The other diagnostic advantage is the suc-

cessful use of dried blood spots as an efficient
source of DNA. All spots were sent to us by

regular mail from a laboratory located abroad.
This illustrates in practice the technical ease of
application of this method for molecular labor-
atories collaborating with distant hospitals.
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