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Rapid Sex Determination Using PCR Technique Compared to Classic Cytogenetics
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Abstract:

Background: Fetal sexual differentiation relies on the translation of chromosomal sex established at fertilization into gonadal
sex and somatic sex as development proceeds. In cases where chromosomal, gonadal, and somatic sex are incongruent in
human infants and children, rapid establishment of the diagnosis and implementation of medical and surgical management is of
paramount importance, since the gender identity is so important to the psychological well-being throughout life.

Objective: This work was done in order to test the value of PCR technique for rapid sex determination compared to classic
cytogenetic technique.

Methods: Subjects included 20, cases including 10 neonates with ambiguous genitalia, 2 adult females with delayed puberty and
8 adult males with infertility, in addition to 20 normal infants of both sexes as a control group. The diagnosis of sex was attempted
through examination, cytogenetic study, ultrasonography, gonadal biopsy and hormonal analysis, in addition to PCR amplification
for the detection of SRY and ATL1 gene loci on Y and X chromosomes respectively.

Results: Four neonates were diagnosed as partial testicular feminization showed both positive bands for the Y and X chromosomes
and a karyogram of 46/XY. Three neonates were diagnosed as true hermaphrodites showed positive amplification for both Y and X
chromosomes with a mosaic karyogram 46,XX/XY. Three neonates were diagnosed as cases of adrenogenital syndrome showed
positive amplification of only the Xchromosome and had a karyogram of 46/XX. One of the two adult females was diagnosed as
turner syndrome showed positive amplification of the X chromosome and a karyogram of 45/X0O; the other one was diagnosed
as complete testicular feminization had a positive amplification of X and Y chromosomes and a karyogram of 46/XY. The 8 adult
males with infertility showed a positive amplification of X and Y chromosome and a karyogram of 47/XXY (Klinefelter syndrome)
in 7 cases and 46/XY gonadal dysgenesis in one case.

Conclusion: We concluded that PCR as a simple, rapid and reliable technique can complement and also confirm cytogenetic
studies in the diagnosis of sex in cases of sex chromosome disorders.
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Introduction

Fetal sexual differentiation relies on the
translation of chromosomal sex established
at fertilization into gonadal sex and somatic
sex as development proceeds. In cases
where chromosomal, gonadal, and somatic
sex are incongruent in human infants and
children, rapid establishment of the diagnosis
and implementation of medical and surgical
management is of paramount importance,
since the gender identity is so important to
the psychological well-being throughout life &1,
It has been established that the SRY gene is
necessary and sufficient for the sex determining
function of the Y chromosome in mammals @,

Currently, most methods for genotypic
sex determination use the detection of Y
chromosome in males. The cytogenetic analysis
is a conventional method not only to identify
sex, but also to detect other chromosomal
aberrations. It is a non-invasive, inexpensive
and rapid method, but it lacks the reliability
and ability to detect mosaicism as well as other
chromosomal abnormalities .

Untilthe pre-implantation geneticdiagnosis
of X-linked disorders was developed, a large
number of techniques have been utilized for a
rapid and reliable sex determination, i.e. non-
radioactive in situ hybridization, fluorescence
in situ hybridization (FISH), and primed in situ
(PRINS) labeling technique . These methods
were performed by the detection of the Y
chromosome in the inter-phase or meta-phase
nuclei. In addition, sex determination using
DNA analysis, i.e. dot blot hybridization and
polymerase chain reaction (PCR), have also
been reported ©.

The PCR-based sex determination identified
by the presence (male) or absence (female) of
the SRY gene has already been described. This
method needs to have an internal control to verify
the absence of the SRY gene from the failure of
PCR ampilification ©,

In this study, we will use the ATL1 locus as
an internal control. The ATL1 is the sequence in
the FMR1 gene located on the long arm of the X
chromosome [,

Subjects

Subjects were in the form of 20 cases
including 10 neonates with ambiguous genitalia,
2 adult females with delayed puberty and 8 adult
males with infertility, in addition to 20 normal
infants of both sexes as a control group. These
cases were referred to the Genetics Unit,
Mansoura University Children Hospital, Egypt
for the assessment of sex chromosomes. An
informed consent was obtained from all adult
subjects and from the guardian of neonatal
and infantile cases as well. These experiments
were also acknowledged from the university
scientific and ethical committees.

Methods

The diagnosis of sex was attempted
through examination, cytogenetic study
ultrasonography, gonadal biopsy and hormonal
analysis, in addition to PCR amplification for the
detection of SRY and ALT1 gene loci on Y and X
chromosomes respectively (Fig. 1).
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Fig. 1. Photograph of electrophoresed PCR products
showing band sized 254 bp for the SRY (Y
chromosome) and band sized 300 bp for the
ATL1 (X chromosome). Lanes 1, 2 and 7 show
positive bands for both X and Y chromosomes,
while lane 5 shows only a positive control band
for the Y chromosome, and lanes 3, 4 and 6 are
negative controls with no DNA.
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The DNA extraction was performed. The
PCR amplification and interpretation of the results
were performed prior to obtaining the cytogenetic
results.

Each 15 ul PCR reaction comprised 100 ng
DNA, 1.5 ul of 10X buffer Il (Perkin Elmer), 1 ul
of 25 mmol dNTP, 1.5 mM MgCI2, 1 pmol each of
SRY and ATL1 primers, and 0.25 unit Tag DNA
polymerase. All PCR reactions were performed
in a thermal cycler (Perkin Elmer 480) at 94°C
(2 min) for initial DNA denaturation, followed by
35 cycles of 94°C (15 sec) for DNA denaturation,
65°C (20 sec) for primers annealing and 72°C (20
sec) for primer extension, with a final extension of
the cycle at 72°C for 10 min. The amplified PCR
products were separated on 2.5% agarose gels,
ethidium bromide stained and visualized under
the UV Transillumination. The sequences of
oligonucleotide primers were 5-CAT GAA CGC
ATT CAT CGT GTG GTC-3’; and 5-CTG CGG
GAA GCA AAC TGC AAT TCT T-3’ for SRY ¢
and 5-CCC TGATGAAGAACT TGTATC TC-3’;
and 5-GAA ATT ACA CAC ATA GGT GGC ACT-
3’ for ATL1 1,

Results

Regarding the neonatal cases with
ambiguous genitalia, four showed a positive PCR
amplification for both the X and Y chromosomes
and a karyogram of 46/XY. Pelvic ultrasonography
showed no mullerian duct structures. The level of
170H progesteroneis notincreased. Theirgonads
were testes. Therefore, they were diagnosed
as having partial testicular feminization. Three
neonates showed a positive amplification for both
Y and X chromosomes with a mosaic karyogram
46,XX/XY; and internal organs suggestive of
the presence of mullerian duct structures. Their
gonads were in the form of ovitestes. They were
diagnosed as true hermaphrodites.

Three neonates showed a positive
amplification of only the X-chromosome and had
a karyogram of 46/XX. Internal structures were
suggested to mullerian duct derivatives and
their 170H progesterone level was elevated.
They were diagnosed as cases of adrenogenital
syndrome. One of the two adult females showed
a positive amplification of the X chromosome and
a karyogram of 45/XO confirming the diagnosis
of turner syndrome, while the other one had a
positive amplification of X and Y chromosomes
and a karyogram of 46/XY with blind vagina

and absent uterus and undescended testicular
gonads was diagnosed as complete testicular
feminization. The 8 adult males with infertility
showed a positive amplification of X and Y
chromosome and a karyogram of 47/XXY in 7
cases giving the diagnosis of Klinefelter syndrome
and 46/XY in one case with a diagnosis of gonadal
dysgenesis.

Discussion

The sex chromosomes play a crucial role
in the etiology of normal sexual development.
The bipotential gonad requires at least two
X chromosomes to developed into an ovary.
Alternatively, inthe presence of SRY gene located
on the Y chromosome, a testis is developed.
Discordance between chromosomal sex and the
appearance of the external genitalia can lead to
sexual ambiguity. In the case of sexual ambiguity,
the patient may be either a true hermaphrodite or
pseudohermaphrodite. Both the ovary and testes
are present in the former, while both the gonads
are either absent or only one of them is present
in the latter (4,

Theresults ofthe presentstudydemonstrated
the usefulness of microsatellite markers of X
and Y chromosomes in determining the sex of
individuals with ambiguous genitalia. The positive
amplification of Y chromosome confirmed the
cytogenetic pattern of XX/XY mosaicism,
XXY (Klinefelter syndrome) and XY gonadal
dysgenesis. Likewise, a negative amplification of
Y chromosome is beneficial in cases of Turner
syndrome to exclude low level mosaicism that
may warrant castration as a prophylactic step
against the development of gonadal malignancy.
It was also beneficial for the confirmation of the
diagnosis of adrnogenital syndrome in females
with ambiguous genitalia.

In fact, PCR is of great value in cases of
46,XX maleness, which is characterized by
testicular development in subjects who have two
X chromosomes but lack a normal Y chromosome
that is sometimes translocated on one of the
autosomes 12,

The case with normal 46/XY pattern and
infertiligy can be explained by McElreavey et
al. who reported mutations in the SRY-ORF in
-20% of subjects with 46,XY complete gonadal
dysgenesis. The mutations are clustered in
sequences encoding the HMG domain of the
molecule. As SRY is responsible for the primary
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step in testis determination, mutations in the
SRY-ORF could be expected to completely block
the testis formation 23,

Interestingly, a conventional nested PCR
analysis of maternal plasma could be used for
accurate fetal gender detection. The result was
confirmed by the routine analysis of fetal tissue
obtained by invasive procedure or examination
of newborns after delivery. The result was
completely concordant with the conventional
fetal tissue analysis and the examination of the
newborns after delivery @4,

Nonetheless, Rajender et al. have reported
a case of SRY-negative XX male with complete
masculinization but infertility. The patient had
fully mature male genitalia with descended but
small testes and no signs of undervirilization.
PCR analysis for SRY, ZFY, Amelogenin,
AZFa, AZFb, AZFc genes, a pair of primers
from heterochromatic region and six Y-STRs
showed the absence of any Y-chromosome-
derived material. The absence of SRY gene
was confirmed by three independent PCRs
for each of the two sets of primers covering an
increasing length of the gene 51,
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