Identification of Sex Chromosome by Fluorescence in

situ Hybridization

SASAKORN SARASOPHONA, M.Sc.*,
KOTCHAKORN PROMSAWAT, Cert.M.L.T.*%,
BUDSABA RERKAMNUAYCHOK, D.M.Sc.*

Key word : FISH, Sex Chromosome

SARASOPHONA 8, et al
J Med Assoc Thai 2000; 83 (Suppl. 1): S89-S94

Abstract

Fluorescence in situ hybridization (FISH) is the complicated and very effective technique
to determine the origin of chromosome material that cannot be identified by conventional banding
techniques. Also determining the hidden sex chromosome and the percentage of mosaicism. Five
peripheral blood and one cord blood sample were used to perform centromeric X and Y chromo-
some-specific DNA probe to determine the sex chromosome. Comparing the percentage of mosai-
cism between conventional cytogenetic technique and FISH technique, we found a different ratio in
mosaicism. That is because the molecular cytogenetic study was the evaluation of chromosome
identification in both dividing (metaphase) and non-dividing cells (interphase nuclei).

Determining the origin of chromosomal
material that cannot be identified by conventional
banding techniques, such as marker chromosome or
complex karyotype, remains one of the major dif-
ficulties of clinical cytogenetics(1), Classification
of the cytogenetically unidentified chromosome is
important for establishing phenotype-karyotype

correlations(2). However, in case of mosaicism, over
100 cells would be needed for examination in order
to exclude 5 per cent mosaicism with 99 per cent
confidence, otherwise loss level mosaicism might
be missed(2). Fluorescence in situ hybrization
(FISH), is commonly used as an additional diagnos-
tic technique for cytogenetics and it can be per-
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formed in both metaphase chromosomes and inter-
phase nuclei. The development of molecular pro-
bes by using DNA sequence of differing sizes,
complexity, and specificity, coupled with technolo-
gical enhancements (direct labeling, multicolor
probes, computerized signal amplification, and
image analysis) make FISH a powerful investigative
tool both for basic research and clinical applica-
tion(3).

We performed dual color FISH with Cen-
tromeric X and Y chromosome-specific DNA probes
to identify sex chromosomes from five peripheral
blood and one cord blood samples in comparison to
the conventional cytogenetics.

MATERIAL AND METHOD
Blood specimens

We studied five peripheral and one cord

blood samples. In three cases, marker chromo-
somes were carried out. The fourth case was a male
with abnormal phenotype and the other two cases
were Klinefelter syndrome.

Karyotyping

Karyotyping analysis was performed by
standard cytogenetic technique(4) using metaphase
chromosome preparations from PHA stimulated
peripheral blood and cord blood lymphocytes.
Giemsa bands were obtained by GTG technique(5).
The percentage of cell clones in mosaics, and the
replication status of marker chromosomes are pre-
sented in Table 1.
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DNA Probes

A directly labeled Centromeric X, Y (addi-
tional Centromeric 18 probe was used only in case
1) were purchased from Vysis (Downer Grove, IL).
The Centromeric X, alphasatellite DNA probe was
extended on X pll.1-q11.1 and labeled with Spec-
trum Green fluorophore. The Centromeric Y, alpha-
satellite DNA probe was extended on Y pll.1-q
11.1 and labeled with Spectrum Orange fluorophore.
The Centromeric 18, alphasatellite DNA probe was
extended on 18pl1.1-q11.1 and labeled with Spec-
trum Aqua.

FISH procedure

Slides were denatured in 70 per cent for-
mamide in 2xSSC, pH 7.0, at 72°+1°C for 5 min
and immediately dipped in an ethanol series (70%,
85%, and absolute Ethanol) for 3 min. Slides were
dried on 45°-50°C slide warmer for 1-2 min. The
probe mixture was applied to the glass slide and
covered with an 18 x 18 mm coverslip. Hybridiza-
tion was carried out in a moist chamber at 37°C
for a minimum of 6 hours. After hybridization, the
slides were washed for 15 min at 42°C in 50 per
cent formamide in 2xSSC, pH 7.0 and 2xSSC,
respectively. The slides were counterstained with
4', 6-diamidino-2-phenylindole (DAPI : Sigma),
mounted with anti-fading solution and covered
with coverslips. The slide was observed with an
Olympus BX60 fluorescent microscope equiped
with a double bandpass filter set for simultaneous
observation of Spectrum Green and Spectrum

Table 1. The comparison of cytogenetic results and FISH results.
Case Age Cytogenetics FISH
(Year)
1 4/12 46, XY =26.7% XY = 100%
47, XY, +mar =73.3%
2 10 8/12 45, X =30% X =70%
46, X, +mar = 70% 2X =30%
3 No data 46, X, +mar = 100% X =63%
2X =37%
4 36 46, XY =95% XY =78.5%
47, XXY = 5% XXY =21.5%
5 6/12 46, XY = 100% XY =78.5%
XXY =21.5%
6 40 46, XX =32% XX =1343%
46, XY =3.2% XY =30.6%

47, XXY =93.6%

XXY =5597%
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Orange. Aqua filter was used in case 1 for observa-
tion of Centromeric 18. A DAPI filter was applied
to find the nuclei. Digital computer imaging was
recorded and processed by Cytovision system
(Applied Image, UK). The fluorescent signals were
counted for 50 metaphases and 150 interphase
nuclei.

RESULTS AND DISCUSSION

FISH was undertaken for identification of
marker chromosomes in all three cases in whom
routine cytogenetic methods had failed to define the
origin of small marker fragments. Also, the compa-
rison of mosaicism percentage between conven-
tional cytogenetic result and FISH result in three
cases of Klinefelter syndrome was evaluated.

Case 1 with delayed development, minor
anomaly, microcephaly, flat nasal bridge, low set
ears, hyperpigmental and broad thumbs, had the
karyotype of 46, XY/ 47, XY, +marker with a ratio
of 26.7 per cent and 73.3 per cent, respectively.
We performed FISH by using Centromeric X, Y
and 18 specific DNA probes to identify if the
marker chromosome had one of these Centromeric
probes. Neither of them showed the signal in the
marker chromosomes (Fig. 1). Therefore, the marker
chromosome did not contain centromeric regions of
chromosome X, Y and 18.

Case 2 had a short neck, puffy fraper,
broad chest and carrying autle, therefore, the phy-
sician requested karyotype analysis. The karyotype
showed 45, X/ 46, X, +marker with the ratio of 30
per cent and 70 per cent, respectively. Identifica-
tion of the marker chromosome by FISH showed
the ratio of X/ 2X with 70 per cent and 30 per cent,
respectively (Fig. 2). This uncoupling of FISH
scoring results and conventional cytogenetics is
based on both interphase and metaphase chromo-
somes. These results have no direct relationship
between the degree of mosaicism judged by FISH
and conventional cytogenetics has also been reported
in uncultured amniotic fluid samples as well as
chrorionic villus samples(6,7). Selective in vitro
growth may explain the discrepancy. Since the FISH
assay is based on uncultured cells, this assay may
better reflect the clonal distribution in a sample
than conventional cytogenetics based on cultured
cells(7).

Case 3, we identified the marker chromo-
somes of karyotype, 46, X, +marker, with the FISH
signal ratio of X/ 2X for 63 per cent and 37 per
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cent, respectively (Fig. 3). This uncoupled ratio can
be explained in the same manner as Case 2.
Case 4 was previously investigated for
prenatal diagnosis of amniotic fluid sample and the
karyotype showed 46, XY/ 47, XXY with the ratio

47 XY,+mar

Fig. 1. FISH results using Centromeric X, Y and
18 chromosome-specific DNA probes.
Case 1: Karyotype of 47, XY, +marker. The

marker chromosome does not contain Cen-
tromeric X, Y or 18. Green is signal specific
for Centromeric X, red is for Centromeric
Y chromosome and aqua for Centromeric
18.

Fig. 2. FISH results using Centromeric X and Y
chromosome-specific DNA probes.
Case 2: karyotype of 46, X, +marker. The marker

has Centromeric X. Green is signal specific
for Centromeric X and red is for Centro-
meric Y chromosome.
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Fig. 3. FISH results using Centromeric X and Y
chromosome-specific DNA probes.
Case 3: Kkaryotype of 45, X/ 46, X, +marker. The

marker chromosome has Centromeric X.
Green is signal specific for Centromeric X
and red is for Centromeric Y chromosome.

46XY/47 XXY

FISH results using Centromeric X and Y

Fig. 4.
chromosome-specific DNA probes.
Case 4: karyotype of 46, XY/ 47, XXY. Green is

signal specific for Centromeric X and red is
for Centromeric Y chromosome.

of 84.4 per cent and 15.6 per cent, respectively.
Thus, the result was confirmed by cordocentesis
and the karyotype showed 46, XY/ 47, XXY with
the ratio of 95 per cent and 5 per cent, respectively,
while the FISH results showed the ratio of 78.5 per
cent and 21.5 per cent, respectively (Fig. 4).

Fig. 5A. FISH results using Centromeric X and Y
chromosome-specific DNA probes.

Case 5: Kkaryotype of 46, XY. Green is signal speci-
fic for Centromeric X and red is for Cen-
tromeric Y chromosome.

Fig. 5B. FISH results using Centromeric X and Y
chromosome-specific DNA probes.
karyotype of 47, XXY. Green is signal spe-
cific for Centromeric X and red is for Cen-
tromeric Y chromosome.

Case 5:

Case 5, the son of Case 4, at birth had nor-
mal karyotype but phenotypic expression of Kline-
felter syndrome. He has genetalia, descended testis
with cranial growth and development. The FISH
results showed XY/ XXY with the ratio of 89 per
cent and 11 per cent, respectively (Fig. 5A, 5B).
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Fig. 6A. FISH results using Centromeric X and Y
chromosome-specific DNA probes.
karyotype of 47, XXY. Green is signal spe-
cific for Centromeric X and red is for Cen-
tromeric Y chromosome.

Case 6:

Case 6 had 46, XX/ 46, XY/ 47, XXY with
a ratio of 3.2 per cent, 3.2 per cent and 93.6 per
cent, respectively. He showed the Klinefelter syn-
drome and Grave’s disease with heart block. His
FISH results showed XX/ XY/ XXY with the ratio
of 13.43 per cent, 30.6 per cent and 55.97 per cent,
respectively (Fig. 6A, 6B).

It was reported that the FISH technique
has been shown to be more rapid and more reliable
than sex chromosome determination by conventional

Fig. 6B. FISH results using Centromeric X and Y
chromosome-specific DNA probes.
Case 6: karyotype of 46, XX/ 46, XY. Green is signal

specific for Centromeric X and red is for
Centromeric Y chromosome.

cytogenetic methods or polymerase chain reaction
(PCR)(8,9). Moreover, the advantage of chromo-
some analysis in both dividing and non-dividing
cells would give a better information for counsell-
ing than conventional cytogenetics alone.
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