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ABSTRACT

Prenatal diagnosis is testing for diseases or
conditions in a fetus or embryo before it is born.
It employs a variety of techniques to determine the
health and condition of an unborn fetus. The main
goal of this process is to perform prenatal diagnosis
at the earliest possible stage of gestation. In this re-
gard, quantitative fluorescent-polymerase chain re-
action (QF-PCR), a novel technique that is fast and
reliable, was employed to detect aneuploidies (13,
18, 21, X and Y) without the need of the time-con-
suming culturing process. The QF-PCR method can
detect five different chromosome aneuploidies with
98.6% accuracy. In this study, 1874 amniotic fluid
samples of pregnant subjects, who were referred to
the Department of Medical Biology and Genetics,
Adana, Turkey (molecular biology section), were
analyzed with the QF-PCR technique by employ-
ing 27 short tandem repeat (STR) markers to de-
tect chromosomes 13, 18,21, X and Y aneuploidies.
We detected 31 subjects (1.7%) with aneuploidies
or euploidies out of the 1874 subjects. The average
age of the pregnant subjects was 32 (range: 14-49).
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Abnormal karyotypes detected were as follows:
47,XX,+21 (19.4%, 6/31), 47,XY,+21 (48.4%,
15/31), 48,XXX,+21 (3.2%, 1/31), 69,XXX (3.2%,
1/31), 47.XY,+13 (3.2%, 1/31), 47,XXY (9.6%,
3/31),47,XXX (9.6%, 3/31) and 45,X (3.2%, 1/31).
Moreover, some STR markers were found to be
more specific to the Turkish population. In conclu-
sion, QF-PCR can be regarded as an alternative
method of conventional cytogenetic analysis as it is
a rapid and reliable method; however, in most cases
it is required to be supported or validated with con-
ventional cytogenetic karyotyping and some STR
markers employed for QF-PCR can be more infor-
mative for a given population.

Keywords: Aneuploidy, Cytogenetics,
Euploidy, Prenatal diagnosis, Quantitative fluores-
cent-polymerase chain reaction (QF-PCR), Trisomy.

INTRODUCTION

Pregnant women who are at increased risk of
chromosome abnormalities (usually due to maternal
age, altered serum metabolites, or ultrasound abnor-
malities in fetus), undergo invasive sampling, either
amniotic fluid (AF), chorionic villus (CV) or, rarely,
fetal blood (FB). Cells from these samples are used
either for full karyotype analysis or for DNA extrac-
tion, which would be used in molecular studies to
detect numerical chromosome anomalies or specific
gene mutations by quantitative fluorescent-poly-
merase chain reaction (QF-PCR) or real time PCR,
respectively [1]. Prenatal diagnosis of common
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chromosomal aneuploidies is routinely achieved
by standard cytogenetic techniques. In these proce-
dures, fetal cells must be cultured for up to 2 (or
more) weeks before analysis. Therefore, the dura-
tion of these processes is the major disadvantage of
these techniques. A rapid diagnosis is of paramount
importance in the case of a fetus with abnormal ul-
trasound findings, which may, in most cases, sug-
gest an aneuploidy for chromosomes 21, 18, 13, or
X (the most common chromosomal aneuploidies)
[2]. In the early 1990s, fluorescence in situ hybrid-
ization (FISH) and, more recently, QF-PCR, has
been introduced to the field of prenatal diagnosis to
overcome the need of fetal cell culturing that also
allows rapid diagnosis of the most common chro-
mosomal anomalies, thereby enabling physicians to
manage the pregnancy of an abnormal fetus at an
earlier time of gestation [3]. The QF-PCR method
is based on PCR amplification of selected chromo-
some-specific short tandem repeat (STR) markers
[4,5]. During the amplification process, a fluoro-
chrome is incorporated into the amplified products
that can be visualized and quantified accurately as
peaks on automated DNA scanners. Normal het-
erozygous subjects for a specific chromosome are
expected to have two peaks where the area below
the peaks are at a 1:1 ratio. The trisomies, howev-
er, are visualized either as three peaks with a 1:1:1
ratio (trisomic triallelic subjects) or as two peaks
with a 2:1 ratio (trisomic diallelic subjects) when
comparing the peak areas of a specific STR marker
[4]. Parental origin of the aneuploidy can also be
deduced by comparing the fetal allele sizes in base
pairs with parental allele sizes in base pairs [4,6,7].
Quantitative fluorescent-PCR 1is increasingly being
considered and proposed as a complementary inves-
tigation, or even as an alternative to conventional
cytogenetic analysis for prenatal diagnosis in most
clinical settings [8-10]. In summary, we report the
results of multiplex (employing two or more sets of
primers in one reaction condition) QF-PCR applied
to 1874 pregnancies for the detection of the most
prevalent autosomal and sex chromosome aneuploi-
dies or euploidies.

MATERIALS AND METHODS

The majority of prenatal samples (98.99%)
were AF (the investigated pregnancies were from
the South Anatolia region of Turkey) (n = 1874),
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collected between 14 and 26 weeks of gestation for
our routine diagnostic tests at the Department of
Medical Biology and Genetics, Faculty of Medicine,
Cukurova University, Adana, Turkey. A total of four
FB samples (0.2%) and 15 fetal tissues (FT) from
aborted fetuses (0.8%) were also investigated. The
most frequent indications for QF-PCR diagnosis of
common chromosome aneuploidies were advanced
maternal age, abnormal serum a-fetoprotein (AFP)
levels and abnormal ultrasound findings. All the
women who participated were informed about the
advantages and limitations of the assay. Some AF
samples that were dark in color instead of bright
transparent yellow or contaminated with blood,
were treated with distilled water in order to wash
away possible maternal cell contamination (MCC).
As a result of MCC, if additional peaks were ob-
served in the electrophoretograms, these suspected
samples were tested simultaneously with corre-
sponding maternal blood DNA samples to detect fe-
tal and maternal STR patterns by comparing them to
each other. All trisomic samples were validated with
conventional karyotype analysis following QF-PCR
testing. DNA extraction for QF-PCR was performed
on AF, FB and FT samples by incubating cell pellets
with InstaGeneTM Matrix (Bio-Rad Laboratories,
Hercules, CA, USA). The QF-PCR amplifications
were performed using AneufastTM (Molgentix SL,
Barcelona, Spain) trisomy detection kit that included
dNTPs, Hot Start Taq DNA polymerase and fluores-
cently-labeled primers for 27 STR markers (Table 1)
located on chromosomes 13, 18, 21, X, and Y, and
primer sets for amelogenin (AMXY) gene and sex-
determining region Y (SRY) regions, which were
used for the detection of fetal sex in six different
multiplex (employing two or more sets of primers
in one reaction condition) PCR mixtures containing
specific primers for the chromosome of interest STR
regions in an optimized reaction mixture.

Reactions were prepared by combining 10 pL
of the STR/PCR mixtures (referred as S1 and S2,
which contain primer sets for the STR regions of
chromosomes 13, 18, 21, X and Y), 5-10 ng of am-
niotic cell DNA and PCR-grade water up to a to-
tal volume of 15 puL and thermal cycled (15 min. at
95°C followed by 25 cycles of 40 seconds at 95°C,
90 seconds at 60°C and 40 seconds at 72°C, with
a final extention at 60°C for 30 min.) according to
the manufacturer’s protocol. The QF-PCR products
[1.5 mL from each of the two main mixes (S1 and
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Table 1: STR markers used for QF-PCR detection of chromosomes 13, 18, 21, X and Y copy numbers.

Marker Label Chromosome Location Allele Ranges (bp)
AMXY 6-Fam Xp22.1-22.31-Ypl1.2 X:104; Y: 109
SRY 6-Fam Ypll.2 Y: 463
X22 6-Fam Xp28 Yq (PAR2) 189-253
DXYS218 PET Xp22.32 Yp11.3 (PAR1) 266-294
HPRT 6-Fam Xq26.1 268-313
DXS6803 VIC Xpl12-Xq21.33 106-128
DXS6809 VIC Xq 238-274
DXS8377 NED Xq28 166-211
SBMA VIC Xqll.2-Xq12 166-211
D21S1414 6-Fam 2121 328-443
D21S1411 VIC 21q22.3 246-319
D21S1446 PET 21q22.3-ter 200-228
D21S1437 PET 21g21.1 120-144
D21S1008 6-Fam 21g22.1 196-220
D21S1412 6-Fam 21g22.2 384-418
D21S1435 VIC 21921 142-188
D18S391 VIC 18pter-1p11.22 144-168
D18S390 VIC 18q22.2 198-430
D18S535 NED 18q12.2 126-156
D18S386 NED 18g22.1 319-387
D18S858 PET 18g21.1 186-204
D185499 6-Fam 18921.32-q21.31 386-408
D18S1002 6-Fam 18q11.2 122-142
D13S631 VIC 13q31-32 192-218
D13S634 VIC 13q14.3 460-500
D13S258 NED 13921 230-281
D13S305 PET 13q12.1-13q14.1 426-458
D13S628 6-Fam 13q31-q32 436-464
D13S742 VIC 13ql12.12 254-274

S2)] were added into 40 pL. Hi-Di™ Formamide
(Applied Biosystems, Foster City, CA, USA), con-
taining 0.3 pL of GeneScan™-500LIZ™ (Applied
Biosystems) used as a size standard. After denatur-
ation at 95°C for 3 min., the mixtures were allowed
to cool down to 4°C and then capillary electropho-
resis was carried out on an ABI PRISM™ 3130
Genetic Analyzer (Applied Biosystems) using a
POP7 polymer.

Analysis of the results and calculations of the
peak areas (peak area is the area under a specific
STR peak) were performed using GeneMapper 4.0
software (Applied Biosystems). The criteria and

guidelines for the determination of the QF-PCR re-
sults of normal and pathological cases were as fol-
lows: in normal individuals who were heterozygous
for a given STR, the same amount of fluorescence
was generated for both alleles. Therefore, the ratio
between the fluorescent peak areas was 1:1 (ratios
are calculated by dividing the area of the shorter al-
lele in base pairs by the area of the longer one). In
normal individuals who are homozygous (have the
same repeat number) for a specific STR allele, the
quantification is not possible so the marker is re-
garded as uninformative, and the ratio is therefore
considered as 1. In trisomic cases, the three copies

13



BJMG

DETECTION OF ANEUPLOIDIES BY QF-PCR

LUt — [z | T 1 [T 1 [i¥]
5 w5 ] et s 5 w4 art 5
ol
¥
L 1) | 1) 1
——
A 1 EE] FF‘ ] s
| BT [ny [ETE) ax |
B Eh =S|
]
TFus T_ILAF i Do ARTURATT Son i MK _remiwt_ibExE | [
JLOEEY: ] I— N LT ] [LLES: — [LULEE T —
s S Fd intd Lt s i axi s [
- |
1200 i
.I ! i) J. 1 J | l P
13 57 Erag s KRy e 5’1.—'5
Leted | || | s el | [
| i
]
Tl Ttk bt _HE Wi B i I dwmamAE e | ]
1o - - —|
s s ¥ o s s ] axi s @
1y
, L I 1
i El i
m S
i g 1
3
B T_ILLE 1 B _d i URATE S FirT LT st 151300 |
e LY — il S— B2 —
s v = i s s a o a2 s
i e B e T S - H : (A .
T
[ - h L. || 1 i.lll i i |
=f—at = = ——
Fara Il 7 s

Figure 1. Electrophoregram of an individual diagnosed

as normal for chromosomes 13,18, 21, X and Y. The ratio

of peak areas that are the values in square boxes (upper value denotes the base pair and the bottom one corresponds
to the area below the peak). These peak areas are used for comparing different alleles such as in AMXY, there are two
peaks: the first one is 105.16 bp long and the area for this peak is 7041; the second one is 110.37 bp long and the area

for that peak is 6324, so the ratio between two peak areas is
be in the acceptable limits for the assay.

of a specific chromosome can be detected as a 1:1:1
ratio (trisomic triallelic) or as a 2:1 ratio (trisomic
diallelic) patterns when their peak areas are com-
pared. Assessment of a normal or trisomic copy
number is concluded when at least two informative
markers were detected for the chromosome of inter-
est (Aneufast User Manual; Molgentix SL).

RESULTS

The distribution of 31 pathological cases out of
1874 samples were as follow: 47,XX,+21 (19.4%,
6/31), 47,XY,+21 (48.4%, 15/31) 48XXX,+21
(3.2%, 1/31), 69, XXX (3,2%, 1/31), 47,XY,+13
(3.2%, 1/31),47,XXY (9.6%, 3/31), 47, XXX (9.6%,
3/31), 45,X (3.2%, 1/31). The ratio of heterozygous
fluorescent peak areas were close to 1:1 for normal
cases (Figure 1) and 1:1:1 or 2:1 for aneuploidies of
chromosome-specific STRs (Figure 2). At least two
informative results for each chromosome-specific
STRs were required to evaluate the prenatal diag-
nosis. Aneuploidic QF-PCR results were validated
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7041:6324, which is almost a 1:1 ratio and considered to

with cytogenetic analyses to complete the diagnosis.
No false-positive results were observed, and all the
pathological QF-PCR results were consistent with
the cytogenetic analyses. Fetal sex and chromosome
X and Y copy numbers were determined by ampli-
fication of the non polymorphic AMXY sequences
(generates chromosome X- and Y-specific products,
differing 6 bp in length) and SRY, and other X- and
Y-specific STRs (Table 1, Figure 1). These findings
were also in agreement with the cytogenetic analy-
sis in all cases.

In cases with uninformative results that have
none or only one 1:1 ratio for a given chromosome,
extra reaction mixture containing two or more addi-
tional STR primer sets specific for the chromosome
of interest, were employed in order to obtain infor-
mative results. Maternal cell contamination was de-
tected by evaluating peak patterns in heterozygous
STRs as such, if there are three alleles and the sum
of the peak areas of the two smaller alleles is equal
to the largest peak area then the smaller of the two
alleles is regarded as the maternal contaminant.
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Figure 2. Electrophoregram of an individual diag-
nosed as trisomy for chromosome 21 (Down’s syndrome).
All chromosome 21-specific STRs have three copies with
2:1, 1:1:1, 2:1 and 1:1:1 ratios, consecutively.

The MCC sample results were clarified by compar-
ing the fetal STRs with maternal STRs obtained
from maternal blood DNA samples (Figure 3). The
X-specific product of the AMXY marker was found
to be duplicated in three males producing fluorescent
peak areas in the ratio of 2 (for the X chromosome)
and 1 (for the Y chromosome), 47,XXY males. In
all X chromosome-related aneuploidies (one 45.X,
three 47,XXX, and three 47,XXY cases), the cor-
rect diagnosis was achieved by using all of the X
chromosome-specific STR markers. The diagnosis
of Turner’s syndrome was based on the detection of
a single QF-PCR product for all the X chromosome-
specific polymorphic markers (data not shown).

Of all markers studied, X22 and DXYS218
had the highest frequency of heterozygosity, there-
fore, regarded as the most informative markers.
As for chromosomes 13, 18 and 21, STR mark-
ers, D13S258, D18S386 and D211414-1411 had
the highest heterozygosity, respectively (Figure 4).
In terms of additional chromosome markers stud-
ied, which were employed to validate the results
obtained with regular STR markers having one or
none informative markers for a specific chromo-
some, STR markers, D13S742, D18S858, D211412
and DX8377, had the highest heterozygosity for
chromosomes 13, 18, 21 and XY, respectively, in
our study population (Figure 5).

1853
g2 |

Figure 3. Electrophoregram of MCC in a sample
[the upper row (fetus) in comparison with the lower row
(mother)], for example in the D18S390 STR marker, both
414 and 418 bp long alleles come from mother in the fe-
tus, implying a possible MCC, since only one allele from
the mother should be present in the fetus.

DISCUSSION

The standard karyotype analysis implies the
determination of number and structure of all 23
chromosome pairs. The most common chromosome
anomalies, whose incidence increase with maternal
age, are related to non disjunctional errors result-
ing in an extra copy or loss of one chromosome,
either in all cells or in a mosaic state (11). These
anomalies, however, have to be detected in a timely
fashion during gestation, using rapid and reliable
techniques such as QF-PCR, thus the pregnancy
could be terminated (or not) earlier leading to less
physical and emotional burdens to the mother and
family.

Several groups have reported that, QF-PCR
can be applied on different fetal samples (CVS,
AF, FB, FT obtained after termination) and is suit-
able for detecting all major aneuploidies (4,12-15).
Chromosome anomalies, however, can comprise the
majority of all viable fetal aneuploidies, which has a
slightly negative diagnostic effect (16). Rapid anal-
ysis of fetal chromosomes by QF-PCR: 1) reduces
parental anxiety through the exclusion of numeri-
cal chromosome aberrations in fetuses, 2) provides
rapid detection of major aneuploidies, particularly
in fetuses suspected of carrying chromosome disor-
ders on the basis of ultrasound or biochemical tests,
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Percentage (%) of informative results

Figure 4. STR markers used for euploidy and aneuploidy detection of chromosomes 13, 18, 21 and XY and their
percentage of informative results of the study group (n = 1874).

3) allows families to give a decision regarding termi-
nation of pregnancy at an earlier stage of gestation,
when the result clearly indicates the presence of fetal
chromosome disorder (6). Quantitative fluorescent-
PCR allowed the determination of the fetal origin of
the sample and enabled us to eliminate MCC by com-
paring the alleles from the fetal sample with those from
the mother. It is rapid (takes around 24 hours for diag-
nosis, depending on the number of samples studied),

and a large number of samples can be processed simul-
taneously with lower costs (8-10,13).
Accordingtoourfindings, STR markers D13S258
and D13S742 for chromosome 13; D18S386 and
D18S858 for chromosome 18; D21S1414-1411 and
D211412 for chromosome 21; X22, DXYS218 and
DX8377 for gender chromosomes, had the highest
heterozygosity ratio in our study population (Figures
4 and 5); therefore, these STR markers could be re-
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Figure 5. Additional STR markers used for euploidy and aneuploidy detection of chromosomes 13 (a), 18
(b), 21 (¢) and XY (d), respectively, and the percentage of informative results of each additional marker studied.
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garded as the most informative markers of common
chromosome euploidies or aneuploidies. It is there-
fore plausible to employ these STR markers first to
detect common chromosomal euploidies or aneu-
ploidies in the Turkish population.

In conclusion, prenatal diagnosis of a fetus is
very crucial, as this might affect the life of an individ-
ual and his/her family. In this regard, we focused on
chromosomal euploidies and aneuploidies and how
frequent these abnormalities arise during pregnancy.
In our study, we observed that trisomies occurred in
around 1.7% of all subjects tested and some STR
markers we employed in our tests are better for de-
tecting chromosomal aneuploidies, therefore regard-
ed as more informative and should be the first to test
in detecting numerical chromosomal aberrations.
We also support the notion that QF-PCR is reliable,
accurate, and robust, with no misdiagnoses for the
non mosaic trisomies of chromosome 13, 18, 21, X
and Y. However, the QF-PCR method can be used
in conjunction with conventional cytogenetic tech-
niques that are still regarded as gold standards.
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