
Research Journal of Medicine and Medical Sciences, 4(2): 446-451, 2009
© 2009, INSInet Publication

Corresponding Author: Sanaa M.H. Helmy, Prenatal Diagnosis and Fetal Medicine Department, Human Genetics and
Genomic Research Division, National Research Centre,Cairo, Egypt.
Email: sanaahelmy@hotmail.com

446

Rapid PNCD for Common Aneuploidies
Uusing QF-PCR in Egyptian Women

Sanaa M.H. Helmy, Mona Essawi, Randa Bassiouni, Khaled R. Gaber1 2 3 1

Prenatal Diagnosis and Fetal Medicine Department, Human Genetics and Genomic Research Division,1

National Research Centre,Cairo, Egypt.

Molecular Medical Genetic Department, Human Genetics and Genomic Research Division, National2

Research Centre.

Clinical Genetic Department, Human Genetics and Genomic Research Division, National Research3

Centre

Abstract: QF-PCR was introduced in the field of prenatal cytogenetic diagnosis (PNCD) to complement

traditional karyotyping and to overcome the need to culture fetal cells. It allows the rapid diagnosis of  

certain chromosomal anomalies. QF-PCR may eventually be considered a valid alternative to full 

karyotyping. As QF-PCR is relatively inexpensive and almost entirely automated, more women could 

undergo invasive prenatal diagnosis without significant increase in health expenditure. DNA extraction was  

performed on fetal cells obtained from 90 samples of amniotic fluid (5-10 ml). A single-tube multiplex

PCR was carried out using STR markers specific for chromosomes 21, 18, 13, X and Y. Four markers

were used for each chromosome, and additional markers were added to test samples found to be

homozygous or in which the result was ambiguous. Conventional karyotyping of all amniotic fluid samples

was also performed. Our results showed that 87 (96.7%) were normal and two (2.2%) had trisomy for

chromosome 21. One sample (1.1%) was found to have a sex chromosome abnormality (45,X). Ambiguous

results were obtained in four cases; additional markers were used to clarify the uninformative results, and

the eventual diagnosis was confirmed by cytogenetic analysis. No discrepancies between the results of QF-

PCR and cytogenetic analysis were found. QF-PCR should be the current method of choice for rapid

aneuploidy testing. QF-PCR was shown to be a reliable and accurate prenatal diagnosis method, and when

used in conjunction with conventional cytogenetics, it can help reduce the anxiety of the couple concerned.
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INTRODUCTION

Quantitative fluorescent polymerase chain reaction

(QF-PCR) has recently entered the field of prenatal 

cytogenetic diagnosis (PNCD) to  complement

traditional karyotyping. QF-PCR overcomes the need to 

culture fetal cells, thus allowing the rapid diagnosis of 

selected chromosomal anomalies (Adinolfi et al. 1997,

2000; Cirigliano et al. 2001, 2004; Mann et al. 2004).

Determination of trisomy using this QF-PCR technique

is based on the amplification of short tandem repeat

(STR) sequences, in this case repeats of four

nucleotides (tetranucleotide repeats). These STRs occur

in a specific location on one chromosome. In this QF-

PCR technique, STRs are amplified in parallel in a

multiplexed PCR, using PCR oligonucleotide primers

labeled with different fluorophores adjacent to and

surrounding the STR. Each STR on a given

chromosome has a unique length with regard to the

number of repeats it contains, thus discriminating

between homologous chromosomes in the somatic cell,

in this case fetal amniotic cells. The use of QF-PCR

may become more prevalent and should be considered

a valid alternative to the full karyotype. This technique

is less expensive and almost entirely automated, 

allowing more women to undergo invasive prenatal 

diagnosis without a significant increase in health

expenditure. 

MATERIALS AND METHODS

Prenatal cytogenetic diagnoses were performed in

the Prenatal Diagnosis and Fetal Medicine Department,

with the cooperation of the Molecular Medicine

Genetic and Clinical Genetic Departments, in the

Human Genetic and Genomic Research Division of the
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National Research Centre. In this study, 90 fetal

samples were referred for dual testing with traditional

cytogenetic culture and a QF-PCR test. 

The karyotypes of all fetal samples were

determined by conventional cytogenetic analysis. At the

same time, DNA was extracted using the QIAamp

DNA blood Mini Kit (QIAGEN). Single tube multiplex

PCR was carried out using STR markers specific for

chromosomes 21, 18, 13, X and Y. All markers used

for each chromosome were added to test samples found

to be homozygous, as illustrated in Table (1). Informed

consent was obtained from the pregnant women and

their partners (i.e., all adults included in the study).

Multiplex PCR Amplification: The sample DNA was

diluted with sterile water to obtain a final concentration

of 10-20 ng µL2¹. A separate master mix of 1.6 µL ice

cold enzyme dilution buffer and 0.4 µL Taq per sample

was prepared on ice. Each reaction contained 13 µL

QF-PCR, 10 µL DNA sample (mixed by pipe ting)

finally, 2.0 µL of Taq polymerase/enzyme dilution

buffer was added to each tube for a final volume of 25

µL. An initial denaturizing at 94°C for 3 min (hot start

PCR) was followed by 26 cycles at 94°C for 30 sec,

26 cycles at 57°C for 1 min, 26 cycles at 71°C for 2

min, one extension at 71°C for 5 min, one hold at

60°C for 1 hour and a final hold at 4°C. An ABI 310

(Applied Biosystems) was used for the analysis of PCR

products.

RESULTS AND DISCUSSION

Results: A total of ninety prenatal diagnosis cases (84

amniotic fluid samples and 6 fetal blood samples) were

tested. Both traditional cytogenetic analyses and

molecular cytogenetic (QF-PCR) analyses of 17

multiplex markers on chromosomes 21, 18, 13, X, Y

were performed.   

Prenatal cytogenetic diagnosis of both tests was

offered and accepted by all 90 (100%) of the mothers

counseled. The tests were performed in all samples

with the following indication criteria: (1) previous

history of Down syndrome (69 cases; 76.7%), (2)

ultrasound abnormality (10 cases; 11.1%), (3) previous

history of other chromosomal trisomy (5 cases; 5.6%),

(4) advanced maternal age $35 (4 cases; 4.4%), or (5)

maternal anxiety (2 cases; 2.2%).

Three abnormal cases were found in a total of 90

cases analyzed (2.7%). Two cases were discovered

through ultrasound abnormalities; one of these cases

presented with trisomy 21 and the other with

monosomy 45, X (Figures 1 and 2).The third case was

referred due to high risk biochemical markers and

presented with trisomy 21. 

All cases were successfully tested by QF-PCR, the

results of which were available within 72 to 96 hours

and agreed in all cases with the cytogenetic analysis.

The majority of normal samples showed diallelic peaks

with a ratio of 1:1 for each STR marker. Among

normal samples, 91% gave diallelic peaks for each

marker. The two Down syndrome cases with confirmed

47+21 karyotypes showed either a trisomic pattern with

an allelic peak ratio of 1:1:1, or a diallelic-triallelic

pattern with an allelic peak ratio of 1:2 (D21S1411).

Four samples gave inconclusive results for two or

three markers on chromosomes 21, 13 and XY. The

same DNA samples were retested with extra marker

tests for those chromosomes and showed normal

heterozygous peaks and normal karyotypes. The

sensitivity, specificity and efficiency of QF-PCR for the

detection of chromosomal abnormality were 100%,

100%, and 100%, respectively. 

Discussion: Several studies that have shown QF-PCR

to be an efficient and accurate method of prenatal

cytogenetic diagnosis have also evaluated certain STR

markers and their heterozygosity .[4 ,19]

We evaluated the reliability, sensitivity, specificity

and efficiency of this assay on a pilot group of

pregnant Egyptian woman. 

In our study, the most common reasons for referral

were a previous history of chromosomal abnormalities

(86.8%), ultrasound abnormality (8.6%), advanced

maternal age (4.6%) and maternal anxiety (1.8%). In

contrast, a study by Cirigliano et al.  showed that the[6]

most common cause of patients' referral was advanced

maternal age, followed by abnormal biochemical

markers and abnormal ultrasound. This difference likely

reflects the low awareness of increased risk of

aneuploidy with age in our population, as well as a

lack of knowledge about ultrasound and biochemical

markers as routine antenatal screens to detect cases at

high risk of some genetic malformation.   

Cui et al.  stated that the risk of the recurrence of[9]

Down syndrome after the birth of an affected child is

only 1%. In our study, 69 cases with a previous history

of Down syndrome showed normal QF-PCR and

karyotype. This result highlights the importance of QF-

PCR as a rapid and accurate assay for routine prenatal

cytogenetic diagnosis, which may be useful to prevent

familial anxiety in these cases.   

Ten cases (11.1%) were referred due to ultrasound

abnormality; two of these cases showed chromosomal

abnormalities (trisomy 21 and monosomy X). However,

in eight of the ten cases, QF-PCR excluded aneuploidy,

showing that while clinical and ultrasound findings are

effective for screening, QF-PCR is important to give a

final diagnosis of aneuploidy. Breeze et al.  state that[3]

ultrasound abnormalities are not necessarily associated
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Fig. 1: Electrophoregram of the QF-PCR product from trisomy 21 sample. Normal diploid sample: all markers

are heterozygous and exhibit two peaks with a 1:1 ratio. Trisomy 21 sample: chromosome 21 markers

D21S1414, D21S1437, D21S1446, exhibit three peaks with a 1:1:1 ratio D21S1411 exhibit two peaks with

a 1:2 ratio. Both the X and Y specific products of AMXY are present with a normal ratio of 1:1 together

with SRY specific PCR product. The XY male chromosome constitution is also confirmed by the normal

heterogeneous pattern of both pseudoautosomal markers (X22, DXYS218) and the single product for the

X-linked HPRT. 

with fetal aneuploidy and may occur for a number of

other reasons. In our study, we highlight the

importance of a rapid diagnosis or exclusion of fetal

aneuploidy in these cases. Early diagnosis is especially

important so that the physician and the parents may

pursue early therapeutic management options.

Two Egyptian studies  report the incidence of[12 ,17]

consanguineous mating in Egypt as ranging from 29 to

56%, which could be considered very high. First cousin

marriage occurred more frequently than other types of

consanguinity. In our study, 58% of cases had a

positive consanguinity. Therefore we evaluated whether

the available markers for this assay would be

informative in this population (shown in Table 1) and

applicable in prenatal cytogenetic diagnosis. In general,

heterozygosity of the markers used varied from 0.86

and 0.98, emphasizing the need to be careful in the

choice of markers used in the multiplex assay. 

The D21S1414 marker was used by Cirigliano et

al.   and Diego-Alvarez et al. . It showed a high rate[8] [10]

of heterozygosity and reliability in the diagnosis of

trisomy 21. In our study, three markers on chromosome
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Fig. 2: Electrophoregram of QF-PCR product from monosomy X sample. The two pseudoautosomal markers (X22,

DXYS218) and the X-linked HPRT, exhibit one peak, in the absence of Y-specific product of AMXY and

SRY. 

Table 1: M arkers used for QF- PCR detected of chromosomes 21,

18, 13, X and Y copy number

M arker Labeling Chromosom e location

1 D21S1414 6-Fan 21q21

2 D21S1411 VIC 21q22.3 

3 D21S1437 PET 21q21.1

4 D21S1446 PET 21q22.3-ter

5 D18S391 VIC 18qter-18p11.22

6 D18S390 VIC 18p22.2

7 D18S535 NED 18q12.2

8 D18S386 NED 18q22.1

9 D13S631 VIC 13q31-32 

10 D13S634 VIC 13q14.3

11 D13S258 NED 13q21

12 D13S305 PET 13q12.1-q14.1

13 AM XY 6-Fan Xp22.1-22.31; Yp11.2

14 HPRT 6-Fan Xq26.1

15 X22 6-Fan Xq28Yq(PAR2)

16 DXYS218 PET Xq22.32 Yp11.3(PAR1)

17 SRY 6-Fan Yp11.2

21 (D21S1414, D21S1411 and D21S1446) also showed

high rates of heterozygosity (0.98, 0.92 and 0.96,

respectively).

The high reliability of D21S1411 was also in

concordance with Brown et al. . [4]

The chromosome 18-specific markers used in this

study were D18S390, D18S391, D18S535 and

S18S386, which performed with 0.9, 0.93, 0.91 and

0.92 heterozygosity, respectively. The combination of

the four markers allowed a reliable diagnosis in all

cases. Mann et al.  reported the high reliability of[1 5 ]

these markers.

In this study, all cases showed at least three

heterozygous peaks for the chromosome 13 markers

D13S258, D13S634, D13S631 and D13S305. The high

reliability of these markers was in agreement with the

results of Diego-Alvarez et al. , which reported no[10]

uninformative results when using these markers.

An analysis of sex chromosome markers was

performed to exclude sex chromosomal aneuploidy. Our

data identified one case with monosomy X and

successfully diagnosed all other cases as normal, in

agreement with the cytogenetic results. Onay et al.[18]
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Table 2: Showed heterozygous, homozygous, failed peaks, and marker's heterozygosity of autosomal markers used in our assay.

M arker Homozygous Heterozygous Heterozygosity Amplification failure

D21S1414 1 88 0.98 1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D21S1411 5 83 0.92 2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D21S1437 7 80 0.89 3

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D21S1446 3 86 0.96 1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D13S631 9 77 0.86 4

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D13S305 3 84 0.93 3

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D13S634 2 85 0.94 3

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D13S258 5 80 0.89 5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D18S391 5 84 0.93 1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D18S390 7 81 0.9 2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D18S535 5 82 0.91 3

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D18S386 3 83 0.92 4

used the same markers we did and found the same
results with high reliability.   

No discrepancies were observed between the
traditional cytogenetic and QF-PCR results (i.e., no
false positive or false negative results were observed);
we estimate a 100% specificity and 100% sensitivity of
the technique for the diagnosis of chromosomal
aneuploidies. A slightly different rate was presented by
Cirigliano et al.  with 100% specificity and 99.7%[6]

sensitivity of the technique.

Furthermore, we found the QF-PCR assay to be
less expensive than the cytogenetic analysis and almost
entirely automated. This was corroborated by Mann et
al.  and Dudarewicz et al. , who stated that[15] [11]

traditional cytogenetic studies are more expensive. In
particular, if the culture for the cytogenetic analysis
fails and needs to be repeated, still more time and
money must be spent. Meanwhile, the expense of QF-
PCR is quite low when the markers used for the assay
are prepared in our local molecular lab.
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