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ABSTRACT 
Objectives: The currently available methods for 
rapid prenatal diagnosis of common chromoso- 
mal aneuploidies are either Inter-phase-Fluore- 
scence in Situ Hybridisation (I-FISH) or Quanti- 
tative Fluorescent Polymerase Chain Reaction 
(QF-PCR). QF-PCR represents a rapid, high 
throughput, cost-effective alternative for Inter- 
phase-FISH. The objective of the study was to 
evaluate the performance of QF-PCR, as a mo- 
lecular-based technique for the detection of chro- 
mosome 21, 18 and 13 copy numbers. Study de- 
sign: A retrospective cohort of 163 samples re- 
ferred for screening of common chromosomal 
aneuploidies was blindly tested for chromosome 
21, 18 and 13 copy numbers using QF-PCR and 
the results were compared with those of conven- 
tional cytogenetic analysis. Results: QF-PCR de- 
monstrated optimal sensitivity and specificity 
(100%) for non mosaic trisomies. QF-PCR was 
able to consistently detect maternal cell conta- 
mination and mosaic trisomies when the triso- 
mic cell line was present at an adequate level 
(23% or more). However, QF-PCR was unable to 
detect chro-mosomal rearrangements for which 
the primers were not designed. Conclusion: QF- 
PCR proved its superior performance as a mo- 
lecular-based method for autosomal aneuploidy 
detection concerning both sensitivity and speci- 
ficity. 
 
Keywords: Rapid Prenatal Diagnosis; Autosomal 
Aneuploidies; QF-PCR 

1. INTRODUCTION 
Autosomal aneuploidies that allow survival to full- 

term, namely, trisomy 21, 18, and 13 account for 89% of 
chromosome abnormalities with a severe phenotype [1,2]. 
Since 1970, the routine using of karyotyping has been re- 
garded as the gold standard for prenatal diagnosis of chro- 
mosomal abnormalities. It has the advantage of detecting 
not only numerical chromosomal abnormalities, but also 
structural chromosomal rearrangements [3,4]. However, 
conventional cytogenetic analysis necessitates the culture 
of prenatal material obtained through amniocentesis or 
chorionic villous sampling (CVS). The unavoidable de- 
lay in reporting with subsequent postponement in deci- 
sion-making regarding continuation of the pregnancy 
considerably increases parental anxiety. 

Quantitative Fluorescent Polymerase Chain Reaction 
(QF-PCR) has emerged as a rapid and cost-efficient pre-
natal diagnostic test for selected chromosome aneuploi- 
dies [5]. QF-PCR tests are now performed in several pre- 
natal centres in Europe for the detection of major nume- 
rical abnormalities affecting chromosomes 21, 18, 13, X 
and Y, with results provided within a 24 h period [6-13]. 
Despite the wide range of microsatellite marker multi- 
plexes used by these laboratories, the assays are reported 
as both robust and reliable [4].  

In this study, we report our experience concerning the 
performance of QF-PCR as a molecular technique for the 
detection of chromosome 21, 18 and 13 copy numbers 
compared to the gold standard conventional cytogenetic 
analysis. 

2. MATERIALS AND METHODS 

This study was performed at the Institute of Medical 
Genetics and Human Genetics, Charité Universitätsmedi- 
zin, Berlin, Germany. One hundred and twenty-one ar- 
chival prenatal samples, in the form of cultured amnio- 
cytes, chorionic villous sample (CVS) long-term cultures 
and DNA samples prepared from native amniotic fluid, 
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CVS and cord blood, were analysed. Forty-two archival 
postnatal samples in the form of cultured fibroblasts and 
heparinised whole blood samples were also included. 
DNA isolation was performed following standard proto- 
cols at the Institute of Medical Genetics and Human Ge- 
netics. The genomic DNA extracted from whole blood 
samples was subsequently purified using the automated 
BioRobot® M48 (Qiagen, Hilden, Germany) following 
the manufacturer’s instruction. 

The enrolled samples were blindly tested for chromo- 
some 21, 18 and 13 copy numbers using QF-PCR. Sub- 
sequently, the results were compared with the original 
karyotype results obtained from the registry of the insti- 
tute of Medical Genetics and Human Genetics.  

Multiplex PCR using 12 fluorescently labelled primer 
pairs (Applied Biosystems, Carlsbad, Carlifornia) was ap- 
plied for co-amplification of 12 microsatellites markers; 
with four on each of chromosomes 21, 18 and 13. The 
multiplex contained primers for D21S1435, D21S11, 
D21S1270, D21S1411, D18S391, D18S978, D18S386, 
D18S535, D13S742, D13S634, D13S628 and D13S305. 
The primer combination followed that of Mann et al. [6] 
with one modification, in that a working primer mix con- 
taining all primers at equimolar concentrations (2 µM 
each primer) was used. PCR was set up in a 25 µL reac- 
tion volume containing 12.5 μL 2x Qiagen Multiplex 
PCR Master Mix (Qiagen), 2 μL working primer mix 
(160 nM each) and 1 µL template DNA (100 - 200 ng). 
The PCR cycling conditions for all samples were consis- 
tent and performed as previously described by Mann and 
colleagues [6]. The amplification products were then 
stored at 4˚C until further analysis. Amplification was 
carried out using a GeneAmp® PCR System 9700 ther- 
mocycler (Applied Biosystems). Fragment analysis of 
the PCR products was carried out using the 3730 DNA 
Analyzer 48 Capillary Array, 36 cm (Applied Biosys- 
tems) with Data Collection v2.0 software (Applied Bio-
systems) and finally the GeneMapper® Software v3.7 
(Applied Biosystems) for fragment sizing and quantifica- 
tion. Each amplified sample (0.5 µL) was added to 9 µL 
of Ultrapure Hi-Di Formamide (Applied Biosystems) 
and 0.2 µL of GeneScan-500 Rox size standard (Applied 
Biosystems) in a MicroAmp® optical 96-well reaction 
plate (Applied Biosystems). Prior to electrophoresis, the 
mixture was denatured for 5 min at 95˚C. Finally, sam- 
ples were loaded into the 3730 DNA Analyzer and sub- 
jected to capillary electrophoresis. A normal and trisomic 
control sample was included in each run.  

Peak area measurements were used to calculate allele 
ratios. Interpretation of the allele ratios was done in ac- 
cordance to the professional guidelines for clinical cyto- 
genetics and clinical molecular genetics, QF-PCR for the 
diagnosis of aneuploidy best practice guidelines (2007) 
v2.01. In brief, the presence of two alleles with an allele 

ratio between 0.8 - 1.4 at a given locus was considered to 
represent a normal diallelic pattern. The presence of ei- 
ther three alleles in a 1:1:1 ratio or two alleles with a 
ratio of < 0.65 or > 1.8 was considered to represent a tri- 
somic pattern. The presence of only one peak was consi- 
dered to be non-informative. A minimum of two infor- 
mative markers was required to provide information for 
each chromosome. Markers demonstrating allele ratios 
falling in the intermediate ranges (1.4 - 1.8 and 0.65 - 0.8) 
were referred to as inconclusive results.  

Statistical analysis was performed using IBM SPSS v 
19.0. The t-test p-value of < 0.05 was considered statis- 
tically significant. 

3. RESULTS 

The study was performed on 163 samples; 115 auto- 
somal aneuploidy cases, five unbalanced rearrangements 
affecting chromosome 21 and 18, and 43 controls with 
normal karyotype. The autosomal aneuploidy group in- 
cluded 67 trisomy 21 cases (61 non-mosaic, five mosaic 
trisomy 21 samples and one trisomy 21 sample with 
MCC), 36 trisomy 18 cases (35 non-mosaic and one mo- 
saic trisomy 18 samples) and 12 non-mosaic trisomy 13 
cases. 

The results of the QF-PCR were in agreement with 
those of cytogenetic analyses in 113 out of 120 total ab- 
normalities tested, whereas in the remaining seven sam- 
ples, the QF-PCR results were either inconclusive or nor- 
mal (Table 1). All 43 normal samples were successfully 
assigned as normal for chromosomes 21, 18 and 13 copy 
numbers with QF-PCR. Sensitivity was 94.2%, whereas 
specificity was 100%. Considering only nonmosaic tri- 
somies (n = 108), there was no discrepancy between the 
QF-PCR and karyotype results in all samples, reflecting 
a sensitivity of 100%. Multiplex marker assay was infor- 
mative in 100% of samples with at least two informative 
markers for each autosome tested. In 64.8% of non-mo- 
saic trisomy samples (70 samples), the diagnosis was ba- 
sed on the results of four abnormal markers. In 31.5% 
(34 samples), diagnosis was based on three abnormal 
marker results while the fourth marker was uninforma- 
tive. In 3.7% (four samples), diagnosis was based on the 
results of two abnormal markers while the other two 
markers were uninformative. 

Marker heterozygosity was calculated in the study 
sample based on the frequency of each marker being in- 
formative. The calculated heterozygosities compared to 
those reported by Mann et al. [14,15] are listed in Table 
2. The observed allele size ranges, reported in bp, are 
shown in Table 3 compared to those of Mann et al. [6]. 

Mosaicism was considered in cases showing consis- 
tently minor extra allele peaks or inconclusive allele ra- 
tios falling in the intermediate ranges on a chromosome- 
specific group of markers [16]. One mosaic trisomy 21  
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Table 1. Comparison of the results of testing 163 samples for 
chromosome 21, 18 and 13 copy numbers using QF-PCR with 
cytogenetic results. Karyotypes are described according to the 
ISCN 2009 nomenclature. 

Karyotype 
Number 

Cytogenetics 
Number 
QF-PCR

46, XX, 46, XY 43 43 

47, XX, +21, 47, XY, +21 55 55 

46, XY, der (14; 21) (q10; q10), +21 1 1 

46, XY, der (15; 21) (q10; q10), +21 1 1 

46, XY, +21, der (21; 22) (q10; q10) 1 1 

46, XY, +21, der (21; 21) (q10; q10) 1 1 

46, XX, +21, der (21; 21) (q10; q10) 2 2 

47, XX, +18, 47, XY, +18 35 35 

47, XX, +13, 47, XY, +13 11 11 

46, XX, der (13; 14) (q10; q10), +13 1 1 

MCC 1 1 

Mosaics 6 4 

Unbalanced chromosomal rearrangements 5 0 

Total abnormalities 120 113 

 
Table 2. Calculated heterozygosity of the Markers included in 
the autosomal chromosome multiplex compared to those of 
Mann et al. 

 Heterozygosity  95% CI  

Marker Reported Calculated No. LL UL Sig.

D21S1435 0.75 0.766 94 0.680 0.852 NS

D21S11 0.9 0.819 94 0.741 0.897 Sig.

D21S1270§ 0.86 0.862 94 0.792 0.932 NS

D21S1411 0.933 0.904 94 0.844 0.964 NS

D18S391 0.75 0.557 122 0.469 0.645 Sig.

D18S978 0.667 0.738 122 0.660 0.816 NS

D18S386 0.875 0.877 122 0.819 0.935 NS

D18S535 0.92 0.795 122 0.723 0.867 Sig.

D13S742§ 0.75 0.920 150 0.877 0.963 Sig.

D13S634 0.812 0.753 150 0.684 0.822 NS

D13S628 0.688 0.733 150 0.662 0.804 NS

D13S305 0.75 0.853 150 0.796 0.910 Sig.

Heterozygosity was calculated for each marker considering only the samples 
which are disomic for the respective chromosome; 94 samples for chromo- 
some 21 specific markers, 122 samples for chromosome 18 specific markers 
and 150 samples for chromosome 13 specific markers. MCC case was omit- 
ted from the calculation. Reported Heterozygosity following Mann et al. 
[14], §Mann et al. [15] 95% CI: 95% confidence interval; UL upper limit; 
LL lower limit; Sig. significant difference; NS non significant difference. 

case with 92.0% trisomic cells: mos47, XY, +21 [46]/46, 
XY [4] was successfully assigned by QF-PCR demon- 
strating abnormal diallelic results for all chromosome 21 
markers. Three samples were recognized by QF-PCR as 
possible mosaics for trisomy 21, and this was confirmed 
by the karyotype results. Two of them were found to be 
mosaic trisomy 21 with 23% trisomic cells: mos47, XX, 
+21 [14]/46, XX [46]. Both samples, which were CVS 
and amniotic fluid from the same patient, demonstrated 
inconclusive diallelic ratios for two informative chro- 
mosome 21 markers, namely, D21S1435 and D21S- 
1270. The third case was recognized to be mosaic tri- 
somy 21 with 6% trisomic cells; however, mosaicism 
was evident as inconclusive allele ratios for two chromo- 
some 21 informative markers, namely, D21S1270 and 
D21S1411. QF-PCR was unable to detect two cases of 
mosaic trisomies; one mosaic trisomy 21 with 6% triso- 
mic cells: mos47, XX, +21 [3]/46, XX [47] and one mo- 
saic trisomy 18 with 10% trisomic cells: mos47, XX +18 
[5]/46, XX [45]. All informative markers showed normal 
diallelic results in both samples. 

One MCC sample was detected by QF-PCR. The cha- 
racteristic MCC allele pattern consisted of inconclusive 
diallelic results, and in case of triallelic results, the peak 
areas of the maternal-specific and fetal-specific alleles 
equalled the area of the shared maternal-fetal allele (Fig- 
ure 1) [16]. The sample was found to be a trisomy 21 
case with MCC: 47, XY, + 21 [17]/46, XX [1] (~ 6% 
MCC) as evidenced by the original karyotype results. In 
all 39 analysed DNA samples extracted from native am- 
niotic fluid and CVS, no MCC could be detected. 

Five samples with unbalanced autosomal rearrange- 
ments were tested with QF-PCR. Details for the samples 
are listed in Table 4. In sample No. 1, QF-PCR demon- 
strated evidence of partial chromosomal imbalance for 
chromosome 21 in form of a trisomic diallelic result for 
D21S1411, while all other informative chromosome 21 
markers were normal (Figure 2(a)). The sample was 
found to be an unbalanced translocation of the long arm 
of chromosomes 21 onto chromosome 18 leading to par- 
tial trisomy 21 and partial monosomy 18. All informative 
chromosome 18 markers showed normal diallelic pattern. 
Sample No. 2 demonstrated a QF-PCR profile in which 
one chromosome 21 marker (D21S1270) showed normal 
diallelic pattern, whereas the other three markers were 
uninformative; D21S11, D21S1435 and D21S1411. (Fi- 
gure 2(b)). The probability of this occurring by chance 
alone is low based on the previously experienced high 
heterozygosity of the markers included in the multiplex 
assay. The sample was found to be partial monosomy 21, 
partial trisomy 22. Both D21S1435 and D21S11 are lo- 
cated in the monosomic region. QF-PCR Marker assay 
was normal in two samples with a partial chromosome 
18 deletion (samples No. 3 & 4). One partial mosaic tri-  
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Table 3. Allele size range of the microsatellite markers included in autosomal chromosome multiplex compared to those reported by 
Mann et al. together with observed alleles in bp. 

Size range (bp) 
Marker 

Reported Observed 
Observed alleles in bp 

D21S1435 160 - 200 169 - 201 169, 173, 177, 181, 185, 189, 193, 197, 201 

D21S11 225 - 280 230 - 270 230, 234, 238, 242, 246, 248, 250, 252, 254, 256, 260, 264, 266, 268, 270  

D21S1270 285 - 340 284 - 330 284, 286, 290, 292, 294, 296, 298, 300, 302, 308, 312, 314, 316, 318, 320, 322, 324, 326, 330 

D21S1411 256 - 340 289 - 337 289, 293, 297, 301, 305, 309, 313, 317, 321, 325, 329, 333, 337 

D18S391 140 - 180 205 - 225 205, 209, 213, 217, 221, 225 

D18S978 180 - 220 207 - 227 207, 211, 215, 219, 223, 227 

D18S386 330 - 400 332 - 400 332, 336, 340, 344, 348, 352, 356, 360, 364, 366, 374, 376, 378, 382, 384, 388, 392, 400 

D18S535 455 - 500 467 - 497 467, 471, 475, 479, 483, 487, 491, 497 

D13S742 235 - 315 246 - 294 246, 250, 254, 258, 262, 266, 268, 270, 272, 274, 275, 278, 279, 286, 288, 290, 294 

D13S634 385 - 440 390 - 422 390, 394, 398, 400, 402, 404, 406, 408, 410, 412, 414, 416, 422 

D13S628 425 - 470 430 - 466 430, 438, 442, 446, 450, 454, 458, 460, 462, 466 

D13S305 430 - 465 416 - 460 416, 430, 434, 438, 442, 446, 450, 454, 456, 460 

Reported Allele size range following Mann et al. [6]. 
 
Table 4. QF-PCR results of the unbalanced autosomal rearrangements. 

Sample Diagnosis Karyotype QF-PCR results 

1 Partial monosomy 18 partial trisomy 21 46, XY, der (18) t (18; 21) (18 pter → 18q22.1::21q22.2 → 21qter) inconclusive 

2 Partial monosomy 21 partial trisomy 22 46, XY, −21, +der (22) t (21; 22) (22 pter → 22q13::21q22 → 21 qter) inconclusive 

3 Partial deletion Chromosome 18 46, XX, del (18) (18 pter → q22:) normal 

4 Partial deletion Chromosome 18 46, XY, ish cgh dim (18) (q22qter) normal 

5 Mosaic Partial trisomy 18 mos47, XY, +neo (18) (q 11.1 → q 12.1) [27]/46, XY [13] normal 

 
somy 18 sample was tested and demonstrated normal 
results for all chromosome 18 markers (sample No. 5). 

4. DISCUSSION 

Using QF-PCR, a sensitivity of 94.2% and specificity 
of 100% was demonstrated. Our results were comparable 
to those reported in the literature [9,10]. All seven cases 
which could not be confirmed by the molecular assay 
were either mosaic trisomy samples with a low level of 
the trisomic cell line (two cases) or unbalanced structural 
chromosomal rearrangements (five cases). Considering 
only the non-mosaic trisomy cases, the multiplex perfor- 
mance reflected 100% sensitivity and specificity. These 
results were in agreement with published data [6,10,15, 
17,18]. 

Multiplex marker assay was informative in 100% of 
samples with at least two informative markers for each 
autosome tested. No additional markers were required.  

This could be attributed to the high heterozygosity ratios 
observed in our study. With the exception of D21S11, 
D18S391 and D18S535, whose calculated heterozygosity 
ratios were significantly lower than those reported by 
Mann and co-workers, [14] our calculated heterozygosity 
ratios were either significantly higher or showed nonsig- 
nificant difference to those reported. With the exception 
of D18S391, our observed size ranges of the markers us- 
ed were more or less close to those reported by Mann 
and colleagues [6]. The observed size range of D18S391 
consistently appeared to be different to the reported one. 
However, this caused no interpretational problem due to 
the unique allele size/label colour combination.  

Using QF-PCR, four out of the six mosaic trisomy 
samples could be detected. The lower limit for detection 
in mosaic samples was 23% trisomic cell line. This was 
in agreement with Mann et al. [6] and Cirigliano et al. 
[10] who concluded that cell lines contributing at least 
20% of the total cell population can be confidently iden- 
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Sample File Sample Name Panle OS SQ 
F02 04A0060. fsa 04A0060 None 

180             220              260              300             340              380              420             480              500 

D21S1435 D21S11 

D21S1270 D13S634 D18S535 

4500 

3000 

1500 

0 

 

3000 

2000 

1000 

0 

3300 

2200 

1100 

0 

180             220              260              300             340              380              420             480              500 

180             220              260              300             340              380              420             480              500 

D18S978 D21S1411 D13S628 

D18S391 

D13S742 D18S386 D13S305 

F02 04A0060. fsa 04A0060 None 

F02 04A0060. fsa 04A0060 None 

 
(a) 

Shared matemal-fetal 
allele 

D18S978 
Size: 207.76 
PA: 6439 

D18S978 
Size: 211.73 
PA: 8958 

D18S978 
Size: 215.69
PA: 2837 

D18S391 
Size: 209.19
PA: 3879 

D18S391 
Size: 216.96 
PA: 11753 

D18S391 
Size: 220.93 
PA: 7343 

Fetal-specific 
allele 

Maternal-specific 
allele 

Maternal-specific 
allele 

Shared matemal-fetal 
allele 

Fetal-specific 
allele 

 
(b)                                                      (c) 

Figure 1. (a) QF-PCR electrophoretogram of a trisomy 21 case showing MCC. A third small maternal-specific allele can be observed 
for D21S1270, D18S391, D13S742, D18S386, D13S305, D18S978, D21S1411 and D13S628. D21S11, D13S634 and D18S535 
show inconsistent diallelic results. D21S1435 is uninformative. (b) & (c): A closer view of D18S978 and D18S391 showing evidence 
of maternal cell contamination. The peak areas of the maternal-specific and fetal-specific alleles almost equalled the area of the 
shared maternal–fetal allele. The primer labelling is 6-Fam, HEX and NED (from top to buttom). PA: Peak Area. 
 
tified. However, a single mosaic trisomy 21 case with 
only 6% trisomic metaphases in the conventional cyto- 
genetic analysis was identified by QF-PCR: mos47, XX, 
+21 [3]/46, XX [47]. The estimated level of trisomic ge- 
notype by QF-PCR was approximately 30%. This contra- 
diction could be attributed to the fact that different cell 
types were used for both tests. While the conventional 
cytogenetic analysis of peripheral blood is based on PHA 
stimulated T-lymphocytes, for QF-PCR DNA from whole 
blood is used which contains all white blood cells with a 
high percentage of granulocytes. Our results therefore 

suggest that the percentage of trisomic cells was higher 
in the cell fractions others than the T-lymphocytes. FISH 
could not be performed for confirmation of the mosaic 
percentage due to the lack of native sample material sui- 
table for testing by FISH. 

In this study, maternal cell contamination could be de- 
tected in a single trisomy 21 sample. The original cyto- 
genetic results reported one out of 17 cells counted as 
maternal: 47, XY, +21 [17]/46, XX [1] (~ 6% MCC). 
The estimated level of maternal genotype by QF-PCR 
was approximately 30%. The level of MCC was too high 
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Sample File Sample Name Panle OS SQ 
E11 00P0796. fsa 00P0796 None 

180               220               260               300               340               380               420               460               500 

12,000 

8000 

4000 

0 

D21S1435 D21S11 

D21S1270 D13S634 D18S535

E11 00P0796. fsa 00P0796 

 

None 

180               220               260               300               340               380               420               460               500 

D18S391 
D13S742 

D13S305 

12,000 

8000 

4000 

0 

18,000 

12,000 

6000 

0 

E11 00P0796. fsa 00P0796 None 

D18S978 
D21S1411 

D13S628 

D18S386 

 
(a) 

Sample File Sample Name Panle OS SQ 
E11 98C0057. fsa 98C0057 None 

12,000 

8000 

4000 

0 

D21S1435 

E11 98C0057. fsa 98C0057 None 

E11 98C0057. fsa 98C0057 None 

180              220               260               300               340               380               420               460               500 

12,000 

8000 

4000 

0 

12,000 

8000 

4000 

0 

180              220               260               300              340               380               420               460              500 

180              220               260               300              340               380               420               460              500 

D21S11 
D21S1270

D13S634 

D18S535 

D18S391 D13S742 
D13S305 

D18S978 D21S1411 
D13S628 

D18S386 

 
(b) 

Figure 2. (a) QF-PCR electrophoretogram of a partial trisomy 21 partial monosomy 18 case displays a trisomic diallelic pattern for 
D21S1411 (allele ratio: 2:1), whereas all other informative chromosome 21 and 18 markers are normal (allele ratio: 1:1); (b) QF-PCR 
electrophoretogram of a partial Monosomy 21 case. D21S1435, D21S11 and D21S1411 are uninformative. 
 
to allow for detection of the fetal trisomy genotype by 
QF-PCR. The accurate percentage of MCC could not be 
clarified as the original sample material was not subject- 
ed to I-FISH assay. 

QF-PCR was able to suggest rather than diagnose two 
unbalanced autosomal rearrangements affecting chromo- 
somal segments harbouring one or more markers of the 
multiplex assay. In the three other cases, normal QF- 
PCR assay patterns were obtained due to the location of 
the tested markers outside of the rearranged region. As 

the molecular assay is not designed to detect all chromo- 
somal abnormalities, missing of such unbalanced chro- 
mosomal rearrangements was expected. One case with 
partial monosomy 18 partial trisomy 21 was of special 
note; the QF-PCR pattern was consistent with partial chro- 
mosome 21 imbalance evidenced by trisomic results for 
one chromosome 21 marker while all other markers were 
normal. As the same pattern could also be due to rare sub- 
microscopic polymorphic duplications of the microsatel- 
lite, analysis of samples from both parents with the same 
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microsatellite marker is mandatory in such cases in order 
to distinguish both possibilities. Submicroscopic poly- 
morphic duplications of microsatellites are primarily in- 
herited and have no clinical significance [6,10]. This would 
also provide a warning about the risk of reporting an au- 
tosomal trisomy detected with a single abnormal marker 
[10]. 

Our amplification failure rate was zero percent in QF- 
PCR on DNA extracted from cell cultures. The multiplex 
PCR showed consistent results with the initial DNA 
amount of 100 - 200 ng/reaction. Our DNA extraction me- 
thod was able to produce an adequate amount of genomic 
DNA even with low cellular concentration. Apart from 
the postnatal heparinised whole blood samples, the qual- 
ity of DNA was suitable for an efficient multiplex PCR. 
Postnatal heparinised whole blood samples failed to am- 
plify upon initial experimentation. This could be explain- 
ed by the inhibitory effect of residual heparin on multi- 
plex PCR. Following re-extraction using an automated 
method, all samples demonstrated successful multiplex 
PCR results. Lower concentrations of DNA could also be 
tested, provided that the amount of sample loaded for se- 
quencing was modified accordingly. QF-PCR is report- 
ed to generally have a low amplification failure rate [6, 
10]. The QF-PCR method showed excellent reproducibi- 
lity. A normal control sample was consistently analysed 
with each run, with no remarkable inter-run variation in 
peak area, size or allele ratios. Testing different sample 
types for the same case (fetal blood vs. amniotic fluid; 
CVS vs. amniotic fluid) demonstrated consistent results 
which were almost identical in all parameters; peak size, 
peak area and allele ratios.  

QF-PCR demonstrated great efficiency. QF-PCR cor- 
rectly identified all the non-mosaic numerical abnormali- 
ties related to chromosomes 13, 18 and 21, i.e. 100% 
sensitivity. QF-PCR showed 100% specificity. QF-PCR 
was able to identify mosaics with 23% trisomic cells or 
more. QF-PCR was able to identify MCC. As QF-PCR is 
primarily designed to detect selected chromosomal dis- 
orders, it is at risk of missing unbalanced chromosomal 
rearrangements for which they are not designed. 
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