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Abstract 
hole blood samples were obtained from 30 pregnant women at 15 –24 
weeks of gestation. DNA was extracted from each plasma or serum 

sample. To detect the Y-chromosome specific marker DYS14 in the maternal 
blood, (Polymerase Chain Reaction) PCR were carried out for each DNA 
extract. The PCR products were analyzed by 1.5% agarose gel electrophoresis 
and ethidium bromide staining. The results compared with fetal gender after 
delivery. The result of delivery revealed that 13 pregnant women had a male 
fetus and the remaining 17 pregnant women had a female fetus and DYS14 was 
detected in all plasma and serum samples obtained from pregnant women and 
revealed that 13 pregnant women had a male fetus and the remaining 17 
pregnant women had a female fetus. The PCR sensitivity for detecting the 
gender of fetus from maternal whole blood at 15–24 weeks of gestation was 
100% in both plasma and serum, DYS14 was not detected in the DNA from any 
of the 17 pregnant women carrying a female fetus. The results showed that PCR 
analysis of maternal plasma and serum can be used to diagnose fetal gender. 

  المستخلص
من كل من   DNAتم عزل   ، ) اسبوع من مدة الحمل24-15عينة من الدم المحيطي لنساء حوامل (30جمعت 

باستخدام تقنية  DYS14للكشف عن المؤشر الوراثي الخاص بالكروموسوم الذكري ، بلازما ومصل الدم
%   1.5باستعمال الترحيل الكھربائي على ھلام الاكاروز بتركيز   PCRتم الكشف عن ناتج تفاعل ،  PCRالـ
 17مرأة كانت حامل بجنين ذكر و  13قورنت النتائج مع نتائج جنس الجنين ما بعد الوضع والتي اظھرت ان  ،

. اظھرت النتائج ان حساسية    DYS14 ر الوراثي وذلك بالكشف عن المؤش ،المتبقية كانت حامل باناث 
في الكشف عن جنس الجنين في النساء الحوامل باستعمال الدم المحيطي للحوامل وبعمر حمل  PCRتفاعل الـ 

في اي  DYS14% لكل من بلازما ومصل الدم . لم تظھر الواسمة  100) اسبوع كانت 24-15تراوح بين (
في الكشف عن جنس الجنين ما   PCRاظھرت النتائج امكانية استعمال .بإناث  من النساء الحوامل 17من الـ 

  . قبل الولادة 

Introduction 
In 1997 a pioneer study showed that: the presence of fetal DNA in maternal plasma 
and serum, using the detection of Y- chromosomal DNA sequences derived from a 
male fetus as a model system. This work produced the first demonstration of fetal 
DNA in maternal plasma and serum and the realization that maternal plasma and 
serum DNA is a chemric mixture of fetal and maternal DNA [1, 2]. 
During early pregnancy fetal DNA concentrations were on average, 3.4% of the total 
DNA in the maternal plasma and 0.13% in serum. Even though the highest 
concentration of fetal DNA seems to be present in maternal plasma [2]. Some 
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researchers have had better specificity and sensitivity results with maternal serum 
samples [3], whereas others suggested using the maternal plasma [1, 4, 5, 6]. 
Comparable results with both maternal plasma and serum have been reported when 
highly sensitive techniques, such as real-time quantitative polymerase chain reaction 
(PCR), are used for the determination of fetal gender or RhD (Rhesus factor) status [7, 
8]. However, expensive equipment renders their application difficult in a routine 
setting. Thus, especially for diagnostic facilities with limited financial resources, a 
simple, cost efficient, reliable and replicable conventional PCR technique may be an 
alternative solution to utilize this analysis in a routine clinical setting. 
The aim of this study is to describe the diagnosis of fetal gender using conventional 
PCR for DNA extracted from the maternal plasma and serum. This method for 
diagnosing fetal gender can be used for clinical pre-testing to determine whether 
invasive prenatal diagnoses, such as amniocentesis and chorionic villi sampling, 
should be performed on a fetus having a risk of X-linked recessive inheritance. In 
addition the results also indicated that it can accurately detect fetal DNA; thus, fetal 
DNA in maternal plasma and serum may be considered a new material for 
noninvasive prenatal diagnosis. 
Materials and Methods 
Sample collection 
Whole blood samples were obtained from 30 pregnant women undergoing 
amniocentesis at private clinic in Baghdad during the period from (Jan. – June) 2008. 
Pregnant women participating in this study were selected randomly.  At the time of 
blood collection, the gestational stages ranged from 15 weeks ± 6 days to 24 weeks ± 
3 days. 
Peripheral blood samples obtained from 5 healthy men were used to determine the 
PCR specificity and sensitivity, whereas peripheral blood samples obtained from 5 
non-pregnant women served as negative controls. In each case, 4 mL of peripheral 
blood was collected into an EDTA- tube for plasma separation, and 6 mL of 
peripheral blood was collected into a collection tube containing no anticoagulant for 
serum separation. The blood samples were centrifuged at 3000g; the plasma and 
serum were carefully removed from their tubes and transferred into plain 
polypropylene tubes. The plasma and serum samples were centrifuged at 3000g twice 
and plasma and serum samples were transferred into fresh polypropylene tubes. The 
samples were stored at -20 °C until further processing. 
DNA extraction 
DNA was extracted from the plasma and serum samples by wizard genomic (DNA 
purification kit, Promega) according to the "Isolating Genomic DNA from whole 
blood protocol". DNA extracted from 600 µl of plasma and 800 µl of serum in each 
case. The volume of the extracted DNA solution was usually 100 µl, concentrated to a 
volume of 20 µl by ethanol precipitation. Each DNA solution extracted from the 
healthy men was serially diluted from 1:10 to 1:10000 to estimate the sensitivity of 
PCR. 
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PCR Amplification 
The Y-chromosome-specific marker DYS14 (239bp) was amplified for detection of 
fetal DNA in maternal plasma and serum. Used the primer sets 
(5′CTAGACCGCCAGAGGCGCCAT′3) as upstream primer, and (5′ 
TAGTAACCCACGCCTGCTCCGG ′3) as downstream primer to amplify DYS14 
marker according to [9]. (Primers set supplied by Alpha DNA Company,USA).  
 The PCR amplification was performed in a total volume of 25 µl containing 5µl 
DNA, 12.5 µl Go Taq green master mix 2X (green master mix is a premixed ready to 
use solution containing Taq DNA polymerase, dNTPs, MgCl2 and reaction buffers at 
optimal concentrations for efficient amplification of DNA template by PCR supplied 
by promega (Promega corporation 2008, USA). 1µl of each primer (50 pmol/1µL) 
and up to 25µl with nucleases free water.   
The thermal cycling was as follows: Denaturation at 94 °C for 5 min, followed by 40 
cycles of 94 °C for 30 s, 62°C for 1 min, and 72 °C for 2 min, with final incubation at 
72 °C for 7 min. The PCR products were separated by 1.5% agarose gel 
electrophoresis and visualized by exposure to ultraviolet light 302nm after ethidium 
bromide staining.  
The PCR results were compared with the fetal gender after delivery. Each DNA 
solution extracted from the plasma and serum of pregnant women, healthy men, and 
no pregnant women was tested two times in different PCR sessions. Another PCR run 
were performed for positive result for confirmation. 
 Results and Discussion 
DYS14 gender marker was detected in both plasma and serum samples from 30 
pregnant women. PCR result revealed that 17 of the pregnant women were carrying a 
female fetus and the remaining 13 pregnant women were carrying a male fetus. Figure 
(1, 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig (1): Agarose gel electrophoresis (1.5%, 5v/cm) for detection of DYS14 sequences in maternal 
plasma by PCR. Lanes 1and 14, 1kb DNA size ladder, Lanes 8, 10, 11, and 13: DNA solutions 

from the plasma of male-bearing pregnant women amplified for the DYS14marker, Lanes 9, 12: 
DNA solutions from the plasma of female-bearing pregnant women amplified for the 

DYS14sequence, Lanes 4 and 5: Female (-ve control), Lanes 6 and 7, distilled water without 
DNA that underwent PCR for DYS14. 
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In dilutions series prepared with DNA extracted from plasma and serum of all five 
healthy men, the detection limits were 1:100 and 1:1000 respectively for DYS14 
marker dilutions, figure (3). 

 
 

 
 
 
 
 
 

Fig 3:  
A: Agarose gel electrophoresis (1.5%, 
5v/cm) for PCR sensitivity: Serial dilutions 
of DNA extracted from male serum were 
amplified for DYS14. Lane 1: Dilution: 1:10, 
Lane 2: Dilution 1:100, Lane 3: Dilution   
1:1000, Lane 4: Dilution1:10000, Lane L: 
Ladder 100bp 

Fig (2): Agarose gel electrophoresis (1.5%, 5v/cm) for detection of DYS14 sequences in 
maternal serum by PCR. Lanes 1and 13, 100pb DNA size ladder, Lanes 2, 12: distilled water 

without DNA that underwent PCR for DYS14. Lane 3: DNA solutions from the serum of 
healthy males (+ve control). Lane 4: DNA solutions from the serum of healthy no pregnant 

females (-ve control). Lanes 5, 6, 8 and 11 female-bearing pregnant women amplified for the 
DYS14sequence, Lanes 7, 9 and 10: DNA solutions from the serum of male-bearing pregnant 

women amplified for the DYS14marker. 

B: Agarose gel electrophoresis (1.5%, 
5v/cm) for PCR sensitivity: Serial 
dilutions of DNA extracted from male 
plasma were amplified for DYS14. Lane 
1: Dilution: 1:10, Lane 2: Dilution 1:100, 
Lane 3: Dilution   1:1000, Lane L: 
Ladder 100bp 
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DYS14 was not detected in the DNA extracted from any of the five non pregnant 
women. The sensitivity of the conventional PCR for detecting male-bearing 
pregnancies from maternal whole blood at 15–24 weeks of gestation was 100% in 
both plasma and serum. Whereas the sensitivity of fluorescence in situ hybridization 
or PCR using enriched fetal NRBCs (Nucleated Red Blood Cells) ranged from (55, 
86) % [10, 11] 
However, these methods are time-consuming, labor-intensive and their sensitivities 
are quite low for a clinical application. On the other hand, when used maternal plasma 
and serum in this study, the method had the highest sensitivity 100%, comparable to 
the previously mentioned methods. The method is based on the presence of fetal DNA 
in maternal plasma and serum, a finding that was reported for the first time by [1]. 
The high sensitivity for detecting fetal DNA with conventional PCR is attributable to 
a high concentration of fetal DNA in maternal plasma and serum [12, 13].      
The detection of DYS14 sequences in the DNA extracted from the serum of male-
bearing pregnant women indicates that the fractional concentration of fetal DNA in 
maternal serum is >0.1%, based on the assumption that the total DNA present in male 
serum is equal to that in maternal serum [14]. 
Using real-time quantitative PCR (TaqMan PCR) showed that the fractional 
concentration of fetal DNA in maternal serum in early pregnancy (11–17) weeks of 
gestation is (0.014–0.54) % (mean, 0.13%). This concentration is similar to that in 
enriched fetal NRBCs (0.001–5) % in all cellular fractions after fluorescence-
activated cell sorting [15]. 
The results agreed a little with resent of [1] who found no significant difference in 
accuracy for diagnosing fetal gender between their maternal plasma-based method 
and their maternal serum-based method (the sensitivity of their plasma-based method 
for male-bearing pregnancies was 80%, and that of their serum-based method was 
70%) and differ from [5] results which  found that the accuracy of their method for 
fetal gender diagnosis was significantly higher when they used maternal plasma rather 
than maternal serum (the sensitivity of their plasma-based method for diagnosing 
male-bearing pregnancies was 89%, and that of their serum-based method was 
46%),it is obvious that the PCR protocol of this method was not essentially different 
from the methods of [1,5] so the difference could be as a result of differences in the 
methods used for DNA extraction. In this study DNA extraction method was 
performed using Promega wizard genomic (DNA purification kit) the whole blood 
protocol reagent set, whereas [1,5] used methods based on heat extraction. Also may 
be the use of a ready-to-use PCR master mixture significantly reduced the risk of 
nonspecific and/or false positive amplifications and eliminated insufficient PCR 
amplification due to primer dimerization formed at low temperatures during PCR 
setup or the initial PCR cycle. 
The detection of viral DNA in human plasma or serum is similar to that of fetal DNA 
in maternal plasma or serum in regard to "foreign DNA" in host plasma or serum. 
Viral DNA in serum could be detected with higher sensitivity than could viral DNA in 
plasma (16). The sensitivity for detecting viral DNA was similar for serum and 
plasma (17). 
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There are other Y-chromosome-specific sequences, including DYZ1, sex-determining 
region Y (SRY), zinc finger protein, Y-encoded (ZFY), and the amelogenin-like gene 
on Y chromosome (AMELY). DYS14 sequence was used frequently   for diagnosis of 
fetal gender because it is superior for this purpose. The detection limit of DYS14 
sequence was high in PCR conditions; therefore, the sensitivity of DYS14 for the 
detection of male fetal DNA is potentially higher [18]. However, in the present study, 
the sensitivity of the DYS14 sequence for the detection of fetal male DNA was the 
same in both maternal plasma and serum at 15–24 weeks of gestation. These results 
were depended on the concentration of male fetal DNA, and the concentration of male 
fetal DNA is known to increase with gestational age [2]. 
The detection limits of PCR in serial dilutions for the DYS14 between plasma and 
serum was differ, this result may be indicates a lower efficiency of DNA extraction 
from plasma than from serum. This lower extraction efficiency might be attributable 
to cryoprecipitates in the plasma [18]. And the DNA extraction method may play 
main role in the success of gender diagnosis.     
Due to the successful of used maternal plasma and serum for  diagnosis of fetal 
gender, the diagnostic method used in this study may be useful in place of invasive 
prenatal diagnostic methods such as amniocentesis and chorionic villi sampling in 
cases of X-linked recessive inheritance. If a fetus has a risk of X-linked recessive 
inheritance and is found to be female by the maternal plasma and serum-based 
method, use of an invasive prenatal diagnostic method may not be necessary. The 
method could be used for detection of inherited autosomal-dominant diseases, of 
diseases caused by germline mutations, and fetal RhD status [19]  
In Iraq the near future, maternal plasma and serum may play an important and 
powerful role in noninvasive prenatal diagnosis, especially the method could estimate 
the cases as early as 5th – 10th weeks of gestation  [1 ,6, 20 ]. 
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