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HIGHLIGHTS 

• Fetal sexing by Real-Time PCR technique. 

• Efficient in-house method for extracting fetal DNA in maternal peripheral blood. 

• Protocol with sufficient sensitivity to truly identify the fetus gender. 

• In-house method based on guanidine thiocyanate and magnetic bead. 
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Abstract: Low number of fetal cells in maternal blood limited the use of fetal materials in 

diagnostic and clinical applications. This research developed a technology which allowed 

the extraction of fetal DNA by a non-invasive method that offers no risk to the mother or 

fetus. A total of 132 pregnant women participated in this inquiry. The DNA extraction was 

performed employing an in-house method based on guanidine thiocyanate and magnetic 

bead. For the amplification it was used the Quantifier Y Kit™. The fetal sexing analysis of 

the 132 pregnant women were 100% in agreement with the ultrasound. Sensitivity and 

specificity for detection of Y chromosome sequences was possible using Real-Time 

Polymerase Chain Reaction since the 4th week of gestation. This non-invasive early 

determination could be employed in fetal gender and also to be extended to detection of 

genetic diseases in the shortest possible time avoiding invasive methods that puts the fetus 

at risk. 
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INTRODUCTION 

The prenatal diagnosis for genetic diseases appeared in the early 1960's from the 
possibility of analyzing the amniotic fluid cells to evaluate the fetal chromosomal constitution 
[1]. Currently, this test is part of the gestational routine for the investigation of several 
diseases and when changes are detected, the pregnant women are referred for specialized 
medical follow-up [2]. Diagnostic techniques used in prenatal care can be divided into 
invasive and non-invasive techniques [3]. The invasive tests are performed by collecting the 
biological material originated from the result of the pregnancy, such as amniotic fluid and 
chorionic villi. The analysis of these materials makes it possible to diagnose cystic fibrosis 
and chromosomal abnormalities, such as Turner's syndrome [4]. 

The disadvantage of invasive tests is the risk to the fetal integrity inherent to collection 
procedures that causes fetal death in about 1% of cases [5]. On the other hand, there are 
non-invasive techniques that do not present risks to the life of the fetus or the pregnant 
woman. 

Ultrasonography is an example of a noninvasive test. This test evaluates the fetal age 
through the measurements of the fetus, besides allowing the detection of multiple 
pregnancies and morphological alterations (malformations) [6]. However, this examination is 
limited and therefore several researchers work on the development of noninvasive 
techniques for diagnosis of diseases during the gestational period. In this context, molecular 
biology is an important tool since it allows the detection of mutations through the analysis of 
fetal genetic material, which can be obtained by maternal peripheral blood by venipuncture 
which, despite being an invasive technique, it offers minimal risks to the pregnant woman 
and the fetus [7]. Currently, several tests can be performed using free fetal DNA, such as 
identification of blood systems [8], identification of genetic diseases caused by point 
mutation such as sickle cell anemia, thalassemia and cystic fibrosis, and fetal sexing [9–11]. 
In the last case, this method consists of Y chromosome detection, by Real-Time Polymerase 
Chain Reaction (qPCR), and has as a greater challenge to guarantee a reliable result when 
estimating the sex of the fetus. Therefore, the objective of the present study was to describe 
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a standardized protocol with sufficient sensitivity to truly identify the fetus gender from the 
first weeks of gestation. Fetal sex determination by the fourth week 

 

MATERIAL AND METHODS 
 

Inclusion criteria 

The data reported in this research were obtained from the record system of the 
Laboratory of Molecular Genetics of the Institute of Scientific Expertise of Mato Grosso do 
Sul (IPCMS). During the process of standardization of the fetal sexing test the laboratory 
invited volunteers who read and signed Informed Consent Term (ICT). The volunteers were 
divided into a control group composed of non-pregnant women and an experimental group 
composed of adult women at different gestational ages and who agreed to provide 
ultrasound for comparison with the genetic results of fetal sexing. 

 

Exclusion criteria 

Pregnant women with less than 4 weeks gestation and those who did not provide the 
ultrasound results for confirmation were excluded from the pregnant group. 

 

Sample collection 

A total of 136 pregnant women signed the ICT, then the peripheral blood was collected 
by venipuncture in an EDTA tube. However, four pregnant women did not return with the 
ultrasound and, the samples were not computed. Therefore, the sample number was 
composed of 132 pregnant women. After collection, blood was immediately centrifuged for 
10 minutes at 3000 rpm. Plasma was separated and stored at -86 ° 19 C until the DNA 
extraction. 

 

DNA extraction 

The DNA extraction was performed employing an in-house method adapted from the 
Boom method, 1990, based on guanidine thiocyanate lysis buffer (guanidine thiocyanate 
5mol/L, Tris HCL 11,2g/L, EDTA 7.43g/L, 7,8mLTriton X-100) with the pH adjusted to 6.4 
with NaOH. Samples were extracted in triplicate using 200μL of the suspension cell in 200μL 
of the Lysis Buffer. After homogenizationfor 10 minutes, 50μl of magnetic bead (Nuclisens®, 
bioMérieux) was added and allowed to stand for 10 minutes. Two washes were performed 
with lysis buffer to remove cell debris by keeping the DNA retained in the beads on a 
magnetic shelf (Promega®). Excess of guanidine thiocyanate and salts were withdrawn with 
70% ultrapure alcohol washings. After, the beads were washed with acetone PA and heated 
for one minute at 31°C in dry bath DB-HC (Loccus®, Brazil). Then, the genetic material was 
eluted with 30μL TE (Tris-EDTA from bioMérieux®). 

 

DNA quality 

After extraction, the amount of genetic material was analyzed in the spectrophotometer 
NanoVue™ Plus (GE Healthcare – Life Sciences®) and the quality of the DNA were 
evaluated by the quotient DO260 and DO280. DNA integrity was assessed on 1% 
denaturing agarose gel. 

 

Real time PCR (qPCR) 

For the amplification process was used, 20μL of the Quantifier Y™ (ThermoFisher®) kit 
and 5μl of the sample. The Quantifier Y™ kit has two pairs of probes, being one of an 
amplification control called IPC (Internal PCR Control) and another of Y chromosome, which 
generates amplified products of 62 base pairs. The controls used were from the kit (positive) 
and the negative obtained from DNA extraction from nonpregnant women. The amplification 
process was performed on StepOne™ (Applied Biosystems™), equipment with a 
programmed temperature of 95°C for 5 minutes, 40 cycles of 95°C for 15 seconds, 60°C for 
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one minute and 72°C for 30 seconds. The results were analyzed in StepOne™ software 
version 2.3. 

 

RESULTS 

The extraction technique was efficient to obtain the DNA in sufficient quantities and with 
adequate degree of purity for amplification reactions in Real Time PCR. The integrity of the 
extracted genetic material was observed by the presence of single DNA band, without DNA 
fragmentation. The fetal sexing analysis of the 132 pregnant women were 100% in 
agreement with the ultrasound; and 53.79% of the fetuses were male and 46.21% female. 
Regarding gestational age, there was a higher prevalence of pregnant women between 7 
and 12 weeks of gestation. The test was sensitive in detecting fetal sex even in the early 
stages of gestation from the 4th week (Figure 1). 
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Figure 1. Gestational age of the pregnants (in weeks), submitted to fetal sexing by Real-Time PCR 
technique. 

 

DISCUSSION 

The present work described an efficient in-house method for extracting fetal DNA in 
maternal peripheral blood. Several studies have shown that the silica particles might be 
used in the purification of DNA in a highly concentrated salt environment and Guanidium 
isothiocyanate (GuSCN) is a powerful chaotropic agent which also plays the deproteinizing 
role [12]. Adjustments to the original method [13], allowed obtaining a clean and good DNA 
quality easily amplifiable by PCR. The sensitivity and purity of the extraction method are 
directly related to obtaining fetal DNA in an amount sufficient for amplification, which is the 
most challenging step in the method of the standardization process. This finding is 
corroborated by Johnson et al [30] who reported that the sensitivity for male detection 
ranges from 31 to 97% among laboratories and suggested that one reason is the different 
yields in obtaining DNA. Furthermore, it is considered that the high variability in the 
sensitivity of the tests may also occur due the low concentrations of fetal DNA in the 
maternal samples [14–16]. 

This methodology can also be applied to other genetic detections. Thus, the target gene 
of the detection becomes another factor that can interfere in the method sensitivity. 
According to Chitty et al [29], which genotyped the RHD system RHD (Rh blood group, D 
antigen) using the qPCR technique [17-18], there is a 1.8% error (16 errors in 865 tests) in 
samples collected from pregnant women with less than 11 weeks of gestation. Still based on 
the interference of time in the sensitivity of the test, research indicates that from the 8th week 
of gestation it is safe to determine the fetal sex by means of the qPCR technique. On the 
other hand, our results demonstrate that the method used achieved results with 100% 
reliability, when compared to ultrasound results, from the 4th week of gestation. This data is 
a pioneer and had not been reported in any research, in the literature consulted by our group. 
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The concentration of fetal DNA in maternal plasma increases with gestational age and the 
highest point occurs in the last 8 weeks of gestation [19] due to apoptotic fragments of the 
syncytiotrophoblast and placental lesions [20]. The time between collection and extraction of 
DNA also interferes with the quality of the test. After collection it is indicated to leave the 
sample refrigerated at 4ºC until the time of centrifugation, and when the plasma is obtained, 
if it is not just after the extraction of the DNA, the plasma must be frozen at temperatures 
below -20ºC [21]. In this context, the logistics process of fetal sexing test standardization 
may affect the viability of the result. 

Considering this technology for a more embracing application than only fetal sexing, it is 
worth noting its use in the genotyping of the RHD system, in the diagnosis of monogenic 
diseases, in the detection of Single Nucleotide Polymorphism SNPs [8-22]. Using the 
Massively Parallel Sequencing MPS technique, which enables the sequencing of millions of 
DNA molecules and identifies the chromosomal origin of each one of them, researchers 
have developed noninvasive tests for prenatal detection of chromosome 21 trisomy, [23-24]. 
Currently, the noninvasive prenatal test can detect several genetic syndromes as Edwards, 
Patau, chromosome 18 trisomy, chromosome 13, among others positivos [11-25]. However, 
there is still an uncertainty about the sensitivity of the test, and it is not recommended as a 
final diagnosis. As discussed, there are several possibilities of using fetal DNA within the 
medical field, such as predictive medicine and even in performing the genetic linkage test. 
Popularly known as a DNA test, that analyzes DNA sequences and compares alleles on the 
profile of individual to verify whether these correspond. During gestation, many patients opt 
for invasive collection to perform this type of test, exposing mother and fetus to the inherent 
risks of the collect. For these cases, the use of fetal DNA in maternal plasma is promising, 
minimizing the risks and deaths resulting from invasive collection [26–28]. 

The technology presented in this study was able to extract, with quantity and quality, the 
fetal DNA of the maternal plasma and to determine, from the 4th week of gestation the fetal 
sex, which allows the application of the extraction described by our group in the execution of 
clinical tests aimed at the reliable determination of the fetal sex from the 4th week of 
gestation, as well as new research to evaluate the use of this technique as a tool in the 
noninvasive prenatal diagnosis of genetic diseases and genetic linkage. 
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