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Background: Deoxyribonucleic acid from invasive, non-invasive and 9th week embryo can
be a resource for the determination of fetal sex using highly sensitive and specific multiplex
PCR.

Methods: A total of 402 DNA samples were used to test the newly developed novel
multiplex PCR including male specific (3 genes: SRY, DAZ2 and TSPYI) Y-biomarkers
and internal control, ACTB. The study isolated cffDNA (Cell-free fetal DNA; n = 73) from
mother’s plasma, serum and urine, fetal DNA from 9th week embryo and cord blood, and
fetal DNA from CD71""° nucleated red blood cells (fNRBC; n = 73). Paternal and maternal
DNA from buccal cells (n = 20) and blood (n = 232) used for male and female confirmation.
Results: The study observed that SRY alone cannot be a suitable Y-biomarker. Confirmation
from any two Y-biomarkers is mandatory for male fetus identification. Direct sequencing of
the gel eluted multiplex and single amplicons confirmed the specific sequences. Presence of
two out of 3 Y-biomarkers OR single Y-biomarker with >1,000,000 intensity is considered
positive for male. The multiplex PCR is suitable for determining sex from all source of fetal
DNA including highly degraded cffDNA and can detect the sex using 0.5ng DNA. Individual
marker-based real-time qPCR followed by combined melt curve analysis showed distin-
guished melt curve peaks for the markers.

Conclusion: The multiplex PCR achieved 100% accuracy on fetal DNA from fNRBC for
early determinations (<13 weeks) of gender. The developed novel and simple multiplex PCR
and individual qPCR can be adopted in all types of laboratories for determining human fetal
gender using fetal DNA from fNRBC. Early identification of gender can support to prepare
for possible X-linked analysis, reduce anxiety in mother, strengthen a bond between mother
and fetus, and effective decision making. Non-invasive source of fetal DNA from fNRBC
preferred for identifying gender to reduce the risk of invasive procedures in early (8—13
weeks) pregnancy.
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Introduction

Determination of fetal gender in early pregnancy is highly essential to identify preg-
nancies at risk of X-linked inherited disorders. Over 100 X-linked inherited diseases
have been discovered in humans so far, including muscular dystrophy, fragile
X syndrome and hemophilia.' Fetal gender determination tests were developed to
help in the management or presentation of X-linked inherited disorders. Early fetal
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gender determination is accurately achieved by invasive pro-
cedures either by chorionic villus sampling in the first trime-
ster or amniocentesis early in the second trimester.”
However, these procedures are associated with risk of preg-
nancy loss and are expensive which makes these protocols
less acceptable to some patients.” Therefore, many patients
know fetal gender using 2D ultrasound which hold accuracy
100% as from 20 weeks of gestation.* Yet, the high accuracy
of sonography can be only achieved in late second trimester.
The accuracy of ultrasound in early pregnancy is affected by
the gestational age and it is operator dependent which makes
the accuracy around 70% at 11 weeks of gestation.’
Therefore, it is pivotal to explore less expensive and non-
invasive diagnostic methods with high accuracy rate that can
be done early in the first trimester.

Fetal DNA is more reliable and can be extracted and
used early in pregnancy.® Fetal DNA can be obtained by
non-invasive methods from maternal peripheral blood as
cell free fetal DNA (cffDNA) or fetal DNA that circu-
lates freely in the maternal blood,” or by invasive pro-
cedures such as chronic villus and amniocentesis
sampling.® Fetal nucleated red blood cells (fNRBCs)
are the cells circulating in peripheral blood of pregnant
mother. FNRBC contains whole genome of the fetus
may serve for source for sex determination.” The avail-
ability and concentration of fetal DNA is important to
have prominent results. In non-invasive methods low
concentration DNA can be obtained.'® This raises the
need for specific, sensitive and optimal technique for
fetal gender determination. Placental extracellular vesi-
cles in pregnant mother is a relatively new field that is
growing rapidly, observed as a novel mode of commu-
nication from the fetus to its pregnant mother and can
influence the maternal cell multitude.'' Exosome DNA
(exoDNA) or vesicular fetal DNA is also an emerging
option for determining fetal gender.'*">

Several studies have targeted the Y chromosome specific
biomarkers and genes. Different Y chromosome sequences
have been used for gender determination. Mainly, single-
copy sex determination region Y (SRY) is well-reported.'®
However, SRY is a single copy thus, not sensitive enough
for fetal gender determination. A combination of multiple
copies of sequences in Y chromosome such as Deleted in
Azoospermia 2 gene (DAZ2) and Testis Specific Protein
Y-linked 1 gene (7SPYI) also known as (DYS14) will be
more sensitive and specific for gender determination. The
multiplex single tube PCR assay with three Y- biomarkers
presented here is sensitive and specific and can detect male

fetal DNA from any source of samples using conventional
multiplex PCR method.

Materials and Methods

Ethics Statement

The Institutional Review Board at Imam Abdulrahman Bin
Faisal University approved the study. IRB approval num-
ber: IRB-2017-13-137 dated 07 June 2017 and extended
on 14 Dec 2020.

Primers Designed

The primers were designed (Primer sequences are in the
patent disclosure at US Patent office; Sequences will be
available on request) for ACTB, SRY, DAZ2 and TSPYI
with 541, 769, 269, and 329-356 bp, respectively. Primers
were manually strengthened for high accuracy, specificity
and narrow annealing temperature difference and con-
firmed for its suitability using primer BLAST. The primers
were synthesised from Integrated DNA Technologies, Inc.
(Leuven, Belgium).

Collection of Samples

All the samples (n=402) used in the study were collected
at King Fahd Hospital of the University, at Imam
Abdulrahman Bin Faisal University. Detailed sources of
cffDNA and fetal DNA are presented in Figure 1. Total of
402 DNA samples used in the study: miscarried fetus at
9th week of pregnancy (n=4) and in utero fetus <13 weeks
(n=24) [cffDNA: 8 weeks = 2, 9 weeks = 2, 10 weeks = 2,
11 weeks = 2, 12 weeks = 3, 13 weeks = 1; fetal DNA
from fNRBCs: 8 weeks =2, 9 weeks =2, 10 weeks =2, 11
weeks = 2, 12 weeks = 3, 13 weeks = 1]. In utero fetus >13
weeks (n = 122) [cffDNA = 61; fetal DNA from fNRBCs
= 61]. Furthermore, adult gDNA from buccal cells (n = 20;
109, 10&) and blood samples (n = 232; 1009, 13243)
were also used to authenticate the single tube novel multi-
plex PCR. Maternal blood (3 to 5 mL) and cord blood (3
to 5 mL) samples were collected in lithium heparin or
EDTA vacutainer from women at delivery. Samples were
processed 8—10 hours of collection for cffDNA extraction.
Serum (n=23) samples were collected in tubes without clot
activator or gel, and urine (1 to 2 oz) (n=12) samples
collected in sterile containers. Urine samples were centri-
fuged at 3000 rpm for 10 min in 20-24 °C twice to remove
cells then stored at —20 °C for cffDNA extraction. Tissue
(n=4) (separated cautiously from maternal tissue to avoid
contamination) samples from the miscarriage at the 9th
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Figure | Flow chart of the sample collection and source of DNA for identifying fetal sex.
Abbreviations: PBMC, peripheral blood mononuclear cell; gDNA, genomic deoxyribonucleic acid; cff DNA, cell-free fetal deoxyribonucleic acid; PCR, polymerase chain

reaction; fNRBC, fetal nucleated red blood cell.

week of pregnancy and blood samples were collected from
the fetus. Miscarriage sample was collected in RNAprotect
Cell Reagent (Qiagen, Hilden, Germany). Except four
miscarried fetus all the other samples are in utero fetus.
All the sample were collected as per the standard protocols
after receiving signed informed consent.

Fetal Cells Isolation

Maternal and cord blood samples were subjected to
density gradient centrifugation using histopaque —1077.
Centrifugation was performed at 1430 rpm for 45 min.
The plasma was collected in 1.5 mL tubes and cell layer
between plasma and histopaque was recovered then
washed with PBS. For positive selection of anti-CD71,
cells were incubated for 30 min at 4-8 °C with a 1:10
CD71 MicroBeads, human (Miltenyi Biotec, Bergisch
Gladbach, Germany). Magnetic selection was achieved
using the mini-MACS system (Miltenyi Biotec). Double
gradient isolation method was also applied for the
separation of fNRBCs.'’

DNA Extraction

DNA from fetal blood was extracted using the QIAamp
DNA Blood Mini Kit (Qiagen, Germany) according to
manufacturer instructions. DNA from fetal tissue was
extracted using Puregene Cell and Tissue kit (Qiagen,
Germany) according to manufacturer protocol. cffDNA
from maternal plasma, serum and urine were extracted
using the QiAamp MinElute ccfDNA mini Kit (Qiagen,
Germany). Concentrations of extracted DNA was esti-
mated using nanodrop (Nanodrop 8000, Thermo
Scientific, DE, USA) and ensured the quantity >0.5 ng/
pL  and quality A260/A280 1.8+0.2.
Approximately 5% of the samples were quantified using
Qubit 2.0 fluorometer (Qubit™ dsDNA HS Assay Kits;
Life Technologies, CA, USA).

ratio of

Gender Specific Multiplex PCR

Individual PCR for the amplicons of ACTB (541 bp), SRY
(769 bp), DAZ2 (269 bp) and TSPY! (329-356 bp) were
completed before designing the multiplex recipe. The PCR
amplification reactions were set a total volume of 25 pL
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containing: Absolute master mix 12.5 pL (MOLEQULE-
ON, Auckland, New Zealand), Primer 1 pL (10 nM)
SRYaF, Primer 1 pL (10 nM) SRYaR, Primer 1 uL (10
nM) ActinF, Primer 1 pL (10 nM) ActinR, Primer 1 pL
(10 nM) DYSI14F, Primer 1 pL (10 nM) DYS14R, Primer
1 uL (10 nM) DAZ2aF, Primer 1 pL (10 nM) DAZ2aR,
Template DNA 25 ng and Dis H,O to 25 pL. The PCR
thermal cycling for the multiplex: Step 1: 95 °C for 10
minutes, Step 2: 95 °C for 1 minute, Step 3: 68.3 °C for
1 minute, Step 4: 72 °C for 1 minute, Step 5: Go to step 2,
35 cycles, Step 6: 72 °C for 5 minutes, Step 7: Store at 4
°C. Amplicons were visualized using 2% agarose electro-
phoresis at 100 volt for one hour.

Real-Time PCR (qPCR) Amplification

The same primers were used individually in Real-Time
PCR (qPCR) amplification, to validate the specificity of
these primers in qPCR. Samples from different maternal
sources and male and female samples as positive and
negative controls were analyzed through qPCR assay
using PowerUp SYBR Green Master Mix (Thermo
Fisher Scientific, USA) with 5 to 10 ng of DNA and
performed in duplicates. The reactions were carried out
on a 7500 Fast Real-Time PCR system (Applied
Biosystems, USA), using the 7500 Software v2.0.6
(Applied Biosystems, Life Technologies). Amplification
method: 50 °C/2 minute; 95 °C/10 minutes; 45 amplifica-
tion cycles including a denaturation step at 95 °C/15
seconds, annealing at 60 °C/l1 minute and a extension at
72 °C/1 minute. Melting Curve stage were performed as
follow: 95 °C/15 seconds, 60 °C/1 minute to 95/1 minute
with 0.5% increase.

Results

The designed primer pairs for ACTB (541 bp), SRY (769
bp), DAZ2 (269 bp) and TSPYI (329-356 bp) genes were
tested for the specific application of the respective gene in
the male and no non-specific amplification in female at the
specific temperature (Supplementary File 1). All the four

pairs of primers were amplified individually to confirm the
amplicons free from non-specific amplicons in female
(n=110; buccal cells=10; blood=100) and male (n=142;
cells=10; blood=132) with gDNA
(Supplementary File 1). The temperature gradient multi-

buccal samples

plex PCR was done to confirm the annealing temperature
(68.3°C) with specific amplicons and without non-specific
amplicons. Amplicons of concentration dependent multi-
plex PCR confirms the stable specific products in various

concentration of DNA. Multiplex PCR based amplification
from various samples like paternal DNA from father’s
blood, maternal DNA from mother’s blood, paternal
DNA from father’s buccal cells, maternal DNA from
mother’s buccal cells, cffDNA from maternal urine,
cffDNA from maternal serum, cffDNA from maternal
plasma, cffDNA from cord blood, fetal DNA from fetal
blood, fetal DNA from fetal tissue, and fetal DNA from
fetal fNRBCs confirms the possibility and specificity
(Figure 2). Hundred percentage accuracy was achieved
on identifying the gender in the adult gDNA [9n=110;
buccal cells=10; blood=100 and & n=142; buccal
cells=10; blood=132).

Presence of two amplicons out of 3 Y markers shall be
considered positive for male. Some of the amplicons were
observed very faint and not able to decide for their pre-
sence. In order to confirm the presence of amplicons and
to avoid human intervention on deciding the presence or
absence of amplicon, the intensity of amplicons of single
Y-biomarker were calculated using Image Lab (Bio-Rad,
USA) (Figure 2). Single Y-biomarker amplicon with
>1,000,000 intensity is considered to be positive for
male. cffDNA from urine (n=2; >13 weeks of pregnancy)
positive for two Y-biomarkers, while they are negative for
ACTB gene. Fetal DNA (n=1; <13 weeks of pregnancy)
from NRBC’s were also positive for two Y-biomarkers,
while they are negative for ACTB.

Individual PCR amplicons and gel-eluted amplicons of
multiplex PCR were confirmed for the specific gene pro-
ducts using direct sequencing (Figure 3). The gel-eluted
amplicons of SRY, ACTB, DAZ2 and TSPYI genes from
multiplex PCR were confirmed for the specific sequence
and absence of background noise. For early gender deter-
minations <13 weeks of pregnancy and the >13 weeks of
pregnancy, the multiplex PCR obtained 100% accuracy on
fetal DNA from fNRBC. However, the cffDNA from
plasma (n=36), serum (n=23) and urine (n=12) showed
83.56% of accuracy on determining the gender. Among
the plasma, serum and urine, the study observed little high
accuracy on cffDNA from plasma (Table 1).

gPCR results showed high specificity for the primers to
detect male fetal DNA in the tested samples (Figure 4).
The
(Y-biomakers and housekeeping) revealed that the deriva-

melt curve analysis for individual markers

tive of fluorescence vs temperature shows distinguished
melt curve peaks for DAZ2, SRY, ACTB and TSPYI genes
at 78.5 °C, 86 °C, 88.5 °C, and 91 °C, respectively.
Combined analysis melt curve analysis for individual
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Figure 2 (A and B) Representatives of the multiplex amplicons of DNA from various resources. (C) Intensity of amplicons of single Y marker. Red box indicates the
acceptable intensities. Blue box indicates the intensity less than acceptable intensities.
Abbreviations: L, 100 bp ladder; F, paternal DNA from father blood; M, maternal DNA from mother blood; PDY3, paternal DNA from father’s buccal cells; PDY8, maternal
DNA from mother’s buccal cells; U, cffDNA from maternal urine; S, cffDNA from maternal serum; MP, cffDNA from maternal plasma; C, fetal DNA of fetal cell isolated from
cord blood; UKN3 and UKN4, fetal DNA from fetal blood; UKN4 TISSUE, fetal DNA from fetal tissue; M59, fetal DNA of fetal cell isolated from maternal blood; C59, fetal
DNA of fetal cell isolated from cord blood; M5+ and CI3H, fetal DNA from CD7|+ve cells from cord blood.

markers with any one Y-biomakers along with housekeep-
ing gene considered.

Discussion

The ability to determine the fetus’s gender early in
pregnancy was an enormous leap in prenatal diagnosis,
specifically in the prevention or management of
X-linked inherited disorders.
determine fetal gender is massive parallel sequencing

The easiest method to

(MPS)."® However, it will be expensive to subject all

pregnancies with risk of X-linked inherited disorders to
MPS. The developed single tube multiplex PCR in the
study is more cost effective. The use of SRY, TSPY! and
DAZ are well studied'® ' and showed high sensitivity
for fetal gender determination, mostly through Real-
Time PCR. However, good concentration of DNA was
needed. A major advantage of the present study is that it
can detect low concentration of DNA (< 5 ng/uL). The
present study included DNA from all the possible sam-
ples either from the mother or fetus, both in invasive
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Figure 3 Electropherograms of gel-eluted amplicons of multiplex PCR. Electropherograms generated from the forward primers of the multiplex PCR amplicons. Inside blue
highlighted sequence indicates the complete sequences of the amplicons.
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Table | Distribution of Samples with Number of Y-Biomarker
Weeks of Source of DNA Number of Failed to 1Y- >2Y- Female
Pregnancy Sample Detect Biomarker Biomarker
<13 weeks cffDNA 12 6 2 0 4
Fetal DNA from 12 0 | 7 4
fNRBCs
>13 weeks cffDNA 6l 6 23 26 6
Fetal DNA from 6l 0 25 31 5
fNRBCs
and non-invasive samples. The study isolated the According to our study single non-invasive maternal

cffDNA (Cell-free fetal DNA) from mother’s plasma,
serum and urine, fetal DNA from 9th week embryo
and cord blood, fetal DNA from the nucleated red
blood cells (positive for CD71). Paternal and maternal
DNA from buccal cells were used as the positive DNA
source for male and female, respectively. Presence of
two out of 3 Y-biomarkers OR single Y-biomarker with
>1,000,000 intensity is considered positive for male.
The fetal gender was confirmed by ultrasound after 20
weeks of pregnancy or at birth. The multiplex PCR is an
appropriate methodology for determining sex from all
source of fetal DNA including highly degraded cffDNA,
however accuracy is not very high.

cffDNA sample is not sufficient to determine fetal gender
with highest accuracy. From different periods of pregnancy
male DNA was detected in only 61 out of 73. This results
comes in contrary with the scientific literature that reports
higher sensitivity in early pregnancy (87.5-99.1%) and it
increases as the pregnancy progress (97—100%).2%** This is
due to the use of less volume of sample. Present study used
only <1 mL of plasma or serum is being used to extract
cffDNA due to the less availability of blood samples. If
more volume of blood samples, then we can have higher
accuracy due to the availability of high cffDNA. However,
we are not able to get more blood due to restriction in the IRB
approval. In a study conducted by Kazachkova et al, the

Melt Curve
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:
- . SRY 769 bp ===
[
5
@_ s=fses ACTB 541 bp **=
v
2 o
2 TSPY1 329-356 bp
g ‘
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Figure 4 qPCR melt curve analysis of 3 Y markers (SRY, DAZ2 and TSPY!) and housekeeping (ACTB) genes.
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failure to detect Y chromosome biomarkers in cffDNA is
influenced by gestational age coupled with low cffDNA
concentration in maternal samples.'” In addition, type of
PCR used is proposed by Costa et al and Levi et al as an
influence on detecting the Y chromosome.**~*

Fetal DNA from fNRBC are the most suitable for early
determination of fetal gender as it shows 100% accuracy in
early pregnancy samples. Two studies used different tech-
niques to enrich fNRBC: Byeon et al, used double enrich-
ment process using RBC hyperaggregation and WBC
depletion and Zhang et al, employ microfluidic chip.*>
Both reported  full

Y chromosome in the enrichment fNRBC as like the pre-

studies accuracy in detected
sent study using double enrichment process.'’

The multiplex PCR correctly identified the gender of the
fetuses in mothers carrying male fetus (n=67) and female
(n=6) fetus using fetal DNA from fNRBC. The gender was
confirmed either by ultrasound after 20 weeks of pregnancy
or at birth. The multiplex PCR has 100% accuracy identify-
ing fetal gender from all adult sample.

The gender of four fetal tissue samples was determined
using multiplex PCR. One of the fetal tissue reported with
homozygous ASIC5%*% mutation.”” As the fetal tissue
samples were collected from aborted 9-week fetuses there-
fore clinical confirmation of the gender of the fetus could
not be achieved. Early prenatal diagnosis of gender and
identification of disease associated mutations can provide
effective decision making in the mother among high-
consanguinity population to decide within the allowed
time.””*® The eight pairs of primers designed in the
study is highly specific, sensitive, unique and well
matched for the simultaneous detection of the male speci-
fic Y-biomarkers, SRY, DAZ2 and TSPYI genes and the
internal control, ACTB gene for both conventional PCR
and real-time qPCR. The specificity of the primers were
confirmed through sequencing. This can lower expenses,
increase accuracy due to 3Y biomarkers, minimize the risk

for invasive sampling,'®

simplify the process because of
the single tube, and can be adoptable for the low income

regions and laboratories with minimal facilities.

Conclusion

The gender of adult gDNA was correctly identified with
100% accuracy. The Y chromosome based markers using
the presently developed novel multiplex PCR can be
a reliable methodology for the determination of fetal sex
using invasive and non-invasive source of fetal DNA, with
100% accuracy on fetal DNA from fNRBC, which cannot be

done in the first trimester by means of ultrasonography due to
the incomplete external genitalia. The shortest possible time
is sufficient to determine using single tube multiplex PCR
with 3 Y-biomarkers or individual real-time qPCR. The study
confirms the gender determination procedure using fNRBC
from male-bearing and female-bearing pregnancies with full
accuracy. The study confirms the application of non-invasive
and invasive source of fetal DNA for the early identification
of gender, which can help to reduce depression and anxiety in
mother, can strengthen a bond between mother and fetus,
prepare for possible X-linked analysis, effective decision
making, and can reduce the risk of invasive procedures.
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All data will be available on reasonable request from the
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