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Abstract
This study aimed to compare the efficiency of real-time polymerase chain reaction (PCR) and ultrasonography in fetal
sexing of early singleton pregnant ewes. Forty-five ewes were examined using ultrasonography to confirm singleton
pregnancies and to diagnose the sex of the conceptus. Blood samples were collected from all tested ewes for SRY and
AMLX detection in circulating cell-free fetal DNA of these maternal blood specimens using real-time PCR. The definite
sex of the fetuses was confirmed by the true sex of offspring after birth. The total percentages of correctly diagnosed cases
in both diagnostic techniques, male and female fetuses, and the percentages of true fetal sex diagnosis regarding the
gestation periods of tested animals were counted and compared. The results demonstrate the superiority of real-time PCR
in accurate diagnosis compared to ultrasound in all the tested parameters. The total percentage of fetal sex diagnostic
technique accuracy was 95.55% (43/45) and 48.89% (22/45) for real-time PCR and ultrasonography, respectively. The
percentages of the accuracy of detected male and female fetuses were 38.46% (10/26) and 63.16% (12/19), and 92.31%
(24/26) and 100% (19/19) for ultrasonography and real-time PCR, respectively. The accuracy of fetal sexing was 66.66%
(6/9), 42.85% (3/7), 36.36% (4/11), 50% (9/18), and 88.89% (8/9), as well as 85.71% (6/7), 100% (11/11), and 100% (18/18) in
the gestation periods of 50–55, 56–60, 61–65, and 66–70 days for ultrasonography and real-time PCR, respectively. In
conclusion, we assessed the potential of early fetal sex diagnosis in singleton pregnant ewes by real-time PCR and
ultrasonography, identifying the significant superiority of real-time PCR.
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INTRODUCTION
Early pregnancy identification is critical for the ovine business to
reduce the expenses of nutrition supplements for non-pregnant ewes,
aids reproduction maintenance, and adds to the selection process by identifying
subfertile animals (Paula et al., 2003). Detecting pregnant ewes with teaser
rams and discovering animals in estrus that are not pregnant after breeding or
have had an early embryonic loss are both time-consuming and labor-intensive
processes (Arashiro et al., 2018). Ultrasonography is the most widely used
procedure for this purpose; nevertheless, accurate pregnancy identification in
sheep may require approximately 25 additional days after mating (Dal et al.,
2019). Embryo sexing is a valuable technique for producers because it helps
them to manage their breeding stock more efficiently and effectively (Tavares
et al., 2016). This may be achieved using ultrasonography with reasonable
accuracy, particularly in advanced pregnancies. However, this efficiency
declines, and the diagnostic errors increase in early pregnancies, requiring
substantially greater experience and utilizing a longer time in large-sized
livestock, particularly in small ruminant herds. Recently, using several
molecular methods for early fetal sex detection has garnered attention in several
animal species, including goats, cattle (Quirino et al., 2010), sheep (Asadpour
et al., 2015), and Arabian camels (Abdulla et al., 2020), and also in humans
(D’Aversa et al., 2018). These molecular techniques used for fetal sex detection
are based on detecting specific genes related to fetal sex in circulating cell-free
fetal DNA (ccffDNA) in the maternal blood, such as SRY and amelogenin
(AML). Conventional polymerase chain reaction (PCR) and real-time PCR are
the most commonly used molecular techniques. These techniques have several
advantages over ultrasonography and other classical methods, namely, high
accuracy, ease of use, inexpensiveness, lower time consumption, and simple
sample collection. In human and bovine reproduction, these new and definite
techniques have been well-developed and widely applied either for fetal or early
embryonic sexing or early in the invasive diagnosis of a wide range of hereditary
and teratological conditions. Transrectal ultrasound (depending on localizing
the genital tubercle) is a commonly used technique for fetal sex diagnosis in the
livestock industry. For example, transrectal ultrasound (Neto et al., 2010) has
been used to detect the fetal sex in sheep on days 60–69 of gestation; conversely,
fetal sexing using transrectal ultrasound necessitates consideration of the age
and breed of the tested animals, as well as the use of expensive technology
(Asadpour et al., 2015). Moreover, in many studies, fetal DNA in the maternal
blood comprises 3.4% and 6.2% of total DNA in early and advanced gestation,
respectively (Tein et al., 1998). Fetal cells enter the maternal bloodstream
during the first trimester and remain there throughout pregnancy (Ramos,
2006). The use of free fetal DNA in maternal circulation to detect the fetal sex
in ewes is a non-invasive and valuable method (Allen et al., 2017).
The ccffDNA has served as a vital source for determining fetal sex and
genetic screening throughout pregnancy (Asadpour et al., 2015). Both ccffDNA
and intact fetal cells can be collected for non-invasive early genetic diagnostics
(Bischoff et al., 2002). The SRY, AMLY, and AMLX genes have been used to
define sheep molecular sexing (Kadivar et al., 2013). SRY represents a single
copy gene on the Y chromosome responsible for determining male sex during
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embryogenesis in most placental mammals (King et al., 2007). Owing to its
placement on the highly unstable Y chromosome, SRY is a weak and partially
crippled gene, and its conformation and regulatory sequence may be destroyed
(Kashimada and Koopman, 2010). AML is frequently employed in both animal
and human sex diagnostic studies, and depending on the difference in the size
of the AML gene between both sex chromosomes, AML is employed for
forensic casework, prenatal diagnosis, and fetal sexing prenatally (Grzybowsk
et al., 2006). Several studies have proven that different sets of AML gene
primers provide credible biomarkers for sex detection in various domestic
animals, including cows, swine, does, and ewes (Quirino et al., 2010). Real-time
PCR tests have a high sensitivity for detecting low levels of fetal DNA
quantities (Bischoff et al., 2002). PCR for fetal sexing is cheap (the average cost
of electrophoresis and PCR is less than 2$/sample) (Tavares, et al., 2016). A
molecular procedure using fetal DNA obtained from the maternal blood can be
an alternative method for ultrasonography in sexing embryos (Tavares, et al.,
2016). This study aimed to compare the efficiency of real-time PCR
and ultrasonography in the fetal sexing of early singleton pregnant ewes to
determine the best and the most accurate method for early fetal sexing in sheep.

MATERIALS AND METHODS
Early diagnosis of pregnancy and fetal sex by ultrasonography

Forty-five farmer-raised Iraqi singleton pregnant ewes aged 1.5–3 years
had been confirmed by days 50–70 of conception. The sex of the fetuses was
determined by the location of the genital tubercles (Erdogan, 2012) when
female fetuses had tubercles closer to the tail, and males had tubercles closer to
the umbilical cords (Reichenbach et al. 2004). The sexing of all identified
fetuses was performed in conjunction with scanning to ascertain the number of
fetuses. During the inspection, the location of the genital tubercle was precisely
determined. Pregnancy was diagnosed using a real-time B-mode ultrasonic
scanner with a 5-MHz external probe (L80, China). Before scanning early the
following day, water and food were denied for 12 h. Scanning was performed
in the fleece less inguinal region of the animal. One person held the animal
slightly against the fence in a standing stance. Just at the scan for
correct instrument placement, one sheep's hindquarters was packed away.
During each session, an ultrasonic partnering gel was placed on the probe to
ensure proper friction and remove air from between the probes and the animal's
skin (Figure 1: a & b).
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Figure 1 a- The location of the genital tubercle (GT) (male fetus). b- The
location of the genital tubercle (GT) (female fetus).

Blood specimens collection

We collected blood specimens (3 mL/ewe) from the jugular veins of the
same 45 ewes examined using ultrasonography. Samples were collected after
ultrasound diagnosis ended placed in a tube containing EDTA and left outside
the cooling for 10–0 min, then placed in a cooled incubator, and then transported
to the laboratory for freezing until the collection of all 45 specimens was
completed and used for DNA extraction and subsequent real-time PCR
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Primers

The PCR primers for determining the male type (SRY gene) in pregnant
sheep blood samples were designed in this study using NCBI-Pick primers
(AY604733.1), whereas the female-type AMLX gene was designed according
to a previous study (Miura et al., 2011), and these primers (Table 1) were
provided by (ScientificResercher.Co.Ltd/ Iraq).
Table 1 Primers used in this study.
Primers
Male type SRY gene
Female type AMLX gene

Sequence (5’-3')
F
AATGGTCGAGCGAAAATGGC
R
TGGACTAACCGAATCACTGAGC
F
CCGCCCAGCAGCCCTTCC
R
CCCGCTTGGTCTTGTCTGTTGC

Amplicon
139 bp
243 bp

Genomic DNA Extraction

Genomic DNA was extracted from the blood specimens using the
G-spinTM Total DNA Extraction Kit (Blood protocol) (Genfine, Beijing,
China) according to the manufacturer’s instructions. The purity of the isolated
genomic DNA was checked and measured using a Nanodrop
spectrophotometer (Thermo, USA), which read the absorbance at 260/280 nm
by select the relevant program after opening the Nanodrop software (nucleic
acid, DNA).

Sex determination using real-time PCR
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Real-time PCR technique was performed for highly sensitive female
type (AMLX gene) and male type (SRY gene) in pregnant sheep blood
specimens. The following stages were used to carry out this procedure,
as described previously (Asadpour et al., 2015).
PCR master mix was prepared using (RealMODTM Green SF 2X
qPCR mix), which was completed according to the company's requirements, as
follows (DNA template 5 ng in a volume of 5 µL, AMLX Forward primer (10
pmol) in a volume of 1 µL, AMLX Reveres primer (10 pmol) in a volume of 1
µL, 2X qPCR master mix in a volume of 10 µL and a PCR water volume of 3
µL, the total volume was 20 µL.
The PCR master mix components of the male-type SRY gene (DNA
template 5 ng in a volume of 5 µL, SRY Forward primer (10 pmol) in a volume
of 1 µL, SRY Reveres primer (10 pmol) in a volume of 1 µL, 2X qPCR master
mix in a volume of 10 µL, and PCR water in a volume of 3 µL; therefore, the
total volume was 20 µL.
All components of the master mix were placed in an Exispin vortex
centrifuge and spun at 3000 rpm for 3 min. The samples were then placed in a
real-time PCR thermo cycler (MiniOpticon-BioRad, USA).
The qPCR thermocycler conditions for AMLX and SRY genes were
carried out using Real-Time PCR thermocycler equipment were as follows:
initial activation at 95°C for 10 min in 1 cycle, denaturation at 95°C for 15 s in
40 cycles, and annealing and extension at 60°C for 30 s in 40 cycles.
Real-time data analysis was performed by analyzing the threshold cycle
number (CT value) that presented positive amplification in the real-time PCR
cycle number.
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The analysis of the melt or dissociation curves was used to identify the
number and approximate size of our PCR products. A highly specific assay was
confirmed by providing a single melt peak at a high temperature.
Melt curve analyses revealed a sharp peak of a specific product
at temperatures greater than 80°C, with very few nonspecific products at lower
temperatures.

Statistical analysis

Statistical analysis was conducted using SPSS version 27, and the data
were presented as numbers and percentages. The χ2-test was used to compare
pregnancy diagnosis procedures and was considered significant if the P-value
was less than 0.05 (Schiefer, 1980).

RESULTS
The overall accuracy of the ovine fetal sex diagnostic technique was
95.56% (43/45) and 48.89% (22/45) for real-time PCR and ultrasonography,
respectively, while the percentages of the accuracy of detected ovine male and
female fetuses by both diagnostic techniques were 38.46% (10/26) and 63.16%
(12/19), and 92.31% (24/26) and 100% (19/19) for ultrasonography and
real-time PCR, respectively (Table 2). Our results of using B-mode
ultrasonography to determine the early fetal sex in 45 singleton pregnant ewes
were 48.89% (22 out of 45) vs. 51.11% (23 out of 45) false diagnoses divided
into 16 males and seven females. The definite sex of the offspring confirmed
the results of our study after birth.
Table 2 Comparison between ultrasonography and real-time polymerase chain reaction (PCR) technique in
early determination of fetal sex in ewes
Technique

Sample
Total
NO.

True

Ultrasonography

45

22
(48.89)

Real-time PCR

45

43
(95.56)

X2
P-value

NO. (%)
False

Male

Female

Total
No.

True

False

Total
No.

True

False

23
(51.11)

26

10
(38.46)

16
(61.54)

19

12
(63.16)

7
(36.84)

2
(4.44)

26

24
(92.3)

2
(7.69)

19

19
(100)

0
(0)

24.42
< 0.0001

8.581
0.003

16.65
0.0001

The percentages of the accuracy of ovine fetal sex diagnostic techniques
in different gestation periods ranged between 36.36% (4/11) and 66.66% (6/9)
for ultrasonography, and between 85.71 (6/7) and 100% (18/18) for real-time
PCR in gestation periods tested, which ranged between 50 and 70 days (Table 3).
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Table 3 Comparison of the true diagnosis of fetal sex (number & percentage) according to the gestation period
tested using ultrasonography and real-time polymerase chain reaction.
Technique

Ultrasonography
Real-time PCR
χ
P-value
2

50-55(day)
No=9
no
%
6
66.66

56-60(day)
NO=7
no
%
3
42.85

61-65(day)
NO=11
no
%
4
36.36

66-70(day)
No=18
no
%
9
50

χ2

P-value

1.94

0.585*

8

6

11

18

3.88

0.274*

88.9
1.28
0.257*

85.71
2.80
0.094*

100
10.26
0.001**

100

12
0.001**

DISCUSSION
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Our ultrasonography results depend on the accurate localization of the
genital tubercle (Erdogan, 2012) because it is a hyperechoic structure (Santos
et al., 2018). The gestation period of the tested ewes ranged from 50 to 70 days,
based on the findings of (Neto et al., 2010), who suggested that fetal sexing is
possible in sheep from the 50th day of gestation onward in embryos derived
from natural selection mating. These results were less than those of Amer
(2010), who recorded 82% accuracy for ewes in pregnancy between 61 and 70
days. Our results were also lower than those of a previous study (Santos et al.,
2018), which recorded a reality of 82.61% and 95.83% in ewes at the gestation
period of 55 and 65 days, respectively, and they suggested that the false
diagnosis, particularly in the male fetuses, maybe due to the delayed migration
of genital tubercle occurring later in male fetuses that had been misdiagnosed
as females. Their suggestions may elucidate the more significant percentage of
false diagnoses in our study regarding the high number of male fetuses
compared to that of female fetuses (Table 2), particularly if we know that the
male fetuses generally completed their genital tubercles migrate later than
those of females, probably due to the increased distance that the genital tubercle
must travel in males (Aguiar Filho et al.,2010). However, the misdiagnosis of
female fetuses as males could be due to structures with similar echogenicity
that are mistaken for the genital tubercle, resembling the edges of crumpled
hind limbs, or possibly the umbilical cord garbed around the abdomen, as well
as the misdiagnosis could frequently happen if diagnoses have been made too
early (Santos et al., 2018), as well as the difficulty of manipulating the uterus
of sheep and goat during an ultrasonographic investigation, which affected the
accuracy of this technique (Santos et al., 2007) and might have been due to
differences in the ages and breeds of tested ewes (Asadpour et al., 2015) or due
to the fetal status during examination (Ali, 2004). In addition to the differences
in the experience of the technician using ultrasonography.
To detect fetal sex in sheep, assessing free fetal DNA in the mother's
blood is a non-invasive and valuable method. Circulating-free fetal DNA serves
as a restorative material for fetal sex diagnosis and genetic screening throughout
pregnancy (Asadpour et al., 2015). In the plasma of pregnant women, fetal
DNA is considered to constitute 3% to 13% of the total circulating free DNA
(Drury et al., 2016). The mechanism of fetal DNA leakage into maternal
circulation is not understood; however, cell lysis resulting from physical and
immunological damage and developmentally regulated apoptosis of fetal
tissues could allow fetal DNA to cross the placental membrane (Lo et al., 1997).
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Although the synepitheliochorial structure of the ovine placenta is expected to
prevent transplacental cell leakage, prior research in species with the same
placental type, such as cows, revealed that fetal DNA may be transferred across
the placenta (Asadpour et al., 2015). Bischoff et al.(2002) suggested that the
concentration of fetal DNA in maternal plasma may not depend on the
circulating intact fetal cells, but rather is a product of growth and cellular turnover
during embryonic or fetal development. Pfeiffer and Brening (2005)
demonstrated that amelogenin amplification by PCR is a reliable approach for
determining sex in sheep in a prior investigation. The presence of fetal male
SRY gene and male and female AML circulating DNA in the maternal blood of
ewes with single fetuses was successfully demonstrated in this study using
real-time PCR. Using real-time duplex PCR for the detection of the two genes,
that is SRY and female AMLX, we found an accuracy of 95.5% (43 out of 45)
distributed as 92.3% (24/26) of male fetuses and 100% (19/19) of female
fetuses (Table2).
Our findings were identical to those of Tavares, et al. (2016), who
reported 95.9 % accuracy in cows and sheep. Additionally, this result is
consistent with that of Dervishi et al., (2011), Kadivar et al., (2013), Saberivand
et al., (2015), who reported 100% accuracy when using conventional PCR to
detect SRY, or both SRY and AML genes, in sheep, and higher than that of
Asadpour et al., (2015), who reported that the superiority of the overall test
accuracy for correct sex determination using plasma samples was equal to
78±1 (95% distributed as 12/15 [80%] cases from known male pregnancies and
13/17 [76%] cases from known female pregnancies).
The low affinity of these researchers might have been due to differences
in the techniques used, in that they detected only the SRY gene, which increases
the false-negative results, while we used multiple genes (SRY and female
AMEL), thus decreasing the false-negative results. Regarding the sex of the
fetus diagnosed, our results were in agreement with those of Wang et al. (2010),
who recorded an accuracy of 100% in male and 91% in female bovine fetuses,
while we obtained an accuracy of 92.3% in male vs. 100% in female fetuses.
These differences may be due to differences in the tested animal species.
Regarding the period of conception, the percentage of diagnosing accuracy
increased with the advancing of pregnancy (100% from days 61 to 72 vs.
88.89% and 85.71% on days 50–55 and 56–60 of gestation, respectively). This
could be attributed to the increase in fetal DNA quantities in the mother's blood
as the pregnancy progresses (Zhou et al., 2015).
PCR has been used to detect male and/or female fetal genes in the
ccffDNA in the maternal blood in various domestic animals, including goats,
cattle (Quirino et al., 2010), sheep (Asadpour et al., 2015), and Arabian camels
(Abdulla et al., 2020). The exact molecular technique for fetal sex detection in
ccffDNA has been applied in humans (D’Aversa et al., 2018).
When we compared the ultrasonography with the real-time PCR method
for the early detection of fetal sex in ewes, real-time PCR was more efficient
and highly accurate than ultrasonography in terms o f total percentage in
diagnosing male and female fetuses (Table 2), and in diagnosing the fetal sex
in different periods of conception (Table 3). Moreover, another advantage was
that real-time PCR did not require extensive time and needed no experience for
diagnosing ovine fetal sex compared to the time and experience required for
the ultrasound method.
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CONCLUSION
In comparison to that of ultrasonography, fetal sex determination in
early pregnant singleton ewes using real-time PCR to detect SRY and AMLX
exhibited a high accuracy. Because the accuracy of SRY and AMLX using
real-time PCR improves as gestation progresses, utilizing real-time PCR to
diagnose the early fetal sex in sheep is easier and more definite than
ultrasonography.
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