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1. Introduction

    Accurate diagnosis of fetal sex in domestic species 
has substantial commercial and research applications[1], 
particularly in the livestock industry[2,3]. Prediction of 
fetal sex in the ovine species could be useful in the 
management decisions such as sex selection in breeding 
programs, culling decisions, and decreasing the cost 
of progeny testing[4]. Trans-rectal ultrasonography and 
karyotyping by amniocentesis have been commonly used 
to determine fetal sex in pregnant ewes. In the livestock 
industry, transrectal ultrasonography (based on location of 
the genital tubercle) has been a traditional method of fetal 
sex determination. For example, transrectal ultrasonography 
on days 60 to 69 of pregnancy has been used to determine 
fetal sex in the ewe[5, 6]. However, fetal sexing by transrectal 
ultrasonography requires the breed and age of animals be 

taken into consideration and also needs expensive pieces 
of equipment. Fetal fluid sampling in pregnant animals 
is a prerequisite of both karyotyping and measurement of 
testosterone level which is an invasive procedure might 
result in termination of pregnancy[7]. Analysis of free fetal 
DNA in maternal circulation is a noninvasive and useful tool 
to determine fetal sex in the ewe. This fetal DNA, named 
circulating cell free fetal DNA (ccffDNA), has emerged as 
a valuable source for prenatal fetal sex determination and 
genetic evaluation. The ccffDNA is well known in human 
(with hemochorial placenta), and PCR analysis of Y-specific 
sequences such as DYZ1[8], DYZ3[9], and sex determining 
region (SRY)[10]. Molecular sexing of ovine had been 
described using the SRY and AMELX-AMELY genes[4]. 
   Shettles[11] for the first time showed that, during 
pregnancy, the fetal cells are also shed from the regressing 
chorionic villi into the lower uterine pole in the woman and 
accumulate in the cervical mucus especially at the level of 
the internal os. To date, several methods have been used for 
sampling and detection of fetal genetic material in human 
cervical secretions resulting in the identification of fetal 
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cells with a varying success rates[12]. To our knowledge, 
there is little published information regarding the presence 
or absence of the fetal genetic material in the ovine plasma 
and cervical secretions and its potential application for fetal 
sexing. Therefore this study was designed to evaluate the 
presence of fetal DNA in the maternal blood plasma and 
cervical mucus also the possibility of using it to sex the 
ovine fetus by PCR method.

2. Materials and methods

2.1. Blood sampling and plasma separation 
   
   This study was performed on Gezel sheep (Tabriz, Iran). 
Thirty–two pregnant ewes in gestational week 6 to 21 were 
divided in two groups: less than 3 months and more than 3 
months of pregnancy. In addition, three normal nonpregnant 
ewes and three normal rams were used as control animals. 
As a source of ccffDNA, peripheral blood samples were 
obtained from the animals. Tubes containing EDTA and 
10 mL of blood samples were centrifuged at 664 × g for 10 
minutes to separate plasma from packed cells and buffy 
coat. 
   Pregnant uteri were collected from 32 Gezel sheep after 
slaughter in a local abattoir. The uteri were rinsed by 
sterile saline solution, and then a smear was prepared from 
secretions at the external os using a sterile swab. Afterward 
an incision was made on the uterine wall at the level of 
internal os and another smear was prepared from secretions 
at this area. The prepared smears were stained with Eosin-
Nigrosin dyes (Merck®, Germany) and studied using light 
microscope to make sure that none of cervical specimens 
were contaminated with sperm cells (to avoid false positive 
results in case ewes are mounted by rams shortly before 
slaughter). Next, the cervical lumen was exposed completely 
using a pair of sterile surgical scissors and cervical 
secretions were totally collected into capped sterile 1.5 mL 
microtubes. All samples were kept at −20 曟 until further 
molecular analysis.

2.2. DNA extraction from maternal blood plasma
   
   Twelve hundred microliters of maternal blood plasma 
and an equal volume of TRIS- ethylenediamine tetraacetic 
acid buffer (pH 8) were mixed in a Falcon tube. Then, 15 mL 
proteinase K (20 mg/mL) solution was added and the mixture 
was digested at 56 曟 for 3 hours. Next, 2.5 mL of equilibrium 
phenol and chloroform/isoamylalcohol were added. The 

tubes were centrifuged at 5 095 g for 10 minutes and the 
supernatants were transferred to fresh tubes. This process 
was repeated again and then a half volume of supernatant, 
ammonium acetate (7 M), and 2 volumes of supernatant, 
100% ethanol and 10mL of glycogen (20 mg/mL) were added 
and the mixtures were stored at -20 曟  overnight. Then, the 
tubes were centrifuged at 5 095×g for 15 minutes at room 
temperature (approximately 18 曟-24 曟). The supernatant 
was discarded, and DNA was deposited with 70% ethanol 
and then dried in air. The amount and quality of DNA were 
determined using spectrophotometry. Only DNA of sufficient 
purity, having an absorbance ratio (at 260/280 nm) of 1.7 to 2 
was considered for PCR analysis.

2.3. PCR analysis 
    
   We employed the sequence length polymorphisms 
between the amelogenin X and amelogenin Y genes 
(AMLX/Y) as markers for sexing the ovine fetus. The 
oligonucleotide sequence of the primers (Cinnagen 
Co. Tehran, Iran) used in the current study were (SE 
47); 5′-CAGCCAAACCTC CCTCTGC-3′ and (SE 48); 5′-
CCCGCTTGGTCTTGTCTGTTGC-3′. This primer set was 
designed to amplify a single fragment of 280 bp on the 
X-chromosome (female fetuses) and two fragments of 280 
and 217 bp on X and Y chromosomes, respectively (male 
fetuses). Therefore, our sexing method was based on the 
presence (male fetus) or absence (female fetus) of the fetal 
Y-chromosome in the cervical or serum samples. The PCR 
reaction mixture (15毺L/tube) consisted of 1.2 U Taq DNA 
polymerase, 1.5 mM MgCl2, 0.1 mM of each dNTPs, 0.4 毺M 
male-specific primers, and 2.4 毺L template DNA. The PCR 
condition consisted of an initial denaturing at 94 曟 for 5 
min followed by 37 cycles of 94 曟 for 45 s., 64.7 曟 for 45 s., 
72 曟 for 30 s., and after the last cycle the samples were kept 
at 72 曟 for 5 min for the final extension, and then the PCR 
procedure was completed. The PCR products were analyzed 
with electrophoresis in 2.2 % (w/v) TAE-based agarose gel 
stained with ethidium bromide (0.5毺g/mL). All samples were 
tested at least in duplicate

2.4. PCR controls
    
   A no-template control (NTC) was included in each run for 
all PCR techniques. The negative control was composed of a 
standard female DNA. The positive control was a mixture of 
female DNA containing 2% male DNA. Fetal sex was confirmed 
after foaling. Accuracy, sensitivity, and specificity of molecular 
sex determination were calculated as described [13].
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2.5. Statistical analysis
    
   Comparisons were made between two groups of ewes, at 
less than and more than 3 months of pregnancy, using the 
independent-sample t test by the SPSS-19.0 package (SPSS 
Inc., New York, NY, USA). All results are shown as mean 
±SEM and differences were considered significant at P<0.05.

3. Results

3.1. Plasma samples
   
   The extracted DNA from blood plasma of ewes with a 
male fetus showed one band at 280 bp, whereas there was 
no band after amplification of extracted DNA from ewes 
bearing a female fetus. Combining the results of the use of 
PCR analyses on male and female pregnancies, the overall 
test accuracy for correct sex determination using plasma 
samples was equal to 78±1 (95 % confidence interval) [12/15 
(80 %) cases from known male pregnancies and 13/17 (76%) 
cases from known female pregnancies]

3.2. Cervical samples
   
   Gel electrophoresis results of PCR analyses on the 
cervical samples taken from female and male pregnancies 
are shown in Figures 1 and 2. The estimated age and sex 
of the sampled fetuses are summarized in Table 1. Light 
microscopic examination of prepared smears showed no 
sperm contamination in any cervical samples. Therefore, 
the possibility of obtaining false positive results in the 
male pregnancies due to the contamination of samples with 
Y bearing spermatozoa was excluded. Two expected PCR 
product sizes of 280 bp fragment from the X-chromosome 
and a 217 bp fragment from the Y-chromosome (with fetal 
origin) were produced in eleven out of 15 cervical mucus 
samples collected from pregnant ovine with male fetuses as 
well as for positive control sample Collected from control 
ram (Figure 2). A noticeable reduction in the sharpness 
of Y product (217 bp) relative to X product (280 bp) was 
observed in the positive samples collected from male fetuses 
compared to normal male (Figure 2). Combining the results 
of the use of PCR analyses on male and female pregnancies, 
the overall test accuracy for correct sex determination using 
cervical samples was equal to 71.87±1 (95% confidence 
interval) [11/15 (73%) cases from known male pregnancies 
and 12/17 (70%) cases from known female pregnancies]. 

Table 1
Fetal sex predication by PCR analysis of cell –free fetal DNA in 
maternal blood plasma and cervical mucus of 32 pregnant ewes using 
the SRY gene.

PCR cervical mucus PCR plasma  Birth
outcome

Estimated
age (days)

CRL
 (cm)

Specimen 
no   

F F F 46.20 5.00 1
F F F 112.35 36.50 2
F M M 148.05 53.50 3
F M M 66.15 14.50 4
M M M 105.00 33.00 5
F F F 105.00 33.00 6
F F F 126.00 43.00 7
F F F 60.90 12.00 8
M    M F 56.70 10.00 9
M M F 52.50 8.00 10
M M M 50.40 7.00 11
M M F 54.60 9.00 12
M   M M 69.30 16.00 13
M M M 81.90 22.00 14
M M M 52.50 8.00 15
M F F 81.90 22.00 16
M M F 63.00 13.00 17
F F F 65.10 14.00 18
M F M 54.60 9.00 19
F F F 56.00 10.00 20
M M M 110.67 35.70 21
F   F F 96.60 29.00 22
F F M 107.10 34.00 23
F F M 69.30 16.00 24
M M M 98.00 30.00 25
M M M 81.90 22.00 26
F F F 86.10 24.00 27
M M M 67.20 15.00 28
F F F 90.30 26.00 29
F F F 77.70 20.00 30
F F F 71.40 17.00 31
M M M 84.00 33.00 32

M male fetus, F female fetus fetal age estimated in according to the 
formula by Richardson 1980(fetal age in days= 2.1(CRL in cm +17).

  F      M       F      F      M      F      M              M      F      M      F       F     M ladder

Figure 1. Gel electrophoresis of PCR products amplified from plasma 
samples  (CM) lanes 2 positive  control, ewes with a male fetus; lane1, 
3,4,6,10,12 and 13  ewe with a female fetus; lane 5,7,9,11 and 14 ewe 
with a male fetus , lane 15( La100 bp DNA marker).
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  F     M     M    M     F     F      M    M ladder    F     M      F    M     M    M      F      F

Figure 2. Gel electrophoresis of PCR products amplified from cervical 
mucus (CM) lanes 2 positive  control, ewes with a male fetus; lane1, 5 
,6, 10, 12 ,15 and 16  ewe with a female fetus; lane   4,  7 , 8,11,13,14, 
and 15 ewe with a male fetus , lane 9( La100 bp DNA marker).

4. Discussion 
   
   The current study investigated the presence of the fetal 
DNA in the plasma and maternal cervical mucus and also 
evaluated the possible application of it for ovine fetal sexing. 
For years, ultrasonic technology has been the method of 
choice for determining fetal sex in domestic animals. In ewe, 
fetal sex is determined during days 60 to 69 of pregnancy 
using the transrectal ultrasonography method[6]. However, 
this technique bears some disadvantages, because it 
requires extensive experience on the part of the operator, 
and reaching the fetus becomes difficult as gestation ensues, 
making increasingly difficult or sometimes impossible to 
predict fetal sex during the later stages of gestation[14]. 
   The PCR was used to co-amplify a sex-based 
polymorphism in the amelogenin locus (AMLX and AMLY). 
Different sets of amelogenin gene primers have been 
confirmed in several studies as a reliable molecular marker 
for sex determination with many domesticated animals such 
as cattle, pigs, goats and sheep[15]. In the present study, we 
demonstrated the presence of fetal derived Y chromosome in 
eleven out of 15 cervical mucus samples taken from pregnant 
cows with male fetuses and four of cervical samples from 
female fetuses were positive for Y-chromosome. We believe 
that differences may by due to the contamination, accuracy 
techniques.  Also the amount of fetal DNA present in the 
cervical samples can affect the detection risk of the PCR. 
Based on studies carried out in human medicine, percentage 
of cervical samples with fetal cells is highly dependent 
on the sampling approach, skill of individual operator 
and molecular technique which is employed[12]. Several 
approaches have been used for retrieving cervical samples 
such as using swabs, endocervical or uterine lavage, using 
cytobrush and aspiration[16]. Our method is comparable with 
using cytobrush or aspiration for collecting cervical mucus. 
In one study, the endocervical mucus was collected by a 
simple aspiration technique by means of Pipelle catheters[16]. 

PCR analysis with amelogenin gene primers, documented 
the presence of fetal cells in 11/15 (80 %) of samples obtained 
from mothers with male fetuses and four sample from female 
fetuses was found to be Y-positive. 
   It should be noticed that in humans, after completion of 
implantation, the growing embryo is entirely covered with an 
endometrial layer named “Decidua capsularis”. Nonetheless, 
fetal cells can pass it and enter the uterine lumen. This layer 
does not form in ovine. This is due to non-invasive pattern 
of embryonic attachment to the maternal endometrium in 
this species[17]. Therefore, fetal cells are directly in contact 
with uterine lumen from where they can reach the cervical 
secretions. Our preliminary results from the cervical mucus 
indicate that the age of the fetus might not be a contributing 
factor in obtaining positive results. Divar et al. [18] indicated 
that amplification of Y-chromosome segments from cervical 
mucus of pregnant cows after 70 days of pregnancy is highly 
specific for presence of a male fetus, but that this approach 
currently lacks enough sensitivity for it to be considered as 
a reliable fetal sexing method. 
   An alternative method for embryo sexing could be a 
molecular technique based on fetal DNA obtained from 
the maternal circulation. Several studies have reported the 
extraction of DNA from maternal blood plasma for fetal 
sexing in various animals. Kadokawa et al. [19] tried for 
the first time to extract fetal DNA from bovine maternal 
blood and reported its absence in cows during early to late 
gestation. Similarly, Wang et al. [20] successfully used fetal 
DNA in cow blood plasma for prediction of fetal sex. They 
confirmed an overall accuracy rate of 100% for male and 91% 
for female fetuses. Likewise, de Leon et al. [21] used the SRY 
gene to determine fetal sex from extracted ccffDNA in blood 
plasma of pregnant mares. Our study is the report of the 
presence of fetal DNA in blood plasma of pregnant ewes. We 
analyzed the blood plasma of 15 ewes with male and 17 ewes 
with female fetuses during 6 to 21 weeks of gestation and 
found three false negative cases. Negative PCR results may 
be explained by the presence of PCR inhibitors that are co 
extracted from the serum samples and dramatically reduce 
the sensitivity and amplification efficiency of PCR. Protein 
contamination of the extracted DNA can lead to PCR failure.
    da Cruz et al.[22] showed a strong relationship between 
the probability of correctly predicting fetal sex and the 
stage of gestation in cattle. In our study, we were not able to 
demonstrate relationship between pregnancy age and fetal 
DNA. This finding is also in contrast with the study of Lo et 
al. [23] who identified human fetal DNA in the blood plasma 
of women Lo et al.[23]. They speculated that fetal DNA could 
be detected in maternal serum as early as the seventh week 
of gestation and its concentration increased as pregnancy 
progressed. The mechanism of fetal DNA leakage to 
maternal circulation is not completely understood. However, 
cell lysis resulting from physical and immunologic damage 
and developmentally regulated apoptosis of fetal tissues 
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could allow fetal DNA to cross the placental membrane[24]. 
Although ovine placenta with synepitheliochorial structure 
is anticipated to prevent transplacental cell leakage, 
previous studies in animals such as cow and horse with the 
same placental type, suggested transfer of fetal DNA through 
the placenta. In the present study, we also demonstrated the 
presence of free fetal DNA in the maternal circulation which 
is indicative of the fetal DNA leakage in ewes. However, 
more studies are needed to elucidate how this DNA leakage 
occurs in the absence of direct contact between the placenta 
and maternal blood.
   In conclusion, this study demonstrates a novel opportunity 
for non-invasive assessment of pregnancy, and possible to 
achieve fetal sex determination using ccffDNA and maternal 
mucosal cervix in ovine.
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