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Abstract
Background: In order to establish a reliable non-invasive method for sex determination
in a bovine fetus in a routine setting, the possibility of identifying specific sequence in the
fetal X and Y-chromosomes has been evaluated in maternal plasma using conventional
multiplex polymerase chain reaction (PCR) analysis. The aim of this study was to pro-
vide a rapid and reliable method for sexing bovine fetuses.

Materials and Methods: In this experimental study, peripheral blood samples were taken
from 38 pregnant heifers with 8 to 38 weeks of gestation. DNA template was extracted
by phenol-chloroform method from 350 pl maternal plasma. Two primer pairs for bovine
amelogenin gene (bAML) and BC1.2 were used to amplify fragments from X and Y
chromosomes. A multiplex PCR reaction has been optimized for amplification of 467
bp and 341 bp fragments from X and Y bAML gene and a 190 bp fragment from BC1.2
related to Y chromosome.

Results: The 467 bp fragment was observed in all 38 samples. Both 341 and 190 bp frag-
ments were detected only in 24 plasma samples from male calves. The sensitivity and
specificity of test were 100% with no false negative or false positive results.

Conclusion: The results showed that phenol-chloroform method is a simple and suitable
method for isolation of fetal DNA in maternal plasma. The multiplex PCR method is an
available non-invasive approach which is cost efficient and reliable for sexing bovine fetuses.
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Introduction

Invasive methods for prenatal diagnosis, include
chorionic villus sampling (CVS) and amniocente-
sis that entail a risk of fetal loss and mortality. In
1997, Lo et al. (1) demonstrated the existence of
fetal DNA in plasma and serum from healthy preg-
nant women. Recent studies have shown that fe-
tal DNA in maternal plasma have a mean of 3.4%
and 6.2% of total DNA in early and late gestation,
respectively (2) and are cleared at an extremely

rapid rate following birth (3). Fetal sex determi-
nation is now possible at 8 weeks of pregnancy,
by testing maternal blood samples. The reasonable
sensitivity in PCR techniques could be considered
to detect small amounts of fetal DNA in mater-
nal plasma, based on the identification of specific
regions of X and Y chromosomes circulating in
maternal blood. Recent technical advances enable
us to use both intact fetal cells (4-7) and cell-free
fetal DNA (8-10) in maternal plasma and serum
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for non-invasive fetal gender and also prenatal ge-
netic identifications. However, amount of the fetal
DNA that is obtained by these simple methods is
not enough to reach the desired intention. Most of
the technical improvements such as fluorescence-
based polymerase chain reaction (PCR) (11) and
real-time PCR (12-13) methods are highly sensi-
tive and technically demanding. However, expen-
sive equipment limits their application in a routine
setting. Some conventional PCR analyses of ma-
ternal plasma, serum and blood using the Y-spe-
cific sequences for example; DYS14, (14) DYZ3
(15), DYZ1 (16), the Y-specific repeat sequences
(17) and sex determination region Y (SRY) (18-
20) have been introduced for the diagnosis of fetal
sexing. But in a routine setting internal amplifica-
tion control for examination of results is difficult
to be interpreted (20). A synchronic amplification
of the X-Y homologous region of the amelogenin
in human (21) and bovine (22) is reported also, bo-
vine zfx and zfy gene sequences in maternal blood
using a pair primers have also been described for
fetal sexing (23).

The aim of this study was to establish a rapid and
reliable method for sexing of bovine fetuses.

This has prompted us to improve another non-inva-
sive method of bovine fetal sex determination using
multiplex PCR amplification of the X chromosome
(467 bp amelogenin gene) and the Y chromosome
(341 bp amelogenin gene fragments and BC1.2-se-
quence (that is derived from a male-specific bovine
DNA sequences) simultaneously.

Materials and Methods
Blood sampling and plasma separation

In this experimental study, peripheral blood
samples were taken from 38 pregnant heifers
with gestational age of 8 to 38 weeks. Five nor-
mal heifers which had no history of pregnancy and
five normal male cows served as positive control.
Maternal peripheral blood sample (10 ml) were
collected and put into tubes containing ethylenedi-
aminetetraacetic acid (EDTA) (20 mM). The tubes
were centrifuged at 1000 r/minute for 10 minutes
with the brake and acceleration powers set to zero.
Then tubes were centrifuged at 1200 r/minutes for
10 minutes with the brake and acceleration powers
set to zero. Approximately 0.5 ml of supernatant
(ie, the plasma) was left in the tube to ensure that

IJFS, Vol 6, No 1, Apr-Jun 2012 46

the buffy coat was not disturbed. Tubes were cen-
trifuged at 2000 r/minutes for 5 minutes with the
brake and acceleration powers set to zero. 350 ul
of supernatant and samples were stored at -20°C
for further processing.

DNA extraction from plasma samples

Maternal plasma (350 pl) and an equal volume
of Tris-EDTA (TE) buffer were mixed in a 1.5 ml
Eppendorftube by addition of 5 pl proteinase K so-
lution (20 mg/ml). The mixture was digested at 56
°C for 3 hours, and then 350 pl of equilibrium phe-
nol plus chloroform was added respectively. The
tubes were centrifuged at 12000 r/minutes for 12
minutes and then the supernatant was transferred
to a fresh tube. Equal volume of chloroform and
isoamyl alcohol (24: 1) were added. After centrifu-
gation (at 12000 r/minutes for 12 minutes), 1:10
of 3 mol/l sodium acetate and 2 volumes of 100%
ethanol were added and the mixture was stored at
-20°C for 14 hours. Tubes were then centrifuged
at 12000 r/minutes for 8 minutes at room tempera-
ture. The supernatant was discarded, DNA was
purified and deposited with 70% ethanol before
being dried in the airing closet. Tubes was dried
at 65°C for 3 minutes and were finally dissolved in
20 pl TE. Tube was placed in dry bath at 65°C for
40 minutes and then stored at 4°C.

Concentration and purity of the extracted DNA

The concentration and purity of extracted DNA
were identified by an ultraviolet spectrophotom-
eter (Nanodrop 2000 Thermo). The results were
read at 260 nm and 280 nm respectively.

Amelogenin gene and BCl.2-sequnce amplifica-
tion by multiplex PCR

In this study, two primer pairs were used: one
set was derived from a male specific bovine DNA
sequence termed, " BC1.2" (24). This primer am-
plified sex-determination Y chromosome and was
thus representative of fetal DNA. The oligonucleo-
tide sequence of the primers were: 5'-ATCAGT-
GCAGGGACCGAGATG-3' and 5-AAGCAGC-
CGATAAACACTCCTT-3'. This primer pair was
designed to produce a 190 bp DNA fragment. The
second primer pairs amplified of the bovine amelo-
genin (b AML) gene (22) on the X- and Y-chromo-
somes of bovine.The oligonucleotide sequences of



the primers were: 5'-AAATTCTCTCACAGTC-
CAAG-3' and 5-CAACAGGTAATTTTCCTT-
TAG-3'. This primer was used to amplify a single
fragment of 467-bp from the X-chromosome of fe-
male cattle and two fragments of 467-bp and 341-
bp from the X- and Y-chromosomes of male cattle.
The multiplex PCR reaction mixture (25 ul) con-
tains 2.5 pl plasma DNA, 10 pmol of each prim-
er (BC1.2 and bAML), 0.2 mM dNTPs, 1.5 mM
MgCl, and 5 U/ul Tag DNA polymerase (Roche),
was added to each sample in a 0.2 ml tube. The
DNA sequence was amplified by an initial dena-
turation step at 94 °C for 5 minutes, followed by
35 cycles of denaturation at 94 °C for 45 seconds,
annealing at 54 °C for 60 seconds and extension at
72 °C for 60 seconds. The final extension was at
72 °C for 5 minutes. The 8 pl of PCR product and
2 ul loading buffer were mixed. The amplification
products were analyzed by electrophoresis in 1.5%
agarose gel and stained with ethidium bromide.

385ng/ml
Positive
Control

300ng/ml
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Results
Results of PCR

The template DNA (plasma DNA) was diluted
at different densities. When the concentration of
template DNA extract of maternal plasma for mix-
ture PCR was 200-300 ng/ml, there was the clear-
est band (Figl A).

The results in figure 1B show three clear bands
at 190 bp, 341 bp and 467 bp in the template DNA
extracted from heifers bearing male fetus (lane
1,2,4 and 6). There is one band at 467 bp after the
template DNA extracted from heifers that bearing
female fetus amplified at the same condition (lane
3 and 5). After the extracting DNA samples from
normal male cow and heifer who had no history
of pregnancy respectively were amplified, positive
(lane7 and 8) results were obtained. The results
suggested that fetal DNA could be detected in heif-
ers bearing a male fetus.

500ng/ml

467 bp (X-bAML)
341 bp (Y-bAML)
190 bp (Y-BC1.2)

Primer dimers

Fig 1: A. The concentration of template DNA (plasma DNA) extract of maternal plasma for PCR, respectivel Lane 2, 200 ng/
ml; Lane 3, 300 ng/ml; Lane 4, 500 ng/ml; Lane 5, 600 ng/ml; Lane 6, 700 ng/ml; Lanes 1 is a adult male (positive control)
genomic DNA and Lane M in figure A represents the 50 base pair ladder. B. Gel electrophoresis of bovine fetal sex prediction
by a simultaneous multiplex PCR analysis of maternal plasma. The multiplex amplified products of the bAML sequence on X
chromosome, the bAML sequence on Y chromosome and the BC1.2 sequence on Y chromosome are 467 bp, 341 bp and 190 bp
in length, respectively. Result of multiplex PCR analysis on plasma DNA samples. Lanes 1-6 demonstrate the results of plasma
DNA analysis of the 6 pregnant heifers. Lane 7 is made with adult male, and. Lane 8 is a normal heifer who had no history of
pregnancy which served as positive control. Predictions of male pregnancies were made for 1, 2, 4 and 6 and female pregnancies
for 3 and 5 respectively. Lane M in figure A represents the 50 base pair ladder.
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Detectable rate of plasma 341 bp sequence bAML
gene and BC1.2 sequence by multiplex PCR in
maternal plasma samples

The DNA template was extracted from the plas-
ma of 38 pregnant heifers (8 to 38 weeks). Fetus-
derived Y sequence bAML gene and BC1.2 frag-
ment were detected in 24 cases of maternal plasma
samples from the 38 cases. The sensitivity of PCR
product in 38 pregnant herifers was 100%.

Discussion

The discovery of cell-free fetal DNA in maternal
plasma in 1997 has opened up new possibilities for
non-invasive diagnoses (1). Many related studies in
humans (25-26), monkeys (27) and bovine (28) have
proved that this fetal DNA is produced from the
mechanism of cell transfer in the conceptus. How-
ever, there were reports of successful prediction of
fetal sex through amplification of the male specific
sequences (SRY) from the blood of pregnant cows

(28). Thus, we have studied amelogenin gene and
BC1.2 male specific bovine DNA sequence amplifi-
cation in the maternal blood of pregnant cows.

In this study, we developed a multiplex PCR sys-
tem for prenatal identification of fetal sexing. Though
PCR methods cannot be compared with real-time
PCR approach (12, 13), conventional PCR techniques
provide a more practical methodology with accept-
able sensitivity and specificity. The simple and si-
multaneous amplification of amelogenin gene on the
X and Y chromosomes and the BC1.2 male specific
bovine DNA sequence on the Y chromosome in a
multiplex PCR system, respectively, could provide
a satisfactory result for prenatal fetal determination.
Moreover, it would be possible to accurately identify
the fetal gender using PCR analysis of 38 maternal
plasma samples during 8-38 weeks of gestation (Figl
B and Table 1). No false-positive or false-negatives
were generated at all trimesters of pregnancy among
38 pregnant heifers. In all pregnant heifers, the final
accuracy of %100 was observed.

Table 1: Results of fetal sex prediction by non-invasive approach using the conventional multiplex PCR analysis of mater-
nal plasma DNA in 38 pregnant heifers at various gestational ages

Samples Gestational age Result of Birth Samples Gestational age Result of Birth
no (weeks) multiplex PCR  outcome no (weeks) multiplex PCR outcome
1 38.8 female female 20 12.7 male male

2 38.3 male male 21 11.9 female female
3 38.1 male male 22 11.9 male male

4 36.0 female female 23 11.6 female female
5 354 female female 24 11.1 male male

6 31.3 male male 25 10.8 male male
7 30.6 male male 26 10.8 female female
8 30.6 male male 27 10.2 female female
9 28.3 female female 28 10.1 male male
10 27.0 male male 29 9.9 male male
11 253 male male 30 99 male male
12 22.4 male male 31 9.3 female female
13 21.6 female female 32 9.0 male male
14 20.3 male male 33 8.9 male male
15 20.3 female female 34 8.9 male male
16 16.6 male male 35 8.9 female female
17 15.8 male male 36 8.7 male male
18 153 male male 37 8.2 male male
19 13.7 female female 38 8.2 female female
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Unlike other described conventional PCR sys-
tems for prenatal fetal sex determinations on ma-
ternal plasma (15-16), the incorporation of the
X-specific amelogenin gene amplification as an in-
ternal control of the multiplex PCR system herein
described could greatly improve the reliability of
the fetal sex identification. The use of multiplex
PCR approach described here would be more prac-
tical in any laboratory where a conventional PCR
is available. The ease, speediness and efficiency
shown by this multiplex approach which requires
no further modification of routine PCR procedure
or additional advanced equipment should be di-
rectly applicable to a non-invasive prenatal fetal
sex prediction by maternal plasma.

Like the results of similar studies in human (13,
19-20) and bovine (28-29), our results demonstrat-
ed that our fetal sex determination method using
plasma is practical.

One of the benefits of this study and similar
studies (16) was DNA extraction using phenol-
chloroform method that costs lower than using an
extraction kit. In addition, DNA that is extracted
using phenol-chloroform method has appropriate
quality and quantity.

Conclusion

The results have shown that phenol-chloroform
method is a simple and suitable method for isolation
of fetal DNA in maternal blood. Furthermore, mul-
tiplex PCR technique is cost-efficient, reliable and
available for non-invasive sex determination in bo-
vine fetus.

Acknowledgements

This study was financed by a grant from Guilan
Science and Technolgy Park. The authors would like
to gratefully thank the Agricultural Biotechnology
Research Institute of North Region of Iran and Medi-
cal Biotechnology Department, National Institute for
Genetic Engineering and Biotechnology for practical
support to this study. There is no conflict of interest in
this article.

References

1. Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL,
Redman CW, et al. Presence of fetal DNA in maternal
plasma and serum. Lancet. 1997; 350(9076): 485-487.

2. Lo YM, Tein MS, Lau TK, Haines CJ, Leung TN, Poon
PM, et al. Quantitative analysis of fetal DNA in maternal

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

An Efficient Multiplex PCR for Prenatal Sexing

plasma and serum: implication for noninvasive prenatal
diagnosis. Am J Hum Genet. 1998; 62(4): 768-775.

Lo YM, Zhang J, Leung TN, Lau TK, Chang AM, Hjelm
NM. Rapid clearance of fetal DNA from maternal plasma.
Am J Hum Genet. 1999; 64(1): 218-224.

Bianchi DW. Current knowledge about fetal blood cells
in the maternal circulation. J Perinat Med. 1998; 26(3):
175-185.

Hahn S, Sant R, Holzgreve W. Fetal cells in maternal
blood: current and future perspectives. Mol Hum Reprod.
1998; 4(6): 515-521.

Steele CD, Wapner RJ, Smith JB , Haynes MK, Jackson
LG. Prenatal diagnosis using fetal cells isolated from ma-
ternal peripheral blood: a review. Clin Obstet Gynecol.
1996; 39(4): 801-813.

Hamada H, Arinami T, Kubo T, Hamaguchi H , Iwasaki
H. Fetal nucleated cells in maternal peripheral blood: fre-
quency and relationship to gestational age. Hum Genet.
1993; 91(5): 427-432.

Zhong XY, Holzgreve W, Hahn S. Risk free simultaneous
prenatal identification of fetal Rhesus D status and sex by
multiplex realtime-PCR using cell free fetal DNA in mater-
nal plasma. Swiss Med Wkly. 2001; 131(5-6): 70-74.
Bischoff FZ, Sinacori MK, Dang DD, Marquez-Do D,
Horne C, Lewis DE , et al. Cell-free fetal DNA and intact
fetal cells in maternal blood circulation: implications for
first and second trimester non-invasive prenatal diagno-
sis. Hum Reprod Update. 2002; 8(6): 493-500.

Lo YM, Hjelm NM, Fidler C, Sargent IL, Murphy MF,
Chamberlain PF,et al. Prenatal diagnosis of fetal RhD sta-
tus by molecular analysis of maternal plasma. N Engl J
Med. 1998; 339(24): 1734-1738.

Pertl B, Sekizawa A, Samura O, Orescovic |, Rahaim PT,
Bianchi DW. Detection of male and female fetal DNA in
maternal plasma by multiplex fluorescent polymerase
chain reaction amplification of short tandem repeats. Hum
Genet. 2000; 106(1): 45-49.

Costa JM, Benachi A, Gautier E, Jouannic JM, Ernault P,
Dumez Y. First-trimester fetal sex determination in ma-
ternal serum using real-time PCR. Prenat Diagn. 2001;
21(12): 1070-1074.

Hromadnikova |, Houbova B, Hridelova D, Voslarova S,
Kofer J, Komrska V, et al. Replicate real-time PCR test-
ing of DNA in maternal plasma increases the sensitivity of
non- invasive fetal sex determination. Prenat Diagn. 2003;
23(3): 235-238.

Honda H, Miharu N, Ohashi Y, Samura O, Kinutani M,
Hara T, et al. Fetal gender determination in early preg-
nancy through qualitative and quantitative analysis of fetal
DNA in maternal serum. Hum Genet. 2002; 110(1): 75-79.
Honda H, Miharu N, Ohashi Y, Ohama K. Successful diag-
nosis of fetal gender using conventional PCR analysis of
maternal serum. Clin Chem. 2001; 47(1): 41-46.

Zhao Y, Zou L. Application of fetal DNA in maternal plas-
ma in noninvasive prenatal diagnosis. J Huazhong Univ
Sci Technolog Med Sci. 2004; 24(1): 59-61.

Lo YMD, Patel P, Wainscoat M, Sampietro M, Gillmer MD,
Fleming KA. Prenatal sex determination by DNA ampli-
fication from maternal peripheral blood. Lancet. 1989; 2
(8676): 1363-1365.

Al-Yatama MK, Mustafa AS, Ali S, Abraham S, Khan Z,
Khaja N. Detection of Y chromosome-specific DNA in the
plasma and urine of pregnant women using nested poly-
merase chain reaction. Prenat Diagn. 2001; 21(5): 399-
402.

Zhong XY, Holzgreve W, Hahn S. Detection of fetal Rhe-
sus D and sex using fetal DNA from maternal plasma
by multiplex polymerase chain reaction. BJOG. 2000;

49



Davoudi et al.

20.

21.

22.

23.

24,

107(6): 766-769.

Tungwiwat W, Fucharoen G, Ratanasiri T, Sanchaisuriya
K, Fucharoen S. Non-invasive fetal sex determination us-
ing a conventional nested PCR analysis of fetal DNA in
maternal plasma. Clin Chim Acta. 2003; 334(1-2): 173-
177.

Falcinelli C, Battafarano S, Neri C, Mazza V, Ranzi A,
Volpe A, et al. First-trimester fetal sex prediction by de-
oxyribonucleic acid analysis of maternal peripheral blood.
Am J Obstet Gynecol. 1999; 181(3): 675-680.

Chen CM, Hu CL, Wang CH, Hung CM, Wu HK, Choo KB,
et al. Gender determination in single bovine blastomeres
by polymerase chain reaction amplification of sex-specific
polymorphic fragments in the amelogenin gene. Mole Re-
prod Dev. 1999; 54(3): 209-214.

Kirkpatrick BW, Monson RL. Sensitive sex determination
assay applicable to bovine embryos derived from IVM and
IVF. J Reprod Fertil.1993; 98(2): 335-340.

Cotinot C, Kirszenbaum M, Leonard M, Gianquinto L,

IJFS, Vol 6, No 1, Apr-Jun 2012 50

25.

26.

27.

28.

29.

Vaiman M. Isolation of bovine Y-derived sequence: poten-
tial use in embryo sexing. Genomics. 1991; 10(3): 646-653.
Chan KC, Zhang J, Hui AB, Wong N, Lau TK, Leung TN, et
al. Size distributions of maternal and fetal DNA in maternal
plasma. Clin Chem. 2004; 50(1): 88-92.

Kim SH, Bianchi DW, Cha DH. Non-invasive prenatal di-
agnosis using cell-free nucleic acids in maternal blood. J
Women Md. 2010; 3(2): 35-42

Jimenez DF ,Tarantal AF. Quantitative analysis of male
fetal DNA in maternal serum of gravid rhesus monkeys
(Macaca mulatta). Pediatr Res. 2003; 53(1):18-23.

Wang G, Cui Q, Cheng K, Zhang X, Xing G, Wu S. Predic-
tion of fetal sex by amplification of fetal DNA present in
cow plasma. J Reprod Dev. 2010; 56(6): 639-642.
Davoudi A, Seighalani R, Aleyasin SA, Tarang A, Radjabi
R, Tahmoressi F. The application of amplified TSPY and
amelogenin genes from maternal plasma as a non-inva-
sive bovine fetal DNA diagnosis. Eurasia J Biosci. 2011;
5(1): 119-126.




