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ABSTRACT
The present study included determinationof fetal sex prenatal by analyzing free fetal
DNA cells in maternal plasma by using dupplex PCR . At the first amplifying the
DNA which extracted from male and non-pregnant female goat plasma which used as
control to confirm the accuracy of this technique. After thatblood were collected from
5 pregnant females goat prepared the plasma and extract the DNA by using heat-based
direct method for plasma and then investigate the sequences GAPDH and DYS14
through the use of dupplex polymerase chain reaction technique and the results were 2
(40%) males show a double bands one at 97 bp representing GAPDH and the second
at 198 bp representing DYS14 and 3 (60%) females show a single band at 97 bp
representing GAPDH. This technique of sexing is applied for the first time on animals
especially in Iraq.

INTRODUCTION
There is a simple and effective method for noninvasively detecting fetal sex using
circulation fetal DNA from first trimester maternal plasma. Fetal sex determination is
important in some endocrine diseases, such as congenital adrenal hyperplasia, where
there is masculinization of the female fetus, which is preventable with antenatal
treatment. Generally, early fetal sex determination has been performed by invasive
procedures, such as chorionic villus sampling or amniocentesis. However, these
invasive procedures still carry a 1 to 2% risk of miscarriage (1,2) and cannot be
performed until 11 week of gestation. Moreover, reliable determination of fetal sex

50

Bas.J.Vet.Res.Vol.1,No.1.2014.

using ultrasonography cannot be performed in the first trimester, because the
development of external genitalia is not complete (3).
Circulating fetal DNA arises from trophoblasts in the placenta and is released directly
into the circulation system of the mother (4, 5). It represents _3–6% of the total cellfree DNA that is present in maternal circulation and is rapidly cleared from the
maternal circulation after delivery (6,7). Therefore, circulating fetal DNA has been
proposed as a potential material for noninvasive prenatal diagnosis (NIPD). Many
researchers have explored the possibility of circulating fetal DNA on NIPD of fetal
sex, RhD blood typing, and single-gene disorders, such as cystic fibrosis (8, 9).

Promising results have been reported from studies using the combination of markers
such as Detection Y-Specific gene (DYS14) presence of this gene indicates a male
fetus and glyceraldehyde-3-phosphate dehydrogenase(GAPDH) sequence found in
both sex (8, 9). (6) demonstrated that free fetal DNA (ffDNA) circulating in maternal
blood has a relatively high concentration in early pregnancy, which increases during
gestation and degrades in a few hours after delivery (7,10,11). Detection of ffDNA in
maternal blood during pregnancy has given rise to the possibility of developing new
noninvasive approaches for early prenatal diagnosis (12).

This approach seem to be more useful in human as compared with animals because it
enable the diagnosis of the fetal gender in early gestation period this led to eliminate
the risk of some disease such as Mendelian diseases, also prediction of RhD
genotypeand in addition to fetal gender (12, 13).

MATERIALS AND METHODS
1.Samples collection
Peripheral blood samples obtained from 5 healthy goat males were used to
determine the PCR specificity and sensitivity, whereas peripheral blood samples
obtained from 5 non pregnant goat female served as negative controls and also from 5
pregnant goat females use to determine the gender of fetus at agricultural research
station in agriculture college, university of Basrah.
2.Plasma preparation
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Plasma in this study was prepared according to (14):1) For plasma preparation, collect 2-3 ml into an EDTA-containing tube for
plasma separation .
2) The blood samples were centrifuged at 3000 rpm for 10 min and the plasma
was carefully removed from their tubes and transferred into plain
polypropylene tubes.
3) The plasma samples then submitted a second centrifugation at 3000 rpm for
10 min and these recentrifuged plasma samples weretransferred into fresh
polypropylene tubes.
4) The samples were stored at -20 ᵒC until DNA extraction.
3.DNA extraction from plasma using the heat-based direct method
The DNA extracted from plasma using the heat-based direct method according to
(15):1) 200 µl of plasma in a 0.5 µl sterile Eppendorf tube was heated at 99 C for 5
min.
2) The heated sample was then centrifuged at 12000 rpm for 10 minutes in a
cooling microcentrifuge.
3) After which the clear supernatant was collected and 10 µl used for PCR
reaction.
4.Measurement quantity of extracted DNA from plasma maternal using
Nanodrop technique
The DNA quantity is measured by using Nanodrop technique (Thermo Scientific
company/USA ) as in figure (1) to detect genomic size (DNA quantity ng / µl).
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Figure(1): Showing measurement DNA quantity ng/ µlusing Nanodrop technique.
5.Amplification of DYS14 gene and GAPDH using duplex PCR
The DYS14 and GAPDH genes were studied according to protocol of (16). DYS14
and GAPDH genes were co-amplified in a duplex PCR setting for the detection of
fetal DNA in maternal plasma. The PCR amplification mixture showed in table (1).
Table ( 1): Showing PCR product composition (µl)
Chemical

Master

material

Mix

Volume

25

Primers

DNA
Template

2.5 of each
forward and
reverse primer

53

10

Nuclease

Final

free water

volume

5
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Table (2): Oligonucleotide primers sequences used for A duplex PCR
amplification of DYS14 and GAPDHgenes according to (16)

Primer
name

Description sequence (5→3)
and size
of primer

Y1.7

(21)

5’ CATCCAGAGCGTCCCTGGCTT-3)

Y1.8

(21)

5’ CTTTCCACAGCCACATTTGTC-3)

GAPDH

forward

5’CCCCACACACATGCACTTACC-3)

PCR
product
size
(bp)
198

97

primer (21)
Reverse

5’ CCTAGTCCCAGGGCTTTGATT-3)

primer (21)
Table (3): A duplex PCR amplification program for DYS14 and GAPDH genes
detection according to (16).
Temperature (C˚)

Step

Time (Min.)

NO. of cycles

Initial denaturation

95

15

1

Denaturation

94

1

40

Annealing

57

1

Extension

72

1

Final extension

72

10

1

6.PCR result analysis
The results of PCR were performed after the amplification process. 5 µl from
amplified sample was directly loaded in a 2% agarose gel that prepare containing 0.5
µl /25 ml ethidium bromide with the addition of loading buffer and DNA size marker
as standard in electrophoresis and run at 80 V for 40 minutes then the products were
visualized by gel documentation system(S 140, Votornix, USA).
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RESULTS
The PCR analysis was applied for DNA extracted from plasma by heat – based
direct method which characterized by using the extracted DNA directly in PCR
reaction because when the extracted DNA delayed to use will not give results when
amplification and the PCR reaction were failed. After DNA extraction method, the
quantity of DNA measured by Nanodrop technique (figure 2 and3). The PCR were
positive for both DYS14 and GAPDH sequences in DNA samples from all 5 healthy
males. While in DNA samples extracted from non pregnant females the PCR were
negative for the DYS14 sequence, but positive for GAPDH sequence in all 5 non
pregnant females. The results of gender diagnosis were 2 (40%) male and 3 (60%)
females as show in (table 4) from the DNA samples was extracted from 5 pregnant
females (figure 4) .

Figure (2): Measurement quantity of DNA (ng/µl) from non pregnant female
plasma using Nanodrop technique.
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Figure (3): Measurement quantity of DNA (ng / µl) from pregnant females
plasma using Nanodrop technique.

Table (4): Results of amplification of DYS14 and GAPDH using duplex PCR for
gender diagnosis from maternal plasma in pregnant females.
No . of pregnant

Amplification of

Amplification of

Gender

goat females

DYS14

GAPDH

detected

1

+

+

Male

2

+

+

Male

3

_

+

Female

4

_

+

Female

5

_

+

Female
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M

1500

6

5

4

GAPDH Sequence 97 bp

3

2

1

M

DYS14 Sequence 198 bp

500

200
100

Figure (4): Showing duplex PCR setup for DYS14 (198 bp) and GAPDH (97 bp)
electrophoresis in 2% agarose. M Lane = DNA ladder, Lane 2 =male (has two
bands one at 198 bp (DYS14) and other at 97 bp (GAPDH), Lane 3, 5, 6=female,
has one band at 97 bp (GAPDH).

DISCUSSION
This study used to diagnosis the gender of embryo from pregnant female
circulation this done by extraction the DNA from maternal plasma by using the heat –
based direct method, this method characterized by using the extracted DNA directly in
PCR reaction (15).
At the first amplified the DNA extracted from male and non pregnant female
goat plasma which used as control to confirm the accuracy of this technique to detect
the gender and the results were accordance with actual sex. In this study the technique
applied on 5 pregnant goat female to detect the gender. The results were 2 (40%) male
and 3 (60%) female. When the embryo are male the result of amplified were two
bands, one 198 bp represent the DYS14 sequence, and other 97 bp represent the
GAPDH sequence, while when embryo are female the results of PCR are one band at
97 bp represent GAPDH sequence. These results agreed with many investigators
(14.,16, 17; 18). Finally have been concluded from this study that sex determination
of fetus prenatal by analysis of ffDNA in maternal plasma is reliable technique but
need more sterilized condition to avoid the mistake results.

57

Bas.J.Vet.Res.Vol.1,No.1.2014.

ﺗﺣدﯾد ﺟﻧس اﻟﺟﻧﯾن ﻗﺑل اﻟوﻻدة ﻣن اﻟﺑﻼزﻣﺎ اﻷﻣوﻣﻲ ﺑﺎﺳﺗﻌﻣﺎلتﻗﻧﯾﺔ اﻟﺗﻔﺎﻋل اﻟﺗﺳﻠﺳلي ﻟﻠﺑﻠﻣرة
اﻟﻣﺗﻌدد ﻓﻲ اﻟﻣﻌز
ﻧﺳرﯾن ﯾﺎﺳر ﺟﺎﺳم، ** طﺎھر ﻋﺑداﻟﺣﺳﯾن ﻓﮭد،

**

طﺎﻟب اﺣﻣد ﺟﺎﯾد

*

. اﻟﻌراق،  اﻟﺑﺻرة،  ﺟﺎﻣﻌﺔ اﻟﺑﺻرة، ﻛﻠﯾﮫ اﻟزراﻋﺔ،ﻗﺳم اﻟﺛروة اﻟﺣﯾواﻧﯾﺔ
.اﻟﻌراق، اﻟﺑﺻرة،ﺟﺎﻣﻌﺔاﻟﺑﺻرة، ﻛﻠﯾﮫ اﻟطب اﻟﺑﯾطري،ﻗﺳم اﻟﺟراﺣﺔ واﻟﺗوﻟﯾد

**

اﻟﺧﻼﺻﺔ
 اﻟﺠﻨﯿﻨﯿﺔ اﻟﻤﺘﺤﺮرة اﻟﻰ اﻟﺒﻼزﻣﺎDNA ﺗﻀﻤﻨﺖ اﻟﺪراﺳﺔ اﻟﺤﺎﻟﯿﺔ ﺗﺤﺪﯾﺪ ﺟﻨﺲ اﻟﺠﻨﯿﻦ ﻗﺒﻞ اﻟﻮﻻدة ﺑﺘﺤﻠﯿﻞ ﺧﻼﯾﺎ ال
 اﻟﻤﺴﺘﺨﻠﺺ ﻣﻦ ﺑﻼزﻣﺎ اﻧﺎثDNA اﻻﻣﻮﻣﻲ ﺑﺎﺳﺘﻌﻤﺎل اﻟﺘﻔﺎﻋﻞ اﻟﺘﺴﻠﺴﻠﻲ ﻟﻠﺒﻠﻤﺮة اﻟﻤﺘﻌﺪد ﻓﻲ اﻟﺒﺪاﯾﺔ ﺗﻢ ﺗﻀﺨﯿﻢ ال
 اﻧﺎث5 ﺑﻌﺪ ذﻟﻚ ﺗﻢ ﺟﻤﻊ اﻟﺪم ﻣﻦ. اﻟﻤﺎﻋﺰ اﻟﻐﯿﺮ ﺣﺎﻣﻠﺔ وذﻛﻮر اﻟﻤﺎﻋﺰ اﻟﺘﻲ اﺳﺘﺨﺪﻣﺖ ﻛـ ﺳﯿﻄﺮة ﻟﺘﺄﻛﯿﺪ دﻗﺔ اﻟﺘﻘﻨﯿﺔ
heat –based direct  ﺑﻄﺮﯾﻘﺔ اﻟﺘﺴﺨﯿﻦ اﻟﻤﺒﺎﺷﺮ ﻟﻠﺒﻼزﻣﺎDNA ﻣﻌﺰ ﺣﻮاﻣﻞ وﺗﻢ ﺗﺤﻀﯿﺮ اﻟﺒﻼزﻣﺎ واﺳﺘﺨﻼصال
 ﻣﻦ ﺧﻼل اﺳﺘﺨﺪام ﺗﻘﻨﯿﺔ ﺗﻔﺎﻋﻞ اﻟﺒﻠﻤﺮة اﻟﻤﺘﻌﺪدDYS14  وGAPDH  وﻣﻦ ﺛﻢ اﻟﺘﺤﺮي ﻋﻦ اﻟﺘﺘﺎﺑﻊmethod
واﻟﺜﺎﻧﻲ ﻋﻨﺪGAPDH  زوج ﻗﺎﻋﺪي ﯾﻤﺜﻞ97 ذﻛﻮر ﺗﻈﮭﺮ زوﺟﯿﻦ ﻣﻦ اﻟﺤﺰم اﻻول ﻋﻨﺪ2(40%) وﻛﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ
.GAPDH  زوج ﻗﺎﻋﺪي ﯾﻤﺜﻞ97  اﻧﺎث ﺗﻈﮭﺮ ﺣﺰﻣﺔ واﺣﺪة ﻋﻨﺪ3(60%)  وDYS14  زوج ﻗﺎﻋﺪي ﯾﻤﺜﻞ198
.ﺗﻘﻨﯿﺔ اﻟﺘﺠﻨﯿﺲ ھﺬه ﻷول ﻣﺮة ﺗﻄﺒﻖ ﻋﻠﻰ اﻟﺤﯿﻮاﻧﺎت ﺧﺼﻮﺻﺎ ﻓﻲ اﻟﻌﺮاق

REFERENCES
1. Tabor, A.; Philip, J.; Madsen, M.; Bang, J.; Obel, E.B. and NørgaardPedersen, B. (1986).Randomised controlled trial of genetic amniocentesis in
4606 low-risk women. Lancet. 1:1287–1293.
2. Mujezinovic, F. and Alfirevic, Z. (2007). Procedure-related complications of
amniocentesis and chorionic villous sampling: a systematic review. Obstet.
Gynecol., 110: 687–694.
3. Odeh, M.; Granin, V.; Kais, M.; Ophir, E. and Bornstein, J.
(2009).Sonographic fetal sex determination. Obstet. Gynecol. Surv., 64:50–
57.
4. Tjoa, M. L.;Cindrova-Davies, T.; Spasic-Boskovic, O.; Bianchi, D. W. and
Burton, G.J. (2006). Trophoblastic oxidative stress and the release of cellfree feto-placental DNA. Am. J. Pathol., 169: 400–404.
5. Alberry, M.; Maddocks, D.; Jones, M.; Abdel Hadi, M.; Abdel-Fattah, S.;
Avent, N. and Soothill, P.W. (2007). Free fetal DNA in maternal plasma in
anembryonic pregnancies: confirmation that the origin is the trophoblast.
Prenat. Diagn., 27: 415–418.
6. Lo, Y. M.; Tein, M. S.; Lau, T. K.; Haines, C. J.; Leung, T. N.; Poon, P. M.;
Wainscoat, J. S.; Johnson, P. J.; Chang, A. M. and Hjelm, N. M. (1998).
Quantitative analysis of fetal DNA in maternal plasma and serum:

58

Bas.J.Vet.Res.Vol.1,No.1.2014.

implications for noninvasive prenatal diagnosis. Am. J. Hum. Genet., 62:
768–775.
7. Lo, Y. M.; Zhang, J.; Leung, T. N.; Lau, T. K.; Chang, A. M. and Hjelm, N.
M. (1999). Rapid clearance of fetal DNA from maternal plasma. Am. J.
Hum. Genet., 64: 218–224.
8. Wright, C.F. and Burton, H. (2009). The use of cell-free fetal nucleic acids in
maternal blood for non-invasive prenatal diagnosis. Hum. Reprod. Update.
15: 139–151.
9. Bustamante-Aragones, A.; Gonzalez-Gonzalez, C.; de Alba, M. R.; Ainse, E.
and Ramos, C. (2010). Noninvasive prenatal diagnosis using ccffDNA in
maternal blood: state of the art. Expert Rev. Mol. Diagn., 10: 197–205.
10. Angert, R.M.; LeShane, E.S.; Lo, Y.M.; Chan, L.Y.; Delli-Bovi, L.C. and
Bianchi, D.W. (2003). Fetal cell-free plasma DNA concentrations in
maternal blood are stable 24 hours after collection: analysis of first and
thirdtrimester samples. ClinChe., 49 (1): 195–198.
11. Benachi, A.; Steffann, J. and Gautier, E. (2003). Fetal DNA in maternal serum:
does it persist after pregnancy? Hum Genet., 113 (1): 76–79.
12. Picchiassi, E.; Coata, G.; Fanetti, A.; Centra, M.; Pennacchi, L. and Di
Renzo,G. (2008). The best approach for early prediction of fetal gender
byusing free fetal DNA from maternal plasma. Department of Obstetrics and
Gynecology and Centre of Perinatal and Reproductive Medicine, University
of Perugia, Perugia ,Italy. PrenatDiagn. 28: 525–530.
13. Clausen, F.B.; Krog, G.R. and Rieneck, K. (2005). Reliable test for prenatal
prediction of fetal RhD type using maternal plasma from RhD negative
women. PrenatDiagn.,25: 1040–1044.
14. Tungwiwat, W.; Fucharoen, G. and Ratanasiri, T .(2003).Non-invasive
fetalsex determination using a conventional nested PCR analysis of fetal
DNA in maternal plasma. ClinChimActa., 334: 173-177.
15. Emanuel, S.L. and Pestka, S. (1993). Amplification of specific gene products
from human serum. Genet Anal Tech Appl., 10: 144-6.
16. Lale, N.S. T.; Tufan, A.; Babur, K.; Yildirim, B.; Semercü, C. and Baúci,
H.(2005). Analysis of cell-free fetal dna from maternal plasma and serum
using a conventional multiplex PCR: factors influencing success. Turk .J
.Med .Sci., 35: 85-92
17. Lo, Y.M.; Corbetta, N. and Chamberlain, P.F .(1997).Presence of fetal DNA
in maternal plasma and serum. Lancet. 350: 485-7.
18. Houfflin-Debarge, V.; OÕDonnell, H.and Overton, T.(2000). High sensitivity
of fetal DNA in plasma compared to serum and nucleated cells using
unnested PCR in maternal blood. Fetal DiagnTher., 15: 102-7.

59

