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Abstract: A rapid and simple PCR sex 1dentification of embryo 1s very important for bovine embryo transferring.
Many sex identification methods using duplex PCR were established according to Sry gene. But the
identification process was affected greatly by more primers interaction. In order to decrease the interference
from more primers, researchers explored a simple and rapid PCR Method. The sequences of Amelogenin alleles
located at both sex chromosomes were downloaded from GenBank. A pair of sex specific primers was designed
to span the 63 bp longer insertion sequence in X chromosome. Bovine samples of blood, fibroblasts and demi-
embryos were sexed with these primers. Two-temperature PCR cycling program was used in which the extension
step was deleted while the denaturizing and annealing steps were shortened to 1 sec. The results shown ideal
identification were obtained and observable amplification were also obtained using even single fibroblast.
About 20 bovine embryos were identified by this PCR cycling program and 15 embryos (9 females and 6 males)
were transferred. The sexing results were confirmed by the anatomically proven sex after parturition,
respectively. The comparison of amplification results between blood samples of bovine and human shows the
excellent, specificity to bovine. Thus, a simple, rapid and effective PCR sex identification method was

established.
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INTRODUCTION

Sex 1dentification for the pre-implanting embryos
plays a very important role in commercial husbandry
production and animal breeding (Mapletoft and Hasler,
2005; Chandler et al., 2007). The current studies focus on
establishing fast, sensitive sex identification method
using PCR with low cost, some methods were established
and extensively used (Tominaga and Hamada, 2004,
Fu et al, 2007, Lu et al, 2007, Akyuz et al, 2010).
Comparing with PCR methods based on Sry sequence
specific to Y chromosome, the nest PCR and pre-
amplification were applied during duplex PCR using a pair
of internal primers. The interaction among primers was
strengthened during the duplex PCR procedure and
products from non-specific amplification such as primer
bands were mevitable. The efficiency and quantity of
specific amplification were also lowered (Phua ef al., 2003,

Liguori ef al., 2007). In some situations, it 1s difficult to
determine, quickly and exactly, the embryo sex using the
methods above. There are other sex specific sequences
such as Amelogenin and 7Z{x/7fy, locating at both X and
Y chromosomes but displaying different polymorphism
between two sex chromosomes, this is different from Sry
sequence. If these sequences were used to design primers
for the sex identification, the amplication result should be
different from the strategy based on Sry sequence. PCR
products for both sex chromosomes can be obtained at
each PCR amplification with this kind of sex specific
primers. Because internal primers are not needed any more
in this detection strategy, the interaction among primers
15 lowered maximally. Although, better identification
results were obtained with this detecting strategy in some
studies, separately the detection time is still long and the
operation process 1s tedious (Aasen and Medrano, 1990,
Chen et al., 1999; Shadrach ef al., 2004).
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In present study, the sequence alignment of
Amelogenin alleles in different sex chromosome was
applied and a pair of sex specific primers was designed to
span the longer deletion fragment n Y chromosome. In
order to reduce the amplification time, the extension step
of PCR temperature cycle program was deleted
(Wang et al, 2011) and the steps for annealing and
denaturation were shortened. Thus, the sex of bovine
embryos was identified with this two-temperature PCR.

MATERIALS AND METHODS

Materials collection and preparation: The DNA templates
were prepared from the blood samples of male and female
Holstein and those of man and women presented by
Hospital of Chinese Agricultural University. The 100 uL
of anticoagulant blood was fully mixed with 900 ul. of
ddH,O. The mixture was centrifuged at 12,000 rpm for
1 mmn. The supernatant was discarded and the pellet was
washed once with ddH,O then mixed with 100 pL of
ddH,O and boiled for 10 min. This mixture was cooled on
ice for 3 min and re-centrifuged for 5 min. The supernatant
was extracted. The DNA was either used immediately for
PCR reaction or stored at -20°C for future use.

Centrifuge the fibroblast to collect the cell pellet
then wash the cell pellet with PBS and adjust the
fibroblast cell to 1x10° cell mL™ and separate the
fibroblast with suction pipe 1, 5 and 10 cells each time,
put the separated fibroblast in  different centrifuge tube
and marked with cell number, respectively for sex
identification experiment.

Micromanipulation of embryo: The Holstein embiyos
were recovered from the gemtor tracts of super ovulated
female donors after 6-7 days of mating. The embryo was
transferred mdividually to 100 pL droplets of Spliting
Medium without Bovine Serum Albumin (BSA) and was
split into demi-embryos and used to check the efficiency
of the simple PCR method setup, also 3~10 blastomeres
were sampled from each embryo for sex identifying before
embryo transfer. The biopsy samples were transferred into
a 0.2 mI, PCR tube and marked with the embryo number
then stored at -20°C until analysis or detected at once.

The alignment between two alleles sequence and the
primer design: In order to study the polymorphism of the
Amelogemn Gene (4AML) between two alleles in different
sex chromosomes, the gene sequences were downloaded
from GenBank. Two long sequences of amelogenin gene,
AMELY and AMFEILX were selected. The DNA sequence of
AMELY gene (GenBank No.: AB091790.1) 1s 6264 bp long
and that of AMELX (GenBank No.: AB091789.1) is

6451 bp long. The sequence alignment of AMELX and
AMELY was performed with the DNAMAN Software.
According to the sequence alignment, a pair of sex
specific primers AMI395 was designed with Olgo
6.0 Software to span the longer insertion sequence on
X chromosome. The primer sequences are showed as
follows the forward primer AML395F: 5'- TTCTCACC
AGTACCCTTCCTA-3, the reverse primer AML395R: 5'-
TCAGAGGCAGGTCAG GAAGCA-3. The PCR product of
female bovine sample is 458 bp long and male product is
395 bp leng. The primers were synthesized by Invitrogen
(Shanghai, China).

Construction of the rapid PCR sex identification method:
A 20 uL of PCR amplification reaction was performed
ncluding 2 pL of DNA template cooked from blood
sample, 0.6 ul. of 2.5 U ul.™' Taq DNA polymerase, 4 L. of
2 pmol pL.~! primer AMI.395, 4 ul. of 1 mmol L.™! ANTP,
2 uL of 10x PCR buffer and 7.4 pL of ddH,O. A rapid PCR
thermal cycle program was used that was established
before by the study group and the program was
processed as followed: preheating at 94°C for 5 min,
30 cycles 94°C for 1 sec and 55°C for 1 sec, fmally,
extending at 72°C for 6 mm. The amplification time was
recorded at once. The PCR products were preserved in
4°C or detected with agarose gel electrophoresis.

The feasibility and the sensitivity of tlus PCR
Method were also detected with fibroblast samples with
different cell number. The 2 ul. of blood DNA template in
above PCR protocol were replaced by certain number of
fibroblast, the same PCR thermal cycle program was used
and optimized at the same time. After the amplification
effect of sex specific primer AML395 was proved using
fibroblast and demi-embryo, the optimized amplification
system was used to identify the embryo sex and the
specificity of this pair of primers to species was detected
using human and bovine blood samples.

RESULTS AND DISCUSSION

The sequence alignment result between two AML alleles:
The alignment result showed that there is a 63 bp length
deletion in AMLY gene 1n the site from 6254-6316 bp in
AMILX gene sequence. For the two alleles are located at
different sex chromosomes, these two alleles can be
amplified at the same time, the length polymorphism
of the alleles can be detected through agarose gel
electrophoresis. So, the primers spanmng the deletion
were designed according to the alignment result in AMLY
gene sequence and were marked in red color. The former
primer was located from 5853-5873 bp and the reverse
primer was located from 6227-6247 bp (Fig. 1).

1848



J. Anim. Vet. Adv., 11 (11): 1847-1852, 2012

The sex identification result of bovine blood DNA
template using rapid PCR: After amplification with
primer AMI.395, the PCR products were detected through
2% agarose gel electrophoresis. The electrophoresis
result shown in Fig. 2 indicated clear and bright bands
obtained in each individual. All female individuals
displayed a 458 bp long band specific to X chromosome
while all male individuals displayed not only a 458 bp X
chromosome specific band but also a 395 bp long band
specific to Y chromosome and the detected results
of all blood samples were consistent with known
gender of all individual. The total amphfication time 1s
48 min.

The sex identification of bovine fibroblast using rapid
PCR: After the 1deal result of sex 1dentification from blood
samples was obtained with primer AMI395, the
sensitivity and the feasibility of this rapid PCR Method
was detected in fibroblast in different cell number
gradient. In order to further shorten the amplification time,
the thermal cycle parameters were optimized also and the
optimized parameters were 94°C for 30 sec followed by
30 cycles of 94°C for 1 sec, 55°C for 1 sec andthena 1 min
extension at 72°C. The amplification results were shown
inFig. 3. Clear, bright and sex specific PCR products were
obtamed from all fibroblast samples and there was not any
difference among all samples with different cell number.
The sex determination results of all fibroblast samples
were consistent with the known gender of samples
completely. Furthermore, it cost only 38 min to complete
the whole PCR amplification process.

AMLY: 5835 GTALACCTSACTCTTTG

The sex identification of bovine embryos using rapid
PCR: For further proving this rapid PCR Method,
4 embryos were split into two demi-embryos and both
of demi-embryos were detected at the same time. The
detected result in Fig. 4 showed that all embryo samples
displayed as clear and bright bands as detected in blood
and fibroblast samples and the same sex identification
result was also obtained from both demi-embryo samples.
Then, 20 embryos were sexed with this simple and rapid
sex 1dentification method and 6 male embryos and all
9 female embryos were transferred into 15 recipient cows
and 10 calves were bormn (66.7% calving rate) of which 7
were females and 3 were males. Figure 5 shows the sexing
results of the embryos after agarose gel electrophoresis.
The sexing results were completely confirmed by the
anatomically proven sex after parturition, respectively.

The specificity of the sex identification method of bovine:
In order to eliminate misgivings of the genetic material
contamination from operator during sex determination,
human blood samples from both man and women were
detected by this identification system together with
bovine blood samples. The detected result in Fig. &
showed that 458 and 395 bp target DN A bands were only
detected in cow and bull samples, respectively while not
in woman and man blood samples. The detecting results
implied that no specific amplification results could be
obtain from human genetic materials when the sex
identification system was performed and it is not
necessary to worry about the contamination from operator
during detection.

TGGCTATGALCCCGTTGGTGS
Frerre el

AMLX: 5959 GTAAACCTGACTCTTTGTTTCTCACCAGTACCCTTCCTATGGTTACGALC CCATGGGTGS
AMLY: 5895 ATGGCTGCACCACCAARTAATTCCTGTGGTGTCCCAGCIAGAGTCCCCAGAATCATGCCCT

AMLX: 8019 ATGGCTGCACCACCARATCATTCCCGTGGTGSTCCCAGCAGACTCCCCAGAATCACGCCCT
AMLY: 5055 GCAGCCTCATCACCACAACCCCATSGTGCCAGCTCAGCAGCCTGTGSTACCCCAGCLACC

AMLX: g079 GCAGCCTCATCACCACATCCCCATGETGCCAGCTCAGCAGCCCGTGGTCCCCCAGTAACT
AMLY: 6015 AATGATGCCAGTTCCTGGCCAACACTCAATGACTCCAATCCAACACCACCAGCCARACCT

AMLX: 6139 AATGATGCCAGTTCCTGGCCALCACTCCATGAC TCCAACC CARMCACCACCAGCCARLCCT
AMLY: 6075 CCCTCTGCCCGCCCAGCAGTCCTTCCAGCCCCAGCCCATCCAGCCACAGCCTCAC. . ...

AMLX: 6199 CCCTCTGCCCGCCCAGCAGCCCTTCCAGUCCCAGTCCATCCAGCCGCAGCCTCACCAGCC

AN LY [ RIS S

AMLX: 5259 CCTGCAGCCTCACCAGCCCCTGCAGCCCATGCAGCCCATGCAGCCCTTGCAGCCCCTGCA
AMLY: 5132 ACCCCTGCAGCCCCAGCCACCTGTGCACCCCATCCAGCGCTTGCCACCACAGCCACCTCT

AMLX: 8319 GCCCCTGCAGCCCCAGCCACCTGTGCACCCCATCCAGCCCTTGCCGCCACAGCCACCTCT
AMLY: 6192 GCCTCCAATATTCCCCATGC ALCCTC TGOCCCC TG S 1

AMLX: 6379 GCCTCCGATATTCCCCATGCAGCCTCTGCCCCCCATGCTTCCTGACCTGCCTCTGGAAGT

AMLY: 6252 CTGGCCAGCALCH

[IERRERREREE
AMLX: 6439 TTGGCCAGCAACA

Fig. 1: The alignment result of partial sequences of AML alleles
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Fig. 2: The PCR amplification results of blood DNA
samples from different bulls and cows. 1-4: The
PCR products of 4 cows blood samples; 5~8: The
PCR products of 4 bulls blood samples; N:
Negative control, M: Molecular Marker I

6 7 8 9 10 11 12 13 14 N

Fig. 3: The sex determination results of fibroblast using
simple and rapid PCR Lane 1 and 2: bull and cow
blood samples, respectively, M: Molecular Marker
I, Lane 3-8 one cell, Lane 9-14: five cells.
Lane 35 and 9-11: male fibroblast, Lane 68
and 12~14: female fibroblast and N: Negative
control

Fig. 4: The sex determination result of demi-embryo
samples using simple and rapid PCR. Lane 1 and 2
are for two demi-embryo of embiyo 1, Lane 3 and
4: two demi-embryo of embryo 2, Lane 5 and 6: two
demi-embryo of embryo 3, Leane 7 and 8 two
demi-embryo of embryo 4, Lane 9 and 10: female
and male blood DNA samples, respectively, N:
Negative contrel and M: Molecular Marker III
(4500:3000,20000 200A80045000,200)

In order to decrease the stress reaction of the
embryo outside the body and mcrease the detecting
efficiency, the establishment of the rapid and simple PCR

1¢11):1847-1852, 2012

12 3 4567 8M 910111213 141516 171819 20 N

Fig. 5: The sex identification result of bovine embryo
using simple and rapid PCR. Lane 1, 4-6, 8, 12,13,
18 and 20 were predicted as female which
displayed only one 458 bp band specific to X
chromosome, Lane 2, 3, 7,9~11, 14~17 and 19 were
predicted as male which displayed both sex
chromosome specific bands. N: Negative control
and M: Molecular Marker I

1 2 3 4 5

Fig. 6: The specificity comparison of this detection
system between bovine and human blood samples.
Lane 1 and 2 for man, lane 3 and 4 for woman, Lane
5 and 6 for bulls, 7 and 8 for cow, N: Negative

control, M: Molecular Marker I

sex 1dentification method was always focused on
However, the detecting time and the efficiency are always
contrary. Lower template sampled from the embryo limits
the PCR sexing identification. To increase the detection
efficiency, a lot of PCR methods were established. Some
studies spent >2 h to finish the sex identification PCR
after the DNA template was prepared with PEP-PCR
{Tominaga and Hamada, 2004) while other studies spent
even more times to get the PCR amplification (Pomp et al.,
1995; Tuetal, 2007, Fuet al., 2007, Akyuz et al., 2010).
Duplex PCR was used in all the current sex identification
methods the amplification difficulty for the lower
quantitative template was increased by the interaction
among more primers. In the study, researchers used only
one pair of primers to identify the embryo sex. The
identification efficiency 15 increased greatly through
lowering the interaction among primers and the ideal
amplification results were obtained.

The parameter of PCR cycle program is another
limitation factor to PCR sexing identification. There are
three temperature steps mn each cycle of common PCR
program and about 30 sec or even more time was used in
each temperature step when common PCR program was
used before. The amplification efficiency and specificity
however were increased when the transitions between
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temperatures and individual periods of denaturizing,
annealing and extension were shortened (Wittwer ef al.,
1990; Cha et al., 1992; Eggerding, 1995). Some studies
already obtained better amplification by decreasing the
transition time between every temperature steps and
the periods of each step (Welch and Johnson, 1999,
Welch et al, 1995). In this study, each cycle step was
shortened to 1 sec and the extension step was deleted. As
a result, not only the amplification efficiency and
specificity were improved but the total amplification time
was also shortened to 38 min.

The sensitivity 18 the third determmant to PCR sexing
identification. To improve the sensitivity, the PEP-PCR
and nest PCR Method were established (Tominaga and
Hamada, 2004; Fu et al., 2007) the tedious operation
lengthened the amplification time and increased the
chance of contamination. Tn the study, the sensitivity is
mnproved using this simple and rapid cycling program
with only one pair of primers. The ideal identification
results were obtained even with single cells and both
gender-specific and gender-neutral signals can be
obtained at the single PCR process using this method.

CONCLUSION

A rapid, simple, efficient method was established for
bovine embryo sex identification, no internal control is
required any more. The amplification process only takes
38 min and is sensitive enough even with single cell. This
rapid PCR Method 1s efficient in time and money and
might be meaningful to many fields such as forensic
medicine, clinical medicine and sex identification.
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