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ABSTRACT

Sexing; Multiplex-PCR

The use of an internal control in a multiplex-PCR
assay for sex determination of in vitro-produced bovine embryos was evaluated in biopsies of groups of
54 fresh and 44 frozen embryos. The internal controls
used were the primers BOV 1 and BOV 2, which amplify a product with 626 base pairs (bp) of bovine mitochondrial DNA ND5 gene. The primers BRY.4aF
and BRY.4aR were used for bovine Y chromosome
sequence amplification. The specificity of multiplexPCR reactions realized in biopsies corresponding to
about 20% of each fresh embryo (10 male and 10 female) by means of confirming the sexing in the remaining embryo content (~80%) presented 100% specificity. Amplicons of the internal control and Y chromosome were both amplified until dilution corresponding to 6.25% of total extracted DNA from a
male embryo. Sex determination was possible in 53
(98.1%) fresh embryos and 40 (90.9%) frozen embryos. The products related to the Y chromosome and
mitochondrial DNA were simultaneously amplified in
34 (63%) fresh embryos and 27 (61.4%) frozen embryos, showing a male embryo. The female sex, distinguished by internal control amplification only, was
detected in 19 (35.2%) and 13 (29.5%) biopsies, respectively, of fresh and frozen embryos. In one (1.8%)
and four (9.1%) biopsies of fresh and frozen embryos,
respectively, neither product was amplified, most likely
due to the absence of embryonic cells or the presence
of embryonic cells going through apoptosis. The multiplex-PCR assay developed in this work showed
avoided the limitation of a lack of an internal standard, and was also sensitive, specific, and efficient in
reaction failure identification. This technique shows
great potential for use on a commercial scale in routine sex determination of in vitro-produced embryos.

1. INTRODUCTION
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The development of new animal reproduction biotechniques has made it possible to achieve a significant increase in genetic improvement in bovines. In the last few
years, important changes in the embryo technology industry have been noted with the ascension of in vitro production (IVP) of bovine embryos [1,2], mainly in Brazil,
where the technique is more widespread. Although this is
an established technique, some studies show a disproportion between the sexes of animals born by means of IVP,
with the percentage of males higher than the theoretically
expected ratio of 50% for each sex [3-6]. The production
of females is desirable in economic terms for the compelling reason that the reproductive potential of a herd is
limited by females since a female’s reproductive capacity
is far lower than that of a male [7]. Male animals obtained by means of onerous biotechniques have low commercial value, except for those of high genetic value that
could be used as reproducers [8].
In recent years, there has been a reduction in the demand for sexed embryos, since the process of using sexed
semen has been improved. However, the use of sexed
semen presents several restrictions, such as semen from
high value bulls that have died and those cases where the
bull does not produce semen of sufficient quality to be
submitted as sexed sperm. Moreover, the sexed sperm
technique sometimes gives inconsistent results when used
in artificial insemination (AI) programs and production
of embryos in vivo [9,10].
Since IVP-derived bovine embryos are more sensitive
to freezing than those produced in vivo [11], the possibility of sex determination in fresh embryos previous to
transference represents a significant technological advance
and suggests a great economic impact. The methods developed to identify the sex of embryos before transferrence are classified as invasive or non-invasive [12]. Al-
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though non-invasive methods are considered ideal since
they can maintain the integrity of the embryo and do not
interfere with its viability, they are not effective in determining the sex of bovine embryos intended for commercial use [12,13]. Invasive methods require a small
sample of cells removed from embryos and are the most
precise. However, the sample obtained by biopsy must
be very small so that it does not compromise the viability
of the embryo [14,15]. Among the methods developed
for sex determination of embryos, polymerase chain reaction (PCR) assay is the one that presents fast results,
high efficiency, and accuracy in determining the sex. The
PCR assay allows sex determination immediately after
the embryo biopsy, and excludes the necessity of cryopreservation, which is a procedure required by the majority of other techniques used for sex determination of
bovine embryos [13,16-21]. In several PCR systems developed for sex determination of bovine embryos, the
non amplification of the Y-chromosome represents a female sex embryo and may be a consequence of a lack of
amplification of the expected product or imperfections in
the system, particularly in the nucleic acid extraction
from embryonic cells or in the PCR assay protocols. To
avoid false-negative results in female sex all the technique steps should be monitored [20,22]. The use of internal control in PCR assay is the most efficient way to
guarantee accuracy efficiency of technique. However, it
presents inconveniences such as: 1) use of two or three
reactions separately for each analyzed embryo; 2) competition between amplification of the DNA of internal
control and the DNA from the embryonic cells; 3) very
similar size of amplified products (Y-specific and internal control) which then requires the analysis of products
by polyacrylamide gel, which is a laborious and time
consuming technique [17,18,22,23].
In reason of the best effect in the sex determination
obtained with the use of an internal control in PCR reactions, the present work aims to develop a multiplex-PCR
assay for detecting the Y-chromosome in bovine embryos and to evaluate the effectiveness of sex determination of in vitro-produced embryos.

2. MATERIALS AND METHODS
2.1. Bovine Embryo IVP
The oocytes used for embryo IVP were obtained from
ovaries from abattoir. They were recovered, selected, and
classified for in vitro maturation. The oocytes were matured over 24 h in TCM 199 Bicarbonate (InvitrogenTM
Life Technologies, USA) supplemented with fetal bovine
serum—FBS (InvitrogenTM Life Technologies, USA),
sodium pyruvate, follicle-stimulating hormone (FSH—
Folltropin-V, Vetrepharm, Canada), and luteinizing hormone (LH—APL, Belgium). The in vitro fertilization
Copyright © 2011 SciRes.
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(IVF) was conducted according to the protocol reported
by Parrish et al. [24] with previously prepared semen in a
Percoll gradient 45% - 90% (Sigma Co., USA). Oocytes
and spermatozoa were incubated for 20 h and, after this
period, the zygotes were transferred to S0Faa medium
for in vitro culture (IVC), and were held for 7 days (D7).
Oocyte fertilization and embryo culture were conducted
at 38.8˚C in an atmosphere containing 5% CO2 [25].

2.2. Embryo Biopsies
Two groups of embryos at blastocyst stage (D7) were
used for the embryonic cell collection. One group consisted of fresh embryos (n = 54) and the other group (n =
44) of embryos stored in cryotubes and frozen at –196˚C
in embryo maintenance medium (Nutricell, Brazil). The
embryos were first inspected according to a quality evaluation following the rules proposed by the International
Embryo Transfer Society [25]. After the evaluation, the
embryos were individually washed three times in phosphate-buffered saline (PBS) and placed in disposable
Petri plates for the biopsies. The embryos were biopsied
using the technique reported by Bredbacka [26], with
adaptations for manual biopsies [18]. For each embryo,
biopsies were performed on approximately 20% of the
total embryonic cells before freezing part of the embryos
used for multiplex-PCR sexing in maintenance medium
and were made with disposable and sterile 30G needles.
The biopsied cells were transferred into tubes containing
5 µL of ultrapure water (MILLIQ®), and maintained in
ice.

2.3. Nucleic Acid Extraction of Bovine
Leucocytes
To evaluate PCR sensibility, adult bovine Bos taurus
taurus (n = 2) and Bos taurus indicus (n = 2) of both
sexes were selected, and 10 mL of total blood with anticoagulant (EDTA10%) was obtained via jugular vein
punction. The nucleic acids extraction was performed in
aliquots of 100 µL of total blood, using the silica guanidine isothiocyanate method reported by Boom et al.
[27]. The nucleic acid was eluated in 40 µL of sterile
ultrapure water and conserved at –20˚C. All proceedings
of nucleic acid extraction were also done in aliquots of
sterile ultrapure water (MILLIQ®) as a negative control.
The extraction of DNA from whole blood of male and
female cattle was done and, after spectrophotometry, the
DNA was placed in plastic tubes containing a 1250 pigogram sample for internal control of reactions and simulation of the amount of DNA from a blastocyst [1].

2.4. Extraction of Embryonic Cell Nucleic Acid
To obtain DNA from the embryonic cells, 0.8 g of Proteinase K (Invitrogen™ Life Technologies, USA) was
added to the tubes containing the biopsies for embryonic
ABB
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cell lysis. The tubes were incubated in at 65˚C for 30 min,
then at 95˚C for 10 min for enzyme inactivation, and
were subsequently maintained at 4˚C until use.

to 0.39% of the fraction of the embryo, were used.

2.5. Primers

The specificity of multiplex-PCR reactions realized in
biopsies corresponding to about 20% of each fresh embryo was evaluated using the same protocol in the remaining cell material (~80%) of the embryos identified
as male (n = 10) and female (n = 10).

For Y-chromosome detection, primers BRY.4aF, sense,
5′-CTC AGC AAA GCA CAC CAG AC-3′ (nt 11591178), and BRY.4aR, antisense, 5′-GAA CTT TCA AGC
AGC TGA GGC-3′ (nt 1439-1459) were used, as reported by Reed et al. (1989). These primers amplify a
product with 300 base pairs (bp) using a repeated sequence from bovine Y-chromosome.
For internal PCR control, the primers BOV1, sense,
5'-ATA CGC CTT CAT TAC CAG-3' (nt 12231-12248),
and BOV2, antisense, 5'–TTG AAT GGA GTA GTG
CTG-3' (nt 12856-12839) were used, as reported by [28].
These primers amplify a product of 626 bp of the mitochondrial ND5 gene of Bos taurus taurus and Bos taurus
indicus (GenBank accession n NC_001567).

2.6. Multiplex-PCR Assay
Before standardization of multiplex-PCR assay, many
protocols that involved variables from the nucleic acid
extraction to the technique conditions (number of cycles,
time, and temperature) were evaluated. The reaction was
conducted using 5 µL of the extracted DNA from total
blood or embryonic cells, and 45 µL of PCR-Mix made
up of 0.4 pmol of the primers BRY.4aF and BRY.4aR,
0.1 pmol of the primers BOV1 and BOV2, 1 × PCR
buffer (20 mM Tris-HCl at pH 8.4, 50 mM KCl), 0.1
mM dNTP, 2.5 mM MgCl2, 2.5 units of Platinum Taq
DNA polymerase, and sterile ultrapure water for a final
volume of 50 µL. All reagents used were from InvitrogenTM Life Technologies, USA. The amplification process was conducted in a thermocycler (PTC-200, MJ Research Co. Water Town, MA, USA) with the following
conditions of time and temperature: 1) one step of initial
denaturing at 95˚C for 5 min, 2) 30 cycles at 95˚C for 1
min, 63˚C for 90 s, and 72˚C for 1 min; 3) 10 cycles at
95˚C for 1 min, 63˚C for 90 s, 55˚C for 30 s, and 72˚C
for 1 min, and iv) a final step at 72˚C for 7 min. An aliquot of sterile ultrapure water (MILLIQ®) was included
as negative control in all the proceedings.

2.7. Evaluation of Multiplex-PCR Assay
Sensitivity
Sensitivity determination of multiplex-PCR assay for the
Y-chromosome sequence and for the ND5 bovine mitochondrial gene detection, was carried out using extracted
DNA dilutions. Using DNA extracted from leucocytes,
10 time serial dilutions (10–1 - 10–7) were prepared. For
DNA from embryonic cells from a fresh embryo characterized as a male, eight dilutions, corresponding to 50%
Copyright © 2011 SciRes.

2.8. Evaluation of Multiplex-PCR Assay
Specificity

2.9. Analysis of Amplified Products
An aliquot of 5 l of the PCR product was analysed by
electrophoresis in 2% agarose gel in TBE buffer pH 8.4
(89 mM Tris; 89 mM boric acid; 2 mM EDTA) at constant voltage (90V) for approximately 45 min, stained
with ethidium bromide (0.5 µg/ml), and visualized under
UV light. For sensitivity evaluation of multiplex-PCR
assay in embryonic cells, the amplified product was also
analyzed by electrophoresis in 7.5% polyacrylamide gel
(PAGE) stained with silver nitrate [29].

3. RESULTS
The multiplex-PCR analysis of DNA extracted from bovine leucocytes provided amplification of a 626 bp product corresponding to the ND5 mitochondrial gene, which
was used as an internal control in the PCR reactions.
This process was done in materials from both male and
females animals. It was also possible to amplify the 300
bp fragment corresponding to a Y-chromosome sequence
of DNA extracted from male bovines. This sequence was
lacking in samples proceeding from female animals.
Visualization of both products (626 bp and 300 bp) up
to the 10–7 dilution in agarose gel was possible in experiments of multiplex-PCR sensitivity evaluation carried
out on DNA extracted from leucocytes of male bovines.
In embryonic cells originating from male embryos, the
products were visible up until the dilutions corresponding to 6.25% and 0.781% of the extracted DNA. This
analysis was performed by electrophoresis in agarose gel
(Figure 1) and then in polyacrylamide gel stained with
silver nitrate (Figure 2).
The multiplex-PCR specificity evaluation yielded
100% agreement with results using DNA extracted from
20% and from 80% of the male (n = 10) and female (n =
10) embryo cells (Figure 3).
The multiplex-PCR assay conducted on embryonic
cells obtained by biopsy presented efficiency rates of,
respectively, 98.1% and 90.9% in sex determination of
fresh embryos (n = 54) and embryos stored in maintenance medium (n = 44), as shown in Table 1.
In DNA samples from male embryos, two fragments
were evidenced, regarding to the Y-chromosome sequence (300 bp) and to the ND5 mitochondrial gene (626
ABB
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Table 1. Sex identification of in vitro-produced bovine embryos, fresh and frozen, by multiplex-PCR assay carried out in
embryonic biopsies.
Sex

Figure 1. Electrophoresis in agarose gel with ethidium bromide
staining of the amplified products of Y-chromosome sequences
(300 bp) and of ND5 mitochondrial gene (626 bp) from serial
dilutions of embryonic cells for sensitivity evaluation of multiplex-PCR assay. Lane 1: 123 bp ladder; Lanes 2 to 8: Serial
dilutions in base 2 referring to 50% (2); 25% (3); 12.5% (4);
6.25% (5); 3.125% (6); 1.562% (7), and 0.781% (8) of cells of
male bovine embryo; Lane 9: Negative control (sterile ultrapure water).

Evaluated embryos (%)
Fresh (n = 54)

Frozen (n = 54)

Male

34 (63.0)

27 (61.4)

Female

19 (35.2)

13 (29.5)

Not Determined

1 (1.8)

4 (9.1)

bp) of the internal control. In contrast, in DNA samples
of female cells only the internal control product was visualized. Out of the 27 frozen embryos classified as male,
12 presented visible and strong autosome bands. However, weak and inconsistent Y-specific bands (n = 15)
created doubts about the sex diagnosis. In the 34 fresh
embryos identified as male, both bands presented the
same intensity. The embryo DNA amplification pattern
obtained by multiplex-PCR is shown in Figures 4 and 5.

4. DISCUSSION

Figure 2. Electrophoresis in polyacrylamide gel with silver nitrate staining of the amplified products of Y-chromosome sequences (300 bp) and of ND5 mitochondrial gene (626 bp)
from serial dilutions of embryonic cells for sensitivity evaluation of multiplex-PCR assay. Lane 1: 123 bp ladder; Lanes 2 to
10: Serial dilutions in base 2 referring to 50% (2); 50% (3);
25% (4); 12.5% (5); 6.25% (6); 3.125% (7); 1.562% (8);
0.781% (9); and 0.390 (10) cells of male bovine embryo.

Figure 3. Electrophoresis in agarose gel with ethidium bromide
staining of the amplified products of Y-chromosome sequences
(300 bp) and of ND5 mitochondrial gene (626 bp) from biopsies of bovine embryos for sensitivity evaluation of multiplex-PCR assay. Lane 1: 123 bp ladder; Lanes 2 to 5: biopsies
carried through in male embryos referring to approximately
80% (2 and 4) and 20% (3 and 5) of embryos; Lanes 6 to 9:
biopsies carried through in female embryos referring to approximately 80% (6 and 8) and 20% (7 and 9) of embryos; Lane
10: Negative control (sterile ultrapure water).
Copyright © 2011 SciRes.

We highlight the importance of the multiplex-PCR assay
as having a great potential for use on a commercial scale
in routine sex determination of in vitro-produced embryos. Considering the increasing of the bovine embryo
industry worldwide, our results may contribute to optimize the large scale embryo production of a desired sex.
Standardization of multiplex-PCR assay requires various repetitions of reactions, as well as varying concentration of reagents and conditions (number of cycles,
time, and temperature). The repetition of results is achieved only by using nucleic acids in a certain quality and
concentration. Thus, the standardization of a system in
DNA obtained directly from bovine embryos would be
difficult to realize, because the concentration of nucleic
acid extracted from one embryo would not be sufficient
for performing all the necessary analysis. To overcome
this inconvenience, standardization of multiplex-PCR
assay described in this study used nucleic acid extracted
directly from the total blood of adult males and females
bovines. After determining the highest DNA dilution that
made it possible to amplify the products of the sequence
of Y-chromosome and the ND5 mitochondrial gene with
a standard protocol, as well as the visualization by using
of the electrophoresis in agarose gel, many of alternative
protocols were evaluated.
The primers used for internal control in a multiplex
reaction were of great importance. Considering the results of this study, it can be concluded that amplifications
resulting from the multiplex-PCR assay here developed
are more reliable because exclude the possibility of erroneous results caused by failures in the Y chromosomes
sequences amplification or lack of amplified products
ABB
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Figure 4. Electrophoresis in agarose gel with ethidium bromide
staining of the amplified products of Y-chromosome sequences
(300 bp) and of ND5 mitochondrial gene (626 bp) from biopsies of fresh bovine embryos. Lane 1: 123 bp ladder; Lanes 2, 3,
5, 8, and 9: male embryos; Lanes 4, 6, 7, and 10: female embryos; Lane 11: Negative control (sterile ultrapure water).

Figure 5. Electrophoresis in agarose gel with ethidium bromide
staining of the amplified products of Y-chromosome sequences
(300 bp) and of ND5 mitochondrial gene (626 bp) from biopsies of frozen bovine embryos. Lane 1: 123 bp ladder; Lanes 2,
4, 5: male embryos; Lanes 3 and 6: female embryos; Lane 7:
Negative control (sterile ultrapure water).

[20,22]. Although some studies classify the use of an internal control as unnecessary, other studies point out that
it is possible to achieve higher efficiency rates and accuracy in determining the sex of the in vitro-produced embryos when reactions are produced with an internal control [22,30,31].
The higher number of copies of the ND5 mitochondrial gene per cell, in relation to the sequence of the Ychromosome, may favor the amplification of the internal
control to the detriment of that of the Y-chromosome. In
the present study, due to the difference in the hybridization temperature of the primers (BRY.4a and BOV), it
was not necessary to interrupt the reaction for inclusion
of the internal control primers, as described by other authors [22,23]. After defining the best conditions in relation to the concentration of reagents (primers, dNTP,
PCR buffer, MgCl2), and also the ideal number of cycles
needed for the amplification of products, experiments
were conducted targeting the sensitivity/specificity evaluation, as well as experiments relative to determination
of the sex of fresh and frozen bovine embryos.
The specificity was determined by performing the multiplex-PCR in biopsies corresponding to 10% - 20% of a
fresh embryo, and as counterproof, 80% - 90% of the
Copyright © 2011 SciRes.

remaining embryos were analyzed. In all experiments,
there was 100% agreement in the results, showing that
the lack of amplification of the Y-chromosomes sequence
in the female embryos analyzed (n = 10) was not due to
problems in the system.
Serial dilutions using the DNA extracted from a fresh
male embryo were carried out for the purpose of simulating an embryonic biopsy and for testing the sensitivity
of the systems. Easy visualization of the two products
amplified from dilutions corresponding to 6.25% of the
DNA extracted from an embryo in agarose gel and to
0.781% in PAGE shows that the multiplex-PCR developed may be done on a few embryonic cells, corresponding to less than 10% of the cells of the embryos.
The best result observed in the PAGE analysis is due to
the higher sensitivity of this technique when compared to
the ethidium bromide staining. However, PAGE followed
by silver-staining is a more laborious technique and takes
more time, making its implementation as a routine technique in the pre-implantation sex determination of bovine embryos impractical.
The efficiency rate of the multiplex-PCR assay for sex
determination was 98.1% for fresh embryos and 90.9%
for frozen embryos. The efficiency rate of 90.9% showed
that, despite the degeneration of the frozen embryos, a
similar percentage was found in other works (~90%)
which used embryos of good quality [2,31,32]. The efficiency rate of 98.1% for fresh and good quality embryos
was higher than that obtained by other authors, who obtained rates of 94% and 95% [22,33].
The frequency of Y-chromosome identification in
fresh (63.0%) and frozen (61.4%) embryos was equivalent to those found in other works that also mentioned
the disproportion between the sexes of in vitro produced
embryos, presenting rates of 56.8 to 59.6% for male
products [2,34].
Despite the fact that there has been evidence of disproportion between the two sexes of in vitro-produced
embryos, the cause of this difference is still not established. Studies have suggested various related factors,
such as the faster development of male embryos compared to females after the first eight days after IVF. They
also suggest some kind of effect from the development of
the male embryos during the IVC, thus allowing the
choice of embryos for implantation in more advanced
stages of development and the ability to discard less advanced embryos [35,36].
It was not possible to determine the sex of one (1.8%)
fresh embryo or of four (9.1%) frozen embryos, because
it was not possible to visualize the fragment corresponding to the ND5 mitochondrial gene. The non amplification of the sequence used as internal control was probably due to a failure that occurred during the biopsy proABB
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cedure, such as the lack of inclusion of embryonic cells,
or DNA fragmentation/ degradation characteristic of embryonic cells going through apoptosis.
Viability of embryos was fundamental for the success
of multiplex-PCR assay. In vitro-produced embryos, in
contrast to those produced in vivo, are more sensitive to
the freezing process (–196˚C). The influence on the viability of embryos in the amplification process was evidenced by twelve male-considered embryos in a group of
frozen embryos that showed bands of the Y-chromosome
sequence in agarose gel with weak intensity. This most
like occurred because these embryos were degenerated,
with consequent DNA degradation. On the other hand,
the intensity of the bands visualized in agarose gel was
very similar for the Y-chromosome and ND5 mitochondrial gene sequences amplified from embryonic cells
obtained of fresh male embryos.
The multiplex-PCR assay standardized in the present
work provided fast sex determination of bovine embryos
produced in vitro by means of just one reaction for embryo. The differentiation among the amplified products,
internal control and the Y-chromosome, was easily visualized in agarose gel, particularly because of its great
size difference (bp). The standardization of the system
provided ideal conditions for specific amplification for
each product, preventing interferences that could occur
when a greater number of DNA copies of the internal
control was available. The multiplex-PCR assay presented sensitivity and specificity rates in sex determination of embryos of both Bos taurus taurus and Bos taurus
indicus, making possible your use in the routine of IVP
laboratories.
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