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ABSTRACT. Embryo sexing is a powerful tool for livestock producers
because it allows them to manage their breeding stocks more effectively.
However, the cost of supplies and reagents, and the need for trained
professionals to biopsy embryos by micromanipulation restrict the
worldwide use of the technology to a limited number of specialized
groups. The aim of this study was to couple a fast and inexpensive DNA
extraction protocol with a practical biopsy approach to create a simple,
quick, effective, and dependable embryo sexing procedure. From a total
of 1847 sheep and cattle whole embryos or embryo biopsies, the sexing
efficiency was 100% for embryo biopsies, 98% for sheep embryos, and
90.2% for cattle embryos. We used a primer pair that was common to both
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species and only 10% of the total extracted DNA. The whole protocol takes
only 2 h to perform, which suggests that the proposed procedure can be
readily applied to field conditions. Moreover, in addition to embryo sexing,
the procedure can be used for further analyses, such as genotyping and
molecular diagnosis in preimplantation embryos.

Key words: Embryo sexing; HotShot; Alkaline lysis;
Preimplantation embryo diagnosis; PCR

INTRODUCTION

The ability to pre-select embryos prior to transfer based on genetic diagnosis is highly
attractive to livestock producers, especially if applied to sex determination for milk or beef production
(Park et al., 2001). Currently, there are at least four approaches to sex determination in ruminant
species, based on the onset of development: a) artificial insemination using flow cytometry sex-
sorted semen (De Vries et al., 2008); b) polymerase chain reaction (PCR)-based detection of
gender-specific sequences in preimplantation embryos prior to embryo transfer (Kageyama et
al., 2004; Tsai et al., 2011); c) ultrasound fetal scanning of pregnant females in early pregnancy
(Hughes and Davies, 1989; Davis and Haibel, 1993); and d) fetal DNA detection in the blood/serum
of pregnant females (Wang et al., 2010; Kadivar et al., 2013). Each approach has its technical
and economic advantages but also its limitations, and the choice of a particular procedure may
depend on many factors. Those factors include the species and breed, the type of operation, the
commercial goals, the breeding scheme, the adoption of reproductive technologies, and the need
for sex pre-selection prior to the establishment of pregnancy.

Developed in the 1980s for cattle and horses, fetal gender determination by ultrasonography is
the most common and widespread method for sex determination in livestock species, and is performed
with high accuracy after day 55 of gestation in cattle (Ginther, 1998). Recently, fetal DNA detection
using the plasma/serum of pregnant females (Davoudi et al., 2012) has also facilitated efficient and
relatively non-invasive sex determination at distinct stages of gestation. However, both ultrasound
scanning and fetal DNA detection in the dam’s blood have the disadvantage of late sex determination,
i.e., the determination is attained only after pregnancies are established and ongoing. This means that
the farmer only learns the sex of the progeny, which is of interest to dairy cattle producers, but relevant
only in terms of management decisions; there is no opportunity for sex pre-selection.

Although sperm cell sex sorting by flow cytometry was developed in the 1980s (Garner et
al., 1983; Johnson et al., 1987), it only reached the market as a viable technology for the livestock
industry in the late 1990s and 2000s (Seidel et al., 1999; Peippo et al., 2009); commercially, it is
now used more than any other gender pre-selection method, such as PCR (Shea, 1999; Lopes
et al., 2001) or loop-mediated isothermal amplification (Zoheir and Allam, 2010). In terms of
efficiency, sex-sorted semen is intensively applied to artificial insemination and in vitro fertilization
(IVF) procedures in cattle, but is regarded as inefficient for use with follicle stimulating hormone-
stimulated donor females owing to a lower embryo yield compared with the use of unsorted semen
(Zhang et al., 2003). In addition, sperm sorting has been associated with reduced fertility (Grant
and Chamley, 2007), premature sperm capacitation (Lu and Seidel, 2004), and lower blastocyst
rates (Blondin et al., 2009) compared with non-sexed semen. Moreover, the procedure for sperm
cell sorting can alter the semen IVF performance of certain bulls (Blondin et al., 2009), reducing
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the options for genetic diversity in breeding programs. In turn, embryo sexing by the PCR-based
detection of X- and/or Y-specific regions in retrieved blastomeres is an alternative means of
overcoming some of the limitations of the sexed semen for in vivo- or in vitro-produced embryos,
allowing the producer to choose which embryo should be transferred to synchronous recipients
based on sex determination (Mara et al., 2004; Carneiro et al., 2011; Rattanasuk et al., 2011). The
molecular method is efficient for field applications, resulting in pregnancy rates comparable to non-
biopsied embryos, even after cryopreservation (Tominaga, 2004; Tominaga and Hamada, 2004).
However, it is frequently the case that the cost of DNA extraction kits, supplies, and reagents in
certain regions of the world, or even the impossibility of performing replicates owing to the use of
the entire extracted DNA for a single PCR analysis (Lopes et al., 2001; Lopatarova et al., 2010)
may limit the wider use of the procedure.

In this study, a fast, reliable, and cost-friendly adaptation of the HotShot alkaline lysis genomic
DNA extraction protocol (Truett et al., 2000) was first validated in 530 samples of goat cultured
somatic cells to achieve optimum efficiency. The protocol was then used to determine the sex of 1847
bovine and ovine embryos and biopsies, employing a common amelogenin gene-directed primer pair
for domestic ruminant species that can be readily and effectively applied to field conditions.

MATERIAL AND METHODS
Experiments and chemicals

This study was divided into three main experiments, aiming to validate the use of the
alkaline lysis DNA extraction method first in cells in culture, then in whole bovine and ovine
embryos, and finally in biopsied embryos. All chemicals and reagents were from the Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA) and Invitrogen (Carlsbad, CA, USA), unless stated otherwise.
Primers were from Integrated DNA Technologies (USA), and the PCR Mastermix was from Quatro
G P&D Ltd. (Porto Alegre, RS, Brazil).

Experiment 1: PCR amplification of large (550 bp) and small (150 bp) amplicons
from goat fetal fibroblasts transgenic to the human lysozyme gene (hLZ)

Cell culture and biopsies

Goat fetal fibroblast cells, transgenic to the hLZ, were cultured in vitro in tissue culture
medium 199 (M2520, Sigma-Aldrich Chemical Co.) at 38.5°C and in 5% CO,. Low passage hLZ
transgenic fibroblast cultures were split onto 10-cm culture dishes with 400 cells per dish. After
11-14 days, the fibroblasts were biopsied using a yellow micropipette tip attached to a 200-uL
micropipette. For each sample collection, the tip was dragged on the semi-confluent plate and
the floating cells aspirated and dispersed into one of the wells of a 96-well plate. A total of 530
independent samples were collected, with an average of 20 to 100 cells per biopsy (see Figure 1).

DNA extraction and PCR

Biopsied goat hLZ cells were centrifuged at 4000 g for 10 min, the medium was removed,
and a 200 mM NaOH solution (2 pL) was added to each well. Samples were heated at 68°C for 10
min and neutralized with 2 yL 1 M Tris-HCI solution at pH 7.75.
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Figure 1. A. Cell biopsy procedure, DNA extraction, and polymerase chain reaction (PCR) scheme. After biopsy, all the
steps were performed on the same 96-well PCR plate. B. Representative agarose gel of GAPDH amplification from 87
biopsies using the alkaline lysis DNA extraction protocol, where L is the 100 bp ladder (Ludwig Biotech, Porto Alegre,
RS, Brazil), + is the positive PCR control, and - is the negative PCR control.

Two distinct amplifications, based on the size of the amplicon, were performed: one for a
150-bp product for the GAPDH gene (GenBank XM_005680968.1) in a total of 263 samples; and
the other for a 550-bp amplicon for the hLZ transgene (GenBank A10156.1) in 267 samples. PCR
Mastermix (45 pL) (Quatro G P&D Ltd.) was added directly to each well with the specific primer
(0.5 uM) (Table 1). Samples were denatured at 95°C for 5 min followed by 40 cycles of 95°C for 30
s, 58°C for 30 s, and 72°C for 30 s, with a final extension at 72°C for 10 min. Each sample (10 pL)
was analyzed on a 2% agarose gel to visualize the specific band patterns.

Table 1. Sequence, GenBank accession No., and amplicon sizes of the primers used in the study.

Gene Sequence 5'-3' GenBank accession No. Amplicon size (bp)

Amelogenin F-CCCAAACCTCCCTCTGC NC_022322.1 280/217
R-CCGCTTGGTCTTGTCTGTTGC

GAPDH F-GATTGTCAGCAATGCCTCCT XM_005680968.1 150
R-AAGCAGGGATGATGTTCTGG

Human lysozyme F-CTTACATAGATCTTGGATCTCG A10156.1 550
R-CAATTTGAATGTATGGGATC
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Experiment 2: gender determination of bovine and sheep whole embryos using
alkaline lysis and PCR

In vitro production (IVP) of cattle and sheep embryos

A total of 1790 cattle and 41 sheep embryos were produced in vitro following established
procedures (Ribeiro et al., 2009; Feltrin et al., 2014). Briefly, cattle and sheep ovaries were obtained
post-mortem from a local slaughterhouse and transported in Dulbecco’s phosphate-buffered saline
to the laboratory in an insulated container at 33°C. Cumulus-oocyte complexes (COCs) were
obtained by follicular aspiration for cattle and by ovary slicing for sheep ovaries. Viable COCs,
selected based on morphological quality, were in vitro-matured for 22 + 2 h. For IVF, straws with
frozen bovine or ovine semen were thawed and sperm cells were segregated by swim-up at 39°C,
5% CO,, and 95% relative humidity, in Sperm-TALP medium for up to 60 min. After centrifugation
at 500 g for 5 min, the sperm cell concentration was adjusted to 1 x 107 spermatozoa/mL in TALP-
IVF medium. Groups of 10 to 15 COCs were arranged in microdroplets in TALP-IVF medium under
mineral oil, and received a dose of 1 x 108 viable spermatozoa/mL. The spermatozoa were then
co-incubated for 18-22 h at 39°C, 5% CO,, and 95% relative humidity. Following IVF, embryos
were in vitro-cultured (IVC) on 4-well dishes (Nunc, Denmark) containing 400 pL modified synthetic
oviductal fluid medium under mineral oil, and then incubated in 5% CO,, 5% O,, and 90% N, at
39°C and saturated humidity for 6-7 days to the blastocyst stage.

DNA extraction and PCR

Embryos at the blastocyst stage were subjected to enzymatic zona pellucida removal
in 0.5% protease solution. These structures were washed twice in drops of phosphate-buffered
saline, placed in a 0.2-mL DNase-free tube containing 5 uL ultra-pure water, and stored at -20°C
until required for analysis. Samples were thawed at room temperature and 400 mM NaOH solution
(5 pL) was added to each tube. After homogenization, samples were incubated at 68°C for 10 min,
then the reaction was neutralized by adding 1 M Tris-HCI (10 pL), pH 7.75. PCR was performed
using primers targeting the Class | (X) and Il (Y) amelogenin loci (Ennis and Gallagher, 1994),
resulting in an amplicon of 280 bp for the female genotype (only X), and two amplicons of 280
bp and 217 bp for the male genotype (XY). Each reaction mixture comprised 0.5 uM each primer
(Table 1), 2 uL DNA, and PCR Mastermix, according to the manufacturer instructions. Samples
were denatured at 95°C for 5 min followed by 30 cycles of 95°C for 30 s, 65°C for 30 s, and 72°C
for 30 s, with a final extension at 72°C for 10 min. Blood DNA from a bull and a cow was extracted
using the PureLink Genomic DNA Extraction Kit (Invitrogen) and used as positive controls. PCR
products were subjected to electrophoresis on a 2% agarose gel for 40 min at 10 V/cm?. Gels were
stained using GelRed (Biotium, Hayward, CA, USA) and images were taken using the FluorChem
FC2 Imaging System (Alpha Innotech, San Leandro, CA, USA).

Experiment 3: molecular sexing of embryo biopsies
Embryo biopsies, DNA extraction, and PCR

A total of 16 zona-free ovine embryos were manually sectioned at about 30% of their
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total volume in tissue culture medium 199 containing 2.5 pg/mL cytochalasin B. Embryo biopsies
were immediately washed twice in phosphate-buffered saline and stored in 5 yL ultra-pure water
at -20°C. DNA extraction and PCR were carried out according to the method described above in
the DNA extraction and PCR section (see Table 1). Biopsied embryos were in vitro-cultured for a
further 24 h for the evaluation of survival and re-expansion and/or hatching rates.

Data analyses

Data regarding analysis efficiency (percentage of successful sex determinations per
sample) between batches (bovine intact embryos), species (sheep vs cattle), sample type (whole
embryo vs embryo biopsies), male:female ratio, and amplicon size influence on the PCR results
using alkaline lysis DNA extraction were analyzed using the 2 test for P < 0.05.

RESULTS

Experiment 1: amplicon size influence on the PCR efficiency for hLZ transgenic
goat cells

Figure 1A shows the method used to obtain cell biopsies in culture, the DNA extraction
by alkaline lysis, and the PCR procedures to detect the genes of interest. In Experiment 1, a total
of 530 hLZ transgenic goat fibroblast colony biopsies were analyzed in two groups: 263 samples
were submitted to a PCR with a small amplicon size (SA), using primers for the GAPDH gene; and
267 were screened for a large amplicon size (LA), using primers for the hLZ transgene. As shown
in Table 2, PCR efficiency in the SA group was significantly higher than in the LA group (99.6 vs
80.1%, P < 0.05), suggesting that the proposed DNA extraction method is more effective when a
small segment of DNA is amplified.

Table 2. Number of sexed samples, efficiency, and sex ratio using the alkaline lysis protocol.

Groups Samples Positive PCR Sex ratio

N N % Male % Female %
Cells-SA' 263 262 99.62 NA NA NA NA
Cells-LA? 267 214 80.1° NA NA NA NA
Bovine embryos 1790 1615 90.3 932 57.72A 683 42.328
Ovine embryos 41 40 97.62¢ 18 45.0%A 22 55.02A
Embryo biopsies 16 16 100.02¢ 11 68.82A 5 31.2%8

PCR = polymerase chain reaction. 'SA = samples that were screened for a small amplicon size (150 bp) in the PCR
for the GAPDH gene. 2LA = samples that were screened for a large amplicon size (550 bp) in the PCR for the hLZ
transgene. NA = not analyzed. ***Numbers with distinct superscripts in the column differ for P < 0.05. ~BNumbers with
distinct superscripts in the row differ for P < 0.05.

Experiments 2 and 3: alkaline lysis DNA extraction coupled with molecular sexing
of embryos and embryo biopsies

The alkaline lysis protocol was applied to bovine and ovine embryos, with the aim of
developing a fast and cheap embryo sexing protocol. The developed protocol in Experiment 2 is
summarized in Figure 2A. All steps were performed in the minimum required time; DNA extraction
took less than 20 min, and the sex determination of each batch of embryos was achieved in 110
min, making a total of 130 min for each group of embryo sexing analyses.
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Figure 2. Embryo sexing workflow, efficiency, gender proportion, and electrophoresis results. The steps and the time
course for carrying out the developed embryo sexing protocol are summarized in A. DNA extraction can be performed in
20 min, and the polymerase chain reaction (PCR) and agarose gel electrophoresis in 110 min or less. The efficiency of
embryo sexing for each group and the total mean efficiencies are shown in B., where WBE is whole bovine embryos, WOE
is whole ovine embryos, and OEB is ovine embryo biopsies. “a” shows that there are no differences between numbers, for
P < 0.05. The gender proportion of males and females for each group and the total male and female % are shown in C. D.
Results of a 2% agarose gel electrophoresis, where lane 1 shows the 100 bp ladder (Ludwig Biotech), and /anes 2 to 15
represent embryo samples. In each lane, two bands (280 and 217 bp) represent a male specimen, and one band (280 bp)
represents a female specimen. Note that the sex could not be determined in /ane 10 owing to no amplification.

Table 2 summarizes the results for sex determination efficiency between the sample
groups. For intact cattle embryos, a total of 1615 out of 1790 samples (90.2%) resulted in successful
sex determination (Table 2 and Figure 2B). For sheep embryos, 97.6% (40/41) and 100% (16/16)
of the intact embryos and embryo biopsies were successfully sexed, respectively (Table 2 and
Figure 2B); the results were statistically similar. There were no embryo losses after biopsy, i.e., all
embryos re-expanded and/or hatched after 24 h of IVC. The mean efficiency for sheep embryos
was 98.2%, being similar to cells in the SA group and different (P < 0.05) from the bovine samples.

Overall, sex determination by NaOH-based PCR analysis for sheep and cattle embryos was 95.9%
efficient (Figure 2B).
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No differences in sex ratio were observed between the groups (Table 2). However, within
groups, the proportion of males was slightly higher than females for bovine embryos and embryo
biopsies, while no differences were detected for intact sheep embryos (Table 2 and Figure 2C). The
PCR outcome on the agarose gel for embryo sexing is illustrated in Figure 2D, in which lanes with
two bands (280 and 217 bp) represent males (X and Y amplification) and lanes with one band (280
bp) represent females (X amplification only).

DISCUSSION

In this study, we initially analyzed the viability of the alkaline lysis DNA extraction method in
cells, along with its performance in the amplification of two PCR product sizes: an SA (150 bp), and
an LA (550 bp) size. Our results clearly demonstrated that the protocol is highly efficient (99.6% of
amplification) when used for small PCR products. The lower rate of positive PCR samples in the
LA group (80.1%) can be explained by the generation of chain scissions resulting from depurination
followed by hydrolysis of the sugar-phosphate backbone of the DNA molecule when incubated with
NaOH (Ullman and Mccarthy, 1973). For this reason, the smaller the amplicon size, the better the
PCR efficiency.

A practical use of the NaOH-based DNA extraction method is molecular embryo sexing,
because it employs a sole pair of amelogenin primers (Ennis and Gallagher, 1994) that results in small
amplicons (280 and 217 bp for X and Y, respectively). The mean cost of PCR and electrophoresis using
our procedure was close to US$ 2 per sample, which represents a cost reduction of 50-130% using
the NaOH extraction method when compared with established DNA extraction kits from renowned
suppliers. Using the NaOH-based DNA extraction method (detailed in Figure 2A), an efficient mean
sex determination rate for embryos was achieved (95.9%) from a significant number of samples
(1847 embryos and embryo biopsies), which is in accordance with other studies on livestock embryo
sexing (Machaty et al., 1993; Tominaga and Hamada, 2004) (see Table 2).

One of the main advantages of the proposed embryo sexing procedure is the DNA
extraction protocol. The first described HotShot alkaline lysis (Truett et al., 2000) was employed to
extract genomic DNA from mouse tissues, taking up to 1 h to extract the DNA for PCR analysis. By
changing the concentrations of the NaOH and Tris solutions, and adjusting the incubation times,
we successfully extracted PCR-quality DNA in less than 20 min on a high throughput scale. In
addition to embryo sexing and goat hLZ transgenic fibroblast amplicon amplification, as described
in this study, we also extracted genomic DNA from other goat fibroblast cells, and from cattle,
dog, and human cultured cells, and performed PCR and multiplex PCR to successfully amplify
endogenous and/or transfected transgenes ranging from 100 to 700 bp (Tavares KCS, Carneiro IS,
Rios DB, Feltrin C, et al., unpublished data).

An additional potential application for the NaOH-based DNA extraction protocol is for
preimplantation genetic diagnosis (PGD), which emerged about 20 years ago in humans with the
advent of embryo biopsies (Handyside et al., 1989), allowing researchers to analyze the genome
and screen for potential genetic diseases and markers for production-related traits prior to embryo
transfer (Verlinsky et al., 1990). In livestock, the main reason for applying PGD is sex determination,
but other applications are emerging in this vastly unexplored field, such as for the screening of
microsatellites (Hirayama et al., 2004), polymorphic alleles linked with commercial features, e.g.,
growth hormone, k-casein, and prolactin (Chrenek et al., 2001), and scrapie resistance (Dervishi
et al., 2011), among others.
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Alkaline lysis, as described in this study, provides a simple and inexpensive means of
analyzing the genome of a cell or embryo. The technique does not require enzymes, such as
proteinase K, restriction endonucleases for restriction fragment length polymorphism (Almodin et
al., 2005), whole genome amplification, nested PCR to increase the sensibility of PCR (Chrenek et
al., 2001), or commercial kits (Dervishi et al., 2011). As the present protocol uses only 2 uL DNA for
each PCR run, up to ten different amplification analyses can be performed for each embryo biopsy.
The biopsy procedure using a blade to excise a portion of the embryo did not affect the in vitro
embryo development potential, which is corroborated by other studies in which pregnancy rates
for blade-biopsied embryos were comparable to non-biopsied structures (Lopatarova et al., 2008).

CONCLUSIONS

The combination of the modified HotShot alkaline lysis DNA extraction procedure and
amelogenin-directed primers allowed the rapid and low-cost sexing of 1847 bovine and ovine
embryos and embryo biopsies in approximately 2 h. In addition to sex determination prior to embryo
transfer, this procedure could potentially be used for the PGD of other gene sequences or alleles.
It could become a useful tool for producers who wish to select and transfer only embryos of the
desired sex or produce disease-resistant traits.
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