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Abstract The objective of this study was to determine whether the bovine male em—
bryos develop faster in vitro than female embryos. The sex of embryos were determined with
PCR(Polymerase chain reaction) technique- On day 5(in vitro insemination= day 0), the
embryos were divided by developmental stages into 3 groups 16 cells, more than 16 cells
and morula. In 3 groups, the percentages of males were respectively 32% , 5% and 63 .
On day 7(in vitro insemination= day 0), the embryos were classified by developmental stages
into 4 groups morulae, early blastocysts, blastocysts and fullexpanding blastocysts. After
sexing, the percentages of males were 28% , 3&0 , 60% and 70 , respectively. The study
demonstrated that IV F bovine male embryos develop faster in vitro than female embryos.

Key words bovine, embryo, in vitro development, male, female

A general review of the methods in sexual control of animals, currently the separa—

. . I
tion of X—or Y-—chromosome-bearing spermatozoal :

]

and sex determination of preimpla—
tantion emblryos[2 are being explored two ways. Howerer, more recently, some data
showed that male embryos develop at a faster rate in vivo and in vitro than female em—
bryos. Avery et al” found that the percentages of males in bovine from the 3 develop-
mental groups were 780 , 2% and 11% respectively. Also similar studies on mouse
and bovine"’ embryos have been reported. However, Berg et al “indicated that no dif-
ferences in the sex ratio between fast— and slow—developing embryos could be found by
transferred to recipients. For exploring a simple, noninvasive method to embryo sexing,
the objective in this study is to reveal the effect of sex on bovine embryonic growth rate

in vitro.

1 Materials and Methods

1. 1 1In vitro embryo production
l. 1. 1 Media preparation Oocytes were aspirated and washed using TCM-Hepes
buffer supplemented with 2% heat-<reated cow serum (c. s) and 250 IU /mL heparin
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(aspirated medium). Oocytes were cultured in a TCM—-Bicarbonate medium supplem ent—
ed with 16 TU /mL Suigonan-opl (hCG) and 13 c¢. s (IVM medium). Spermatoma
were capacitated in CRI1-Bicarbonate medium supplemented 30 mg® L' heparin (IVF
medium). Embryos were cultured in CR1-Bicarbonate medium supplemented with 2%
c. s (IVCmedium).
L 1.2 Culture of oocytes Bovine ovaries were obtained at a local slaughterhouse.
Oocyte were aspirated and washed twice in aspirated medium and oncein IVM medium,
then oocytes were cultured in IVM medium (30~ 40 oocytes in 500/ L drops) under
sterile paraffin oil at 39C in 3% CO: and 9% N2 for 22~ 24 h.
L. 1. 3 1In vitro fertilization Frozen semem which divided from a single bull was
thawed in water at 35 37C for 1 min, and then washed twice by centrifugation at 700
g for 10 min. After maturation culture, matured oocytes moved into IVF medium with
treated spermatozoa and cultured under sterile paraffin oil at 39C in 3% €02, 9% N:
and 100 humidity for 22~ 24 h.
1. 1.4 Embryo culture Afterinvitro fertilization, presumptive zygotes were denuded
from cumulus cells by vortex mixing. Naked zygotes were cultured with IV C medium
under paraffin oil at 39°C in 3% CO» and 9% Na for 4 and 6 d.
1.2 Embryo classification

On day 5 (in vitro insemination= day 0). the embryos were morphologically evalu—
ated and divided by developmental stages into 3 groups 16 cells, more than 16 cells and
morula. On day 7 (in vitro insemination = day 0), the embryos were divided into 4
groups: morula, early bastocysts, blastocysts and full-expanding blastocysts.
1. 3 Preparation of embryos for PCR-amplification

Embryos were washed twice in pure PBS and once in X' PCR buffer. Embryos were
spliced into 2 parts (A and B samples) under aninverted Olympus microsco pe, individu—
ally, into separate vials containing 10" L of X' PCR buffer. At that time, 1# L pro—
teinase K was added( 10g° [ ). After centrifuging briefly, each vial was covered with
304 L of light paraffin oil on the reaction mixtures to prevent evaparation. The embryos
were kept at 56C for 1hour for digestion. Prior to PCR amplification, each vial was in—
cubated at a temperature of 98 ‘C for 15 min to denature the proteinase K.
1. 4 Polymerase chain reaction

The PCR reaction were carried out in a total 25/ L reaction buffer. Amplification
were performed in 10 mmol® L' Tris—HCI( pH8. 4), 50 mmol® L ' KCL 1.5 mmol®
L' MgCk, 0. 0P gelatine, S mmol® L ' of each dN TP(dATP, dCTP, dGTP and
dTTP) and 0. 25 1U of Tag DN A polymerase. BRY. 4a-specific primes were added in a
volume of 10 pmol to A samples, and 10 pmol of BRY. 4a-specific and 2. 5 pmol of
bovine satellite 1. 709 specific primers were added to B samples. A negative control,

male and female coutrols,(male and female genomic DN-A) . were included to detect any



5 : 35

contaminations and to check the validity of the reagents. Tab. 1 shows the details con—
cerning sequences and products of both the Y—specific and bovine satellite primers used

in the PCR sexing assay.

Tab. 1 Details concerning the primers used in the PCR sexing assay

Nucleo tide position
of the primers

PCR product length

Template-s equence (basepairs)

Primer sequences

BRY. 4 A ACC AT A

( Redd et al 18441872 SCAAGACCATACA-

ogo) " sl TATGTCATT ATAGACAG-33 “CACAAAAA- 469
: CAAAATTTATG TACTTCATGT-S-

Eabtlil“f el 709 a0 5-GCAGT GCATAAATATCAAAAGGS 3~ 246

TRt CAAGGGATGTTGGAGGACT AGS-

Amplifications were carried out in a Perkin-Elmer Thermal Cycler. All samples
were denatured at 94C for 2. 3 min, followed by 50 cycles consisting of denaturation at
94°C for 30s, annealing at 61°C for 1 min, and extension at 72°C for I min. After the
last cycle, the samples were incubated for further 3 min at 72°C to assure complete ex—
tension and then cooled to 35°C for 10s. The PCR products of all samples were then ei—
ther analyzed immediately by agarose gel electrophoresis or stored in refrigerator until
analy zed.

1. 5 Analysis of PCR products

Seven microliters of each sample were added to 1 L of loading buffer containing
glycerol, bromplenol blue, xylene cyanol and EDTA before loading on the gel. Elec—
trophoresis was carried out in 2o agarose gel with KX TBE buffer at 100 volts for 30
min, stained with ethidium bromide and visualized under ultraviolet light. The embryo
was judged to be femaleif only a 246 basepair product from bovine satellite 1. 709 was
visible in the sample. If a 469 basepair from BRY. 4a or a 246 and a 469 basepair were
visible in the sample, the embryo was judged as a male(Fig. ).

Fig.  Agarose gel electrophoresis after PCR.

(M) PstldigestedA. 1-7 are embryo samples using the BRY. 4a primers. B,$ and b are samples with respectively
no, female and male bovine genomic DN A. The samples resolved on the agarose gel below are aliquots of the same
samples as above amplified with an addititon of the satellite 1. 709 primerpair. Sample 1,3 and 5 were assigned males,

2,6 and 7 were assigned females, while sample 4 was not assigned.
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2 Statistical Analysis

To determine if there are differences in the developmental rate between male and fe—

male embryos, Chi—square analysis was used.

3 Results

On day 5 after insemination, a total of 110 embryos was submitted for sexing and
105 embryos had their sex determined ( Tab. 2). Five embryos (1 16 cells, 2 more than
16 cells, 2 morula) either did not show amplification or were lost during the procedure.
When embryos were collected from morulae developmental stage, approximately 63% of
fast-developing embryos were males(P < 0. 05). When embryos were collected from 16
cell developmental stage, approximately 680 of slow-developing embryos were females
(P <0.05). The overall male percentage was 350% and it was no different from the ex—
pected 1° 1 sex ratio(P> 0. 05).

Data in Tab. 3 indicated that male embryos developed at a significantly faster rate
than female embryos on day 7(P < 0. 05). When embryos were collected from fast-de-
veloping stage, approximately 70% of embryos were males (P < 0. 05). When embryos
were collected from slow <leveloping stage, approximately 72% of embryos were females
(P<0.05). A total of 91 embryos was submitted for sexing and 87 embryos had their
sex determined. Four embryos (3 early blastocysts, 1 blastocyst) either did not show
amplification or were lost during the procedure. A total of 87 embryos was analyzed and

displayed 1° 1 sex ratio(P> 0.05).

Tab. 2  Sex ratio of bovine IVF embryos by stages of development on day 5

Stages of No. of Males Females Sex rati Males
development embryos (n) (n) Dex rahio (% )
16 cells 31 10 21 21 32
More than )
16 cells 36 19 17 L1 53
Morula 38 24 14 1L.71 63
Total 105 53 52 k1 50

Tab. 3 Sex ratio of IVF bovine embryos by stages of development on day 7

Stages of No. of Males Females Sex ratio Males
development embryos (n) (n) (% )
Morula 18 5 13 L2.6 28
Eady :
blastocysts 21 8 13 L1.6 38
Blastocysts 25 15 10 151 60
Full-ex panding 23 16 7 2131 70
blastocysts

Total 87 44 43 1: 1 51




4 Discussion

Earlier findings have demonstrated that the rate of embryonic development and sex

4]

ratio of embryos have a clear relationship[2’3’ , and IV F bovine embryos have a higher

oocurrence of male among more advanced embryo stages and a higher oocurrence of fe—

7 5
"1, Ttoh and Goto"' reported that the percent—

male among less advanced embryo stages
ages of males in bovine from the 3 developmental groups (fast development, intermedi—
ate development and slow development) were 7Po , 40Wo and 24 , respectively. Seller
and Perkins—Cole'"' found that the percentages of males in mouse in the 3 groups (fast
development, intermediate development and slow development) were 9% , 4% and
2%% , respectively. In this study, 105and 87 embryos fertilized from a bull sperm could
be classified into different developmental stages on day 5 and day 7, respectively, and
the results showed that male embryos developed more rapidly than female embryos did.

On day 5, the percentages of males from the 3 developmental groups were 63% , 53%

and 3%b , respectively. And from the 4 developmental groups on day 7, the percentages
of males were 700 , 60%0 , 38% and 28k , respectively. The present results were con—

. . . e [3A45
sistent with the previous findings™"’".

Although reports in several mammals including mouse ~Vand bovine”” have indi-
cated that the development of male embryos occurs more rapidly than female embryos.
Contrary to the results, no differences in embryo development between male and female
embryos would be detected. Berg et al'' found that IVF embryos transferred to recipi—
ents (on day 7 after insemination) and taken to term did not show differences in the sex
ratios between fast and slow developing embryos. For this reason, it is likely that em—
bryos may have already been degenerate at the time of transfer (slow development), be—
fore embryos were classified into different development stages. In addition, the sex of
fetus aborted during pregnancy may be another reason.

The faster development of male embryos is not fully understood. It could be argued
that male embryos develop faster than female embryos because the redused DN A content
would allow faster completion of DN A replication. However, the findings of Bur—
goynels] did not support this. A genetic influence by the Y chromosome on in vitro
metabolism may be important. The increased growth in male embryos may be a conse—
quence of differential gene expression caused by the Y—hromosome. In addition, early
embryonic development is a very complex process, in vitroproduced embryos can be af-

fected by a range of different factors such as inorganic ions, buffers, gas composition,

. . o 9
amino acids, grow th factors, vitamins and macromolecules’ .
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