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The objectives of this study were to evaluate the efficiency and reliability of embryo sexing
from isolated single blastomeres, and after nuclear transfer to examine the influence of the
sex of donor embryos on development in vitro and in vivo up to calving. The sex of the
donor embryo was determined by revealing a specific Y DNA sequence by PCR and
electrophoresis after isolation of one, two, three, or more than five cells. The efficiency of
sex determination was over 90% and reliability was 100% independent of the number of
blastomeres used. In a second experiment, sex was determined from a single cell and the
other cells were used for nuclear transfer. The effect of sex on in vitro development was
studied in 386 male and 314 female reconstructed embryos derived from 19 male and 14
female parent embryos, respectively. Developmental competence in vitro of male and female
constructs over 7 days was not statistically different (25.2 and 23.1% blastocysts on day 7,
respectively; P > 0.05). After the transfer of predetermined male (n = 30) and female (n = 27)
cloned embryos into recipient heifers, no effect of sex was observed on pregnancy rates at
day 21, 35 and 90, or on calving rates (P> 0.05). These rates did not differ between single
and twin transfer (P > 0.05). The sex of the calves born always corresponded to that
determined from a single blastomere. These results show that sex can be determined
accurately when using a single blastomere before nuclear transfer and that the sex of the
parent embryo does not affect in vitro development or in vivo survival rates of cloned
embryos.

Introduction

Since the first report of a calf born after nuclear transfer of an

embryonic nucleus into an enucleated oocyte (Prather et al,
1987), several studies have aimed at improving the efficiency of
embryo cloning in cattle. In this species, even if the totipotency
of nuclei from cultured inner cell mass cells has been demon¬
strated (Sims and First, 1993), most successful cloning exper¬
iments have been performed using nuclear transfer with
blastomeres from morula stage embryos as a source of nuclei,
and enucleated and preactivated in vitro matured oocytes as

recipient cytoplasms (Barnes et al, 1993; Heyman et al, 1994;
Du et al, 1995; Zakhartchenko et al, 1996).

Sets of genetically identical calves are now regularly pro¬
duced as animal models for research (Biggers, 1986) and could
potentially be used in breeding schemes. Cloning may lead to
a 30% improvement in the annual genetic gain in dairy breeds
provided the procedure is associated with sexing (Smith, 1989;
Colleau, 1992, 1993). Similarly, it may be important to produce

identical calves of a predetermined sex for experimental
purposes.

Efficient embryo sexing was a major objective of the cattle
embryo transfer industry. The development of DNA amplifi¬
cation by PCR made sex determination prior to embryo
transfer possible (Peura et al, 1991; Machaty et al, 1993;
Thibier and Nibart, 1995) with very limited or no deleterious
effects on the viability of the embryos. Typically, sex determi¬
nation is performed at the blastocyst stage from a biopsy of
approximately five to ten cells by cutting the trophoblast with
a microblade or by aspiration. The embryo is then either
immediately transferred after sexing or is frozen (Nibart et al,
1996). There are no reports of the sexing of cloned embryos.
The process of embryo cloning is favourable for sex determi¬
nation as it involves separating the donor embryo into isolated
blastomeres. One or more cells can then be sexed and the other
cells used for nuclear transfer. Before the cloned blastocysts are

transferred to recipients, their sex can be determined enabling
a clone of a particular gender to be chosen. It is not known
whether nuclear transfer embryos derived from male or female
diploid nuclei have the same developmental potential. Previous
studies on in vitro embryo production have reported conflicting
results about the possible effect of gender on early embryonic
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development. The observation by Avery et al (1992) and Xu
el al. (1992) that male embryos develop faster and at a higher
rate has not been confirmed by other reports (Keefer et al,
1994; Grisard et al, 1995).

The aims of the present study were: (i) to examine the
efficiency and reliability of embryo sexing from one or more

blastomeres isolated from parent donor embryos using the
nuclear transfer procedure; and (ii) to compare the developmen¬
tal potential of nuclear transfer embryos derived from male or

female parent embryos during in vitro culture to the blastocyst
stage and then in vivo after transfer into recipient heifers.

Materials and Methods

Preparation of recipient cytoplasts
Oocyte recipient cytoplasts for nuclear transfer were pre¬

pared using the method described by Heyman et al (1994).
Briefly, cattle oocytes were aspirated from follicles of ovaries
collected at the abattoir. After washing three times in TCM-
199 medium (Gibco Laboratories, Grand Island, NY), only
intact cumulus-oocyte complexes with several dense cumulus
cell layers were collected for in vitro maturation. The complexes
were placed into bicarbonate-buffered TCM-199 supplemented
with 10% fetal calf serum (FCS) (Dutscher SA, Brumath), 10 µg
FSH ml

~
\ 10 µg LH ml

~

l (Rhone-Merieux, Lyon) and 1 µg
oestradiol ml

~

 for 24 h at 39°C in a humidified atmosphere of
5% C02 in air. At the end of the maturation period, expanded
cumulus-oocyte complexes were placed in TCM-199 supple¬
mented with 0.5% (w/v) hyaluronidase (Sigma Chemical Co., St
Louis, MO) for 10 min and gentle pipetting was performed to
remove the cumulus cells. Oocytes were then stained in
TCM-199 with 0.5 µg Hoechst 33342 ml

"

' (bisbenzimide,
Sigma Chemical Co., St Louis, MO) for 20 min. Each oocyte
was enucleated by micromanipulation under an inverted micro¬
scope equipped with epifluorescence to ensure the chromo¬
somes were removed. Recipient cytoplasts were cultured
in vitro in TCM-199 for another 8-12 h to enable ageing and
then stored at a low temperature (10°C) for a few hours until
reconstruction (Chesné et al, 1993). This treatment has been
shown to provide preactivated recipient cytoplasms with low
maturation promoting factor activity (Gall et al, 1996).

Source of donor embryos
Donor embryos were produced in vivo by superovulating

PrimHolstein cows located on different farms (500 µg Stimufol,
eight injections i.m. in decreasing doses, Rhone-Merieux,
Lyon). Each cow was inseminated twice with frozen semen

from a bull of the same breed. Non-surgical recovery of the
embryos was performed between days 5 and 6 to collect
embryos at different morula stages (from 16 cells to compact
morulae of over 60 cells). After recovery, each embryo was

cooled at 15°C and stored in PBS supplemented with 10% FCS
for up to 24 h to allow transportation to the laboratory (Le
Bourhis et al, 1995).

Nuclear transfer
Blastomeres of each parent embryo were isolated after

removal of the zona pellucida using a 0.5% (w/v) pronase

solution (Sigma Chemical Co., St Louis, MO) and then incu¬
bated in a calcium-free medium (Hank's, Gibco Laboratories,
Grand Island, NY) for 15 min at 39°C before pipetting. One
blastomere from each donor embryo was retained for sex

determination and the others were inserted individually under
the zona pellucida of the recipient cytoplast and fused by
electrostimulation (Grass stimulator, 1.2 kV cm" for 50 µß in
0.3 mol mannitol 1

~

l containing 0.1 mmol Ca2+ 1
~

1 and
0.1 mmol Mg2+ 1

" \ Heyman et al, 1994). After stimulation for
1 h, fusion was assessed under a binocular microscope and the
reconstituted embryos were placed in co-culture with Vero
cells (Menck et al, 1997) for in vitro development.

Sex determination
Sex determination was performed by Y chromosome-specific

DNA probe technology coupled with amplification by PCR
(Kirszenbaum et al, 1989). One cell from each embryo was

taken after dissociation of morulae before nuclear transfer. Cells
were rinsed three times and lysed in 0.015 mol KC1 1

~

medium supplemented with 2 g BSA 1
~

(Gibco Laboratories,
Grand Island, NY). Lysed cells were placed in microtubes with
20 µ of a buffer containing proteinase  and the two primers
(Bishop et al, 1987). DNA was released by heating for 1 h at
55°C and proteinase  was then destroyed by heating for
15 min at 95 °C. The reaction medium (20 µ ) including the
nucleotides and the TAQ polymerase (2 units per reaction,
Perkin Elmer Cetus, Norwalk) was then added. The mixture
was amplified for 30 cycles in a DNA thermal cycler (Perkin
Elmer Cetus, Norwalk). Each cycle consisted of a 20 s dena¬
turation step at 96°C, a 20 s annealing step at 60°C, and a 10 s

elongation step at 73°C. A total of five controls were processed
simultaneously: three male controls (20, 50 and 200 pg male
DNA), one female control (100 pg female DNA) and a nega¬
tive control (no DNA). The amplified products were homogen¬
ized with 3 µ orange G and 30% (v/v) glycerol, resolved
electrophoretically in 4% (w/v) agarose gel (Tebu, Le Perray en

Yvelines), stained with 0.5 mg ethidium bromide ml- ' and
visualized under ultraviolet illumination.

The Y-specific primer generated a 148 base pair (bp)
fragment in male samples and the internal control primer
generated a 443 bp fragment in all samples. No band was
revealed for the negative control. After visualization, the
samples generating two bands corresponded to male embryos
and samples generating only one band were considered to be
females.

In vitro development of sexed nuclear transfer embryos
Reconstituted embryos derived from each parent were

co-cultured in a 50 µ microdrop of B2 medium (CCD Labora¬
tory, Paris) supplemented with 10% FCS and seeded with Vero
cells according to the co-culture system used for bovine IVF
embryos (Menck et al, 1997). The droplets were overlayed
with mineral oil (M8410, Sigma Chemical Co., St Louis, MO)
and the medium was not renewed during the 7 day culture
period at 39°C under 5% C02 in air. Cleavage rate was

evaluated 36—40 h after fusion ( > 2 cells) and non-cleaved
eggs were removed from droplets. On day 7, blastocyst
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formation was assessed for each group of nuclear transfer
embryos according to their sex.

In vivo development of sexed nuclear transfer blastocysts
Sets of cloned blastocysts derived from sexed parent

embryos were transferred to recipient heifers to evaluate their
in vivo development potential in offspring. Oestrus-
synchronized beef breed heifers (Charoláis or crossbred) were
used as recipients to allow embryo transfer on day 7. Accord¬
ing to the number of recipients available, one or two blasto¬
cysts developed in vitro for 7 days were non-surgically
transferred into the uterine horn ipsilateral to the corpus
luteum.

After transfer, each recipient was observed twice a day to
detect any return to oestrus. A blood sample was taken on day
21 for measurement of plasma progesterone concentrations.
Pregnancy was diagnosed by ultrasonography on day 35 and
then confirmed at 3 months. Pregnant recipients were retained
until calving and birth weight and sex of calves were recorded.

Experimental design and data analysis
The efficiency and reliability of embryo sexing were inves¬

tigated according to the number of cells used (one, two, three
or more than five cells). After zona removal and isolation of
cells from the embryos, a total of 95 samples were analysed
and the reliability of the sexing method was estimated using
different samples of blastomeres isolated from the same

embryo (three to four samples originating from six embryos).
The in vitro development of nuclear transfer embryos

(n = 700) derived from male (n = 19) or female (n = 14) parent
embryos was assessed and compared.

The viability of male and female cloned blastocysts was
assessed after embryo transfer in a total of 38 recipient heifers.
Pregnancy rates and calvings were compared according to the
sex of the transferred embryo. Pregnancy rates were also
compared in single and twin transfers.

Statistical analysis
The chi-squared test was used to compare percentages and

analyse in vitro and in vivo development rates. The effect of the
sex of the parent embryo on the number of blastocysts
produced was studied by analysis of variance (pro GLM; SAS,
1987)

Results

Efficiency and reliability of the sexing procedure
Sex determination was performed on a total of 95 samples

(Table 1), and was successful in 87 cases (91.6%). The efficiency
of the sexing procedure was not significantly different using a

single cell (Fig. 1) or two, three or more than five blastomeres
(92.6, 91.2, 90.5 and 92.3% respectively,  > 0.05). The reliabil¬
ity of sex determination was good since the same result was

systematically obtained when analysing three to four embryo

Table 1. Efficiency of parent embryo sexing in cattle according
to the number of cells used

Number Number of Sex Efficiency
of cells samples determined (%)

1 27 15 92.6
2 34 31 91.2
3 21 19 90.5

>5 13 12 92.3
Total 95 87 91.6

Fig. 1. Gel electrophoresis of bovine blastomere DNA samples after
amplification of the Y-specific sequence (148 base pairs) and internal
control (443 base pairs) by PCR. Lane 1: molecular size markers; lanes
2, 3, 4, 5 and 6: male bovine blastomeres; lane 7: control without
DNA; lanes 8, 9, 10, 11 and 12: female bovine blastomeres.

Table 2. In vitro development of bovine nuclear transfer
embryos derived from male and female parent embryos

Male parent
embryos

Female parent
embryos

Number of embryos 19 14
Reconstructed embryos 386 314
Number of cleaved embryos (%) 242 (62.7)a 231 (73.5)b
Number of blastocysts on day 6 (%) 66/386 (17.1) 54/314 (17.2)
Number of blastocysts on day 7 (%) 89/386 (23.1) 79/314 (25.2)
Mean number of blastocysts per 4.7 + 3.8 5.6 ± 4.9
parent

abP<0.01.

samples (one to four cells each) originating from the same male
(n = 2) or female (n = 4) embryos.

In vitro development of nuclear transfer embryos according to their
sex

A total of 33 morulae were sexed using a single blastomere
and used as nuclear donors for nuclear transfer (Table 2). The
19 male embryos generated 386 constructs that developed into
89 blastocysts (23.1%) after 7 days culture. The 14 female
embryos generated 314 constructs yielding 79 blastocysts
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Table 3. Pregnancy rate after transfer of cloned bovine blastocysts derived from male and female parent
embryos into synchronous recipient heifers

Male parent Female parent Total parent
embryos embryos embryos

Number of recipients 20 18 38
Number of embryos transferred 30 27 57
Plasma progesterone concentration > 1.5 ng ml" x on day 21 (%) 14/20 (70.0) 14/18 (77.7) 28/38 (73.7)
Pregnancies on day 35 (%) 9/20 (45.0) 10/18 (55.5) 19/38 (50.0)
Pregnancies on day 90 (%) 8/20 (40.0) 7/18 (38.9) 15/38 (39.5)
Calvings (%) 7/20 (35.0) 6/18 (33.0) 13/38 (34.2)
Calves bom (%) 9/30 (30.0) 6/27 (22.2) 15/57 (26.3)

Chi-squared test:  > 0.05 for all comparisons.

Table 4. Evolution of pregnancy rates following single or twin transfer of cloned and sexed bovine
embryos into synchronous recipient heifers

Single transfer Twin transfer
male or female male or female Total

Number of recipients 19 19 38
Number of embryos transferred 19 38 57
Plasma progesterone concentration > 1.5 ng ml" ' on day 21 (%) 12/19(63.2) 16/19(84.2) 28/38(73.7)
Pregnancies on day 35 (%) 9/19 (47.4) 10/19 (52.6) 19/38 (50.0)
Pregnancies on day 90 (%) 7/19 (36.8) 8/19 (42.1) 15/38 (39.5)
Calvings (%) 7/19 (36.8) 6/19 (31.6) 13/38 (34.2)
Calves born (%) 7/19 (36.8) 8/38 (21.1) 15/57 (26.3)

Chi-squared test:  > 0.05 for all comparisons.

(25.2%). Overall development up to the blastocyst stage did
not differ between male and female nuclear transfer embryos
(P > 0.05). However the cleavage rate assessed at 36 h after
fusion was higher for female than for male embryos (73.5
versus 62.7%, respectively, P< 0.01). Mean numbers of in vitro
produced blastocysts per embryo used were 4.7 ± 3.8 and
5.6 ± 4.9 for male and female parent morulae, respectively.

In vivo development
After in vitro culture for 7 days, sets of cloned blastocysts

were transferred to synchronous recipient heifers. Twenty
recipients received male blastocysts and 18 received female
blastocysts. Survival rates throughout pregnancy were com¬

pared according to the sex of the transferred cloned embryos
(Table 3). The pregnancy on day 21 rate as assessed by high
plasma progesterone concentrations and non-return to oestrus
was similar in recipients that received male and female embryos
(70.0 and 77.7%, respectively). No difference was detected in

pregnancy rates confirmed by ultrasonography on day 90 in
male and female groups (40.0 and 38.9%, respectively). The
pregnancies resulted in seven calvings out of 20 recipients in
the male group and six calvings out of 18 in the female group.
The overall efficiency of development into calves born related
to the number of embryos transferred was nine out of 30
(30.0%) for male clones and six out of 27 (22.2%) for female
clones; the difference was not significant (P > 0.05).

There was no significant difference in pregnancy rates after
single or twin transfers (Table 4). However, after twin transfer
two cases of late abortion occurred on days 150 and 185 with
one pair of male fetuses and one pair of female fetuses,
respectively. This resulted in a slightly lower calving rate for
twin (31.6%) than for single transfer (36.8%).

The sex of the cloned calves born was in agreement with the
sex diagnosed for the parent donor embryos (Table 5). The
nine calves derived from five male parent embryos were all
males with a mean birth weight of 44.4 + 12.1 kg. All the
calves were normal and survived. The six calves derived from
four female parent embryos were all females with a mean birth
weight of 49.0 ± 13.9 kg. Five sets of cloned calves (two to
four identical animals) were obtained from nine sexed parent
embryos in the embryo transfer experiment.

Discussion
The data from the present study show that embryo cloning and
sexing can be efficiently combined to generate cloned calves of
a predicted sex. The procedure used to separate the donor
morulae into isolated blastomeres for nuclear transfer facilitated
the pick-up of a single cell for sex analysis. This is not possible
when sexing is performed on blastocysts in routine embryo
transfer from a biopsy of unknown cell number (Thibier and
Nibart, 1995). Furthermore, sex determination from the DNA
content of a single cell was as reliable as using individual
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Table 5. In vivo development potential of cloned bovine
blastocysts from different parent embryos

Parent Number of
embryo blastocysts Number of Sex of
sex Number transferred calves born calves born

Male 13 11 male
2 4 0
3 13 4 4 males
4 7 4 4 males
5 3 0

Female 6 2 0-
7 4 2 2 females
8 18 2 2 females
9 3 2 2 females

blastomeres from the same embryo, the same bands were

detected after amplification, and the phenotype of all the calves
bom was in agreement with the predicted sex of the parent
donor embryo.

During in vitro culture of nuclear transfer embryos derived
from male or female nuclei, no significant difference was

observed in blastocyst rates by day 7 or at blastocyst forma¬
tion. Most blastocysts had formed by day 6 of co-culture (54
out of 79 in the female group and 66 out of 89 in the male
group); no blastocysts were formed on day 8. This suggests
that blastocyst formation after nuclear transfer is more synchro¬
nous than after IVF in which cavitation is reported to occur

progressively between days 6 and 8 (Grisard et al, 1994). This
might be explained by the more precise timing of nucleus
introduction by electrofusion in nuclear transfer compared with
the variable moment of sperm head penetration and deconden-
sation after insemination of oocytes during the IVF procedure.
However, a difference in the mean cleavage rate by day 2
between male and female reconstituted embryos was observed.
The slightly lower cleavage rate in the male group may have
been due to the high variability in development of nuclear
transfer embryos from different parent embryos rather than an

influence of sex. This variability was also reported by Chesne
et al (1993) and is related to different synchrony between the
cell cycles of blastomeres and recipient cytoplasts (Campbell
et al, 1993).

The potential of nuclear transfer blastocysts derived from
male or female nuclei to develop into live calves was evaluated
after transfer into recipients. No significant difference in preg¬
nancy rates of recipients receiving male or female clones was

observed irrespective of the stage of pregnancy (day 35, day
90 or calving). All calves were born alive but one that was

oversized and excessively heavy (74 kg) died after 3 days
(pregnancy of 293 days). These data can only be compared
with the development potential of sexed embryos produced
in vivo as there are no other published data on pregnancies
from sexed nuclear transfer embryos. Thibier and Nibart (1995)
reported a 54% calving rate after transfer of male embryos
compared with a 46% rate for female embryos; the difference is
not significant from the 50:50 ratio.

In conclusion, nuclear transfer and sex determination from a

single blastomere can be efficiently combined to generate sets

of male or female calf clones. Such female clones are currently
used as animal models for experiments on oocyte competence.
Five sets of genetically identical calves (two or more animals)
were obtained from nine sexed parent embryos. It should be
possible to improve the efficiency of this system by using
multiple generation nuclear transfer (Takano et al, 1997) or

potentially by producing offspring from nuclear transfer of
cultured fetal or adult differentiated cells (Wilmut et al, 1997).

The authors are greatly indebted to the staff of the experimental
farm INRA-Bressonvilliers, and the abattoir for providing the bovine
ovaries. Part of this work was supported by grant No. 90T0968,
Rhone Mérieux-France.
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