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Abstract: Knowing the sex of embryos produced for use in an embryo transfer program can assist farmers in managing
their resources more effectively. With an objective of determining the relationship between embryonic development rate
and sex ratio of the in vifro produced (IVP) bovine embryos, a total of 930 cocytes divided into 2 groups (excellent and
good) according to their morphological score, time of first cleavage and the rate of blastocyst formation were employed.
The proportion of embryos that cleaved before 36 h post insemination (pi) was significantly higher (P < 0.05) in each
group compared with slow cleaving (cleaving after 40 h pil embryos (65.6 and 50.2% Vs 29.3 and 27.8%, for
excellent and good, respectively). Moreover, fast cleaving embryos yielded higher (P < 0.05) percentages of fast
growing embryos l(i.e., those that reached blastocyst stage within the fist 7 days of culture: 30.5 Vs 18.7%, for
excellent- and good-classified oocytes, respectively). Although there was no significance difference among groups in
terms of cleavagetime, oocytes from the excellent group showed a significant increase (P <. 0.06] in total blastocyst
rate compared with those originating from group classified as good (32.6 Vs 20.7, respectively).

There was no significant difference between fast and slow growing embryos with regard to their sex ratio. Both fast
and slow growing embryos biopsied either at 8-cell or at > 8-cell stages showed a significant (P < 0.05) different sex
ratio from the expected 1:1. The owverall sex ratio was 77 Vs 23% for male and female respectively, from both
developmental groups probably due to the type of sperm used and/or both cultural and manipulation conditions. These
results suggest that although there might be some differencesin developmental rate between male and female embryos,
such phenomena are associated with other factors such as the source of sperm as well as cultural conditions. As such,

more studies are needed to clarify this aspect.
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Introduction

Gender pre-selection in domestic animals is potentially of great
economical importance to the global agricultural efficiency
because in most cases, regardless of the breeding methods
used , offspring of one sex will have significantly higher value
than the other. Remarkable progress have been made in the
past decade in improvement and refinement of the different
techniques for pre-implantation sex determination in both
semen and embryos.

Although the ideal method of controlling the sex ratio would
be to separate X- and Y-bearing spermatozoa and to introduce
the separated spermatozoa into an ova, efforts to sex bovine
semen hawve so far resulted in numerous promises as well as
failures (Seidel ef al, 1996). Various methods have been
employed including flow fractionation (Gledhill, 1988) and
flow cytometry (Johnson, 1988; Van Vliet ef al., 1989}, but
none of these have been generally accepted as successful up
to nowr. The alternative approach t o sex selection involves pre-
implantation embryo sexing (Booman, 1986). Depending on
whether or not a biopsy of embryonic tissue is required ,
embryo sexing method are classified as either invasive o
noninvasive {(Betteridge, 1989). Several nonivasive methods
for pre-transfer determination of sex have been developed
[Williams, 1988; Anderson, 1987; Seidel, 1998], but to date
none have ther equired accuracy. On the other hand, invasive
approaches which require a sample of cells to be removed
{biop sy} from the embryos for direct genstic analysis, the
procedure is by and large affected by its technological
demands as to be readily applicable under field conditions
[Herr et al., 1990].

As it has become evident in the bovine embryo that sexua
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dimorphism may occur ewven before activation of the
embryonic genome (Yadav ef al., 1993), it is assumed that
there may be a relationship between embryonic growth rate
and life span. However, there seems to be two schools of
thoughts with regard to the rate of embryonic growth in
different species. While some researchers believe that male
cattle embryos develop faster than the female embryo both in
vivo (Itoh and Goto, 1986; Avery et al., 1989) and in vitro
{Marquant-Le Guiene et al., 1992, Xu et al., 1992; Dominko
and First 1993; Yadav et al., 1993) during early cleavage
stages, others (Berg ef al, 1992; Callesen ef al., 1992;
Thibier and Nibart, 1995] reiterat e that the ratic betvween male
and female does not differ from 1:1. Apparently, male and
female embryos may commence cleavage at about the same
time, but the difference in male new-borns at birth indicates
a possible different developmental competence between the
two, which may have originated from the embryonic stage.
The proper mechanism of this effect is not knowwn, but Tiffin
et al. (1991) reported that in male cattle embryos, glucose
metabolism wwas twice that of females and increased between
the morula and expanded blastocyst stages.

The present study was therefore conducted to first examine
whether or not in vitro-derived bovine embryos differed on
their developmental competence, and second, to exploit the
possibilities of finding some criterion to be used as a means of
avoiding an invasive approach for bovine embryo sexing.

Materials and Methods

In vitro Maturation (IVM): Ovaries from Holstein cows were
collected from a slaughterhouse and transported to the
laboratory in Ringer’s solution supplemented with penicillin G
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{100 IU/ml) and streptomycin sulfate (0.2 ug/ml) at 30-32 °C.
Cumulus-oocyte complexes (COCs) were aspirated from
follicles of 2 to 6 mm in diameter using an 18-g needle
cohnected to a 6-ml syringe, and then transferred to a petri
dish containing modified PBS (Gibco, Grand Island, NY, USA)
supplemented with 3% BSA. After aspiration, although it is
only those COCs with an intact and surrecunded by cumulus
cells over more than one-third of their surface that were
considered suitable for IVF procedure, the COCs were further
classified into two groups: excellent and good, based on the
number of cumulus cells layer surrounding an oocyte (as
described bellow). The classified COCs were washed three
times in maturation medium [TCM-199, Earle’s salts; Gibco]
supplemented with b% Day-7 superovulated cow serum

[SCS:Matsucka et a., 1992}, 0.01 mg/ml FSH (Denka
Phamaceutical Co., Kawvvasaki, Japan} and 50 wug/ml
gentamycin (Sigma Chemicals, St. Louis, MO, USA).

Thereafter, the COCs w ere separately incubated (according to
their respective score} in maturation medium for 21 to 22 h at
38.6°C in humidified 6% CO, in air.

In vitro Fertilization (IVF] and Culture {IVCj: Frozen-thawed
semen from a bull whose reproductive qualities are known
(Sumatri et al., 1997}, used for in vitro fertilisation. Frozen
semen was thavved in a wvater-bath (37°C}, then wvashed 2
times using 2.6 mM caffeine in Brackett and Cliphants’s
medium (Caff-BO), as previously described (Brackett and
QOliphant, 1975}, followed by centrifugation at 5600g for b min.
The sediment was then suspended in Caff-BO supplemented
with 1% BSA (Sigmal and 20 pg/ml heparin {Shimizu
Pharmaceutical Co., Shimizu, Japan) to yield a final sperm
concentration of 5 x 10%ml. A 100 gl aliquot of sperm
suspension was covered with mineral oil and then pre
incubated for 1 h at 38.6°C in b% CO; in air. Maturad
oocytes were transferred into sperm microdrops (20-25
oocytes per drop) for insemination.

Five hours latter, the COCs wvere wvashed 3 times and
transferred into fresh culture m edium {TCM-199 supplemented
with 5% SCS), b wg/ml insulin {(Wako Pure Chemical Industries
Ltd, Osaka Japan) and 50 ug/ml gentamycin for furthe
development. At 48 h after fertilization, the cumulus cells
surrounding the embryo were partially removed by repeated
pipetting. while the cumulus cell layer attached to the bottom
of the culture dish was undisturbed and used as a co-culture.
The culture medium was replaced with a new after 96 h.

Assessment of oocytes’ quality score in relation to cleavage
and developmental rate: Aspirated COCs with intact cytoplasm
and surrou nded by unexpanded cumulus cells over more than
one-t hird of their surface were grouped into two classes
{excellent and good), based on their respective layers of
cumulus cells. An oocyte was classified as excellent when
together wvith the morpholegical characteristics describe
above, it had > b layers of cumulus cells, and as good when
cumulus cells vvere betvween 3and 5 layers. The cleavage rate
was evaluated at 36 and 40 h post in vitro fertilisation, and
cleaved embryos from each class present at each time point
were recorded and regrouped together in either one or two
wells {depending on the number of ococytes) of the 4-well
culture dishes. All the cleaved embryos were then cultured for
up to 10 d (fertilisation day = O d} and their development to
blastocyst was noted. Embryos that cleaved within the first 36
h following the IVF were regarded as fast-cleaving, while the
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nes that cleaved after 40 h post insemination were classified
as slow-cleaving. Similarly, embryos that reached the
blastocyst stage before or up to Day 7 were classified as fast
developing whereas embryos that reached the same stage
from day 7 onwards were considered to be slow-developing.

Effects of developmental capacity on sex ratio and surviva
rate of the embryos biopsied at different cell stages: In order
to accomplish the above objectives, two groups of 50 zygotes
each were formed according to their developmental rates:
fast- and sloww-growing embryos. Then each group was further
subdivided into two subgroups, depending on the stage at
which the embryo vvas biopsied; i.e., either at 8- and = 8-cell
stages, respectively. Twenty-five embryos were employed per
each cell stage (subgroup) and their corresponding sex ratio
{following the PCR results) as well as their capacity to develop
up to blastocyst stage vwere recorded.

Sex determination by PCR method: Biopsies of 2 to 6 cells
were used for the polymerase chain reaction (PCR) assay. The
biopsy procedure was carried out by micre-manipulation done
in a 100-mm sterile plastic petri dish containing 100-ul micro-
drop of PBS supplemented with 0.05% fatty acid free BSA
{Sigma). Biopsied embryos were washed in the culture
medium before being replaced back for further development,
and the isolated cells were transferred in 1-2 ul of PBS buffer
to the bottom of 0.5 ml reaction tube (vials), then 8-9 ul of
autoclaved double distilled water was added and covered with
10-ul mineral oil. This was followed by denaturation of the
sample at 96 °C for 1 min, and the samples were either stored
in the deep freezer (-20 °C] until the day sex was intended or
directly subjected to the PCR assay.

The PCRs were performed using sequencer TSR-300 (lwasaki
Glass, Co. Ltd., Japan) in 0.6 ml reaction tubes using reagents
supplied by Takahara Shuzo Co., Ltd. {Biochemical Group,
Otsu, Shiga, Japan). The reaction mixture consisted of b gl of
10 x buffer {10 mM Tris-HCI, 50 mM NaOH, 0.5 M EDTA
2Na, and 0.0275 g/ml boric acid}, 5 ul Primer | (BM; g, 5
Primer 1l {BM;g), 2 pd dnT {AGTC) and 0.25 4 Taq
Paolymerase; all adjusted to a total volume of 5O 4l per sample
by addng double distilled water and covered wvith 50
mineral oil. Reaction tubes containing the reaction mixture
with 10 gyl of male and female DNA each were used &
positive controls. Forty-five PCR cycles each consisting of
three steps: template denaturation, primer annealing, and
primer extension at 95, 70, and 50 °C, respectively, were run.
After the last cycle, the samples were incubated at 38.5 °C
for b min, then cooled to room temperature. The PCR products
were electrophoretically separated in 3% agarose gels
containing ethidium bromide at a concentration of 20 pg/ml
wvere visualised on an UV transilluminator {lvwasaki Glass Co.:
320 nm). Electrophoresis marker consisted of 0.6 ¢l (100 base
pairs DNA ladder}, 1 4l of loading dye and 3.55 ul buffer.

Statistical analysis: The data were statistically analysed by
Chi-square (x9 test, or when some expected values were less
or equal to 5, Ficher’'s exact probability test vvere used.
Differences at a probability (P) value of 0.0b or less were
considered significant.

Results
A Total of 930 oocytes divided into 2 groups (Excellent and
Good) according te their morphological score were in vitro
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able egvadge rate itro fertilised e as’ e
Qocytes’ Classification Mo. of fertilised Cleavage (%0}
o0Cytes e e enmeoeeeeoees e ees
Fast* Slow & Total
Excellent 430 239 {55.6)° 126 (29.3)° 365 (84.9)
Good 500 §1 (50.%3 13_9 (27.8)b 390 78.0|

‘Cleaved within the first 36 and after 40 h post insemination, respectively.

Values with different superscripts within a row are significantly different (P < 0.05)

=191 [= e (8] e Qre SIODITe 1d ele e e
Qocytes’ classification ype of cleavage Development to blastocysts (%)
(No.)
East Slow Total
Fast (239) 73 (30.5)*°* 18 (7.5)° 89 (37.2)°°
Excellent [119/365 = 32.6%]a
Slow (126) 18 {14.3)7 12 (9.5)° 30 (33.8)"
Fast (251) 47 8.7 15 (5.9)° 62 (24.7)°" )
Good [81/390 = 20.7%F
Slow (139) 14 (10.1)2b 5 (3.6)0 19 {13.7)"
Values with different superscripts within a row (% and column (7 or @ ") are statistically different. (P < 0.05).
Table 3. Sex ratio and survival rate of fast-_and slow-growing IVP-bovine embryos biopsied at different cell stages
Growth category Biopsied at Survival (%) Sex Ratio (M:F)
No (%%) Iale (2g) Eemale (90}
Fast 8-cell 25 17 168) 22(88)° 3(13° 22:3
> 8-cell 25 20 (80) 20 (80)*° 5(20)® 20:5
Slow 8-cell 25 14 (56) 17 (68)® 833" 17:8
> 8-cell 25 20 (80) 18 (72)° 7128 b 18:7
Total 100 71 (71) 77.(77)° 23 {23)° 77.:23

*alues with different superscript letter within the rows are significantly different (P < 0.05).

matured, fertilised, and cultured to determine their
developmental competence. The percentage of embryos that
cleaved before 36 h post insemination (pi) was significantly
higher {P< 0.0B} within, but not among the two groups
{excellent and good) than those that cleaved 40 h pi (Table 1].
The fast cleaving oocytes were 65.6 and 50.2% comparal
with the slow cleaving ones 29.3 and 27.8%, for excellent
and good groups, respectively.

In order to study the correlation betwween developmenta
competence with the time of cleavage, two more criterions
were established. That is, after separating the zygotes
according to their cleavage time, cleaved embryos wvere
further classified into two classes depending on the time i
took them to reach the blastocyst stage. Fast cleaving
embryos had the highest (P< 0.0b) percentages of fast
growing embryos (30.5 Vs 18.7%, for excellent- and good-
classified oocytes, respectively). Moreowver, in both groups and
cleavage times, there were significant difference (P < 0.05)
between them in terms of growth rate (Table 2}. Among the
groups, although there were no significant difference among
cleavage times, oocytes from the excellent group showed a
significant increase (P< 0.05) in total blastocyst rate
compared with those originating from good cocytes.

For sex determination, fast and slo w growing /n vitro produced
blastocysts were employed (Table 3). Both fast and slow
growing embryos biopsied either at §-cell or more than 8-cell
stages showed a significant (P < 0.056] different sex ratio from
the expected 1:1. Howewver, there was no significant
difference between fast and slow growing embryos with
regard to their sex. The overall sex ratio obtained was 77 Vs
23% for male and female respectively, from both
developmental groups. On the other hand, although not
significantly different, embryos biopsied during their early
developmental stages showed a tendency of low survival rate
compared with those that were biopsied at an advanced stage
of growth.

Discussion
In the present study, bovine embryos obtained by in vitro
fertilisation and culture showed variable developmental rates
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starting from the time of cleavage up to the blastocyst
formation. Basing on the previous reports that bovine oocytes
starts to cleave at 31 (Hyttell ef af., 1988) and between 26-
32 h (Xu ef al, 1987; Barnes and Eyestone, 1990) post
insemination for in vivo and in vitro respectively, only 2 time
points: 36 and 40 h pi were selected so as to avoid exposing
theembryos longer time out of the incubator. Fast cleaving
embryos vielded a higher rate of blastocyst development than
those that cleaved after 40 h pi, coinciding with previously
reported results (Plate and King, 1992; VVan Soon et al., 1992;
Yadav et al., 1993; Miller ef al., 1994). Although there were
no significant difference between oocyte classification groups
on cleavage time, fast and slow cleaving zygotes from the
excellent group vyielded higher rates of fast growing
blastocysts than their corresponding counterparts from the
group of oocytes classified as good. These results support the
concept that the development in vitro of bovine embryos
depends, upon other factors, the cocyte morphology and size
(Assey et al., 1994; Longergan et al., 1994].

Differences in the growth rate between embryos depend on
various factors, including differences in fertilisation time,
inherent growth rate of individual embryos, and sex-related
growth (Avery ef al, 1992). Several reports have indicated
that embryonic development is regulated by sex-specific traits
or genes leading to altered sex ratios. Fast growth by male
embryos has been related to the process of gender sex
differentiation (Burgoyne, 1989; Heslop et al., 1989} in some
way, and glucose metabolism (Tifffinet al., 1992) or growth
stimulating effects of oxygen radicals (Peipo and Bredbacka,
1998} in another.

Despite the fact that sex ratio between fast and slow growing
embryos did not differ significantly, the total sex ratio of fast-
and slow-developing bovine blastocyst stage embryos in this
experiment was sighificantly skewed towards the males rather
than females. Our results are therefore contrary to the
previously reported {Tsunoda et al, 19856; Xu ef al., 1992;
Dominke and First, 1993; Yadav ef al, 1993) that male
embryos develop faster than female embryos in vitro; since
both fast- and slow-growing embryos in this study were
significantly male in proportion. Consequently, our findings
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neither agrees with the standard sexratio of 1:1 obtained in
vivo. There are two possible reasons for this. The first reason
is that since the semen used for fertilisation came from only
one bull, the latter might have contributed heavily towards the
higher proportion of male embryos as it has been observed
that there is sire differences in the sex ratio of progeny, in
cattle (Powell ef al., 1975; Leibo and Rall, 1980), and n
buffalo (Totey ef al., 1996). The second reason is based on
the hypothesis that manipulation and culture of bovine
embryos result in a preferential loss of female embryos (King
ef al., 1992). However, the mechanism underlining these two
aspects are not totally elucidated, and from the sample
population taken in this experiment, it is hard to reach
conclusive remarks. Hence, further studies, including a
variation in the source of sperm used for in vitro fertilisation,
ought to be conducted.

In summary, our study demonstrated that dewvelopmental
compet ence of the in vitro produced bovine embryos &
dependent upon the quality of the ococytes used, and the fast
cleaving embryos within a pool results to higher rates of fast
growing and total blastocyst formation. Secondly, for a proper
analysis of the correlation between fast-growing embryos and
sex ratio, at least the comparison of the bulls together with
the number of sampled population needs to be considered.

References

Anderson, G.B., 1987. Use of chimeras to study development. J.
Reprod. Fertil., 34: 251-259 {Suppl.}.

Assey, R.J., P. Hyttel, T. Greve and B. Purwantara, 1994. Oocyte
morphology in dominant and subordinate follicles. Mol. Reprod.
Dev., 37: 335-344.

Avery, B., C.B. Jorgensen, V. Madison and T. Greve, 1992.
Meomhological development and sex of bovine In vitro fertilized
embryo. Mol. Reprod. Dev., 32: 265-270.

Avery, B., A. Bak and M. Schmidt, 1989. Differential cleavage rates
and sex determination in bovine embryos. Therio., 32: 139-147.

Barnes, F.L. and W.H. Eyestone, 1990. Early cleavage and the
maternal 2ygotic transition in bovine embryos. Therio., 33: 141-
152.

Berg, U., H.D. Reichenbach, J. Liebich and G. Brem, 1992. Sex ratios
of claves born after transfer of In vitro produced embryos. Therio.,
37: 191 (Abstr.)

Betteridge, K.J., 1989, Livestock embryo sexing: past, present and
future. In: Watchel, S.S. (eds). Evolutionary Mechanisms in sex
Determination. CRC Press, Inc., Boca Raton, pp: 279-289.

Booman, P., 1986. Control of sex ratio by sexing sperm and embryos.
In: Smith, C., King, JW.B. and McKay, J. C. (eds). Exploiting
New Technologies in Animal Breeding: Genetic Developments.
Oxford Science Publications, New York, pp: 13-22.

Brackett, B.G. and G. Oliphant, 1975. Capacitation of rabbit
spermatozoa /n vitro. Biol. Reprod., 12: 260-274.

Burgoyne, P.S., 1989. Thumbs down for zinc finger? Nature, 42: 937-
939.

Callesen, H., A. Bak and T. Greve, 1992. Prediction of sex of embryos
from superovulated cattle based on developmental stages at
recovery. Proc. 8™ Conf. Euro. Emb. Trans. Asso., (Lyon), 134.

Dominko, T. and N.L. Fist, 1993. Male predominance of bovine
embryos can be observed at the Z-cell stage. Biol. Reprod., 48
(Suppl.1), 168.

Gledhill, B.L., 1988. Selection and separation of X- and ¥
chromosome bearing mammalian sperm. Game. Resea., 20: 77-
395.

Herr, C.M., N.A. Holt, K.l. Matthaei and K. Reed, 1990. Sex of
progeny from bovine embryos sexed with a rapid Y-chromesome
detection assay. Therio., 33: 247.

Heslop, B.F., M.P. Bradley and M.A. Baird, 1989. A proposed growth
regulatory function for the serologically detectable sex specific
antigen H-Ys. Hum. Genet., 81: 99-104

Hytell, P., T. Greve and H. Callesen, 1988. Ultrastructure of in vivo
fertilisation in superovulated cattle. J. Reprod. Fertil., 82: 1-13.

ltoh, 5. and Goto, T., 19 86. Sex frequency of offspring from different
developmental stage of cattle embryos. Jpn. J. Al Rese., 8:95-99.

250

Johnson, L.A., 1988. Flow cytometry determination of sperm sex ratio
in sperm purportedly enriched for X- or Y-bearing sperm. Therio.,
29: 265.

King, W.A., L. Picard, D. Bousquet and A.K. Goff, 1992. Sex
dependent loss of bisected bovine morulae after culture and
freezing. J. Reprod. Fertil., 96: 453-459,

Leibo, 5.P. and W.F. Rall, 1990. Prenatal diagnosis of sex in bovine
fetuses by amniocentesis. Therio., 33: 531-551.

Longergan, P., Monaghan, P., Rizoz, D., Boland, M.P. and Gerdon, |.,
1994. Effect of follicle size on bovine oocyte quality and
developmental competence following maturation, fertilization and
culture In vitro. Mol. Reprod. Dev., 37: 48-53.

Marquant-Le Guiene, B., M. Nibart, C. Bruyader, G. Kohen, L
Esposito, J.M. Thuard and M. Thibier, 1992. DN A probe sexing of
young /nvitro fertilised bovine embryos. Therio., 37: 253 {Abstr.).

Matsuoka, K., Sakata, S., Ichiro, K., Shimaya, Y. and T. Suzuki,
1992. Effect of superovulated cow serum for culture of bovine
oocytes to the blastocyst stage. Therio., 37: 254 (Abstr.).

Miller, G.F., D.W. Gliedt, J.M. Rakes and R.W. Rovi, 1994. Addition
of penicillamine, hypotaurine and epinephrine (PHE) or hovine
oviductal epithelial cells (BOEC) alone or combination to bovine In
vitro fertilization medium increases the subsequent embryo
cleavage rate. Therio., 41: 689-696.

Peipo, J. and P. Bredbacka, 1996. Male bovine zygotes cleave earlier
than female zygotes in the presence of glucose. Therio., 1: 187
({Abstr.).

Plate, L. and W.A. King, 1992, Effect of time to first cleavage on
hatching rate of bovine embryes /n witro. Therio., 37: 247
({Abstr.).

Powell, R.L, H.D. Norman and F.N. Dickinson, 1975. Sire differences
in sex ratio of progeny. J. Dairy Sci., 58: 1723-1726.

Seidel, G.E. Jr., 1998. Recent studies in sexing bovine spermatozoa
by flow cytometry. In: Blair, R., Rajamahendran, R., Mohan, M.,
Stephens, L.S. and Yang, M.Y. (eds). New Directions in Animal
Production Systems. Proc. Annu. Meet. Canad. Soc. Anim. Sci.,
Vancouver, British Columbia, Canada V6T 124, pp: 130-134.

Seidel, G.E., Johnsen, L.A., Allen, C.A., Welch, G.R., Holland, M.D.,
Brink, Z. and Cattell, M.B., 1996. Artificial insemination with X-
and Y-bearing bovine sperm. Therio., 45: 309 {Abstr.).

Sumantri, C., Boediono, A., Ooe M., Murakami, M., Saha, S. and
Suzuki, T., 1997. The effect of sperm--cocyte incubation time on
In vitro embryo development using sperm from a tetraparental
chimeric bull. Anim. Reprod. Sci., 48: 187-195.

Thibier, M. and Nibart, M., 1995. The sexing of bovine embryos in the
field. Theric., 3: 71-80.

Tiffin, G.J., Rieger, D., Betteridge, K.J., Yadav, B.R. and King, W.A_,
1991. Glucose and glutamine metabolism in pre-attachment cattle
embryos in relation to sex and stage of development. J. Reprod.
Fertil., 93: 125-132.

Totey, S.M., M. Daliri, K.B.C. Appa Rao, C.H. Pawshe, M. Taneja and
R.S. Chillar, 1996. Differential cleavage and developmental rates
and their correlation with cell numbers and sex ratios in buffalo
embryo generated fn vitro. Therio., 45: 521-533.

Tsuneda, Y., T. Tokunaga and T. Sugie, 1985. Altered sex ratio of
live young after transfer of fast and slow developing mouse
embryos. Gam. Res., 12: 301-304.

Van Soon, A., |. Van Vlaenderen, A.R. Mohmoudzadeh, H. Deluyber
and A. Dekruif, 1992. Conpaction rate of In vitro fertilized bovine
embryos related to the interval from insemination to first cleavage.
Therio., 38: 905-920.

Van Yiet , R.A., Verrinder Gibbins, A.M. and J.5. Walton, 1989.
Livestock embryo sexing: a review of current methods with
emphasis on Y-specific DNA probes. Therio., 32: 421-438.

Xu, K.P., Yadav, B.R., King, W.A. and K.J. Betteridge, 1992. Sex
related differences in developmental rates of bovine embryos
produced and cultured /n vitro. Mol. Reprod. Dev., 31: 249-252,

Xu, K.P., T. Greve, H. Callesen and P. Hyttell, 1987. Pregnancy
resulting from cattle cocytes matured and fertilized b vitro. J.
Reprod. Fertil., 81: 501-504.

Yadav, B.R., W.A. King and K.J. Betteridge, 1993. Relationship
between the completion of first cleavage and the chromosomal
complement, sex, and developmental rates of bovine embryos
generated In vitro. Mol. Reprod. Dev., 36: 434-439.

Williams, T.J., 1986. A technique for sexing mouse embryos by a
visud colorimetric assay of the X- linked enzyme, glucose &
phosphate dehydrogenase. Therio., 25: 733-743.



	PJBS.pdf
	Page 1


