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　　 Abstract　 The objectiv e o f this study was to determine whether the bovine ma le em-

bryos develop faster in vitr o than female embryo s. The sex of embryos we re dete rmined with

PCR( Po lymera se chain reaction) technique. On day 5( in v itro insemina tion= day 0) , the

embryos we re divided by developm enta l stages into 3 g roups: 16 cells, more than 16 cells

and mo rula. In 3 g roups, the percentag es of males w ere respectiv ely 32% , 53% and 63% .

On day 7(in vi tro insemination= day 0) , th e embryos we re classified by developmental stag es

into 4 g roups: mo rulae, ea rly bla stocysts, blastocy sts and full-expanding blastocy sts. After

sexing , the pe rcenta ges o f males w ere 28% , 38% , 60% and 70% , respectiv ely. The study

demonstra ted tha t IV F bovine male embryo s develop fa ster in vitr o than female embryos.
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A general rev iew of the methods in sexual cont rol of animals, currently the separa-

tion o f X- o r Y-chromosome-bea ring sperma to zo a
[ 1]

and sex determination of preimpla-

tantion embryos
[2 ]

a re being explo red tw o w ays. How erer, mo re recently , some data

show ed that male embryos develop at a faster rate in viv o and in vi tro than female em-

bryo s. Avery et al
[3 ] found that the percentages of males in bov ine f rom the 3 develop-

menta l g roups w ere 78% , 27% and 11% respectiv ely. Also simi lar studies on mouse
[2, 4 ]

and bovine
[5 ]

embryo s have been repo rted. How ever, Berg et al
[6 ]

indicated that no dif-

ferences in the sex ratio betw een fast- and slow-developing embryos could be found by

transferred to recipients. For explo ring a simple, noninvasiv e method to embryo sexing ,

the objectiv e in this study is to rev eal the effect of sex on bovine embryonic g row th ra te

in vi tro.

1　Materials and Methods

1. 1　 In vitro embryo production

1. 1. 1　 Media preparation　 Oocytes w ere aspi ra ted and washed using TCM-Hepes

buffer supplemented wi th 2% hea t-t rea ted cow serum ( c. s) and 250 IU /mL hepa rin
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( aspi ra ted medium) . Oocy tes w ere cultured in a TCM-Bicarbonate medium supplement-

ed wi th 16 IU /mL Suig onan-opl ( h CG) and 15% c. s ( IV M medium ) . Sperma to zo a

w ere capacitated in CR1-Bica rbonate medium supplemented 30 mg· L- 1 heparin ( IV F

medium ) . Embryo s w ere cultured in CR1-Bica rbonate medium supplemented wi th 2%

c. s ( IV C medium ) .

1. 1. 2　 Culture of oocy tes　 Bovine ovaries w ere obtained at a local slaughterhouse.

Oocy te w ere aspi ra ted and washed twice in aspirated medium and once in IVM medium ,

then oocytes w ere cul tured in IVM medium ( 30～ 40 oocy tes in 500μL drops ) under

sterile paraf fin oil at 39℃ in 5% CO2 and 95% N2 fo r 22～ 24 h.

1. 1. 3　 In vi t ro fer tili zation　 Fro zen semem which div ided from a sing le bull w as

thaw ed in w ater at 35～ 37℃ for 1 min, and then w ashed tw ice by centri fugation at 700

g fo r 10 min. Af ter matura tion cul ture, matured oocy tes moved into IV F medium w ith

t reated sperma to zoa and cultured under sterile paraffin oi l at 39℃ in 5% CO2 , 95% N2

and 100% humidi ty fo r 22～ 24 h.

1. 1. 4　 Embryo cul ture　 After in v it ro fertili za tion, presumptiv e zygotes w ere denuded

from cumulus cells by vortex mix ing . Naked zygo tes w ere cul tured w ith IV C medium

under paraffin oil a t 39℃ in 5% CO2 and 95% N2 for 4 and 6 d.

1. 2　 Embryo classification

On day 5 ( in vi t ro insemination= day 0) , the embryos w ere morpho logical ly evalu-

ated and divided by developmental stag es into 3 g roups: 16 cells, mo re than 16 cells and

morula. On day 7 ( in vi t ro insemination = day 0) , the embryos w ere divided into 4

g roups: mo rula, ea rly bastocysts, blastocysts and full-expanding blastocysts.

1. 3　 Preparation of embryos for PCR-amplif ication

Embryos w ere w ashed twice in pure PBS and once in 1× PCR buffer. Embryo s w ere

spliced into 2 parts ( A and B samples) under an inverted Olympus microscope, individu-

ally , into separate vials containing 10μL of 1× PCR buf fer. At that time, 1μL pro-

teinase K was added( 10 g· L
- 1 ) . After cent rifug ing brief ly , each vial w as covered w ith

30μL of light pa raf fin oil on the reaction mix tures to prevent evaparation. The embryos

w ere kept a t 56℃ for 1 hour for dig estion. Prio r to PCR amplification, each vial w as in-

cubated at a temperature o f 98℃ fo r 15 min to dena ture the pro teinase K.

1. 4　 Polymerase chain reaction

The PCR reaction w ere carried out in a to tal 25μL reaction buf fer. Amplification

w ere performed in 10 mmol· L
- 1

Tris-HCI( pH8. 4) , 50 mmol· L
- 1

KCl, 1. 5 mmo l·

L
- 1

MgCl2 , 0. 01% gela tine, 5 mmol· L
- 1

o f each dN TP( d ATP, dCTP, dGT P and

d TT P) and 0. 25 IU of Tag DN A po lymerase. BRY. 4a-specific primes w ere added in a

volume o f 10 pmol to A samples, and 10 pmol of BRY. 4a-speci fic and 2. 5 pmol of

bovine sa telli te 1. 709 specific primers w ere added to B samples. A negativ e control ,

male and female coutro ls ( male and female genomic DN A) , w ere included to detect any
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contaminations and to check the validi ty of the reagents. Tab. 1 show s the details con-

cerning sequences and products o f bo th the Y-specific and bovine satelli te primers used

in the PCR sexing assay.

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

Template-sequence
Nucleo tide posi ti on

of th e primers
Primer s equences

PCR p rod uct leng th
( bas epai rs )

BRY. 4a
( Redd et al ,
1989)

satel lit e 1. 709
( Skow ronski et
al, 1984)

1844-1872
2284-2312

2749-2770
2974-2994

5 '-CAAGACCAT ACA-
T ATGTCATT AT AGACAG-3 '3 '-CACAAAAA-
CAAAAT T TATG TACT TCATGT-5 '

5 '-GCAGT GCAT AAATATCAAAAGG-3 '3 '-
CAAGGGATGT TGGAGGACT AG-5 '

469

246

　　 Ampli fica tions w ere car ried out in a Perkin-Elmer Thermal Cycler. All samples

w ere denatured at 94℃ fo r 2. 3 min, fo llow ed by 50 cycles consisting of denatura tion at

94℃ fo r 30 s, annealing at 61℃ fo r 1 min, and ex tension at 72℃ fo r 1 min. Af ter the

last cycle, the samples w ere incubated for further 3 min at 72℃ to assure complete ex-

tension and then cooled to 35℃ for 10 s. The PCR products o f all samples w ere then ei-

ther analy zed immediately by agarose gel elect ropho resis o r stored in ref rig era to r unti l

analy zed.

1. 5　 Analysis of PCR products

Seven micro li ters of each sample w ere added to 1μL of loading buf fer containing

g lycerol, bromplenol blue, x ylene cyanol and EDTA before loading on the gel. Elec-

trophoresis w as carried out in 2% agarose gel wi th 1× TBE buffer at 100 vo lts for 30

min, stained w ith ethidium bromide and visualized under ul t ravio let light. The embryo

w as judged to be female i f only a 246 basepair product f rom bov ine sa tellite 1. 709 w as

visible in the sample. If a 469 basepair f rom BRY. 4a o r a 246 and a 469 basepai r w ere

visible in the sample, the embryo w as judged as a male( Fig. ) .

Fig.　 Agaro se gel elect ropho resis after PCR.

　　 ( M ) Ps t l diges tedλ. 1-7 are embryo samples using th e BRY. 4a p rimers. B,♀ and are samples w i th respectively

no, female and male bovine genomic DN A. Th e sam ples res olved on th e agarose gel below are aliquots of th e s am e

samples as above amplif ied w i th an addi tit on of the satel li t e 1. 709 primerpai r. Sample 1, 3 and 5 w ere as signed males,

2, 6 and 7 w ere as sign ed females, whi le sample 4 w as not assigned.
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2　 Statistical Analysis

To determine if there a re dif ferences in the developmental rate betw een male and fe-

male embryos, Chi-square analysis w as used.

3　 Results

On day 5 af ter insemination, a total o f 110 embryos w as submit ted fo r sex ing and

105 embryo s had their sex determined ( Tab. 2) . Five embryo s ( 1 16 cells, 2 mo re than

16 cells, 2 mo rula) either did no t show amplification or w ere lost during the procedure.

When embryos w ere co llected f rom morulae developmental stag e, approximately 63% of

fast-developing embryos w ere males( P < 0. 05) . When embryos w ere collected f rom 16

cell developmental stag e, approximately 68% of slow-developing embryos w ere fema les

(P < 0. 05) . The overall male percentag e was 50% and i t was no dif ferent f rom the ex-

pected 1∶ 1 sex ratio ( P> 0. 05) .

Data in Tab. 3 indica ted tha t male embryos developed a t a significantly faster ra te

than female embryos on day 7( P < 0. 05) . When embryos w ere co llected f rom fast-de-

veloping stag e, appro xima tely 70% of embryo s w ere males (P < 0. 05) . When embryos

w ere co llected f rom slow-developing stag e, approximately 72% of embryos w ere females

( P < 0. 05) . A to tal of 91 embryos w as submit ted for sexing and 87 embryos had thei r

sex determined. Four embryos ( 3 early blasto cy sts, 1 blasto cy st ) ei ther did no t show

amplification o r w ere lo st during the procedure. A to tal of 87 embryos w as analy zed and

displayed 1∶ 1 sex ra tio( P> 0. 05) .

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

Stages of
development

No. of
embryos

Males
( n)

Females
( n)

Sex ratio
Males
(% )

16 cel ls 31 10 21 1: 2. 1 32

Mo re than
16 cel ls

36 19 17 1. 1: 1 53

Morula 38 24 14 1. 7: 1 63

Total 105 53 52 1: 1 50

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

Stages of
development

No. of
embryos

Males
( n)

Females
( n)

Sex ratio Males
(% )

Morula 18 5 13 1: 2. 6 28

Early
blas tocyst s

21 8 13 1: 1. 6 38

Blastocys ts 25 15 10 1. 5: 1 60
Ful l-ex panding
blas tocyst s

23 16 7 2. 3: 1 70

Total 87 44 43 1: 1 51
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4　 Discussion

Earlier finding s have demonst ra ted that the rate of embryonic development and sex

ra tio of embryos have a clea r relationship
[2, 3, 4 ]

, a nd IV F bovine embryo s have a higher

o ocurrence o f male among mo re advanced embryo stag es and a higher oocurrence of fe-

male among less advanced embryo stag es
[7 ] . Itoh and Go to

[5 ]
repo rted that the percent-

ages of males in bovine f rom the 3 developmental g roups ( fast development , intermedi-

ate development and slow development) were 77% , 40% and 24% , respectiv ely. Seller

and Perkins-Cole
[4 ]

found tha t th e percentages of males in mouse in the 3 g roups ( fast

development , intermedia te development and slow development ) w ere 94% , 45% and

25% , respectiv ely. In this study , 105 and 87 embryo s fertilized from a bull sperm could

be classi fied into dif ferent developmental stag es on day 5 and day 7, respectively , and

the resul ts show ed that male embryo s developed more rapidly than fema le embryos did.

On day 5, the percentag es o f males from the 3 developmental g roups w ere 63% , 53%

and 32% , respectiv ely. And from the 4 developmental groups on day 7, the percentag es

o f males w ere 70% , 60% , 38% and 28% , respectiv ely. The present resul ts w ere con-

sistent w ith th e prev ious findings
[3, 4, 5 ] .

Al though repo rts in several mammals including mouse
[ 2, 4]

and bov ine
[3, 5 ]

have indi-

cated tha t the development of male embryos occurs more rapidly than female embryos.

Contrary to the resul ts, no dif ferences in embryo development betw een male and female

embryo s w ould be detected. Berg et al[6 ] found that IV F embryos t ransferred to recipi-

ents ( on day 7 af ter insemination) and taken to term did not show di fferences in the sex

ra tios betw een fast and slow developing embryos. For this reason, it is likely tha t em-

bryo s may have al ready been degenerate at the time of t ransfer ( slow development) , be-

fore embryos were classified into dif ferent development stag es. In addi tion, the sex of

fetus abo rted during pregnancy may be ano ther reason.

The faster development o f male embryo s is no t fully understood. It could be a rgued

that male embryos develop faster than female embryos because the redused DN A content

w ould allow faster completion of DN A replication. However, the finding s of Bur-

goyne
[ 8]

did no t suppo rt this. A genetic inf luence by the Y ch romosome on in vi t ro

metabolism may be impo rtant. The increased g row th in male embryos may be a conse-

quence o f dif ferential gene expression caused by the Y-ch romosome. In addition, early

embryonic development is a v ery complex process, in vi t ro-produced embryos can be af-

fected by a range o f dif ferent factors such as ino rg anic ions, buffers, g as composition,

amino acids, g row th factors, vi tamins and macromolecules
[9 ] .
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　　摘　要　本研究旨在证实牛体外培养的雄性胚胎生长发育是否快于雌性胚胎。 胚胎的

性别鉴定采用多聚酶链式反应 ( PCR)技术。 在体外受精的第 5天 ,胚胎根据发育期划分为三

个组: 16细胞期 ,多于 16细胞期和桑椹期。 在 3个组中 ,雄性胚胎所占百分率分别是 32% ,

53%和 63%。 在体外受精的第 7天 ,胚胎根据发育期划分为 4个组:桑椹期、早期囊胚期、囊

胚期和扩张囊胚期。 在性别鉴定后 , 4个组中雄性胚胎所占百分率分别是 28% , 38% , 60%和

70%。 结果表明:牛早期胚胎在体外培养条件下 ,雄性发育快于雌性。

关键词　牛 ,胚胎 ,体外发育 ,雄性 ,雌性
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