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BB 1O BRI SERLET > FE X (aRNA)
RNA B % RT-PCRZEDHE & L THAW3 B (aRNA-RT-
PCR&) L&V, 1 BRROEBORETFREAEBRDII Y
AIHED & 5 PRET L 2. FBREL 2@l ~Fe R
TOBNEE - TARBIWEHME L UTHW:. T7-RNAS
BBROZBRE SRS/ ERE L /- oligodN)B&EERT 5 1
T—IC & BAWEE E 2 K cDNA SRR D#EIC, T7-RNA B
BEL+BAVAEEERISICE > T100 gl D aRNABREER L
7=. aRNA OWEEIC(S, BIEHE & L T5 ul @ aRNA BR
(1/20) &, 2D B-7 U7 F> (bActin) DIEHEFI%
BB LAt X (aRNA (C34 T 5% 1cDNA AR ICLE)
FERTOFECZA (MRNAICH T 55 1cDNA S DA
CRE) OFS47—2AVWE BOWTHETSMIv— 2B
7PCREfTW, PHA—XHFNESIAEIC & W IBIBEM L TE
BLE. ZO&R, aRNAOEEE T XTSI v—%
AW/IBEICEIRENIRREH, FoF XR/MT5A
IT-DNHERWBEICEMEBEIhEd - MEDOZ ED
5, aRNA-RT-PCRiEIC & U RO ERORIEZFRER
AR TCEATREMP RB AN, $—0—FK: 93, 1144}
R, 7>F+t>ZXRNA, RT-PCR, RIEFHRH.

FE, BLSHHOTDHEERWTEROREZFRRAE,
RT-PCRiZEICK ) mRNA #38IBL Z OFEEBEBT 5 HE
(LT, mRNA-RT-PCR%) ICLWRETTHIHEFTTHI T
w3 [1]. L» L, mRNA-RT-PCRE£BWVWABAIR, &
SHHRFICE A 18EO mMRNADBELZIRN T3 01
&, 1RIG® =0 8@ [1] »5¥+HE [2] ONEESF BE
THY, SBRONPREMHEL L THBELEUSEES
W, ZDEHZDFEICRERTIETCKELHHP»HS.
FERBOREEEHTHHET S0, AUREHERE
DOEBMOLEE® 1 EFRAORETREEEOEEL £ AN
B3EHLRETH - 1.

Gelder 5 [3] &, BHBOZEMRNADESHB R YR
LT, KEDBET7 > Ft > XRNA (BT, aRNA) BT
BREMERTBH%E (LT, aRNAEHE) £BRLE. &

(% 19964E7TH 108 /%8 199648 28 H)
BURIEEKAE - T 062 ALRHMEFXErE1
I RSB EER  AIER

5(Z Eberwine 5 [4] 13X, aRNAESRE#BWVWT, 1 BOR
AL, SEBOMRNAF SR E N B3HTEHE L /- RT-
PCRZETIZ 1 5EEM mRNA 7 5 cDNA PSR S higiEE h
550, TO1EEO MBNADOHENDH %55 Z & HFAJEE
TH3. —F, aRNASERETIE (Fig. 1), #EBEO mRNA
XL T#2,000ZEM aRNA FEREh3 [3, 4]. ZOF&
DEIEIZ, mRNA »* 5 cDNA £ &R T 2R T7-RNA S 5
BEOBEBESEIIELE L L oligogdNHEEB TS5 1
v— (LT, T7-(dN) 751 <—) £§AVWBZ & T, T7-RNA
SRBEDBRESRINEBMALTE 122K cDNA S
L, ChIZT7-RNASRER LRI EEEICLY RNA £
SRTACEILSEBBDTHS.

mRNA-RT-PCRZE TR, 7o F XTS5 1~v—%H
WTHERBICLWEICDNA (o FE 2 X8H) 28R L, #&
WTPCRZICENEAFHET o F AP L LB 2K
$# cONA DISIEEMHFESNS. aRNAIR mRNAIC LT
BHENCIERXRS£2F5 MRNA ORI EIER—TIE G .
L?»LRT-PCRZET, to AT S 1 v —#AVENERE
ICEEE1cDNA (B X8H) E8B LPCREETTO 2 & (B
T, aRNA-RT-PCRi%) (C&¥), 7o Ft o At X8
7 5 & ) mRNA-RT-PCRIEDIBIZEY & Rl— D24 §4cDNA
DBBENHFBSN, ChPREOBBREELS.

Zh¥ TOmMRNA-RT-PCRE# BWW-#EH» 5, K
OBVUC L TH 100ESD mRNA 218 & U TRVWHILLE
BLEBETFORBEBRSMICTEIZEN TESD [6]. 1A
DR EMEE LTaRNASRZEETTO > &y, #0H0
BEOBMIZ L T#2,000E43 0 mRNA & RELRBEFES
h, W20 DREFRREPONPICTIZEITREICED &
£i5h3.

BESE, 1ADT MHRED 5 aRNASRETCHER L 1=
aRNA B D 1/20 # Av 72 aRNA-RT-PCRE£1TW, 2h
WCDOWTHERET L .

HRBIUAE

2#B A~ R TRERRE Z EIIC8ET OO
EER L, BRIICaRNA £ SR L 7=, (69 B - 9V 2¥E50
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Fig. 1. Paradigm for production of aRNA. Whole RNA is
reverse-transcribed by using the AMV transcriptase
and a synthetic primer containing the T7 RNA
polymerase binding site. Second-stranded cDNA is
performed with klenow and T4 DNA polymerase.
After removing haipin-loop structure by 51 nuclease
treatment and end repair, the cDNA is purified and
transcribed with T7 RNA polymerase, yielding
antisense RNA.

DIEE S L URBREFRERDL ST -4, BBILTER
FIELOHNE £ &, 37°CO01mgm AF<1 &
MEBEEKPICER L ZRET 1 BRELAIICKBECHE
Bl -7, PRERBTEE2~5 MmO, 5352820
WTHITER5IHE L, 5BL EOEMaL 1% L =0T
OHBRL THEBRICAWE., SRFOENEERS L UHEHF
BROBEEREICIE, SKIEMIET > laTFMiE (FBS, Filtron,
PTY Ltd., Victoria, Australia) 70 TCM-199 B#& (Earle’s
salts, 26 mM HEPES, 380-2340, Gibco Laboratories, Grand
Island, NY, USA) #ZEpiigie L TR, BER v—L
(35 x 15 mm, Nunclon 153066, Inter-med, Roskilde,
Denmark) (21 ml DERIEHOERFEERL, BEE3I X
FIF AL (Squibb, FIXEMZET X, AfR) TRAVAWE.
ﬁm%mﬂ%m%m&i%&ﬁu. 2% CO,, 98% air, 38.5°C
DEHT T21~2283/81T - /. B FDRE Parrish & [6]
OHBEICEL 7. $ab505ml X FO—RICERKREL
AEEMBOATSERBRE, AR 10m O 10 mM

# 7 x 1 > (Sigma Chemical, St. Louis, MO, USA) Z1BO
% (7] ICEFEL, 200800 X g- 5 4MOEDNEBIZLS
Wek, BTEEE2X10MICREBLE. COBTRE
#IZ 10 mg/ml BSA (Fraction-V, F1¥t{k%, XfR) LU
10 pg/iml XY 2 (JRAIRY) ) INERZEE, BR) EFM
L7EBORICE W EBRANL . EBEERTH, RS
FT2~3@ERYy T VTEZETHFLOMHBICE
5HWEAL L EMREREL, COMTERTEER
hUCH LI £ 17> . RESEBIC Ah 2SR E#RE % CO,
A oFIN—F TR L TIEEL . BESREEICH
FERLEWEMICHE L, 2% CO,, 98% air, 38.5°C DEMHFT
THRBEET- L. BB 48HERZICIIEME 25 L 2 4k
HILIFIZAEIL TUWARDEIS ERE L AR, 4L
HIRELAEFEOA ESIEMaE HITE L Ch EfbiE L £,
¥ 24, 36, 48, 72, 96, 120 HL U144 BE/IC, Zh
Zh2, 4, 8, 16, 32 MIMAE, REMES L UEERM
& FBREFL L. RRERER, B2ICEAREREL £
BEATF—YORE%E 3 mg/ml K EZILTILO—ILFEMPBS
(=) bes5EBEEL, 1T 2025 m AIEBERAX hO—
AARRIL7OYS L7 ) —HF—EBAWTAHLER, &
HEFRICEBATIZEICLY TS .

aRNASROEHE & £ 3 2K HDNADEREERD L S
To7. BMBEOWIE% 0.9%EBMNEIEKPT2~30
2L, N5 UOPFREERICER NOWDOIZEAT b
(312-01791, AR, ABR), 50y DH,0, 20D
10 MM dNTP (& 2.5 mM, 27-2035-01, 7 7L< I 74t,
ER), 0.5 4 ® 0.5 mg/ml T7-(dT) 771 ¥ — (AAACGA-
CGGCCAGTGAATTGTAATACGACTCACTATAGGCGC=
(T),,) &, 0.5 M0.25 MDTT &R (2620 A) HLU 25
W @5 X AMV Wi EE E ARER (2620A)] DA 705
mlv4 20F21—7 (Safe lock 0.5 ml, Eppendorf,
Hamburg, Germany) (ZAh, 95°C 543/ & 0°C 3 2ED
MBx3ERVELMBNAIC TS A v — (888 A. 2
DALIBH(Z 0.5 ul @ RNasin (70 unit, 2310A) £ 0.5 ®
AMV 8 EEESE (25 unit, 2620 A) #i0A, 41°C 60 [
DMIBIC L) 1AREDNAESR LA, RiC72z /= - 7
OQ7# )AL - AV TFINTIIA-IEESHE (HELE25:24:
1) #EWAER2 T, T8/ —ILKBRs LUERNIE%
fTo 71, 48.0 ul @ cDNA SEEBRHEEH®R (5.0 D 10X Y
L/ B EASEER (2140 A), 4.0 4l 10 mMdNTP,
39.0 yl MH,0] (CRAREL, 95°C 5 4, 0°C 34, 22°C
10 BREOMBIZL AT ELEE(ESE L. ATEES
EBIC10pD T L/ JEEEBEE (4unit, 2140 A) £ 1.0
W O T4-DNA & EESE (4 unit, 2040 A) %H1Z, 22°C 120
SREOMEBIZ &Y 2K cDNA &R L 7.

aRNAESRERD LS ICTTo /. BRa >y, T4/ -0
BB LU ERAIEE, 50.0 ul O S1AEESE (440 WD
H,O, 5.0 D 10 X S1 HEEBERAMRER (2410A) LU
1.0 ol O S1 43EBEESE (150 unit, 2410 A)] (CHIRL 37°C



0RREDMIBIC L ATEABERRELE. B2 /XY,
I&/—IiEEEs SUERNEE, 50.0 u OXEFEEER
BER 0D 10X 7L/ I BERARER, 40u®
10 mMdNTP, 39.0 f DH,0, 1.0 DT L/ JETRBESE (4
unit) & 1.0 ul O T4-DNAERHEEFE (4 unit)] (CREBR L 37°C
S5HBOMBICL Y KinEFRfbs L. S5CKREN
7, I8/ —IERBS LUEERMNEL, 50.0 4 @ T7-RNA
B 5 (6.4 D10 mMNTP (£F2.5 mM, 27-2025-01, 7 7
e TH, ®R), 35.6 ul M H,0, 1.0 ul @ RNasin (70
unit), 5.0l D10 X T7-ARNABEZABE RS LU 204D
T7-RNAEE3E (100 unit, 12540 A)] ([CE4RR L 37°C 60 48
DMEBIZ L) aRNA ESRE L 7.

aRNA & H& D DNasel 2LE (2210 LA) #%, H,0 &AM
LHFIRL B 1000 D> B, 5.0 % 1B RT-PCR &
DAL E LTRITFORFICAWE, 92O B-T77F DR
5 [8] #EICE>XMBMTS514~v— (ACGTCGCC-
TTGGAACTTCGAGCAGG) &7 F > RATF71 v —
(GCTGGAAGGTGGACAGGGAGGCCAGGA) #Z2h ¥ h
B L. 5.0l DaRNASRAIC, 0.5yl £/2131.0 0D
H,O, 2.0 xl ™10 mM dNTP, 0.5 ul?0.25 M DTT &, 2.5
W DEXAMV EEERKREAEMA L. E51205uDt
PAUNTZAT—BROK, ToFELRMUNTS51 -5
BOH, TEEHAEMA, 95°C 54/ & 0°C 3 4REDL
IB#(20.5 pl @ RNasin (70 unit) & 0.5 ul O AMV HEEEEE
5% (25 unit) #10X 41°Co0 2N L MEE RIS #17- .
#5117 66.0 Wl D H,O, 8.0 ul ™ 10 mMANTP, 9.0 ul M 10
X TaqEEFEAEER (RO01A), 0.5 ul D TaqBEESE (2.5 unit,
ROO1A), 20 Dt ZME LR T F VTS A
T—, 25 WDTFELAAUELREC AT SAT—F
BEMA . 2h%92°C 24 - (92°C 1 43-60°C 1.5%-72°C
1.54) X30H%S 7 -72°C 10 4 DEEHRTETPCREB
(Temptronic thermal cycler, Barnstead-Thermolyne, IA,
USA) #FHWTPCR #1T- 7. aRNA-RT-PCREIC L 3
bActin D ISIEEH (405 bp) 13, Itoh & Kodama [9] #F,
S EEMEaD SR L bActin 75 1 ¥ — % BT mRNA-
RT-PCRZEICE WIERL L - 1BIEEH £ EBICHAWT1.5% 7
AO—-XERXE (TAEBRER) Ik WREEL ..

LE, BWELTOBES JUBERREREEEEH
8 (FR) ObOTH3. £/, EBRICHBVWTIEPCREE
RT3 ETOEBERICE -~ [10, 11].

BRBLUER

2R~ ERNETOLTOREBEOEHRED
aRNADHBEE T, t > XA F 1 v—-NHBVWEREES
ZET7FE AT SA—OFmAERAVERT
bActin DIEIEENHFES I, FLFELIAUTF1<—D
ARAVWERTRESWED - (Fig. 2). RAUREEEA
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DREBIOLEE T, bActin DIERENEICEIBEEINE
FEETEELEL, FABEEMIBOIATVWEEED, S /.
REBRBANOBIEEMEOLR TIE, BEMIBICKD LK
WTHENT3EWSBERAI/rBEIhi-00ZNELEE
Tl Hd -7 (Fig. 3). aRNASEICHEWT, TT-RNABER
IBEIO I R/ —IJLICERIC NIRRT L LR 8 2V i8N
THIZEHPEEEN, 2KHDNAB LU aRNASEA EL
{fThhiztDBRICE- .
ERETIHEART - FASREOA2HAVERKEEHA
WTWwiw, 20748, EEREMEE LGSl HERD
MANA 2B TESI DL ESHICDODVWTRERTEH LD,
EED R ET - FHZHRE & EHRICEEO mRNA 242
HAJBETH B EERD.

aRNA S REDEEICHE > TRICHEEBEFE 2 ZBERW -
=0, BERBIFREI £ UL, 1EBEONy 77— %
HEERISICHDNASRRIGIC b FIFAATRES Tth B S (Tet-
Z, Amersham, England, UK) E#HW32 & TLNBEL
FEICHRTESRREMDBEZ SN S.

aRNA SR EIGHED 1/20 # LW TR £T-o 28R, &
REZT— JOIFBAED bActin DIEBEMHFBShE. Z
M 7= & bActin & FIRRELI EORBED mRNA TH O IE, 1
{AD#EARE T 208D MRNADORRICDOWTHANRSh B Z
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Fig. 2. RT-PCR products from aRNA of a bovine blastocyst
using bActin primer(s). Before PCR, each 1/20 of total
aRNA was reverse-transcribed by using both the bActin
sense primer (for the synthesis of single strand cDNA of
aRNA) and the bActin antisense primer (for the
synthesis of single strand cDNA of mRNA) in lane 3,
using the sense primer in lane 4, and using the antisense
primer in lane 5. Lane 1 showed the $X174-HincII
marker. Lane 2 showed the RT-PCR product from the
mRNA of bovine peripheral blood mononuclear cells.
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LANE# 1234567 89

Sense primer

Antisense primer

Fig. 3. Products from 1/20 of total antisense RNA (aRNA)
followed reverse transcription with bActin sense
primer and polymerase chain reaction (RT-PCR).
Lanes 3-9 showed the products from aRNA of a 2-
cells in lane 3, of a 4-cells in lane 4, of an 8-cells in
lane 5, of a 16-cells in lane 6, of a 32-cells in lane 7, of
a morulae in lane 8 and of a blastocyst in lane 9.
Lane 1 shows the ¢X174-Hincll marker. Lane 2
shows the amplified product from mRNA of bovine
peripheral blood mononuclear cells.

EHNTRMENS. 22T aRNA-RTICHW=aRNARIE 1/
20NHTHBZEHEASATIE ALY, L) BIEEO mMRANA
ERANSIBAEENBEASNS.

Collins & [12] I, SEMIRIEIC LY 32 ~64 MBIHIE &
AR L -EIBR IS L TR Y 1 7 L8O E W RT-PCR &
#fTUVbActin @ mRNA Z48H L /2. RMRICTERERIEIC LY
BRL A1 EOCEBICH L TaRNA-RT-PCREETS &
IZ&Y, BEOMRNA £ TE5AAEMLEZ SN 3B.

BEEOREICL - TBHEBORBIBICAZLEVNT S
BZEFMEATVWEY [13], BEOREIED LS G AR
ZXLICE Y BHEEOSRRICHET SRS EUES
TRV, FRETHHEEENEORE 2 ETABENE
REGICENTod, FRAOESPREERE OBS
GHEBEIRSETH . L L mRNA-RT-PCREICHEWVT
DEEHNABEICE - 2k 512 [14]), MEPICED L HEEA
D poly(A)-RNA £ FMT B2 L CRECHEVWTHERHTA
BEIC &Y [15], 1 EOMHEAROBEFRRE+#ANS
EHAEEEEASGNE. TDEOKEETERNDIEICH
RT3EODOSEDHENVETH .

1ED T S #HE S 5S8 L 7= aRNATERD 1/20 £ B W
T aRNA-RT-PCRiE#1T- R, £REX T -V OEH

D bActin DIBEEMHFB LN, 2O ED L, KEIC
Lo T1ED T LMEEAG bActin L EREEL EORRE
ToHhiE, PECEH0BEDEEFRREEBNONZ
EPHSHICE S . SOFER, SEERMARPCHANE
HicEWTHRHTHSEEFA503.

X B

1) Gaudette, M.F. and Crain, W.R. (1991): A simple
method for quantifying specific mRNAs in a mall num-
bers of early mouse embryos. Nucl. Acids Res., 19,
1879-1884.

2) Watson, A.J., Hpgan, A., Hahnel, A., Weimer, K.E.
and Schultz, G.A. (1992): Expression of growth factor
ligand and receptor genes in the preimplantation bo-
vine embryo. Mol. Reprod. Dev., 31, 87-95.

3) Gelder, R.N.V., Zastrow, M.E.V., Yool, A., Dement,
W.C., Barchas, J.D. and Eberwine, J.H. (1990): Am-
plified RNA synthesized from limited quantities of het-
erogeneous cDNA. Proc. Natl. Acad. Sci. USA, 87,
1663-16617.

4) Eberwine, J., Yeh, H., Miyashiro, K., Cao, Y., Nair,
S., Finnell, R., Zettel, M. and Coleman, P. (1992):
Analysis of gene expression in single live neurons.
Proc. Natl. Acad. Sci. USA, 89, 3010-3014.

5) Rappolee, D.A., Brenner, C.A., Schultz, R., Mark, D.
and Werb, Z. (1988): Developmental expression of
PDGF, TGF-alpha, and TGF-beta genes in preimplan-
tation mouse embryos. Science, 241, 1823-1825.

6) Parrish, J.J., Susko-Parrish, J.L., Leibfried-Rutledge,
M.L., Critser, E., Eyestone, W.H. and First, N.L.
(1986): Bovine in vitro fertilization with frozen thawed
semen. Theriogenology, 25, 591-600.

7) Brackett, B.G. and Oliphant, G. (1975): Capacitation
of rabbit spermatozoa in vitro. Biol. Reprod., 12, 260—
274.

8) Degen, J.L., Neubauer, M.G., Degen, S.J.F., Seyfried,
C.E. and Morris, D.R. (1983): Regulation of protein
synthesis in mitogen-activated bovine lymphocytes. J.
Biol. Chem., 258, 12153-12162.

9) Itoh, T. and Kodama, M. (1996): Demonstration by
reverse transcription-polymerase chain reaction of
multiple cytokine mRNA expression in bovine alveo-
lar macrophages and peripheral blood mononuclear
cells. Research in Veterinary Science, 60, 94-96.

10) Kwok, S. and Higuchi, R. (1989): Avoiding false posi-
tives with PCR. Nature, 339, 237-238.

11) Sarkar, G. and Sommer, S.S. (1990): Shedding light
on PCR contamination. Nature, 343, 27.

12) Collins, M.E., Stevens, D.A., Jenner, L.J. and
Brownlie, J. (1995): A rapid method for mRNA detec-
tion in single-cell biopsies from preimplantation-stage
bovine embros. Theriogenology, 43, 1227-1238.

13) Christie, W.B. (1996): Embryo transfer in large do-
mestic animals. In:Veterinary reproduction and ob-
stetrics (Arthur, G.H., Noakes, D.E., Pearson, H. and
Parkinson, T.J., eds.), pp.677-693, W. B. Saunders



company Ltd., London.

14) Robinson, M.O. and Simon, M.I. (1991): Determining
transcript number using the polymerase chain reac-
tion: Pgj-2, mP2, and PGK-2 transgene mRNA levels
during spermatogenesis. Nucl. Acids Res., 19, 1557~

AliE»— 129

1562.

15) Vandenheuvel, J.P., Tyson, F.L. and Bell, D.A. (1993):
Construction of recombinant RNA templates for use
as internal standards in quantitative RT-PCR.
Biotechniques, 14, 395-398.

Detection Method for Multiple Gene Expression in Single Early Bovine Embryo

(Antisense RNA-RT-PCR)
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We examined whether we can detect multiple gene
expressiom in single early bovine embryos by using
antisense RNA (aRNA) and RT-PCR (aRNA-RT-PCR).
Embryos, from the 2-cell stage to the blastocyst stage,
were produced by the IVM-IVF method, cryopreserved
and used as material for aBNA synthesis. Antisense
RNA solution was yielded after reverse-transcription
(RT) with a synthetic primer containing the T7 RNA poly-
merase binding site, double strand cDNA synthesis and
transcription by the T7 RNA polymerase. For the reverse
transcription of aRNA (aRNA-RT), we used a 5 gl of total

100 ul aRNA solution (1/20) and either sense primer or
an antisense one encoding bovine beta-actin (bActin).
After the aRNA-RT and PCR, the presence of the ex-
pected products was confirmed by electrophoresis. We
confirmed the bActin products when the sense primer
was used in aRNA-RT, but we did not confirm the prod-
ucts with the antisense one. These results indicate that
we could detect multiple gene expression in a single
early bovine embryo by means of aRNA-RT-PCR.

Key words: Bovine, Single early embryo, Antisense
RNA, RT-PCR, Gene expression.



