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E AMETE endA T ory34 + okt EEREPHFRZEZAE pBCry3 A M pBC, Vhb, HBIRERFEN ST
DRE W EEEEEIT PCR 71 DNA BIZETRET, ANEEECE SR DREERMAT, BES=RATHE
IS FHEENFE. ELISA 4R o34 ERERERAKTHI T aXERL, A o34 Bk EaEREAEE
0.1% , ¥ ery34 5 vhe WEEREFH 0.065% . AFH G 2=, HIEF A vib mRNA 15 RT-PCR Z[fH I SHE
bR, AHMEERHEARFNEZIE, FHREN Bl HIUEE S48 EhR R 0T e B AR PSR 3 G

FKHEA o34 B, ohb BE, BENDEE, MiF
ERGAE Q81

SRERERNR. ERAEY, atREE
MEFFERIE 3 Zm, FEETHETH18%,. &
HAE—N AR EERGHEE S, T
PR E AL AR A T e
EENMA. SR EE R (Colorado potato beetle,
CPB) B#HHEE. B, NEZSBEHE, 22—
ol AERRNSHREFTR, HMA. 4
AR EEHEN RERE> B, RN
ERAGHPERAE, EAE. RMFH O™
ERNDRELN—MRE., AL —RKEHR
RARAE, RE MR AT E SR (2
EATSHREFSTWEER, —BRA, H&X
HE S E L R B E Y A P B B R
IEAR R & SE K.

FIHEMERE TREAOTREFRRNIUEED
A DARIESE A — MR R F AT BEaT. H
b, BRELFRAE (B RBEEOEETHE
BEETEPEETHEEZNER, Pelk E7R
EEGEENR A, ERFEERTIIAZNER
T, 0B A BEEHREE ayide BT T EE SR E,
KR#EET erylAe ZE FIFRIEAKE, FHEE
JEFIEE T IRIEAR T A L AAE 4 R B AR
IS, Sutton FIX R R EAEMERAN
ery3A ZE (RRE B RERBEOGEERS
AAFHEEIT M0 2 RE I HEER S HRE T &
B> #AT TEfHEaR. B Er, REZERAM
EEA BRGNS SHERLH W 2RHER.
FHHIE SRR cry34 B TR F R EAEDUT 7
FEHRAME. Perlak' & Adang Z 5ok A&

BaR ery3a BE, H3RE TR AR S®E
FAMEEESESEMEK, 1995 £, & LA a A #
ery3A BEHEIE R SEERH B (Newleaf) JRiE
(RIS AE

EHEEM T EB Vireosclla Hemoglobin »
VHb) E—MRZAmEngaEs, NdEER
BEE. EHAMR, BrEESaRNEE X0
HAHERERSEFEEA. Holmberg F 4 vht HHE
Feib e, RILFE BRI EE LK 35 RIE/
THELBFALRERET 80% ~100%, MAMHEER
EEMRAEREDRE L TEAEHEHEM (5l
H30% ~40% F349% >, Leif Z1T T EIRE M,
vhb HE R W) 3R08 AE 2 o 0 B R AR A O IR A I A0 AR
Y& . Mao VU EPRIE T BoR, oo BEFE
Z A BE A SR R0 A0 R .
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A TRERRFOSBEAR LEHE. &&RaH s
EHEMTEHRNERBED ay3a EES RN
pSPCry3 A, FAEEFT BT SIS Kemp HITHR
fit, KIGHFF 8 ( Esherichia coli) DH5q. #7 f<FT
B (Agrobacterium tumefaciens ) LBA4404 H A SCIG
ERIT.
.12 #EY: DR ERMARE. AEGFH
MRS CREAT, AT ER SRR
Pz T iR A B 4 .
1.1.3 THEEERF. FWE&EEATIE. T4 ZE
RG4S B Takara 51 NEB 2523 7); Taq DNA &
EglaH BT AR; RAME o7 P-dCTP A&
ANFIFEEL:; Cry3A ELISA kit 4 Agdia Incorporated F=
fB: RT-PCR kit I8 F Invitrogen 23 7).
1L.1L4 PCR FH: W ery3a EETI P A 5
ACTGCTGATAACAACACGGAG 3'; P2 25 5" CAG-
TGATCAGTGTACTCTTGCG 3', HIiXX 51 7 1%
600 bp 275 B A B . 42 Mokt B H 5] #VHD 1
5" GTCGGATCCACCATGTTGGACCAGCAAACCATT-
AAC 37, 3] A BamH T 1% /S; VHB2 i 5" GCT-
GTCGACTCATTCAACCGCTTGAGCGTAC 37, 3] A
Sal T A2, FENIRES 18 H 480 bp K/ A B
L EFAR b E T AR E R
1.2 i
1.2.1 {EPMFRIESAR pBC, Vhb FIFEE & 2w R4
HAERE. WETHEEMEEHEAE, Ll pBRVgb
SRR T4 vHb1 A1 VHL2 #4T PCR 1718, 153
480 bp B ond EEFEL iz BB pUuc1o 1
Sma 1AL L, BIR3| M EH Sal 1 A BamH T A7
S ohd BRI FEA TR pUVhb. ] BamH T« Sal 1
WEFTIFRL pUVhD R [EIHL ohd S EE R E, 5
BamH 1 . Sal | XL EFUIRY pD12 FA R EREE,
RIS E 40 iR pDVhb, EZEHE AL KB &
DHSo 52 A H M/, FIHEE PCR BUEE U] 7
YE EARM pDVhb., ZEA TN EF MR T
7] CaMV35S 3 &l F-TMVQ H EL. vhb B FEF1 Nos
FERE LT VA R B RIS AERE,

AR ery3A R FRIEFAR, I pSPCry3A B
i BIES T AR A E SEE T AN linker 2 DNA E
AEARMAT @D WE, FiZEE s w3 W
AMER BamH | F Xho | A15, HERMNEA R
E4HA pLFz-1. H BamH |  Xho | B8] pLFz-1,
B 19 IERRREEE R SRk B R 1. 8 kb B erv34
HEFR AR REERFBEIN - oREHKE

pBind38" " IE ik i B IE . A5 34 EFAHE
W FEEAF pBCry3A. F Hind MBS Y] pDVhL, Bl
291.5 kb KNG ohb BEEFIEHE, 5 Hind I B A7
) pBCry3A JEHE, BI1R cry34 FO ohb HeH 1) FRIEE
& pBC,Vhb. iR 5 # DHS o /&%
SAYME, FEE PCR EEF U L iE A B L
BRI AT R AN REENEL TSR
ek [12]. DL EFTH DNA EAF A Z K THR
[14].

1.2.2 SHEEMEFNERLRNEY: HLAEs
M SEREN FESM AR, AMAR SR E I
. FARAERENFTERERBLESE 85
FaocEk [15] 34T, REHE T &a8m, fEis
SEAEWNH 025 myl 1% 2% (NAA)D.
2.25 mg/L KIS E 6-BA F1 10 mg/L 1 ARE
E GA3, FZFE S4BT A MS #5575 b 5 NAA,
WAL TE MS B9 5 AT

1.2.3 HALPAEHEER PCR 1 SREHRE
DNA FHREUEA CTAB ™). Fl1.1.4 54
R TR AT PCR 53, MR NIREYMES
AL ZAE CEBY (1% IRARmERLe ik,

1.2.4 SEEN A B RNA FI2EL A RT-PCR
M. ok (141 A RT-PCR R &R K L
HAT.

1.2.5 FEFIDHZL DNA S 2520 pe
T4 ZE S DNA H Hind I MRESAE S, 72 1.0% I%
RetER: vk, BEE L&) DNA ## £ Hybond-N*
JE b REFA PLL P2 BTN o3 BE B
25 40 4k J5 % Amersham Phamacia Biotech 2% 7]
( Rediprime™ Il > RBHEFIFHFEM o P-dCTP T Ll
0. o [14] REATETARA.

1.2.6  Cry3A 5 ELISA &0 343857 & R4 403
. FEHAT, 7E BioRad Microplate Reader ( Model
5500 LiREL A, 12, M Cry3A EEFEHALER
R Coy3A HIE.

AEHEAWNE: BO0.1 ¢ SERELSHEH .
M1 ml PBS 87, B0 EE EE#, $&— &)
% T 1 x BioRad AFMEBLHEEP, @&
595 nm JOIE PR YA, R\ ELANE B TR
HEHERTEHATEREOSE.

1.2.7 HENSBRECKGELRE. 258
K RINE AN, 155 cry3A. vhd ZEEFHERRAIESE
HEER . 18 o34 EFRFHESE T — 0Kt
B, PR E DR EERIER R &
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2.1 WEPREBEMOHERSBENEN

MRS TR, WET ay3s BEEYR
EEAR pBCry3A A5 ery34 5 ohd EF I RIE
A% pBC, Vhb, EIXBAMEAET . SMNEEEFIRE
T 014 U 9% T B CaMV 358 BEIF-TMV O H B
H Nos ¥ R Z EFFIFT . pBC,Vhb F T-DNA
(45 W 1. 4 pBCry3A 1 pBC, Vhb 43 BIFE AR
T2 AT B LBA4404 [ ENA] T S8 E 1) #4k

NPT I

DE-358P whb NosT DE-358P  ery34  NosT

Fig.1 Schematic diagram of the T-DNA structure of the
plant expression vector pBC, Vhb

NPTIl, DE-35SP and NosT represent neomycin phosphotransferase gene

expression cassette, CaMV 35 3 promoter with double enhancer sequence,

£ fragment of TMV - RNA c¢DNA and transcriptional termination

sequence of nopaline synthase gene , respectively. LB and RB represent

the T-DINA left and right boarder sequences.

ZiRBREH AR LSS EN SMEE, TREG
116 % ery3A BEF 8 N ery3A + obb HEMH
AORERR RRESET, RERNSHERM
BRESAERKAKEHESITRERERLHEE
5, R EEF] Holmberg %7 R 1A 1) 5% vhd B F I
BEARKENN. RS NENSR, HEXEERER
PR AT HIAIEAT T BIRILAN =B R WMA R EA
HIRF 7T
2.2 FEFYSEEL PCR N

S 8 E A Sh i 32 LR DNA JS#4T PCR
W, 8 MR a3A BEEMNSHREKRE (C,-1.
C-10. Co-11. Co-14. €25, Cu-101. €,-242.
C,-251> #13 FE ory3A +ohh HEER SR ER A
CCV s CiVen GV, BRI M H4Y 600 bp RN
Blerp3A BEERHE (B 20 BWAERNSER. H
vhb BEEH—HF 088 3 MR EEER, 4
BEAFCV, 785 EXN R —201 480 bp KA
B, MGV, CV, [XRMEHIFH (B 2b).
XVIERW, ery34 M ohb BERZ2 L COEESS| LV,
RANERAS. LEHBEAFEIFREREAEK.
S H PR 2% ory3a BEMREIL 8 £,
AEE 1 B HX AR A ER B2 —
f (2000 ~2003 %) J5. PCR Mg BABIRIF—
I (HRES), RIPMNEEEGRDHREOHEEERE
RERREER.

ib) bp mm
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Fig.2 PCR detection of transgenic potato plants
(a) Amplified with primers PL and P2. M: DNA marker DL2000 (Takara); /: Positive control, pBGCyVhb: 2 ~6: cry3d-transformed potato plants:
7 ~9: ery3A +vhb-transformed potato plants; /¢: Non-transformed potato. (b) Amplified with primers VHbI and VHb2. M: DNA marker DI2000

(Takara); /: Positive control asin (a); 2 ~4: GV, C;V5, C,V,, respectively; ck: Non-transformed potato.

2.3 ¥ ey3A BEFE DR EK AR DNA EEESHT
MFE LA PCR FIMHEMRNFEEER SR, H
Pl. P2 S|MN4E R B o34 FFE HEEh &5,
% Hind M EEAFROEE 92 545 2 DNA MHT 7 235047
(E3). BREMWE, op34a HEZE /DD SR
R R, T B AR YR A 47 5 E IR0,
a3 A BERBAZNNEL 23 MA%E, HP,
C,-10. C,-242 SRARFH T (F 36, 7).
2.4 Cry3A BEOTRERSHEN FPHFRE
FELISA Kit A HEEF D& ZER ZHT T

Cry3A EHEAMEERD, FREINESHARNRA
BHEAETE, TEHEKRER (y3A BEOHEREK
F(E4. AFREESRERETD Cy3A BER
RIEKFPHA—H. BEREE (C,-100 H32 pg
BrHHE FLAAUEREENIT%. §
Perlak S B IR BN REAEM Y RIK
B (C,251) A 1.6 pg BREMHE, SRAEEE
F0.004% . Perlak KIN, TEEMSHEF LY
HEREFEEED Cy3A EAREKRFEEDLN N
0.002% , HAVRGHAREFR DL ER AL Cry3A
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HAFEKTHE O 002% L E, FEMAHERLERE
LA S SR EE ).

Fig. 3 Southern blot analysis of cry3A gene in some

transgenic potato plants
ck: Non-transformed potato DNA; 1: pBC, Vhb digested with Hindl[ and
EcoRl: 2 ~7: transgenic potato line Cy-1, G V5, C;-14, €, -251, G,-10,
C;5-242, respectively. All plant DNAs were digested with Hind[ll only.
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Fig. 4 Expression level of Cry3A in transgenic potato lines
i: Non-transformed potato line; 2 ~&: transgenic potato line C;-10,
Cy-14, Cy-242, C4-251, GV, GV, GV, respectively.

2.5 ¥ yhb ERIFIELFHREIAE RN 21T
P33 WEER U (CV,. GV, V)

HATE) RT-PCR T4 R &M, RA GV, KEH

T H480 bp L E R R B CE 5D, RACV, R &

bp
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Fig. 5 RT-PCR analysis for vkb mRNA in transgenic
potato plants transformed with pBC,Vhb
M: DNA marker DI2000 (Takara); § ~4: €V, C, Vs, G5V, Non-

transformed potato line, respectively.

Fohb FEECIFRIRE. MABMRARGET B
Zt, AW ERERTE PCR A P B R AR AL H B
fFsr (B 2b), Eik ohd EERFEIXH N ES
ARRAE. BWIRER AN EEER T HFEE
JI_II_.DS].

TR T ohd B E) D85 ZhE SR AHER S E /Y
M2, T AKEELIRE. FRBEA B
C.V, MR ¥ ery3A HEEHEAR B AEF B RAE AR BIAR
FRETKD, WREKZNEN ME6 7 E
H, GV, RERMERGFHMEE (B 64, 5,
6), TRIKELGRNUFHENEERNEER,
EHNE—ELH R, M o34 EEER
C(El6-2, 3) MIEFALIR (Bl6-1) FPEERS, Xk
THHEEHEE 3 ~4 M AR, BilE. X—H0R
5 Mao F M HE ohb B E VBB TENERE
A2, ZMENYE ohb EEHNFRESY VHb T
%, EA Holmberg™ ¥R I I5H, VHb R,
B TR, FEINR, BEASFHNRER
M1, AT A 3 B R B R T AT DU AT AT 2F. Leif
U T EJRIESE, vhb BREMRAGRERE
EABRRIFRACE,. RES M HEAERTEAN
W, ZERCVIERE, Fohd EENSHER
AR AR ER RN 2, 7T mRSBEAT
BRI, RS R A PRl e, BE
FI TR X—P R EEY, & — MR
HEEA SR DA EH B2,

Fig. 6 Waterlogging-tolerance test of transgenic
potato plants

1: Non-transformed potato line; 2, 3: cry34 transgenic line

C,-14, Cy-11, respectively; 4 ~ 6, cry34 + ohb wransgenic

line €, V. The picture was taken after 7 days” waterlogging.
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Expression of cry3A and vhb Genes in Transgenic Potato Plants

ZHOU Zhuang-Zhi, ZHOU Yong-Gang. HE Chao-Zu, MANG Ke-QYiang, TIAN Ying-Chuan”
( State Key Laboratory of Plani Genomies, Institute of Microbiology, The Chinese Academy of Sciences, Beijing 100080, China)

Abstract  Plant expression vectors, pBCry3A and pBC,Vhb, containing ery3A gene and both ¢ry34 and vhd genes
respectively, were constructed. Potato leaf-explants were transformed via Agrobacterium harboring pBCry3A or
pBC; Vhb respectively. Results from PCR and genomic DNA Southem blotting analysis indicate that ary34 or ary3A
+vhb gene have been integrated into the genome of the transformed potato lines with 1 ~3 copies at least for cry3A
gene. The transgenes were stable and expressed even after three successive clonic propagations. Results from
ELISA analysis showed that the highest expression level of Cry3 A protein reached (. 1% of total leaf soluble protein
among cry3A transgenic plants, while that of the ery3A + whd transgenic plant reached 0. 365% . RT-PCR analysis of
vhh mRNA and waterlogging test demonstrated that the transgenic potato plants transformed with ery3A + vhb genes
expressed vhb gene at least at transeription level and showed obvious higher tolerance against low-oxygen stress.
These results together with that of the ELISA for Cry3 A indicate that this kind of transgenic plants could be valuble

in application for insect resistance and waterlogging tolerance.

Key words cry3A gene, ohb gene, transgenic potato plants, waterlogging tolerance
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