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Cry2Aa2 #1 PamPAP XUt Fix & IKRIME RH
X ERE B IR R R 1L

wmEx, BKW, KEH g, FAEEY

RN 22 0, T 5106425 2 EE MR E M T HL, oM 510642)

B OE: b TEIH R ORGSO AR 2 4 i R B (Capsicum annuum L. ) 44
kB B EE) T CaMV35S. k1 Nos-ter Mk 2k G 7E 8 i b0 28 4 11 5L K PamPAP — 4l A B IR
1538 pCAMBIA1301-Cry2Aa2-PMI 2 sal (i s b, AU FRIAEAE, SRR A SRR
SR, 3T PMIL/H 380 07 1 ZR 0 e AL HAR 032 - 28 PCR 37191 Southern 2428 K], 45 % W] Cry2Aa2
FI PamPAP L84 BB ML KA p . #E— 254 RT-PCR 2)#7, UESZ Cry2Aa2 Al PamPAP 7& T, AU
PRI LR IL . SPidE. PURERRILE T To MBI BB FE X 3 AE T 8 (CMV) gl
SO BT B T A S DR R

K MM PMI/H BB LA R, Cry2Aa2; PamPAP; #ifLHtk: Fifids: HuhzE

PESHES: S641.3 XERFRIREE: A XEHRS: 0513-353X (2012) 07-1285-08

Construction of Binary Expression Vector Containing Cry2Aa2 and
PamPAP and Its Transfer to Pepper
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Abstract: The aim of this study was to obtain transgenic pepper plants with double resistances to
virus and insect that could be used in developing new pepper variety. The non-virulent defective PAP gene
(PamPAP ), CaMV35S promoter and Nos terminal were inserted into MCS of pCAMBIA1301-
Cry2Aa2-PMI. Cry2Aa2 and PamPAP were transferred into pepper (Capsicum annuum L.) mediated by
Agrobacterium tumefaciens with PMI/Man selection system. The results of PCR and Southern blot
indicated that Cry2Aa2 and PamPAP had been integrated into the pepper genome. RT-PCR analysis further
showed that the Cry2Aa2 and PamPAP had been expressed simultaneously. In addition, resistances to virus
and insect were assayed, and the results showed that the positive transgenic pepper plants had higher
degree of resistances to CMV and Prodenia litura larva than the non-transgenic plants. This suggested that
transgenic pepper plants with double resistances to virus and insect could be obtained by transferring
Cry2Aa2 and PamPAP.
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BML (Capsicum annuum L.) [0 58 48 A2 =i s R I Br i (BT, 1998 1S Al
NHRHE, 2008) o 431 B A BRI LE IR TR

FikEPUw RS (pokeweed antiviral proteins, PAP) &1t JE (Phytolacca) M4 AR ZHZAA
[ AR BeA e — R A ae Mttt . BT 1 A S EE (Irivin, 1975) , GRS
HIEAA R, SRR YAE ) PR EEH (Zarling etal., 1990; Chenetal., 1991) . #F5Y
B2 PR C - bnEk 21 PAP JEPRRE G HUi A (Tumer etal.,, 1997) o Lodge %5 (1993) ¥t
C - g 2 —F 53 (1) PAP JEPRIHE NH B IS R IR B AR 2 (CMV) L SR (TMV)
LA X Wid (PVX) « B Y Wi (PVY) et LGB MPIrE, ARMREEAE KIS . Jil
H, HiTCAfE 5% ¥ (Moonetal., 1997) « F& (CEREE %%, 2005) | MHE CEREG 45, 2006) .
T3 GBAFRE 4%, 2008) . B (BEEZE 45, 2008) 2RI hE: N T B0 E AL PAP REK, JF H.
HRARAF 705 T H A W Pk () R B R A

I G AT B A AR i B rh s e AR AR R L, BN R B AR B (ICP) | 8 - NEE
HEM A =S FMF A (Bt toxic protein) o XA (XTI H o W5 H S 2 FhoR (e # i HAT
B d R e, At AL BELE (PR 2, 1995) o Bt JEDE H TN ) 32 Pt LA,
ST T &M E s Pt i 9E, EEH T (Chen et al., 1995) | f£#53% (Kuvshinov et al., 2001)
H#E (Caoetal, 2005) . VEZ (Zhengetal., 2005) . FHAieX (ZEME 45, 20100 %, {H2F Bt
FERIFNTC Y PAP JE [ [R] o A N BOMUT T 0 YA 0

AHIFST K Bl R TG B 20 7 ik OO 75 R (1 JE R PamPAP v [ 3154 Bt HTHLE R Cry2Aa2 Fixt A4
Y ARSI IR IE SE R pmi (AR IA S b, R ARKT 3R A 208 S0 NGB, DUITR X
M JE BR = W 0 Btp R A FH o I S i R R b st i, ANTTSRASPL . HUR BRI, (RIS SORE AR 3R
B35 2 4 1Rt DRI BARUR o

QY ZE SRS DARF

11 ##

UM EEFANBAOT AT TV 10 (P2 “HEMS 57 IREARRIACAD ¥ ARSI S0/ R T 2010
HE3 H—20124F 1 AR A g ol K2 el 252 Bt A R S 56 %5 56l K AT B DHS o Escherichia
coli). fAT# EHA105 (Agrobacterium tumefaciens) M At#)#i%#444 pCAMBIA1301-Cry2Aa2-PMI
F1 pBI121-PamPAP ¥J ARSI S ARAF ;s BRAEMEE (CMV) FIRHSR ik 4 da 22 ol A pg A lb oK 2
PRI Z B AL TagDNA 240§ . INTP. DNA Marker. & Fi BV ] )8F . RNA 8. pMD19-T
ARG A TaKaRa A s FURERBGAF £ DNA [BIBGR 7 &8 B B TR ARG R A .
1.2 S80It B WNNRIEH R ME

FRHE Lin % (1991) SCHR A K ) PamPAP ¢cDNA 7741, 21l N C w7 PAP L K4 575 41,
AP 73 51N Xba T A BamH T (EGVIA7 5, %5147 410 th Bl A9 TR PR A\l 5 e
519 P1: 5-CCTCTAGAGTGAATACAATCATCTACAA-3'; X [f]514) P2: 5'-AAGGATCCTCACC
ACTTGGCACCACTGG-3'. 1t GenBank H'i g CLRKK N Cry2Aa2 Jy41, Bl femths |9, h ki
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I

AT HRARAF S H. ER514) Cl: 5-CATGCCATGGAACTAGATATTTAAGGAGG-3'; [ [ 5]
) C2: 5-CGGGTTACCTTAATAAAGTGGTGGAAGA-3'.

FH EcoR I 1 Hind T[] i % 2 /& pBI121-PamPAP F1 pCAMBIA1301-Cry2Aa2-PMI 31T XU ],
SR AT I R SR T PCR RS, #RJ5 F5H EcoR 1 A1 Hind 1115 BamH [ A1 Xba I P41
BT A DD 3 ) 3R A T OO ) S, SRAS TR MR A A - BRI R S & AR ) XA B 2k

5 i P XU 2 T A8 A 3 A B SRS AR AR AT TR B R EHALOS 1, JFURA 75 A iR AR %2
FIM YEB P b, Frmid G, SRDURE T PCR WIE R AR5 P hde B4 ok, FRIK
X H P RIEAT PCR %8508, B3RP s BEORAAAE - 70 'CF, HESH T — DR AL ek o

13 RIFENSHERMEEEL

FHFERNG 9 ~ 12 d (R BRMUC B e 1) # SRR CRE DG TR P 11— 00— P DA Pt 563032 [] T2 2 =]
ARG AL, A7 BRI AT B iR 2 ~ 3 d, TGFRAEN MS + 6-BA
50mg-L"+IAA1.0mg L' +GA30.5mg- L' +AgNO; 5.0 mg - L™+ BEWE 30 g - L. # KA 14
JN ODgoo {4 0.4 ~ 0.8 MK B BV TR S 12 min, LRGSR 2 ~ 3 d Ja ¥ ILEe NI SR 38 (Tik:
FEHE +Cef200 mg - Lo T 4 ~ 5 d JGH BN MEIFER FRIE (MS +6-BA5.0mg- L +1AA 1.0
mg- L'+ Cef200mg - L'+ HEgEfi 18 g- L'+ mEbi 12¢g- L' + AgNO; 5.0 mg - L'+ BFH. 5%), %
PIRIREAR 1 Ve R AN A B K 97 (MS + ZT 1.0 mg - L' + TAA 1.0 mg - L' + Cef 200
mg- L'+ HiEEk18g- L'+ mEbi12¢g- L' +AgNO;3.0mg - L' + GA; 1.5mg - L'+ #FFL 5%),
PHRIZRAR T IR ARAR 2 UG FKIE 1.5 om B EIAS & 28 WAMELAR EU)T, i N A RBE SR AE(MS + NAA
02mg-L'+IAA0.1mg L'+ Cef200mg- L'+ HEM 18g- L'+ MM 12¢g- L), HIWKE 1.5
em AiA7 . BOEAR] 4~ 5 I, TPREER 2 ~3d, RIEBERA IS KE NS EEMTER RS
B EAEET.

14 ToREEERERA D TN

PR T A TP SRR IR To AR IE R AR T L M 4 DNA, LUk DNA g BHPEXT R, R EEAL I
FEARE KR DNA GBI TEX I, F PamPAP 1 Cry2Aa2 145 k5 195y il 3E4T PCR Kl

F EcoR T PRI DIEE XS PCR A 52 BH PERE IR (1) JE R 41 DNA #HATRED]. mvk. FemE, LA
pmi NEER, SRR TS b0 HE(T Southern 2448, VRIS HEATHRG . BRAIE %,

FEEL PCR AT 2 PHAERERE 1) RNA, ZE—0X H ({1 FE K PamPAP Fil Cry2Aa2 47 RT-PCR il
AR5 (1 H 00 4%t A 4 W A IS RS DRE e iK1 Bk 1 L

15 ToREEERERAHUR TN FIiT B IE A

IURILH I i CMV RS 1 g, TSR, A 10 mL R0 22003, 4 000 - min™!
B0 5 min, BT, SRR RERR LA T TR0 I AN BRI To ARG BT TS 2 1P A I,
PUARRE R DR ARAE S e . Sy B e Bl e i 22, 1 Ik BePh 3 d Ja AT 56 2 IR Rh . i 5 iAE
WREER 25 CAARIY MW SRR, WA 50 d AR 7290 10 A0 175 0 - EAT SRR I 20 ) (2=
ik, 1995),

H TR TT P SRR To ARE BRI A6 AR I TSN ST IO, 5 FH AR R, P 0
TEIRRERELLE, CREFIH 8. BN 8 Sk 3 RISk HL CPY s dUfi &l 26.28 mg), H
AT LB P B 4 UK, B T2 28 C4F . BH 3K, 4ot 5d WahabT: A Ak
TGO FEIEGHFET R (%) = (KCHEIET K - STEIET %) / (1 - SIET ) x 100, T F 45
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FERE S 1%, WAZHER <10%; 2%, A ZHIEE 10% ~25%; 12, M2 8
25% ~50%; IV, MRS/ > 50%:;

2 HiIR 5

2.1 WA HEAHE

JH EcoR 1 A1 Hind III[H IR % # 4% pBI121-PamPAP #Il pCAMBIA1301-Cry2Aa2-PMI JE47H1),
I3 MRS AT &R el FEmvERH S, X H II3ER PamPAP ZEAT B PCR AT, &5 914
TR /N H 4545, 2974 750 bp (B 1, AD.o $HXE AL SOkt i Hind [T EcoR [ A BamH 1
Fl Xba T P54 BT XRG4 58, 2 5lf53) 721750 bp (1, B) F13000bp (1, C HIHK A
Bto 22 IFAE NCBI _EEAT BLAST Loxf, 45505 Lin %5 (1991) K3 PamPAP ¢DNA J¥ %1/ []
PEHIE ) 99%, Ui & H IMFE R PamPAP [1)3R14 & B Ih#6 A 2] pCAMBIA1301-Cry2Aa2-PMI H1,
# HAw 4 pPCAMBIA1301-Cry2Aa2-PamPAP-PMI.

rJ

M1 1 M1

5000 bp
3 000 bp
1000 bp —
750 bp
1000 bp —
750 bp —

B 1 PamPAP i PCR ¥ R RiA S IKHBE L E
M1: DL2000 plus marker; M2: DL5000 plus marker; 1: PamPAP [{J PCR ¥ #/=4;
2: BamH I Fl Xba I XUEFD) A #fk: 3: Hind [IIA1 EcoR T MUAGHIZRIEHAK,
Fig. 1 PCR amplification for PamPAP and identification of expression vector by digestion
M1: DL2000 plus marker; M2: DL5000 plus marker; 1: The amplicons of PamPAP;
2: Expression vector digested with BamH [ and Xba [ ; 3: Expression vector digested with Hind IIl and EcoR I .

22 HEFEHKIIRE

Jil PamPAP Fil Cry2Aa2 B4 e S %t 60 FRiE i PMI/ H- S8 0 e 44 2 3045 1 e ik DR R AR E 4T
PCR #ill, 59 10 ¥k P55 1~5 M5 15 6~10 KA 11D REFI 48 H 204 750 bp (K 2,
A) F11900bp (2, B) MIHMZH, PCRATMIBHMEA 16.7%.

A 1 2 3 4 5 6 7 8 9 10 11 12 M

1 000 bp
— 750 bp

2000 bp

B2 $#ERH#EHK PamPAP (A) I Cry2Aa2 (B) B PCR &l
M: DL2000 plus marker; 1~10: FEIERIRTRE: 11. BITEXIHE 12: PR
Fig. 2 PCR amplification for PamPAP (A) and Cry2Aa2 (B) from transgenic plants
M: DL2000 plus marker; 1-10: Transgenic plants; 11: Negative control; 12: Positive control.
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LA pmi A EREE, LUFTRE DNA Dy BHYERT R, DLAREALFEAR AR D9 BEPEXT L 56F PCR AR 2 BH 1 1

TR AERRIEAT Southern Z8ACAIMN, &5 BATI (P B FERFERE P55 1 P 15 2 ASARIDD A1
B ES (K 3). iXUiH] PamPAP fil Cry2Aa2 T\ 4 i ThHE-4 2 B AR (1) 5 K 20 DNA .

1 2 3 4

sl

3 Southern Z¥3z &3l
1. 2: PCR A A BHVERIEEAL AR 3. BIVEXT IR, 40 BHEEX
Fig. 3 Southern blotting

1, 2: PCR positive transgenic plants; 3: Negative control; 4: Positive control.

FEXF PCR A 52 FH 1 ) BB AR E 4T RT-PCR #5l, Z55 108k (5 1 ~5 A T; 6~10
oA I BIREy 88 2500 750 bp (B 4, A) #1111 900 bp H 14447 (K 4, B), Ui B 45 R PamPAP
M1 Cry2Aa2 {EiesKF Bk A T HFkik,

1 000 l)p
— 750 bp

— 2000 bp

B4 HERBEH PamPAP (A) F Cry2Aa2 (B) BJ RT-PCR #&ifll
M: DL2000 plus marker; 1~10: #FEDARERE; 11: BIVEXTRE: 12: FHYEXTHE.
Fig.4 RT-PCR amplification for PamPAP (A) and Cry2Aa2 (B) from transgenic plants
M: DL2000 plus marker; 1 - 10: Transgenic plants; 11: Negative control; 12: Positive control.

2.3 ToREEREHRIHERIE

X RT-PCR AWl S BHPERT 10 R GitvR TR I 2350028 5 #R) To AR RE IR ZEA T N THeR CM V.
BeRh 10 d 5, JERERRAREOT IR (B 5, A BRIEDIRERR A ER (B 5, B); 30d
i, AREEER R R B e e, At AR TR B Bk ds (5, O, MMM (5, D);
P43 BE DR R MR IO TF A B e IR (B 5, E); 50 d I, ARE SRR M ™ (& 5, HD,
M. Bt & (BS, D, MH™ERA (ES, F); S0 HEIE R e B et
EREMEAEKIESR (5, G)o KER CMV HJAEFESEPIREIR AL K IEH

it 50 d AR ARSI (R 1) SR T AL, 3650 CMV R BE DRI R 20 BRI ) A
3 BER 2 ks TR CMV IR FE RIRIR A5 A0 s R RN CMV [ R B AR TC A REtR o b
B T AL et CMV IR IR IR T F8 25000 0l 15.6 A1 13.3; Tt CMV IR ERE JE PR R o
TARE 0 82.2 F 86.7 o IX AR IL IR AT CMV HAT W W (e, FUmR BRI HI0 .
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B5 JEFEEEH (AL C. D. F. H. D MFEEEEH (B, E. G #&# CMV HHHER
Fig. 5 Non-transgenic plants (A, C, D, F, H, 1) and transgenic plants (B, E, G) resistant to CMV

*1 HEFEEHKT CMV MRS (50D
Tablel CMYV resistance analysis of transgenic plants (50 d)

LEEL A SEREL ORikREO VLBl R B

Variety Treatment Total number (Disease)  Disease index  Resistance type
CMV IR Transgenic

I $EFh Inoculation IR Transgenic 5(3) 15.6 U Resistance
Al Inoculation J# 5L Non-transgenic 5(5 82.2 &% Susceptible
FKHEFh Without inoculation 43N Non-transgenic 5 (0 0 -

1l $EFP Inoculation IR Transgenic 5(2) 13.3 U Resistance
Al Inoculation J#5EF Non-transgenic 5(5 86.7 J&J% Susceptible
HKEFh Without inoculation 43N Non-transgenic 5 (0 0 -

24 ToREEERERIT R

FH RT-PCR ALl £ BHEN 10 Bk (55 1~ 5 5PN T5 6 ~ 10 2y 11D To AR I RR R Fr
HEATHUHGRES, ARFEREDIRIRR I AV N AP IR . G0 5 d WRERRIIPTduS ol (K 2D Slamifk4h
JUN AR LR R P B S, WSO R EAE W BT, R AR (B 6); M A
DR RR I R LR IS, WG HCP R B R B, BIEAET i it 86.9%, M 2 i fE
A (B 6), fmmih . 5 R : PraRfFaI sy To AR BRI RSO0 S) 2R A I 5
i, L2 8k U5 20 9 R &EDUE.

B 6 Mo hmMeEiEEER (A C) MEEA (B. D) HHEMHAER

Fig. 6 Symptoms of non-transgenic leaves (A, C) and transgenic leaves (B, D) by Prodenia litura larva feeding
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o

F2 FHEFEHKMFEORRES R

Table 2 Insect resistance tests of leaves from transgenic plant

TR RIEET %% i HOP 1) T /mg - T
No. of lines Corrected mortality Average weight of survived larva Damage of leaves
1 56.6+£3.62b 22.07 I

2 86.9+0.60 ¢ 18.14 I

3 655+7.81b 20.61 I

4 51.8+£5.74b 23.23 I

5 56.6+£3.62b 21.84 I

6 51.8+5.74b 23.72 I

7 57.1+£7.14b 21.21 I

8 345+298a 25.06 I

9 82.7+£3.90¢ 19.20 I

10 56.6+£3.62b 21.93 I

ARHFER (XFER)  Non-transgenic (control) 0 29.98 Y

T AFETRERTE 0.05 A2 B3
Note: Within the same column followed by different letters are significantly different at P < 0.05 level.

PMI/ H 2 05 16 A4 28 02 DAV A TR IR H e b e R I E IR i A A e BE KT, H 5 4 9% 1B 7]
HHATIRIE R o SRR L P ZPOEFE A L, X — B AL 0 1% R Zon) AARFIIA 822 4> (Reed et al.,
2001) , FEERFINFGACHE, NI AERK RS, 1 e ks 8, Jiik SR 5w
FRTZAA 2R OO T TR BRI oK /NZZ L KT AR RIY) (1384 L 24k (Bfiza et al., 2008) .

AT PamPAP I Cry2Aa2 IR FIEBAR AL BMUS . FIH PML/ H b5 ik
IRRIEATIRIE, A5 T 60 PRELFLIN MK . (HJEA/E PCR K & BLZ) 40% K Cry2Aa2 PHERIFE, [H
54 Cry2Aa2 F1 PamPAP [FIBH PEAEARA AT 10 Fk o HED AT HE L4545 ROLE R [F) T-DNA F BUE A 3EA
BOBSE AL, PamPAP ¥y B U)ok A= T H 4L, HARJREANE T2 d . 5345, PCR Rl 1) 3L A
RERET, PHPERERRR D, TR BH PR AR RAS 22 o HEIN nT BRI H PMIL/ H 558 B 975 1k 4 28 05 1 2 R DRI AR PR
B, A SR ol 2 ) AN SRR B RS [ 2 R MR A H B B 5 RE R R I ek ) (18 g - L'
12 g- LY BERAR. Kim %5 (2002) BFFLRM], R RS0 Pl A [ 32 PR 5 10 H 8 B I e vk
FEMZE AR LG . DRI, B3 A H S 5 FEE W (10 i B IR B S 12 L, AN nT LA ey i a2
FHMERIR I LR, PR IGREE, LB & %, b TERE.

References

Btiza J, Pavingerova D, Piikrylova P, GazdovalJ, Vlasak J, Niedermeierova H. 2008. Use of phosphomannose isomerase-based selection system
for Agrobacterium-mediated transformation of tomato and potato. Biologia Plantarum, 52: 453 - 461.

Cao J, Shelton AM, Earle E D. 2005. Development of transgenic collards expressing a Cryl Ac or Cryl C Bt gene for control of the diamondback
moth. Crop Protection, (24): 804 - 813.

Chen Guo-ju, ShiLi, Lei Jian-jun, Cao Bi-hao, Zeng Guo-ping. 2008. Cloning of pokeweed antiviral protein gene from Phytolacca acinosa and its
transfer to pepper (Capsicum annuum L.) . Acta Horticulturae Sinica, 35 (6): 847 - 852. (in Chinese)
MREZ, £ W, EEE, B, F-. 2008, H [E B BB RE R A A ve B LR B, Tl 20544, 35 (6): 847 - 852.

Chen Q, Jelenkovic G, Chin C K, Billings S, Eherhardt J, Goffreda J C. 1995. Transfer and transcriptional expression of coleopteran cryllIB
endotoxin gene of Bacillus thuringiensis in eggplant. Joumal of the American Society for Horticultural Science, 120 (6): 921 - 927.

Chen Z C, White RF, Antoniw J F, Lin Q. 1991. Effect of pokeweed antiviral protein (PAP) on the infection of plant virus. Plant Pathology, 40:
612 - 620.

Irivin J D. 1975. Purification and patial charatcterization of the antiviral protein from Phytoacca americana which inhibits eukaryotic protein



1292 P S "3 39 ¥

synthesis. Arch Biochem Biophys, 169: 522 - 528.

KimJY, MinJ, KimHS, Lee YH, Choi SH, LimY P, MinBW, Yang S G, Harn C H. 2002. A new selection system for pepper regeneration
by mannose. Plant Biotechnology, 4: 129 - 134.

Kuvshinov V, Koivu K, Karnerva A. 2001. Transgenic crop plants expressing synthetic Cry9Ab gene are protected against insect damage. Plant
Science, (160): 341 - 353.

Li Han-xia, Zhang Xiao-hui, Fu Xue-lin, Zhang Yu-yang, Zhang Jun-hong, Wang Tao-tao, Ye Zhi-biao. 2010. Two different Bacillus thuringiensis
toxin genes confer resistance to diamondback moth and cabbage worm in transgenic broccoli. Journal of Agricultural Biotechnology, (4):
654 - 662. (in Chinese)
RN, TRIRRE, FFEAR, SRRV, SRIRLT, TIEE, MRAR. 2010, W Bt 3D S ISR SR RN SRR TE. AR AE YRR IR,
(4): 654 - 662.

Li Shu-de. 1995. Advances in main vegetable crops breeding for diseases resistance in China. Beijing: Science Press: 514 - 518, 559 - 560. (in
Chinese)
AHAE. 1995, P T ZHSRHUR B MR, dbat: BREHMAL: 514 - 518, 559 - 560.

Lin Q, Chen Z C, Antoniw J F, White R F. 1991. Isolation and characterization of a cDNA clone encoding the antiviral protein from Phytolacca
americana. Plant Mol Biol, 17: 609 - 614.

Lodge J K, Kaniewski W K, Tumer N E. 1993. Broad spectrum virus resistance in transgenic plants expressing pokeweed antiviral protein. Proc Natl
Acad Sci USA, 90: 7089 - 7093.

Luo Ke, Zhang Qing-wen, Cai Qing-nian. 1995. A review in Bacwus thringiensis insecticidal crystal protein: Gene property, diversity and regulation.
Journal of Agricultural Biotechnology, 3 (3): 15 - 24. (in Chinese)
BORL K, AR 1995, I TR HUER FOTORE R A A . R M BRI . RV AEIER AR, 3 (3): 15 - 24

Ma Yan-qing. 1998. Prospect and advance on the breeding of pepper in China. Journal of Changjiang Vegetables, (3): 1 - 4. (in Chinese)
T 1998, WEBME MRS TS KITEHESE, 3): 1-4.

Moon Y H, Song S K, Choi K W. 1997. Expression of a cDNA encoding Phytolacca insularis antiviral protein confers virus resistance on transgenic
potato plants. Mol Cells, 7: 807 - 815.

ReedJ, Privalle L, Powell M L, Meghji M, DawsonJ, Dunder E, Suttie J, Wenck A, Launis K, Kramer C, Chang Yin-Fu, Hansen G, Eright M. 2001.
Phosphomannose isomerase: An efficient selectable marker for plant transformation. In Vitro Cell Dev Boil Plant, 37: 127 - 132.

Tan Jie, Gong Zhen-hui. 2008. The genetic transformation of Capsicum annuum L. with the Nicotiana Protein Kinase (NPKI) . Acta Agriculturae
Boreali-Occidentalis Sinica, 17 (3): 267 - 270. (in Chinese)
B, JURIE. 2008, AR/ F I NPKIIEREACBARIOBITT. PEALAL AR, 17 (3): 267 - 270.

Tumer N E, Hwang D J, Bonness M. 1997. C-terminal deletion mutant of pokeweed antiviral protein inhibit viral infection but does not depurinate
host ribosomes. Proc Natl Sci USA, 94: 3866 - 3871.

Wang Jin-zhong, Wang Yan-jun, Wang Xi-feng, Zhang Min-zhao, Gao Xia-hong, Sun Shu-ling, Zhou Guang-he. 2005. Expression of pokeweed
antiviral protein gene in the callus of Lilium longiflorum by Agrobacterium-mediated transformation. Acta Agriculturae Boreali Sinica, 20 (6):
77 - 79. (in Chinese)
FHEE, EEH, EH, KR, @B, PR, AL 2005, R EEHUREE CERTE R E A T I ANRE. AdbR R,
20(6): 77 -179.

Wang Yan-ping, Cao Jun-jian, Liu Hai-jiao, Cui Hong. 2006. The c¢cDNA cloning of pokeweed antiviral protein gene and research on
gene-transforming tobacco. Journal of Henan Agricultural University, 40 (2): 130 - 132, 141. (in Chinese)
EMErE, WRE, XM, H 20 2006. PAP JE[F cDNA BB KHECELFEFRBIA. W r AL K254, 40 (2): 130 - 132, 141,

Zarling J M, Moran P A, HaffarO Sias J, Ledbetter J, Uckun F. 1990. Inhibition of HIV replication by pokeweed antiviral protein targeted to CD4"
cells by monoclonal antibodies. Nature, 347: 92 -95.

Zhao Shuang, LeiJian-jun, Chen Guo-ju, Cao Bi-hao. 2008. Obtainment of transgenic mustard (Brassica juncea Coss.) with pokeweed antiviral
protein gene and its resistance to TuMV. Journal of Agricultural Biotechnology, 16 (6): 971 - 976. (in Chinese)
B FE, HAFE, PRIEL, #ALLF. 2008, B REUN R A R SERA IR L. A AT AR 2R, 16 (6): 971 - 976.

Zheng S J, Henken B, Maagd R, Purwito A, Krens F, Kik C. 2005. Two different Bacillus thuringiensis toxin genes confer resistance to beet

armyworm (Spodoptera exigua Hubner) in transgenic Bt-shallots (Allium cepa L.) . Transgenic Research, 14 (3): 261 - 272.



