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Transferring disease resistance gene
NPR1 into Siraitia grosvenorii
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Abstract; Using cotyledon of Siraitia grosvenorii as explants,an efficient and reliable transformation system was estab-
lished. Several factors affecting genetic transformation of Agrobacterium-mediated S. grosvenorii were studied. The re-
sults showed that 5 days aged cotyledon using for infection explants,pre-culture 1 d, bacterial infection time 20 min,co-
culture 4 d with 22 C, AS concentrate 100 pmol/L,10 mg/L of hygromycin was suitable screening concentration for the

differentiation of adventitious bud and root could get the better transformation efficiency under 20 mg/L of hygromycin,
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The transformants were confirmed by PCR and Southern blotting analysis with the transformation rate 1. 5%.

Key words: Siraiti grosvenorii; Agrobacterium-mediated ; genetic transformation; NPR1 gene

B IR (Siraitia grosvenorii ) & 75 Fl (Cu-
curbitaceae) B IR JE (Siraitia) Y. BEH BE 5
25 FIAE Y A e i ok % R A R B
Hedg IR AL R SFTh Rk . R, H R AR Y R B I
RRVE-MEHRESHENXRMEN. S
R EIMELL RN ERERTH. PURPEE
FRERER BE L2007 YH, AARTMN
REERCR . HRE R TR IR, EABRELS
MEAMHAMY R Y ONCHAMZ — FILEYT
B RS T )T R (RS, 2004 2 L8 4,
20000, HEWRERF BRI AESD ZFIMGE LR

W EH: 2010-07-10 B HHA: 2010-11-06

RNV ARE RS FENEE, CEEW T
PR BAMHBE. Hik, FEF &R R LUE
LA 7 T B RO — A AR A R DR B[]
FIAEYRERN TEREARHIMNEIRERSA
ZURREYEEI ARG RATEUREEMN
AR &4E. NPR1 EHEHY R RAESIHE P K
— AN, B AR I W S 5] (Cao %
1994,1997) , & w] B Y 1) ST R 4 L 1R
MY FEGEHTR P EE REER AT KW AE
VL AR S PURTEN S RSB TR
(Zhang %, 1999; Kachroo %, 2000; Ekengren %,

BEEWAE. M AAR¥ESGER A 0728095 Supported by the Natural Science Foundation of Guangxi(0728095) ]
EEF/N: BHEA) L T HANA B LB RA R T B NP EE TR, (E-mail) yanghua518888@ 126. com.
* i@ i 4£ & (Author for correspondence, E-mail : xmgin@mailbox. gxnu. edu. cn)



2 %, BIREHHERE NPR1 B35 251

2003;Lin 48,2004;), & 3L NPR1 /* S Witk ik 12
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1.1 EYMBRLTEEES

LERATNRCE KR MR .
FFH 75 %W IE S 30 s, P 0. 1% HgCl %W
TH% 8 min, TR KR 4 WiE. BT 0. 7T PRRE 5
iR E, ERSED CEFEAPH A EEFHR5~6d
W) Bl R L5 4R
1.2 BB R R

FHBERFE LBA4404 E bR, HP EHAF
NPR1 BN M EEBBRL S EFE N TN
pCaMVNPRI1, 3 FH £k H B 31 F CaMV35S J8#s,
LIRKRFENENT NREEHL

KR & A NPRL #H MR B AFTH
LBA4404 T4 Km 50 mg/L . Rif 50 mg/L #) 2
XYT 8337 FL. BT 27 CHBEFA DR
FE2d, NEREBKEBURHAREK . BFHASH
Km 50 mg/L.Rif 50 mg/LL /) 2X YT B kg H A
W, FHERPER 1,27 C,200 r/min, 3% CRES)
FFE ODsoo 4 0.6~0.8(# 12~16 h),5 000 r/min
B0 5 min WE R A, BEIIA S 100 pmol/L AS #Y
2XYT AR FRE  EHBFME, F 27 C,200 r/
min $53% 3 h, /E R 1A B R .

B 5~6 d P N RICEHE B, 5/ F
B E(MSH6-BAL. 0 mg/L+IBA0. 5 mg/L+30
g/L 47 g/L B84, pH6. 0) |, Y6 BB E: 3 O
FRIR I 1 000~1 500 Ix, K 12 h Y, E R (25
=D OldfE, HEREFEBRRS 20 min, R/F
bR F (MS+6-BAL1. 0 mg/L+1IBA 0.5
mg/L+ AS100 pmol/L+30 g/L fEHE+7g/L BEHR

¥ ,pHS.6), F 22 C, B FRILER 4 HLH
IKYEH T IR B O 8k AR & B (MS+6-BAL. 0
mg/L-+1BAO0. 5 mg/L+ Hyl0 mg/L~+Cef 500 mg/
L+30 g/L BEME+7 g/L B4y, pHS. 8) , Py 2F
KGN AEFH - IHRHAGHS . BT
A 7E 8k 12 5 35 3 (MS+ 6-BA0. 2 mg/L + Hy 10
mg/L~+Cef 400 mg/L+30 g/L BEME+7 g/L BiAg
¥r.pHS5. 8 L4 —~K, AEFKE 3~4 em K
WU A REE N EF G E TARE RSP (1/2MS
+1IBA1l. 0 mg/L.+Hy20 mg/L+Cef350 mg/L+15
g/L FEME, pH6. O BEAT AR AR 8 , A MR 2~3
em B R R 2~3 d TR HEIT R

1.4 ¥ {LIEHER) PCR 4T

BHPEAR bR A T, R A CTAB 35 12 U
#144 DNA, NPR1 3£ PCR ¥ 8 [ B H9 51 994
Pl. 5-AGTTGATAAGGTCTCTTCGTTGATT-
AGCAG-3"; P2. 5-GGTACAGCAAAAATTA-
CACTAAGAGGCAAG-3',

30 wLPCR R B ¥k % . #5472 DNA30 ng, I F i
B4 0.5 pmol, 4 f ANTP £ 100 pmol, 10 X
buffer 3 ul.,Taq B# 2.5 U, RMNFEFF:95 CHAN:
5 min;94 CA%4#: 30 5,55 CiBk 30 5,72 CHEf 3
min(35 &) ;72 ‘CHEMH 10 min, PCR i =4
AT 1% B A B e 1k EB e o 5 E 1T ER .

1. 5 Southern 2t 3 43 ¥

L 20~30 g CTAB ¥ 3 Ui & & 44 DNA
2 Hind [ 524 4LJS - 76 0. 7 %o B A5 8 B i i vk b
re5. ¥ DNA B2 ERMAmME BB E, ®Eh
Ll pCaMVNPRI A #i# 2 PCR 4 #5# NPR1 A
R B (2.2 kb, I & #ATARIC . FIARSC 2058,
e R B 5 22 48 Il 4K ¥k 3% DIG High Prime DNA
Labeling and Detection Starter Kit I(Roche /v #])
U H T,
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Table 1 Effect of pre-cultivation days on differentiation

rate of Siraitia grosvenorii

B sEaE SMEGE AL ERSME AR

S

Pre-culture No. of Explant number of Differentiation
days (d) explants adventitious bud rate (%)
0 113 5 4.42
1 146 14 9.59
2 152 14 9.21
3 137 11 8.03
4 106 6 5.66

2.2 R EN U AT

LRERGR 2DRH,RYHE 5 min b, 5
ARG ; LR YAy 15~20 min I, 2§ 4L 3K
B AR FRAE AR et (), AE B S 1 B 5 b KR40
T BARABE, R BREMR., Bt EHE
FAHMRRTERT REEAHE L 20 min HEH.

x2 EEHBEANSELENRE
Table 2 Effect of different infection times on

differentiation rate of Siraitia grosvenorii

RYsafEl SMEARE LI SRR B DA
Infection No. of Explant number of Differentiation
time (min)  explants adventitious bud rate (%)

5 187 11 5. 88

10 142 10 7.04

15 119 10 8.40

20 164 17 10. 37

25 173 10- 5.78

30 125 3 2. 40

2.3 HEEFHBEXNELENT

HEFBRTEHBREHEAURENLIRZ—. 4
HERI~2dN NAPBERFEEE HH;3~4
dg . ESMERNABECT LB B E%E . ik F ok
FHEEABE S dE, FrHEBAET RAAENE
%, FHa LR BB Z K a5k 7 Bt RATHE
HEEEARKSHEM RIGR™E, BRI, 5k
P AR EE T 3 R B B e i . Bk,
EEMIEIEFEDN 4 dGE 3).,
2.4 EEFEENSUENTW

IR EX T-DNA MEBEE —E ¥
W (Dillen %,1997; %6 B % ,2007) , ALI BT
KEFRBEXMKFREN SHEATNROER, TN
R B RN IRS G 53 )42 19.22,25.28 C PYFp
BETIEF4LERER, 22 CHIEFRBERG

THRE T RSP ML 10.87%. HEE
&F 22 Cot, HibEZFEREE TR, 19 CryiHEES
b 22 CHRFRETIHE 3%, MMYBEET 22 C
AL HEFNEEHBHEEREWI RN FFE,28 C
BB ESERFE 6. 7TTU(F D, XEHRE
%t T-DNA H# %A —E W,

%3 HEHFHEMSELEHRE

Table 3 Effect of co-cultivation days on differentiation

rate of Siraitia grosvenorii

L H

FHF SMEEE S FRAMARHK
Co-culture No. of Explant number of Differentiation
time (d) explants adventitious bud rate (%)
1 146 4 2,74
2 158 7 4.43
3 163 12 7.36
4 162 15 9.26
5 139 10 7.19
6 144 4 2.78
7 161 2 1.24

F4 HEFBENSURHORW
Table 4 Effect of co-cultivation temperature on

differentiation rate of Siraitia grosvenorii

HHFRE  SMEKR SFRSRER Sh%E
Co-culture No. of Explant number of Differentiation
temperature( C) explants adventitious bud rate (%)
19 88 7 7.95
22 92 10 10. 87
25 76 7 9,21
28 74 5 6.77

25 ASIMAFRNFNRELZHRMN

WEBT AS BT EARM ERITEE
R IAE S WER AS LIS RAFE 1 R 6t
77, RAERATTH S AP S0 AR 4T SE G R B S i T
BEED., ATHRSHEAR RMNRETHUA L
B AS W B IR FEmEm., B 1 .41
FRE MR EFEDP A MA AS; ZR 1 -
RAETREERHBRES DM AS; LR RAedb i vk
FREFIN AS; LIV . 76 T P B R 3L 1 5 1 e 5
FERIIA AS. DAL 4 #H 525 AS MR BE ¥ 100
pmol/L, #5RFHY,AS X F R BIEHMULAA R
ER AZRIF. BSR4 Hy i F £ R
4.32% ;LW LW K Hy Sk 2484, 2508
6. 06 761 6. 40 % ; SLH IV B R 10. 34 %0 (F 5).,
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o MMEE B RARE X 1 mod, BUH #7021
DNA #47 PCR ], PCR 5 Il &5 5 2 B 7€ BA HL 4l
HUHg 70 SRR A 52 ROk FHAE AR, PCR PFHMEHE
MR 74.29% . B RAR 1.5%. NE1F
W R A B DNA § 3% i 45 545 5 0B DNA
PRHM AL TR —-ME, KWK 2.2 kb, K
NPR1 &K HH.
£S5 ASHMABRIBNRSUENRM

Table 5 Effect of AS addition scheme on differentiation

rate of Siraitia grosvenorii

ShERE SR SRR

Trgfrﬂn{ent No. of Explant.xttumber of Differentiation
explants adventitious bud rate (%)
] 162 7 4.32
I 165 10 6.06
1l] 172 11 6. 40
N 174 18 10. 34

2. 2kb

B 1 ok EEEER PCR 41T
Fig.1 PCR analysis of genomic DNA
from transgenic plants
M:ADNA/Hind III+EcoR 1 Marker; 1-6. 5 {18 £ ;

T REEALMIFR;: 8. Fik DNA,

P2 PCR K 2 FH M 09 58 2 Fl £k 1 — 25 8
Southern 44, S5 R F W, EFLILE B K BR
s fg 5, MBI KA E R T R&ZES (H
2),IEMRANERNE 2B G HDP N REEAF,

3 ik

R FFEN FRMEREECNERFESR
UK 3R O 8] AT R G g ), SRR R B ], DA R T
FOkL vir KIEALEE . 15 B T8 IR i (A] 2 4R o A Ak
I R Z — SR UK B AL A 2F 47 T 8% 75 0] DL JR
Y5y, T MR, A E A 5 B A MR
DNAC(An,1985; Lin %,2005), B ik, Sh 8 14 7 45
FEE S B UAEFENBNXRE. AAFME

1y B8 ) — A A A T 0 o MR 1A S L B A A9 LS 57
W], ASEEEER RN PR TFH B 147
B R AR,

& 2 Southern EIi 4387
Fig. 2 Southern blot analysis of genomic DNA from

leaves of control and transgenic plants

1,3.4,5,6 . F btk 2. R FELMR.

AL FE T R R I8 0 B TR] B R R R FT B A
HREMME BHEMNEKESRTFEEKMEY
MR E M BRER L., ALRP RIS DR T
TR K AT E B E M, 20 min #9418 YL B E) X IR
TR BT

AEFTF B 0 I A 1 S 1 5% B TR AR A e At
hRAEE EEM AT, H R MM E M T-DNA
MR MBS RIS R RN T RE . TR
WM EE AR B b, RAERME LA 4 16 h
ZIGAREFE L MR . AN R B AE 9 5 A [R] 28 Y 1 S AT
EERE N RAELIE RN R ZR R EEE 2
~T7 dCTERMEE,2002), RLELEREH, TR
T AME R AT AR Y S B LS SR A O 4 d.
B 3 3% 5% B IR) 8 & 4 S B A B O R A A B
ZAIMEABREGHEEFBIC, KEEF LR,
MEEAE AEAH N F A FEEHTERS
HIHAB ST LRI B REK.

Dillen & (1997 By #F R £ 8, LB F R EFEHE L
FRA A S 560 B2 b R B AR A By e 3 3¢
BEBR FREGHANE, BV ETEEH T T-
DNA #BE At VirB-VirD4 #8438 ARRE T
B B 47 b B HE VE P (Fulle %5,1996), TR, 7K
## (Kondo #,2000) . #8 7€ (Sunilkumar Z,2001) #1
KE GRS, 200 B k15 7RI E R .
AL WRN, 22 CHHEERRBERF TR
BRI AL, Wi TR T 22 CHibEysH
ENGIEEY .

AS T R Hh 3R R FE AL AR R (B B R L 20025
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ALK BT R W, 70 AR AT B B I% A0 2L 1 3% B B W]
A AS, 4L 4. 32% R B F) 10. 34 %6, {R #EAE
FAEEHE.
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SE

FEXMR, ER. 2002, MIYEETRGE 2 BOIM]. LE:H
2t AR AL . 389 — 394

2e4% 2 LIS, KOG, . 2004, BIE#BBESH LMALML.
JEE o E bRl AR AL 111

An G. 1985. High efficiency transformation of cultured tobacco
cells(J]. Plant Physiol ,79:568—570

Cao H,Bowling SA, Gordon AS, et al. 1994, Characterization of
an Arabidopsis mutant that is nonresponsive to inducers of sys-
temic acquired resistance[ ] |. Plant Cell ,6;1 583—1 592

Cao H, Glazebrook ], Clarke JD, et al. 1997. The Arabidopsis
NPR1 gene that controls systemic acquired resistance encodes a
novel protein containing ankyrin repeats[J]. Cell,88.57—63

Cao H, Li X, Dong X.

disease resistance by overexpression of an essential regulato-

1998. Generation of broad-spectrum

ry gene in systemic acquired resistance[ J]. Proc Natl Acad
Sci USA,95:6 531—6 536

Chern MS, Fitzgerald HA, Yadav RC, et al. 2001. Evidence for a
disease resistance pathway in rice similar to the NPR1 mediated
signaling pathway in Arabidopsis[J]. Plant J ,27:101—113

Dang WS Bf) . Wei ZM( & Bi). 2007. Efficient Agrobacteri-
um-mediated transformation of soybean(#R @RI H M FH B K
KREBIEHRMERNEIDT]. J Mol Cell Biol (434
Y3R) ,40(3) : 185—195

Dillen W, De Clercq J,Kapila J,ezal. 1997. The effect of tempera-
ture on Agrobacterium tume factions-mediated gene transfer to
plants[ J]. Plant J ,12(6) ;1 459—1 463

Ekengren SK, Liu Y, Schiff M,etal. 2003. Two MAPK cascades,
NPR1 and TGA transcription factors play a role in Pto-mediated
disease resistance in tomato{ J]. Plant J ,36:905—917

Fitzgerald HA,Chern MS, Navarre R, ez al. 2004. Overexpression
of (At) NPR1 in rice leads to a BTH and environment induced
lesion mimic/ cell death phenotype[J]. Mol Plant-microbe Inter-
act,17:140—151

Fuller KJ, Lara JC, Nester EW. 1996, Pilus assembly by Agrobac-
terium T-DNA transfer genes_J]. Science,273:1 107—1 109

Huang JQ(E #E#k) , Wei ZM(TLEHD, An HL(R WG ) » et al.

2000. High efficiency of genetic transformation of rice using
Agrobacterium mediated procedure(#RJE H T HE T FHI KRS
BB EEMARN &M T[], Acta Bot Sin Y
2 ,42(11) .1 172—1 178

Kachroo P, Yoshioka K, Shah J,er al. 2000. Resistance to turnip
crinkle virus in Arabidopsisis regulated by two host genes and is
salicylic acid dependent but NPR1, ethylene and jasmonate inde-
pendent[ J]. Plant Cell ,12(5) ;677—690

Kondo T, Hasegawa H, Suzuki M, 2000. Transformation and re-
generation of garlic(Allium sativum L. ) by Agrobacterium-medi-
ated gene transfer[J]. Plant Cell Rep ,19:989—993

Li DP(ZE#1l§) , Zhang HR(3K B E5). 2000. Studies and uses of
Chinese medicine Luchanguo ———a special local product of
Guangxi(J" FG4F =M Y P N R WP R 50 A L], Guihaia
UG ,20(3) :270—276

Lin WC, Lu CF, Wu JW, et al. 2004. Transgenic tomato plants
expressing the Arabidopsis NPR1 gene display enhanced resist-
ance to a spectrum of fungal and bacterial diseases[ J]. Trans-
genic Research ,13:567—581

Lin YJ,Zhang,QJ. 2005. Optimising the tissue culture conditions
for high efficiency transformation of indica rice[ J]. Plant Cell
Rep ,23.540—547 .

Liv HKCG#H) , Wei ZM(TEBH). 2004. Transgenic soybean ob-
tained with Agrobacterium tume faciens-mediated transformation
of embryonic tip of soybean mature seeds(F| FI B KT HE M+ S
BARKERBF T IRRRGHEEMM ] J Plant Physiol
Mol Biol I B 5 5y T HE W) 2#4R) ,30(6) :631—636

Qin XM(FE # K),Li WL(EEX22), Zhang LZGK T ) , et al.
2005. Cloning and expression vector construction of Arabidopsis
NPR1 gene(#l# 4+ NPR1 HEM LES R B ENWHED
L)), Guihaia(J” VitH#)),25(1) :58—61

Qin XM(Z % B), Yang H(# ), Wei SL(F £ ). 2008.
Study on the tissue culture and rapid propagation of Siraitia
grosvenorii (B R B LIER S PHEROI]. J Anhui Ag-
ric Sci CEBRARML B ,36(9) :3 553—3 554

Sunilkumar G, Rathore KS. 2001. Transgenic cotton: factors influ-
encing Agrobacterium-mediated transformation and regeneration
[J]. Molecular Breeding ,8:37—52

Yang GDUFHI %), Zhu ZCER ) , Li YECEHEIR) , et al. 2002,
Establishment of high-efficient genetic transformation system in
Chinese Cabbage(k 3K @ BB F 8L R RO [J]. J
Agric Biotech (£ A= BB AR 245 ,10(2) :127—132

Yang XR(#% % 3€), Chen YW (BE K 30, Fang P(F ¥), et al.
2002. The effect of acetosyringone on transformation of sweet-
potato by Agrobacterium tume faciens (Z, BT T B X 48 98 2 4T
HASRHEREREANE []]. T Southwest China Nor-
mal Univ:Nat Sci Edi (BB ARFEER - B AR¥EMD .27
(5):751—754

Zhang Y,Fan W, Kinkema M, et al. 1999. Interaction of NPR1
with basic leucine zipper protein trscription factors that bind se-
quences required for salicylic acid induction of the PR-1 gene[J].
Proc Natl Acad Sci (USA),96:6 523—6 528



