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Transgenic Rape with hrf2 Gene Encoding harpinxgoc
Resistant to Sclerotinia Sclerotinorium

MA Ling-li, HUO Rong, GAO Xue-wen, HE Dan, SHAO Min, WANG Qi

(Key Laboratory of Monitoring and Management of Plant Disease and Insect, Ministry of Agriculture, Nanjing Agricultural
University, Nanjing 210095)

Abstract: [ Objective] The objective of this study was to improve the resistance of rape using the method of transformation.

[Method] The gene hrf2 derived from Xathomonas oryzae pv. oryzicola encoding harpiny,,. protein was inserted into transgenic

vector pPCAMBIA1301. The cotyledonal petiole segments from rapeseed variety Yangyou 4 were infected by Agrobacterium
tumefaciens strain LBA4404/pCAMBIA1301-Arf2. [Result] Hygromycin-resistant green shoots were obtained. PCR, RT-PCR and

GUS analyses have confirmed successful integration of the foreign gene into the genome of the rapeseed variety Yangyou 4. Disease

bioassays of transgenic plants revealed that the transgenic plants with resistance to Rape sclerotiniose was obtained. [ Conclusion]

The hrf2 gene can be transferred into rape using the method of Agrobacterium-mediated transformation, which improved the

resistance to S. sclerotinorium in the transgenic plant.
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1.1 st

T AR A R H A S Rz i 4 5 0 T L
IR R AE AR A A 7] o KRG 28 T 1P 4 B 1 (X o.
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LBA4404 BRI R IE AR pBI121.pCAMBIA1301
HH T ARV R A7 A 8 HUTE W S v B R RISk
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1.2 HEFE

(1) FiREFER: MS!"+4 mg L' BA, pH5.8. (2)
JLRFREL: MS+3 mg' L' BA+0.5 mg'L'NAA, pH5.8.
(3) JHkEREFEH: MS+3 mg' L' BA 40.25 mg'L"' NAA
+5 mg'L"' AgNO;+12.5 mg-L" Hyg+500 mg-L™' Crb, pH
580 (4) EMIEIRIE: MS+0.2 mg L' NAA+5 mg-L™!
Hyg+200 mg-L™" Crb, pH 5.8,
1.3 E5iKH

Taq DNA &5 BgF1 BRI A VIR 1 TaKaRa 2
] . Dig High Prime DNA Labeling and Detection Starter
Kit I/ H Roche A @], TRIZOL Reagent. ThermoScript
RT-PCR System 4 [ Invitrogen A 7. K H %
(Kanamycin)  REHHHE (Carbenicillin) + F4H
*F (Rifampicin) % % (Hygromycin) W H 7 5L
AR AR AR, X-glue 1 H A XA HARH
AT,
1.4 EYEHERIEFRAIEE

A PCR J7ik, MOKFEA BT B R X, o.
pv.oryzicola RS105 BRI 5t hrf2 KEDAL, R FH 2L A
PR A8 7 1) R P B DDA 1 BamH T A1 Sac 1, ¥ H 5w
W Bk B AA pBI121 H, HJEE pBII21-Arf2 H4]
Jiki; 885 F Hindlll, EcoR 1 M\ pBI121-hrf2 E¥4 hrf2
EFHB) TR F—R YT, SRS YR IAEA
pCAMBIA1301 I, #4 & Uf ¥ 4 & 41 38 3K Ji ki
pCAMBIA1301-Arf2 .. ¥ 1% 241 UKL 6 A6 AR AT 181 1 7
LBA4404, T —70°C NRAE, HTHEERIHAL.

1.5 RHENTSHEEEL

WSy i 1 5 VR R e 2 4k, Al gk
TiRE % 2~3 d TR AR U AHT B4 B U 4% 30 min,
SRIGTRAE LR 95 0 EIRIG L% 2 do JLsisRags ol
J&, BTN IR R IR (25 °C, B 16 dD
2 A 1 e 1~2 JEJR BIAT A4 4L 40 7 RN 2 11
. LR 2~3 ecm FJE, VI NERZFHANE S
mg- L W Z AR R, MR A RIER N 51
FIREAR, SN RS L. AFHKE 20 om £
VeV X DN IR
1.6 FRE[EM3AY PCR 4

Hi% 5 DNA $2BCR T CTAB $#250ENS): B 50~
200 ng s DNA R B AR hrf2 JE P20 ¥t 51 9):
55 514): 5'-TTTGGAGAGAACACGGGGGA-3'; 3’
i 519 : 5-TGATGCGCTGTCGTTCGAGA-3', 5|¥)
i IS R R AR A R AR G . HbR 89
414 bp. YHEEAT N 95 CHIARME 5 min; 94°CAR
PE45s, 56°CiEB-K 30s, 72°CIEM 50s, 35 MEH;
72°CFFAEAH 10 min.

1.7 55EFHZEHI RT-PCR 44

i § TRIZOL Reagent (Invitrogen) $&HUHISM F
RNA, ¥ 3% KM ThermoScript RT-PCR System
(Invitrogen) . PCR & AR R 54 BEFE T [F]# # PCR,
Z: 1.6, XF RT-PCR P4 AT B IR 23 4T o
1.8 FREREMSEHT GUS H2i

A Z YUK EET GUS Bt i, 43 Hrksic
FEIN gus BEAS IEH 235 « KM Jefferson! K YLt 7715,
V5 BY B/INE SR R LAE 200 pl B, T
37°CH R 20 he BRJE, FHN 70%LPE i 2~3
K, PR SIE A, BIPERER L aE A .

1.9 JHRNMBEZFREE

TSR VR A I T o 6 SR FH v A 2 A e
Yeow, HATTES A vk SEEREC 3 Aot
Ry BERIE RO AN R 28, DIEERR 48 h ETRBEE AR
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2.1 tEYMEARIEREL pCAMBIA1301-Ar 2 BFIEE
AT R AKFBAMPELRBERE (X o
pv.oryzicola) %t harpiny,e. £ F 1 hrf2 F= K6 NFEY)

FILH A pCAMBIA1301 H, 4 @t FE 4 41 3R Tk
pCAMBIA1301-hrf2. ZHEMASH “CaMV 35S JHE) T
-hrf2 FER-NOS 20577, “CaMV 35S JH 3l F-hpt I]
FER-NOS 177 Fil “CaMV 35S JH 8l F-gus A
-NOS #1L7 3 ANRISHE, HH hrf2 FEIRR/N R
414 bp, hpt IIFERHFIR/NA 643 bp, gus FERFR/N
2 053 bpe IX 3 PP EEDAAERE A P RNk,
pCAMBIA1301-Arf2 I EHIWTE 1 iR,

LB EcoR1 Sacl  BamH ] Hindlll RB
A r 1 B .,

|mg I | G e

Nos-Ter hpt 1 CaMV355-pro  Nos-Ter hrf2 CaMV35S-pro  CaMV35S-pro gus Nos-Ter

LB: ZEii5t; RB: 4705t hptll: WIS RBRFEFEILE; Pro: HET: Ter: &ILT; gus: B-FILWIRETA N
LB: left border; RB: right border; Apt 11 : hygromycin phosphotransferase Il gene; Pro: promoter; Ter: terminator; gus: B-glucuronidase gene

1 EEAFIERKL pCAMBIA1301-Ar 2 I FE B i
Fig. 1 Schematic construction of plant expression vector pPCAMBIA1301-Arf2

2.2 RIFBENSHI pCAMBIA1301-Ar 72 HIHSEEE L K
MPEEFEENRE

Fa gt P AR A0 21 SR TR AR 2 AR KT B A S A
M 4 5T e T S R AT B R S
F2dJE, BILEASRTEEE (500mgL™" A
FHHE (125 mgL™") MR IR B, 1~2 FALTT
I AL, RGBT P FE2F
K2 2~3 em ZE 40, V)R IFE TR BRI T
AR SR . AR AR E RIF5E, 1480
THH 2 d, RGBT E P T H RS . A&
1500 ZAMAMEARPRIT T 26 BREkHT .
2.3 % pr2 BERSEIUBE R B E E /Y PCR 4

X285 B AR IR AR I LR R AR T PCR
W, EFTRLI 26 MEET, 85%HBIRAT T 4 w4 4
i (B 2) o RS 4T . 28 Blast EEXS, &
WIS HIFER A2 WEETE S 100%, WP EBH
(LD hrf2 ELEEL 2SR SE R 419 .
2.4 FEFEHZEAY RT-PCR 2

8] hrf2 FER G105 PCR BHAERERR AN AR 45 3 ]
MSEUEAT RT-PCR Alll, PUPEMMEE RNA )G
2 PCR 714755 414 bp (LIF15%1 PCR ¥ 174
3 414 bp, 5 H L hrf2 (NIRRT 100%) 1) DNA
JrB SR TURL T S5 R 8 IR AR
SEPEY A, UL A2 SR R SRR R 41 45 E
Fik (K3) .
2.5 gus EEFTIEKN

1 2 3 4 5 6 7 8

bp
2000

1000
750
500
250

1: 5T HEbric (DNA Marker DL2000) 5 2: BIPEXTEE: ARFEfhahise;
3~7: WIBEEPUMERIAR 6. 104 13, 18, 23, HFxii A 414 bp; 8: [H
PEXTIR: RiEEAk, bR A 414 bp

1: Molecular marker (DNA Marker DL2000); 2: Negative control, DNA of
Non-transgenic plant; 3-7: Amplification band of DNA of anti-hygromycin
plants 6, 10, 13, 18, 23 by PCR respectively; 8: Positive control,
amplification band of the plasmid pCAMBIA1301-Arf2 with hrf2 gene by
PCR

2 EFEE POR MR
Fig.2 The result of analyzing transgenic plants by PCR

bp 1 23 4 56

750
500 A
750
500 B

1: 5»THAric (DNA Marker DL2000) 5 2: ¥H7KXHH: 3¢ BHYEXTI,
REALKIRR: 4. 50 WIERDUERII 6. 23; 6: BIMEXH (FE A BITh
JHER R, AE B B ok ik pPCAMBIA1301-hrf2)

1: Molecular marker (DNA Marker DL2000); 2: Negative control, double
distilled water; 3: Negative control, Non-transgenic plant; 4, 5: anti-
hygromycin plants 6, 23; 6: Positive control, the plasmid pPCAMBIA1301-Arf2

3 WEREMRM £F-1a BE (A FAr28E (B) By
RT-PCR 43 #fr
Fig. 3 RT-PCR analysis of EF-/a gene(A) and Arf2 gene(B)
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Non-transgenic plant Transgenic plant

B. GUS #e{f Wi Wl 42
B. GUS analysis by microscope

A. UHJY GUS 34
A. The GUS analysis of leaves

1~26: WA FEGUERIRE: CK: BRI, AREALhEE

1-26: Anti-hygromycin plants; CK: Negative control, non-transgenic plant

El4 FEFEENGUS RBER
Fig. 4 The GUS analysis of transgenic plants

2.6 5 hrf2 BRI HEE LR

WRAE GUS Beti gl Rk PEBH P Sbk, 34T T B4t
PRI B, 0 TREAT R AR . I GUS HL £ fH
PEBRR 6. 13 F1 23 R EEXT IR . A5 B A el
48 h Ji7, W LUMERNX 3 BRI BE /NS 0] AT B2
Z5 (5. B 6) 5 4 13 ¥k GUS GetaBH ok sbk L
S5 BRI 0, HLAps B /N5 0k A LE G J 2
5o AN, BHERIAERG 48 h N, W IREHTRE
I SRR SR i 2 (1 5D

3 iHe
ST B A S TR A R R s,
ZVFL BT, WML AT AR R I 2
SETIZE S AN BN S A A
BB 15 12 S ) LSRN T, ik 2
TANGPUAE 258 AT B S H I T 3

Ji: RECIEDIRMRIT Jrs A7 FIEDAERRNT

Left: Non-transgenic control leaves; Right: Transgenic plant leaves

B 5 BEiAMREMZERSERERER
Fig. 5 The detached leave of transgenic plants with Sclerotinia

inoculation

4.0r
35F .
3.0f
25¢ b
20}
1.5¢
1.0F

BT E /% Lesion diameter (cm)

0.5F

6 . 13 . 23 . CK
AR Test plantlet
ARFRERIRTE 0.05 KV FES B

The different letters mean significant differences at 0.05 level

6 FEFMEEARMEZFEMN 48 h RRUETRER
LEER
Fig. 6 Difference in lesion diameter of transgenic rapes by

detached leaves with mycelia of S. Sclerotinorium
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