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(guardee) 32 BBk A, 2F EHURN

Note:a:Disease results from the collective action of the virulence proteins
which change the host target protein structure and function; b: This panel
depicts the classic receptor-elicitor hypothesis,in which an R protein directly
binds a virulence protein. This recognition event triggers defense responses;c:
This panel depicts the guard hypothesis,in which an R protein detects a modified
host protein (guardee). This recognition event triggers defense responses.

1 REYHTEEASHEYN R EANBEIERS

Fig. 1 Interactions between pathogen

Avr proteins and plant R proteins

MRYEDT BN H 3 DX A4 P 5, AT 4B SR 2k
RHRE R MERE 28 2 28 bum L B A T
. P 22T A X R % — R B,
KR — R IR BT BRI, K=Y 2w AR 5
e FEEME IR 4 4, BME B BE R RTIR, 4B S50 R 1
TEENEEREENRE YR RERE . 2 E 51
SR PR R . B RN 3 R — R
B P R LRI EE R, EATH 95 7= 4 582 58 4
HAEF TR
2.1 PUmAEN R ZEED

H 1992 4 Johal 5™ 78 K i RIEE 1 AR
FH HMIL DIk, o 25 R B AH S 92 U T 1R KA
. BIERRIE, BT F) R Z KR 60 A, B K
ROPIEEREEZFLE 1,

2.1.1 PIEERFENMARTE HERERFERE
FIBFR R 2 A o FAnic AT 2R AR e e 7, FE A
TRREDL R R, TR SR EM KT A E
B4 :RAPD,SSR, SRAP, ISSR. SNP % DNA 4 F#ric
FH AR, Un Fischer 2517 3@ 3 RAPD. AFLP.SCAR #1 SSR
FRicx# & H A 58 B o 5 R bR e KO AL kAT TR
5% £ XU i FP“ Regent” F1Bp & F# “Lemberger” & H:
ZAE R PR B, T T E MR 5 B E
7 QTL 2407 ; Liu 1 3545 T 32 R P £ A9 SSR 4r
it CH02a04-450 1 2 4~ AFLP #5ic E-AG/M-GAC-280,
E-AGG/M-CTT-110, FifEJrik FEA R FIrsHA

*1 EYHERENREREER
Table 1 Cloned plant antifungal genes
Bk 1Y) iR T HEE 45 Fk:
R gene Plant Pathogen Avr Structure Method
Pad4 IR T Arabidopsis Erysiphe orontii ; Peronospora parasitica
RPWB AT Arabidopsis Erysiphe cichoracearum LZ-NBS-LRR
RPP1 ST Arabidopsis Peronospora parasitica SEVf FLME Positional cloning
RPP5 AT Arabidopsis Peronospora parasitica avrPp5 TIR-NBS-LRR SE A\ 7L Positional cloning
RPP8 AT Arabidopsis Peronospora parasitica LZ-NBS-LRR SE A\ 7L Positional cloning
RPP13 AT Arabidopsis Peronospora parasitica LZ-NBS-LRR
Cf2 Z 7 Tomato Cladosporum fulvum avrl LRR-TM SEVf FLME Positional cloning
Cf4 7 Tomato Cladosporum fulvum avrd LRR-TM SE A\ 7L Positional cloning
Cf-5 7 Tomato Cladosporum fulvum avr LRR-TM SE A\ 7L Positional cloning
Cf9 Z 7 Tomato Cladosporum fulvum avr9 LRR-TM %% ¥ Transposon tagging
Cf-ECP2 Fihi Tomato Cladosporum fulvum % - Transposon tagging
Hcr9-4E 7 Tomato Cladosporum fulvum avrdE LRR-TM SE A\ 7L Positional cloning
12 Z 7 Tomato Fusarium oxysporum NBS-LRR SEVf FLME Positional cloning
Asc Fihi Tomato Alternaria alternata f. sp. Lycopersici
Hml E K Maize Colchliobolus carbonum race 1 #EREF Transposon tagging
Hm2 E K Maize Colchliobolus carbonum %% ¥ Transposon tagging
Pib JK ARG Rice Magnaporthe grisea NBS-LRR SEVf FLME Positional cloning
pi-ta JK ARG Rice Magnaporthe grisea Auwrpita NBS-LRR SEVf FLME Positional cloning
Lr10 /NFE Wheat Puccinia recondita var ltritici PK
Rh2 K3 Barley Rhynchosporium secalis
mlo K3 Barley Erysiphe graminis f1splhordei TM-TM-TM-TM-TM-TM SEVf FLME Positional cloning
L6 T JFE Flax Melampsora lini ALS6 TIR-NBS-LRR % T Transposon tagging
L11 R Flax Melampsora lini AL11 TIR-NBS-LRR
M R Flax Melampsora lini AM TIR-NBS-LRR %% ¥ Transposon tagging

177

WA www. Fineprint.cn



http://www.fineprint.cn

- BRI -

wF @ ¥ 2015009):176~181

(transposon tagging) , W E K Hml KN . F Mt &R
SEI CF-67 A1 Cf-47 T BRHLIF 66 9532 L6 Ao
M & <2 3 35 [ (positional cloning) , U1k 2 B4 5 4
AL MIo™ FAR Pt ER A Cr-2M BRI
FERWRILIE RPP5!™ JKAETIRSERIEH Piot'™ 4 5T
[RVR 75 A s e R i s 22 57 B 7~ PCR(differential display
reverse transcription PCR, DDRT-PCR) ; 3 il 15 U8 2% 3¢
(suppression subtractive hybridization, SSH) ;cDNA fCF 4
2 593871 (cDNA representative diferential analysis,cDNA-
RDA); cDNA ¥ 3 J Bt & & £ & 1 (¢cDNA amplified
fragment length polymorphism,cDNA-AFLP)%,

2.1.2 PUORERMSHR S EEX B ENEY
W S = AT IZ B A, R LB AT R A — 2
FL[R] (45 ¥4 38R . 4% BR 45 & v 5 (Nucleotide binding site,
NBS) , &R & % X (Leucine-rich repeat, LRR) , % i 4%
#4385, ( Transmembrane domain, TM) , 35 i #2 5E 45 #4 %
(CC,Coiled-coil domain), #Z % B2 -7 & BR 25 H I8 B 45 4
(Serine/ Threonine protein kinase, KIN) , 548 Tool & H
FIEAh Y A A M A £-1 24K (Toll and interleukin-1
receptor, TIR) &, 3 £0 45 #4) 35 76 41 M N ) E B AE7ETE
KILE 2,

AL LRR, & SR @ RE L AL KA RIAETE . TM, B ; KIN: 22 &5 75 2 PR 5 38 ; NB: 2% PR S5 & A & TIR: JR48 Tool HH KX MHHL
YA K1 324K CC. 4 i MR HESS HI 30 PEST - 7 SC B 1 R MRAR B0 &L AR)T 91 s RMVE: AR R A BFEFIE A .
Note: Blue curve: LRR, Leucine-rich repeat;Gray cylindrical: TM, Trans-membrane domain; KIN: Serine/ Threonine protein kinase; NB: Nucleotide binding

site; TIR: Toll and interleukin-1 receptor; CC:Coiled-coil domain; PEST: The amino acid sequence of protein degradation; RME: Receptor-mediated endocytosis.
2 MRERREEYHEEEERRT

Fig. 2 Major existent form of R proteins
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A4 5 22 DR o 2 DAY~ » AL 114 97 T P Y 3
FAF EAEY 5 IR R 2 (6] A A LA A AR 3R A U
HERRIG » A7 E AT 2R D 7 0 TR 51 A L F) s S 0 4 T2
FY, NI FE By TR B RIE . B bR 1A B
TEEN AR — B O, BUR A AR T B T2
DRI 2k F) 18 EL3R A
2.2.1 BiBENKES ROGEHETHEY - AER
KPR N K T Celicitor) , 5 R ML AE 1 S A 4 7=
A — BB TN, 2% 28 A Wy B A AR AR W RO TR
R . OEYEBE T AW BIECR T R85k A%
JEFE YT R AEY) 2 R B RN S S5, B3,
B SEAE Y B 1S 7 P SR B R D (i 1) % E 40K
B B 43 B 0 S DL 43 A 0 o B 355 7 i o VR DR
HE YA MO BE N T R 7 s S A A 4 B i S A
LW 7308 #) 7K it Tl A ) 15 B RO TR & IV I R T
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YN K% (SA)P  Benzothiadiazole(BTH) ™ | 7,4 . it
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2.2.2 PiBFEFMSIE SICREMBET DR NI R %D
RERT 43R LA T JL28 : CORE fife s Ji A 400 Jf0 BE O S B 1A
LT FREE -1, 3-8 JOBE B 3 N 4 s O M s TR B A K
REE 2SS, dnad S ALY G | Ak s AL B T A AL
FHNE;QSHMAER A AN, iR N = R
B B A B SR IN AE @ 5 MBI N, InE
EEREMERMEES B FEERNT R AERSHEAE
FREER N ; ©JF R AH 5% H (pathogenesis-related,, PR)
N ERGIREGHEYE RN H, FF RS AR R
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B2 5 T B TR I , PRI,PR2,PR3,PR4 &, PR5™%7;
O RBREOR T 3L D, 300 05 JR SR I Bl 5 R B R
BB N 4 s OME AR R 1S B H ZE K (RIP) , B 7 LU
1 JE A A W A R, DR T2 R4 7 6 WD FF 28SrRNA, I
R ARTCE 5K T 454, M FHLIE 28 A A0 2E
. Logemann Z7 F| F D44 2 wunl FE N 811515 T
BT B RER RIP S AR, IR T 4 25 3K

N VAR
3 HEEHR
301 SRR AT R

[ 1988 4E Mc Granahan %7 k1845 GUS RN %
WK LAk , SRttt 2 DR AR ok % 8, 0 L T 7 11 9 R TR
FRWWG TR HRCR 2,

x2 RANMERRENHEEMR
Table 2 Antifungal transgenic research of fruit tree
AR Fh HH R S 3CHR
Tree species Breed Gene Resistance Reference
Filt#8 Sweet orange X3¢ Pineapple PR-5 MG IS RE TS Phytophthora citrophthora [29]
SR Apple AL T RE§HEE Endochitinase gene YR Scab [30]
SEHR Apple HiL R M FEF Antimicrobial peptide gene 5 E% Scab [31]
SER Apple Galaxy ech42 ,nag70 BB Scab [32]
SEH Apple Ariane pinB BB Scab [33]
SESR Apple Gala HerVi2 BB Scab [34]
SESR Apple Holateiner Cox Le YR Scab [35]
%% Grape Thompson and Chardonnay PGIP IR FHLE B Botrytis cinerea [36]
%% Grape Chardonnay PLE LA Antimicrobial peptide gene 1 ¥39% Powdery mildew [37]
%% Grape Chardonnay VuNPR1 F1¥395% Powdery mildew [38]
Ei%F Strawberry RCC2 FI¥% Powdery mildew [39]
BiA§ Strawberry Joliette pcht28 W BN Verticillium dahliae [40]
BiA§ Strawberry ch5B JREE B Botrytis cinerea [41]
4§ Strawberry HiEWEALBEIE A Glucose oxidase gene BEREIRTGN% Strawberry gray mould [42]
Ei%F Strawberry Chitd2 FREHIRRE S Improve disease resistance [43]
##£ Banana Grand Nain Then-42 and StSy H-BE9% Leaf spot [44]

3.2 SRRIHUEEE A 5 1k

TEHEY RN MR P E &Y T 2RSS,
WERAE L RS JRA A DNA HES ARG
K DNA T A A0 2R G KR AR 40 5 40 0 4n A6 kL
FENFFEARGEE . LT @R FILFERN S E A
HIFEA TS .
3.2.1 KHENBE KITFEN S (Agrobacterium-
mediated transformation) 238 1 & #F B - 505 i r 2%
T-DNA X#H 19 B 195 N T A Y400, 5 2
Yl DNA &, 1] FEAE 4 40 M 19 4= R R A5 P AR AEL AR 1
BRI Z Y P Rk xRS
AR Z. 7o TR AR EHY TR
R A I EE B ES . B 1983 FRFEA T
FE A T DR DA 38 3 HL e A L A 436 100 274, 5
HRSRA T T, B SR SE SR AZAE A R R S A
HRAS R T B R o
3.2.2 R FEEMIE (particle gun) R
512 (microprojectiole bombardment ; particle-bombardment ;
biolisties) . & B & 2 H FE 23 /R K % Sanford %M F
1987 4 & B —Fh DNA HH#:3 AfEW A M AL 77
Bio BTRR A — RO N B ke B, 25 SR R N
F) A hr B 45 L AR 15 2 18 T Y RB &, AT A 32 MR 4 i sl 4
21, Bl AR DNA, fff DNA %4 24 9 40 b, T

SCIEYI AR L. BRTE A ST R A EAR
FRAG T R FE AR , I/ A R Ats) FHAEN 4,
3.2.3 1eMrEEIBEYE RS EIEYE (pollentubepathway)
REMEHSMNE DNA BRIFERE B A, &3 208 1
HEAREE % Ak W N B A% IE F 40 I BE A O & R ER R )
e R W E 0 N %53 N B 3 = s & L1 2 4
T, BN AR 6 T 20 21 35 37 F5 AR A bR, BR8] B8, B 4
D TERAHE Y AT T BRIRA K5 (B 7E AR A SR
W AER AT Y A GE .
3.2.4 ML EIRGEA A R K AR AR R AR
SRARIE B, 3 ZE FL.” Celectroporation) , & A%, ] 355 A 5% 1)
EIE , N FE AR DNA Y FREC. 1M vk X 45 4 40 i AR
7R A M (R AR AR A, B B g AR R B
NHIRA RAEY A1, 2 B AT OREAEDS SR IRDY 4 1A
Fh B A2 R R RE
4 RmmEEETWEEN &
4.1 FEHFAREWZ 2N

HENEYN L2 — B S AR LB R TR
[z —, BRT, TR R 5 R S m 2
FREAE 18] B AT 55 0 £k DL ARG . BB 4, % S R AR 9 2 7 ot
AEMAESHEFERELE ATEAMNEHE X
HENREWHEHZE 2 RESZEEEHT IR
A,
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4.2 R SRASHE R AL

BN PR % AN BE R B kB AR R 1 2 MR
TnSRA R CRD P b, RS AR, R, s X
B U 92598 5 PP T R R S P ) — 3R,
e A X S F ] A A O B AT PR RE XS L EE W AE
FEIRAFELEMN T, R T EREAREE,
4.3 WRCRIEFHAKR

AR SR 1) 38 A 3 AL ORAR, HL B TR 2 R A
ot B b A BEAE AR R IE R R ST, PR R 2 T SR A T
PRI R . 5 2 3k — 25 LR A ST R R 38t A% % 1L
KR,
4.4 TR

H ARG 0 2 D R A op AU AR R k. B
FRAR R —FR 0 S R R 2 R R i 22 e A 32 i, 3
B HE PR A 7 SE B P R LD B A
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Recent Progress of Genetic Engineering in Antifungal Fruit Trees

LI Wei-yang' ,ZENG Bin' , TIAN Jia',LI Jiang' ,LI Xiu-gen® , WANG Su-ke?
(1. Collage of Forestry and Horticultural, Xinjiang Agricultural University, The Characteristics Fruit Tree Research Center, Urumgi, Xinjiang
83005232, Zhengzhou Fruit Research Institute,Chinese Academy of Agriculture Sciences,Zhengzhou, Henan 450009)

Abstract: The affection of fungal diseases was a serious problem in the fruit production. In order to increase the ability of

the fungal disease resistance in fruit trees, the scientists had been working on the understanding of the mechanism of

disease resistance and the breeding program for a long time. This paper reviewed molecular mechanisms of fungal disease

resistance in fruit trees,the idea of anti-fungal disease gene resource mining,the methods of genetic transformation and

the application as well as some problem of gene transformation in fruit trees, which could be a reference to the further

study of the breeding of fungal disease resistance in fruit trees.
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