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HYTE R R ATz, REMER RS —ErE, HEdtaE
IR AR HAL I P4 R L RE R S48, 35 124 mT, MsuRkab TaFmA, %
O RIATOEEMER, R CO,, B O,, BEEMIRRIZHMM, #
BRI ARRE & T AWK AR S BT R, HYAEFRAEPFEKR
B BN, n—-seE . R WRARS, XMRREEEES
T AEAE, RS Y =i, Xl A 7= 1 AR R e % o

FERIIN BARGERErp, ARt — B0 2 0% 770 42 2 DA R X 4% Fof i
FLORIEES, XL AR YU, YT RRERR, —fR
TP ZERIEY A G N AR AR R P, B — R R AR
FHOME: PRI R RS, AR BO R R R R B 5. R
HEHHERYFAKERHME, B FoKE SRR X R,
A, B, TEf A BAEEAN AR EEK, MYPURH R TERERE
X REEIAKE FEGAS TR AR #E L, FE2hURERE B R, KA Y6k
FATmpL AR TR . A, B ANAMTIES o RPN
B, Bl AW EAE S ik N (PEN1, PEN2, PEN3/PDRS8.
NHO1 %) #MIIREST ek, Hiuwn TR ff T 3 — 2205,

NHO1 (NON HOST RESISTANCE 1 ) R—2AE% EHMERRE, BREAUM
M SIEF FRIRERPME ( Pseudomonas syringae pv. phaseolicola) ) H.{E
W RGE, W R AR B i — RS EA A R MRS £
Ut HER . NHO1 R gif— A~ H s, 76 ATP 2 5 T H B AL 3 -
WEf& Hil  (glycerol — 3 — phosphate, G3P). HFAET, E AN H i VHO1
DA i A B HE A B b [RGB P 7 R 2 Ehi itk o P TR b T—

P
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AN R, AT Ao S AR Ay B AR UL R O NHO1
VIR AR S EPIEAB S 2 FAERIALEE. O T (8 T3 S AF b AR A B 1 A
w, BT YR ERY SYEMECA R AP TR B-FERER,
B ENEYIRIRAE; =R RS A EEW AR BE N EY
FEF BN, A FE N ALXHEYAEF EHE SR, AT R H A
B EHUE R ;B -E ROV R F B R R BAER
SWEETs 3R EEARAF EUHENLS ; BT Y iE v TR 4 Eauteil
iil; SBHERGRERMR.

A B REFERMEY R FTUR, FrRARF ETHENTR T BN ER B
TR, A AL, HHAFE LS THOPFREE, Bl 5MN B T 46
FALFIEN A BT S T RSB IE; B R R A RRH % 48 i) 5 )
i
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B 4 B

KL, YRR E NS —-ERFHARLERMNEERNE., BFER
95 H1 T v R 2 ERTEY - B 38 10% 24, B R E B TR 4 300 {23
JG (Whipps #il Davies, 2000) ., FEAHY)%% F B AT, 7] (8 1 B H8 H X A
YEH) 100% MU= . BRI, U] 4 Rt B i e R BRARAE My B iR R ik R 1)
— I SR

HTRAEENFREL, PIRERFE—ENMERE, BT ERERE
PIRR . B[R], AR RUOT R B IIIAR. WAEWHEBIG . FEIR. &
YrBiiG 55 L7 ) fERE (Howell, 2003)

YIBRB IR AR R IR . RS, PRI — S R ROk B IR B, B
HRHERM G, BrrEFatr SRS RIEDR -] E. Fil,
YIEBIA R— R R A B A i, AR RG MR, FER6A. A
Bl TAEREY . IR, LA 7= b P AR K 60 iR 7T A 24 B 36 WF
U, ol P R TR R A AR 9 T TR R, (R R R DU R T A 2K
Biia® MM (EFERS NS, 2007),

2B 1A 2 46 R TR RIS BL A Bk 24 3R BEA T Bl e R I — 207 B
fe2EBR BA N R (. PR, BURSFSFORHE, R 7 o L3 R R LK
A, R AR (EAARSE, 2001), {HREMEHLERLBIAR R E
i, AN AR A2 PSR B . R R B2 B 0 DA R B R AR AR O T AR
R, FEESTEpia e R R A, e A BIE R,
AR BB FE SRR RIS | MR 2 SRl . JER WA IR 4]
W B ] S5 L T A A, R R AL R A R AL

B IR R TE R R X A A 2 B0 AR MR B IR R IR AR KR S B,
AT RRARRH 35 B4 & A A & R B — 2K B G #7 3%  (Eljaoual, 2008 ) A= 91 Bl i5 )
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HYREREFR —MEREFEREFE

AERAHAEYRECR., FAXR, WA FEYMREERE, FHit, M
BT¥UHaTS, SYPIRRALE. LFE. LHE. B8FEmA, B
AEMMATER, AT LR 0] Frse & R IR LR EE, AT I TA49
BHIE R PEFI A SFHAT A . DIRAFR . BRI AR BEE . EEE.
AREWGHNE; HEERBRE LM A YRR AYPaILH L2
5. OhiEty b ris RS @ YA 8, TSP R I A R E SR, A
IRBIBTRIRE Y B 0 @& BUB BRAC ™ ¥y 30 o 50 19 A= 4 5 A 3h
Q@A ETERIFE ., MR IR FE IR Y B, AT 2K 2 30 i D e
ARER; @FXHEYXRREENTOE, HIREYRIUREE T ; ©Em
YIRS IR, (R H At , DA T 18 56 X 5 3 ISR BE 0, @ X SRl iR
ERGRHVEA (Massart 55, 2015) .

A 2 RETE — SRR B BRI R, R A 24 770 i A
Beisg, Nit—BiE oyt i E AR BN A, BT AR 2T B IR A
HilEARAIE A (Frank, 2010; McEvoy £l Coombs, 1999; Weller, 1988), H
B, A BEA R BG5S TR A ) i F . e Al
YRR B2 REZESE N, B8 HLMEWRPTRERE (Resistance
gene) W TLREMSK, M R EHIURIED MM BEE 7 AR (Whipps A1
Lumsden, 2001; Klee %5, 1991) . AT, FH T 5 B A 3 /NF ) 18 B A8 S5 4%
M, TIBTE 2 L3 B OO SR A B AR BRI AE . Rk, BEPU SRR
MBI SR F A BBFEAR O A 7= EARHAGE A, ] $2 R RAED DU R Re AL E
BB ARV PUIR R 2 — (Wang %, 2006; Howell, 2003; Raupach Hl
Kloepper, 1998) ,

JEFF EHIME (non — host resistance ) J & FELH) X K HR 7 S 7 AR B E
A% B B 9% IR B B9 B4 ( Thordal — Chistensen, 2003; Mysore £ Ryu,
2004; FaEk, 2012; BEEHEHSE, 2012), dEF EHHERYROKE ERbTHE,
AR YR LW PU R R g 19, B A YR B A B T
B, ANEHERIEHAEY SRR, B /NP bR X5 A
(gene — for — gene) MYPLPETE) 35, EFE. EHRFA (Jones Fl Takemoto,
2004) , FEARr FRAEEMN TR . XIEFUHEILE TR C L R00 H ATiE
YIpim AT R R B 5 | (Ellis, 2006) o

_— 1 —
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NHO1 (NON HOST RESISTANCE 1) R—KIdeFFHiERE, BELUIUE
SRR TR B NE (Pseudomonas syringae pv. phaseolicola) . H) H.AEH
BARY, MR R DB — U F E 4 R IR e F 450
PEREPR (Lu %%, 2001) , NHO1 ZEF 45 —ANH M EE, 76 ATP W25 T #
R HIMIE AL 3 - BEER H i (glycerol — 3 — phosphate, G3P) (Kang %, 2003;
Kachroo, 2009) , G3P R—FiEt T, 25 LA N, G3P 74
i NAD* (2 5F, SR HMBEMERTARBER _BNE (di-
hydroxyacetone phosphate, DHAP) ( Kawamoto %, 1979), DHAP %5 =&
FRUEHS (tricarboxylic acid cycle) ( Causeret 5%, 1994), W4b, G3P & H il
BEAEY) G AR AR RS0 , T ok 2 4 R 5 4 ) B S A S 2 B AL 8
FEEFIMR (Jasmonate) A= Y& MM RN ELHY (Kachroo %, 2004), HFH,
= AT H s VHO1 R B A i ol AR B b G 7E SR & £t
PERTIREL T— R EH.

AR, MEEHFR AT EXTAET EduivLal (R, AN E
Yo, AR S AR R N AR F R EE EENEM, Trawal
NI 27 R kL o3 ) R S IR AF R B ( Blumeria graminis f. sp. hordei,
Bgh) RigtEfRIEE ( Erysisphe cichoraceearum) , $RJ5 LB EA1ATS] & M2 H
kxR, GREAEFETF EWERTENZFREAERN G, 48182 A
BFAEER. H/BFR% . MR A ERS, 2/3 MERFREHIE
RG], I H A e B v i 48 R 4 T A 1R P AR R A VE R e —
MR LA PR AR . SR R, A — 2 A 3 R R K T R R
FAE s, mrag IR R G B G3P & M H MBI . Ish, L
M AT AR AR Y R Beh 5, HIEW AERKZIME], RITEY EBREH
JEUE 5 BB ER A BOARI BT IR G2 ERAER)  DUF THREOR IR B AR A

Navarro % \Gf it DNA GRS SCH R B, VP22 B RA g iR S f
Pst DC3000 ( Pseudomonas syringae pv. tomato DC3000) P, B—Jm, Xk
HEPH ) #ak REREAE T EREMAE A S, NHO1 ER R THEH A — 12,

REMFF R, 4 A m Al BRI = W E M A F ik
TREEFEENEN. AIMEETF EPiE T IEREY S, R
v B H BN TS, B O 40 Mg A AR R A Y AR E PO,
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FeRlRPIR ST NHO1 A 3 HEH EitEE I BA BRI E X,

WA YIHUFE ST (Arabidopsis thaliana) J& T+ FAEFHURIT R B AAEY)
FR T ~40 em, FEAM-EAR, ZEAMIER, DA ERER, ER4 7, A8,
R ; RIBKME, W3 ~5 A, bk, BRANEE, 4572, @
o FHIIREIFVE ARG TR IS RE, IR KA SE e i (], Al Se i A
HEXK ., AINES MY MRS R AR R4 SCI R B e 2., 7 4h, #ImT
JBF s BB Y, RERELS, HERRAMERERERNR, &
SR SR T RE R BRIG AR R Rh . RE, AT, AT fUh EH
Mk AR PR A F. BAT, CHRERRANSFEY S, PHITaRERH
BN, USRI 172 (Koornneef, 2010) , HAAAEYEMALE (n=5)
f 8  H A 80000kb £y, A /INE He (A1 1/80, (4% 5o B IR
HEBNAS, FHHERENRE., MEFdmae s me, f, [,
AR RBEMANS, W1, B, R 16000 K70y 20kb SMIR Fr B BB
HLN TERE, B 99% MBS BIAEMT | Al

R TS, Rk, MAEYRRATHRIE 568 17Xt
IR B4 MU B B phaseolicola 1448 A ( Pseudomonas syringae pv. phaseolicola 1448A)
Fl Pst DC3000 £y P40 0/, R A2 T2 O J B D 4 v R L )Ll 8 B W TR
(Owen, 2011), [EA, fRBAAREE 5 PR IF O AR A AR A 95 B8 2 F 5 945
KRG

Y FARF EHMAEAYPOR T O EZMEN, BRI AR A EHUrEPLEE T
MIFLEIE T, B, ARPEGQLMRIFESR Ehitk &R NHOL 8 H
PRERE, FESFAEYE. £Y J80% MYy e SEy
RHEARTFBL, WAL, HoRs, Wy Bhsisid i SWEETs LKA
YA IR S T LA R RIS H AR (NHO) 2 5
AR AT EHTHENLE .

[1] Z=8E, WKy . RFRYBMPGETRAR [J]. WPFERILA, 2007, 35 (7);
67 -70.



(4]

[10]

(11]

[12]

%_

e
B
&

B, R, BRRE. MYIEF ERMERPTRER (1], TRARLRE,
2012, 2. 228 -232.

AR, DR, FEYE . TRgtl SHEYRELEDR (1] kKL,
2001, 5: 1-2.

TaK, Hrdk . EYEFEREOFRAR [J]. @BZ 5, 2012, (1)
76 -178.

Ellis J. Insights into nonhost disease resistance: can they assist disease control in agriculture?
[J]. The Plant Cell Online. 2006, 18 523 -528.

Eljacual T. Biological control of plant diseases [ J]. Hortscience, 2008, 43 (5);
1627 - 1627.

Frank S D. Biological control of arthropod pests using banker plant systems: Past progress and

future directions [J]. Biological Control, 2010, 52. 8 - 16.

1 Howell C. Mechanisms employed by Trichoderma species in the biological control of plant dis-

eases: the history and evolution of current concepts [ J]. Plant disease, 2003, 87;
4 -10.
Mcevoy P B, Coombs E M. Biological control of plant invaders: regional patterns, field experi-
ments, and structured population models [J]. Ecological Applications, 1999, 9. 387 —401.
Commercial use of fungi as plant disease biological control agents: status and prospects
[M]: Wallingford CABI Publishing,
Jones D A, Takemoto D. Plant innate immunity direct and indirect recognition of general and
specific pathogen — associated molecules [J]. Current Opinion in Immunology, 2004, 16
48 -62.
Kachroo A, Venugopall, S C, Lapchyk L, et al. Oleic acid levels regulated by glycerolipid
metabolism modulate defense gene expression in Arabidopsis [J]. Proceedings of the Na-
tional Academy of Sciences, 2004, 101 5152 —5157.
Kang L, Li J, Zhao T, et al. Interplay of the Arabidopsis nonhost resistance gene NHOI
with bacterial virulence [ J]. Proceedings of the National Academy of Sciences, 2003,
100 3519 -3524.

1 Kacheroo A, Kacheroo P. Fatty acid — derived signals in plant defense [J]. Phytopathol,

2009, 47. 153 -176.
Kawamoto S, Yamada T, Tanaka A, et al. Distinct subcellular localization of NAD - linked

and FAD - linked glycerol —3 - phosphate dehydrogenases [J]. FEBS letters, 1979, 97.

— 5 —



HYRBREFER WA EFEHREFT <

[16]

[17]

[18]

[19]

(20]

(21]

(22]

[23]

[24]

[25]

[26]

[27]

253 —-256.

Klee H J, Hayford M B, Kretzmer K A, et al. Control of ethylene synthesis by expression
of a bacterial enzyme in transgenic tomato plants [ J]. The Plant Cell Online, 1991, 3.
1187 - 1193.

Koornneef M, Meinke D W. The development of Arabidopsis as a model plant []J]. Plant
Journal, 2010, 61 (6): 909 -921.

Massart S, Martinezmedina M, Jijakli M H, et al. Biological control in the microbiome
era; Challenges and opportunities [J]. Biological Control, 2015 98 —108.

Mysore K S, Ryu C M. Nonhost resistance: how much do we know? [J]. Trends Plant
Science, 2004, 9. 97 —104.

Navarro L, Zipfel C, Rowland O, et al. The transcriptional innate immune response to
flg22. interplay and overlap with Avr gene — dependent defense responses and bacterial path-
ogenesis [J]. Plant Physiology, 2004, 135 (2): 1113 —1128.

Owen J] G, Ackerley D F. Characterization of pyoverdine and achromobactin in Pseudomonas
syringae pv. phaseolicola 1448a []J]. BMC Microbiology, 2011, 11 (1) 218 -218.
Raupach G S, Kloepper ] W. Mixtures of plant growth — promoting rhizobacteria enhance biologi-
cal control of multiple cucumber pathogens [J]. Phytopathology, 1998, 88. 1158 —1164.
Thordal — Cheristensen H. Fresh insights into processes of nonhost resistance [J]. Current
Opinion Plant Biology, 2003, 6. 351 —357.

Tratwal A, Bocianowski J. Blumeria graminis . sp. hordei virulence frequency and the pow-
dery mildew incidence on spring barley in the Wielkopolska province [J]. Journal of Plant
Protection Research, 2014, 54 (1) 28 —35.

Wang C, Meek D J, Panchal P, et al. Isolation of poly —3 — hydroxybutyrate metabolism
genes from complex microbial communities by phenotypic complementation of bacterial mu-
tants [J]. Applied and environmental microbiology, 2006, 72: 384 —391.

Weller D M. Biological control of soilborne plant pathogens in the rhizosphere with bacteria
[J]. Annual Review Phytopathology, 1988, 26. 379 —407.

Whipps J M, Davies K G. Success in biological control of plant pathogens and nematodes by mi-

croorganisms [ M]. Biological control: measures of success. Springer, 2000 231 —269.



& Y AR

B—D EYRRABNEGEMN . SRMIRRM

—. FEMMEREYE

TR R AN R AL P A, FAMEA ™ H, BEgal DT R
o (HATLOYNEE T E FREORIEF AT 2], HATMIEERBEANTHESR, $RAE
P44 (Crumcianflone, 2008) , A[F4HEH ., FFAEMAR, WK ZHEH
SR ( Pseudomonas syringae pv. phaseolicola) , FFA VR, fEIEFFE B
KRAEZE, FELHEP W ARGEFIE (Oguiza, 2004 ) ; #4640 B 4 M BER
( Xanthomonas campestris pv. malvacearum) 3IFHFEEEFRIEE ALK, P
I EFR R M BT F1E, HF EHH 550 ZIETS (Delannoy,
2005) o AS[ELG SR AN B 19 A A B AL EAR R, InRAEFRBREHE ( Pseudomonas
syringae pv. mori) FIPESEAARS (Cupta, 1995), HALATEHEABERE RAES
EMRAEY, MEMRE . DEARERTEI T U EEARMSEY, FE
FEFEAER T o (Rl 40 B X AR [R1 AR 6 AR [R] & A B BOR M R [R] . 4B 0 i
M ART EMATERT F LKA -2, FRHEERRER
FASfEEREMEY, BENTEMNT, A EZURER (Rd, 2015),

HE L, WREREEREN L LFESBUR, SFENMFN, FEEXM,
AR L R R A B SO A R Y R A S R R ARG, RA A A TR R4
W HAFTF EMFRAFEN, T2RERE.
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20 B B0 P L 5 40 B B0 B AR R GEAR G, BEIARUEY (quorum sens-
ing) 1RECRHRNELE ST RAEMHEBEEE SRR HEF
FME S TR A 5 S AR R AR AR, T ELAR 52> T REA A
JEE RS I TANGE , LR A 20 M 85 B8k B — i A BR(EL I, A A B TR B Rk
¥RESA TR, SUESRAMMRZEGTTR, PRI IR A B,
BTS2 B B GH 7 Jk 52 IR S 2o A ) BE S5 LA (Lasarre, 2013)

Fa4h, SR B0 Pt S 40 A AN R R AR G . AR R A R

RN E A EARM Y (Wilson, 2002),
Z. BRE5%EE

RV BE 5 R R Y 40 A R A AR ) R E RO R B SR, B AT HEAT (R B
TERZEERT, RIHIOLABA T ER, (BRAEYR A R A TR
RGBS AKRENE, ER—ERNEEEAEHTRAELE.,

(—) RER

TP BT NFY F . BRZEFH 1E R JE 40 o i B B A i i R,
17 st 2 A DRI 32998 DR ) 222 R U8 (Shabuer, 2015) , — S35 J5 41 1 40
KA A B PTG o R S AT AL R A IR T AT R AR A
FAREAE N S R A AL 1 1 7 — R, d K2R 40 7 1+
HORANREATIE I, (A S 40 TR QRS 8 AR TR AN T AR 1 AT AR R S R A T
(Pivonia, 2002), FHIAIMEFA: 35 E RSB, HAWAE Y W00 TR R AR 3y, dr]
YR 4 A T B — KOR R . B St P DAS A4 99 I e A T A5 4K, — LL 4 A AT
DIAER BANEA, BROAVIRERIE, thah, B A& 5 B AR At nl DA R
Pl BRAEYIA

(Z) BAKR

MRMRRARERENT ERERA, HEMEY AR (W) A
i AR (Melotto, 2006) . A #4504 i 1] M EA AL RZLR A, 0
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M RANEAL, MY AARTLEFESIL, KA, B, ERF, &8O H
JRRRZ, A5k BRI RMAN R,

AT R A B AR AR AR ], B0 B0 T 0 2 BB o — AL A R ALAVR
R, FEMMIR, AR E AR E T AKAAR, WAl IO AR; K
AN R BRI R A SALA RN EE I MERFEUG O AR E.

(=) RABEIE

MMERAT EHAE, REEEEAF AN, FEAEASNAN
[ Bl S T AT B, RS LA B SR TR, A RERE AL
AU EH FHAN K EEIEE R/, RRTANEEAHEAR, LR
AVEEAR, AU B 40 R M R PSR B IR ( Pseudomonas syringae pv. lachry-
mans) , HEIEFEZ 4] T IR FRE ( Olezakwoltman, 2006) . 45 Y4l B &
FEVE R O, BN AR SR AT, R R 3R AT BB AR, A
{1 240 B8 AN PR 2 L K FLAR R AR WD AR SR, 7 4 A SR AR B S ) B o
SIE, MM FBRGESE (Mcelrone, 2003 ), 407l B wT RAFE F i B AC
JEH T EEE, FARBUSGITE (C. michiganensis subsp. michiganeese) W] LAYEFfi
(1498 B B S HE

() fEEgE

FRZKRAB Y R A0 B F) B A Rk AR, TR, AOAE R b B R T
TR IR E B Y b, SBCUEY R (Craig, 2007), —&64
SEALAR G R AN, 2N KBE, AT LAMERRBIRIE R T . R A =1 Bh
r, R BT IR T . — 2 B R R/ B e AT LA A 4 A T A
B o AL BE AR 17 2l 0oh o ST B B A% 1 R i 4E B K

=, REABEXEYHIR

HYR AT SR ARREYE, —HSEYELFERR, A
AR TE A B LA, RATEES LRI SRR



