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Abstract; In natural ecosystems, plants constitute suitable habitats and niches for the colonization of a diversity of
microorganisms. Endophytic fungi, living in the inner of healthy plant tissues ubiquitously, exhibit complex interactions
with their hosts (a continuum of mutualism, antagonism and neutralism) and different transmission modes (horizontal or
vertical). Plant nutrient acquisition and stress tolerance may be strengthened by the fungal symbiont. However, a
successful plant-fungal endophyte interaction requires the fine tuning of antagonistic interactions, which implies the
evolution of unique self-regulating mechanisms on both sides to maintain a mutualistic interaction. Host species, fungal
genotype and environmental factors such as climate and soil properties as well as the nutritional status of the plant will
ultimately determine the outcome of the interaction. Additionally, ternary interactions with mycorrhizal fungi and
mycoviruses may also be important components participating in the plant-endophyte association and, thus, influence the host
phenotype. In this review, we attempt to outline the interactive mechanisms of plant-fungal endophyte associations on a

morphological , physiological and molecular level.

Key Words: endophytic fungi; host plant; interactive mechanisms

E&TH: BZE B ARE ST H (30600002)

545 B 34 :2008-02-27;; 4&iT B #4:2008-05-23

EEE T RER979 ~ ), B RMA LA, NEE Y- A AR EM S 5 MBS E-mail: zhi_lin_yuan@ hotmail. com

# SBINAMEE Corresponding author. E-mail; fuchenglin@ zju. edu. cn; clzhang@ zju. edu. en

Foundation item; The project was financially supported by the National Natural Science Foundation of China ( No. 30600002 )

Received date.2008-02-27; Accepted date:2008-05-23

Biography . YUAN Zhi-Lin, Ph. D. cadidate, mainly engaged in plant-fungal endophytes interactions. E-mail ; zhi_lin_yunan@ hotmail. com

http://www. ecologica. cn



9 RER FHEYSAEEREENEERS ) THRBTITHER 4431

MY S REREEYREER—FHEEAR, HPEY-HMEYRHEEREERERAZ —. ETE
( phyllosphere) IR ] ( rhizosphere ) I , MR BT %] 5 AR Z BR F A 22 AR AE MR A7, IR H RS
AR AR, 7R R BIR B RIRE LR Y A MR B B 2T B—FhiE MR P , BRRES IR Bk B
TR YIRS 2 T 354 oM O B A 38RO, 4095 2% AP B ELAE (compatible interactions ) F1E 3 A4 ¥ LA
(incompatible interactions) , FEYI N T BRI E Z A9 4 I35, BEAL BB 2 R - Pt R R 4. C
R R EAR AR RER P FEMA LT Y- E W E Y- A i, 3 R R Y H AR BE R 43
WUGREERM" . AN —REREY MY SERNHEXRTRENEE, AAIRIEL T RE 412
ZAEFE SF Y S EW IR, T X R34 X R Y KRB R AE SR HE T EEA
@, 75 BRF Y5 EE AT BoR i 9354 5% R (nonpathogenic symbiosis) B 36 14 , THBOR M9 A
FAREREANID . BRI EY- 3 EENEEERE D TRV ERE B RN ST, ARt
A RE RS R EHAERYHRA D , K E R R B (mycorrhizal fungi) R SHEYR RE L EELR, ERE
HAPRETE BT E KT BB MRS, 20 AM AR Fh A7 TE BRI 2 , SMAE W AR o ] JE A & (mantle ) FIRG 7 X
W ( Hartig net) & , #F & +3%-H - YHR & 3 4~ FLH ; TP 4 K H (endophytic fungi) R AF7E T3 B0
WS, AR EMYAS- AR EAERE Y  BRRANAE AR OARE RN BHEHWHT. NERER
MR RE , WA BE-EY S R AR s AR AR R R 2k Y- A B AR AR R 4k TR Y- 1R 3
AR ERR SRS R B ST WA R AR MR I, LB By Bt R s . BAFE
B REE, SREEE ERER LB, WEREREN T/EA A TEMTRO B, 1k 10a 1, EEYNERR
MR SR E SIS TR KIBED , MEGHI 53 B3 KR A R K E Bt BN AR B 7
KB EARDLI , ARSCEXE X LA 7 T RN DA R SUR AR
1 MEEHEXRAREBGEDZHFELE

AHRPEEBENE X, Bis E—EAA S, SRR 32 092 Petrini 48 HH FOME AT, B A 15 50 B9 — 38
SRERIICEHAMYARRE D, B XAV B RIUERK —KERH, LRXHOB T FEEMENE, HT
BRI YRP A E A IRE T . — ol P AR B4 BTN JSHE, B 2R 25 P9 4= LB ( grass endophytes
or balansiaceous endophytes ) F1JER 2 Py 4 B (non-grass endophytes) , ‘B 1A X B M3 115 %7

£1 RENEEEMIEREN EEEEYSS LRSS
Table 1 Comparison of characteristics of two groups of endophytic fungi in plams[s,ss]

RE N4 EH Endophytes of grass hosts JEARE A4 BB Endophytes of nongrass hosts

MRED, TREFARNNTERR BRERTEE FAEAMIBWE HTH

Few fungal species, Clavicipitaceae Many species, taxonomically diverse

B FHAWR, REEH FELEHHRARKEEBRN L, WARRE LR

Extensive colonization of grass leaves and sheath, intercellular Restricted colonization of plant tissues, intracellular or intercellular

5EERFEIVHEEXR", FAREWEESER

“Induced mutualism” or “conditional mutualism” , many factors

S5EFECHAREEEXR” WE EHESERHAB

“Constitutive mutualism” .. .
determining the outcome of the association

RGN TRELE B Epichlos BT AT RGN TATRE, RO EELHE
Vertically transmitted via seeds Horizontally transmitted via spores from plants to plants

2 NEEHEREIMNESE EEFNERNAEANEERRM

SEREEMREEEAL, NEERNRILIEEEH — R 23R8, Gf AT 5 RS EHR
B AL BRI R R AR RRAANE . ERERE, W & 8BRS BR LB ILIR
A, i B AR A R A R . AEABCER AN ER AR P R B, SERZ RA X B EAYRA
ENHRES)  FEE AR R BRI R T B SRR ™" . BAIEWRAS MY R4
K EMEYREL T RHEST RERTFHL . ENEERSHEEIAFORIALMNS Bl
AL FR AR (in vitro dual culture system) , WEE N AE B S5 TRE B (A HALR) LIFHRIE BRI EHR
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B, B R B N A R 22 X8 1 B ek W) R B A #a 4kt ( chemotaxis ) , B AR B 4F s MR RS AR+
HIEWHE, R NMRENEEE-BEEETHFERNENBLGES , BN EREHFFEUUEBEIEESE
(incidental opportunists) , iR 7E#E4kid A+ B & Bxt 18 EREmAH"

F— ENAEEH KRS R IS EEE R ERIRR RSP R IR N, HERRNERR A
KIS R WAL FEE , A4k KB cellulases) B M (laccase ) \ AR FRAEME ( xylanase ) \ 8 F R ( protease)
& FE R A R 2 4R 40 MR , R T B 2 AR, SRR B BRI
FRIEHAERENERIE REPHE N RERS " N — 5 EAE RS RE D EF LW
SRR 1 SR B 2 LA A , DT 530 R BB AR BIRE A o Bl & B 400 BA T AR B 40 ML P S
HRE—F B-RZ B (PYKI0) , BBFR %P3 A= H W BB HUB A ( Piriformospora indica) BIR A, T HI 5518
FErea R

TR 2 LR U A A 7= W0 2 A3 (saponin ) AT (essential oils) 55 2 —F BEALTE U RILAN SR IR )
BB FELORTIRE T O T SR Y™ A A6 DL ) SRt , 20 WA % 22 B ( detoxification enzyme ) , BE 23+ Il I UK £
R4, S RE FRBERLE o pak BB A R HUR , T BP9 A EEE R A A= i 2 Ak
BN E—E R GE T HEHE RREE Y,

BYRALUE, O T ERE R LY E IR, EAEXNUTEIE A5 AR A 4 T K3 R A BRI B3R 4L, T
EIREAMEIFER, BT R EEN A KR 7E 40 M A B A A A7 1Y, B BT SMA =3 ] (apoplastic space)
RAEGSYR EFKBMEREGF, Xt P indica- RE-ERRKEBS S TIRIFR LR BHRERR
RIGEEHI SRS AN HoBI-1 2R 5215 , HoBI-1 2R ERBERBIEL R YERE, HBI-1 ZEEER
BAEYHRIRST , BRI 40 AR Fp e T, X R L 7e 8 BRI A K B F ZEYHA N —ERE
FET-"  BAFH BRI TERA, BARYIRT , BRI R AIH I (IN7E 1 £ KoMk M7 7 R Bk
KB ) P R AR — BRIV EYIFT AR MU , B BRI RAR D ATREARBOERER
ARWEET GFP ARiCHING RAE (Trichoderma harzianum ) BRI EAR RN LI K FH B, SR KB
SIS 2d J5 BE 2L TR S DU BRIR 7L 2 BN , HE T BORMR M T A AR (L B T XU B R 388, 7
HMY-RREEEERRT, ERRHE LK FHESET (programmed cell death) B 5 B (autophagy ) X H A
DRRALARMLFERS , BRI ARRENPEREZ TR, AT THLE AR ERER
FUA BT R A - B A R R 57
3 NEEENTEWERREHEREEREHNREKFNE 25

&R A R E R KA YR R R S B, AR T A KA A ST
BB HARBUREM ¥R WA BH Epichloé /Neotyphodium FE34 5 18 T A= W) & \HUidi 75 T BA MAFIER , Bl
FALR YW FETE B [ 28 8L ) TR S A X AR PR R E . BEE TR IR, W TR %1%
WA B WA YR W &, R HAERT R R A KRR S FAEBIRRR LG T E L AR, R
WARR B S84 YR R YRR G A B99E 1A B TR E - BB Y 32 42 iDL

WAERFER FEY R A RERER S SEREERM, IMEREYEFER DCEERNE ENEY
BORE) FEBHATSEFHEGRANT ™ T8 P. indica B854 KRG Z RS I E R,
WA ES R R 8 2R S R AR E R AT EKE A . Pk BB R R S LR R IR
W APk BRI DR ST AR S W TR AR, AT R FAE A K (B 1) 2% BT RE N W&
BELRFRYR , FFE MBI B B (biofilm ) , PR EAE YR o Caroll I ML T P B EAIEAER 5
g (1) N AEEREER R TRV TR, BB, YA RIUEM B B KRIE; (2) %R
W RB T E A BB AL B ERCRTR R (3) WA EEEBRREYAHA R KEH, WR R AR -HEh4
K MZHA ST RPN AE B RE R (4) NAERRRES BRI EYR; (5) BNAEREES L
B SRR REE . FIGEE BB R B K E TR, 3R 4 LR RN, 7 Sk i B
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FEEYFEDIRNANERR, ARFZRHEYR RS —
SYEE M A E O, HP A A B bk Trichoderma R e L N
chlorosporum F1 Clonostachys rosea ,7E5; IS8 ¥ E T e iftlgr"czfllﬁi;r:;lyiﬁelgl;/ne:;‘;:iles
BB, B R R SRR E R R TE N
R ERAEYE

HUBHE AR FEWERRCENS o EEns QELEWY
B AGE— RBE RS SRR, B2 ———
R T AR B S B M 5Py A g
MR X, EEA S RIN AP E EEAE AR |© gt
HRRSEGNNE TR MEERETREARAIFEF —
B, Rk REEEENEEEERKTAEEN R o
HERRER R TEAE W) ORIR Y ) FEA: Wyiaa (4 £ e
) PRIAETFRE S . AR B BE U [E)AH W 75 AR v 3 5%
A3 MR ©& N4 & A7 3t 4 (habitat-adapted
symbiosis ) , FE—F i 38 35355 T A Y00 DY AR EL TR SRR
F—MBRFGTEYZ R, LRRHGRFEMERET B ARt ma THAAREELEKRTHIER
MY A BT RE AN A Y P A A e e
A AN BT LTI T ! ot e i
o RAMAYIERLICE SRR AR SRS —Fh ZD Secondary mitabolites; ® Elicyit:rs;y ® Siderophores; @
BT 5 N 2 19 B9 3% WL 382 4% 5 4 A L 1 (itergenomic Phytohormones; () Infection and colonization; & Promoting host
epigenetics ) , Q3L A4 K5 ( symbiotic modulation) ,#H  yowth and yield; @ Induced disease resistance; @ Conferring host
YW NEERNT T 2B EA BB R BRI EBEE  resistance to abiotic stress' ]
7, B NS 7 — e S . X7 RER—Fpik
BRI BRI A =, B3k A R 3 B PR BRI 8 . Q34 (R A T 5 S H% 4 ( symbiotic lifestyle switching) ,
U6 FTE I “RIR B, 40 —L8 R JH B B B ( Colletotrichum spp. ) , TE—FEYIH R BN, AR —EE
rh I B A 5 S B ) B B DR S B | R AR 0 A B, h BOR M R A L, B
BB P AR T R BOE A A LR R IR, KRR W YLEZ AR 2, fEFEAYiE s (nEiE) ,
Z WA R RS YRR SE PR IR 5 R B R 5 , T EL W) RESE o 3R A W14 2R I EBR ( proline ) BYAE WA BUORTH
BIEHEENRED , BEA PR E R —FMREREH® Paraphaeosphaeria quadriseptata BESMI—FBEIHIHE Y
PR HSPOO 75 ) BTE R B, AT ER AL I T VR B , R B E AR B - W B AR R i Ar R 2B
Ve FMLBRMEBRAIR

B B F P A B ORI R OGRIER AL TR BB B, BASNE LT LR @2 (1) WY (2)
M ES; () BEAEMEM; (4) BIEWITHEY . IRyt EE7EBS K (in vitro) BRIEHK (in planta, in
vivo ) FcAF P IIRET=HE— BRIV YWY IR , BEA AL B 5 JE PR P A= EL A 3 58 b B B8 1 R B IR F X
H1 4= FLTH i) ( entomopathogenic fungi ) ZEZRTIREM EFHAR, R YRR R AN EREEYAR P RANE
PR, N AR RGBT, PFRBEMN B A BB & Beauveria bassiana , BEE-5 K ARAE L B HER A1
BREREEALN: | B. bassiana BEZ3F ISR 1 7= ¥ 4D bassianin, beauvericin, bassianolide, beauveriolide £¢ , X %% R
Bk EEERERY,

YRR R HLER BIFPA F BIBLE , BY R G 3R-48 P04 (systemic acquired resistance, SAR) 1555l
RGHUHRE M (induced systemic resistance, ISR) , SAR W £ EZ BRI AP H A s — b 53 =4,
BERERK IR RARMN ZMEY RS 5, 14 R M & A (pathogenesis-related proteins, PR) 41 JL

- Phyllosphere !

Bhy
s
=
©
e=
>
=
o
<
=
<
[85)

s M S e SR A R ot Y W S S R

LB Rhvizosphere

. _< TR R AP Root fungal endophytes
B EH Mycorrhizal fungi
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T Gl B LB A LS AR R, T ISR RN HBCA PR BAKRE™ . BETANIX TR B
A= 20 ( plant growth promoting rhizobacteria, PGPR) M Y1 F B REIHR A WAKIIAR, EHIKBIFR
7 A P AR B G BB AR AR AR RO T R R % I 2 A I N T B A BRI R Y e
VERES T R ™ s R4 2 P B A B H BR-HUIR B2 A5 872 ( glutathione-ascorbate pathway ) %
WOTE , A TSR T 40 BT E AR ™ o (BP9 BB VS A Lk 7T R M A M AT 4k 9 — T, P, indica
1 Sebacina vermifera HeFp SR BRI FRHA , X BRI AE E I M RBA BUR M YA K, (B[R B AERE S XTI R
1% (Manduca sexta) JLPERE I T M, 45 RUEHA T AR LT 09 (R 54 5 B0 0 1k DY — b Bl A 2R 1 T8 ) O PR AIR- iR
5 P13 (trypsin proteinase inhibitors, TPT) "), 7£4% 71 & P4 B B8 ( Fusarium solani) 4% R BIS:
F. solani BRVEARIRAITIIE (. oxysporum ) ESFLHE R ARHE 2,08 & MG A09™ B S. sermifera (23
PR A K H R E IS I 2R S SR SR . ABERE K P. indica B REBH BRI ZEA K
157 , BE BB T SRR B = 8 ) B E 45 SR AR R i WL - “ R PR S A TR 48 1 T Pk
XUH B RS RN A FRER B Y- WA ERGESI-ENRE T BS KAk, T BHA F D6
T Py 2 B PR B T REAT7E 22 31, 7 S RV TR MO R B, T S5 U BLIE P4 7 (true endophytes) ™

TRZRIEFRH PGPR 134 Y an R S F P8 & ( Pseudomonas spp. ) i T FI B AR L B X AR B 1A% R SR A
EREA BLIF R BARUR B XYM B3R IR BA B —E B RREE ™ BRI S YRR S
YMRGARRUE; TN AE EEBREFE THYNENHAFZ TR, LR YRR SPIRA R RY, EH
T SEREDHTHIF AR . BRREBNERENBHEYIRENRERZRBTERNZRRE,
A H R A B SRR ER RO RS, KT ARAEYINEREMEZHNE, MR Pt R
N F] REAS 22 TIE 2 VAR EE R A TTRRN B, B RSN A EEZ R PR TR Z R E
21

MRKEBHIRGRE YA FHRGSE S SR NEREXEYN TR RE WA 257, XD ae
BHREA —ENiE R E L, WA 5 HE MY RSN F YA Y B F 8 SRR AL, BRIAR &0
M A R TRPHEYHR R ZhEEELAERENEN. HANBERHBIRSGRIFMU ST UER R,
WAREXEY S HA S EABRNWERMENA U TEERR >R >, AYKREXRE—1EE
Y RAC e 58 16 BRI X35, A8 0 A0 - 3R AR WA B e, T ELAR R N B — AN 3 “ Bk B (carbon
sink) ", BEFRYIAET R , RS HEWHEESHIWMS o FEITEX S 2R b Y R — 3k
RENT SZEELANNERE; T HRANERLFHKFEREE B EH 5 Z 52 (extensive or systemic
colonization ) , i i WA B 2 L)L R R 42 3 (locally limited colonization) , £1.{6AF E B (SRF, sterile red
fungus ) FIKE €275 [ PY 4= B (DSEs, dark septate endophytes) AR R I W MR 44 AW Ao B R FE> F sk
DSEs # Z BRI BE DR R4 , HANE 2R 1R 2 E0RSCEN X R E W B A HA S TIRR I LR, &
RIFTEMT B LS, BAZ B XM YR R R A7 AR R LRSSk A e
Phialocephala sp. REFEFRIRERELFARILEIZINE, NTiE R TR MY AR RS, BEIBHME,
B2+ 42 ) JE T 40— 2 R JB ( Trichoderma spp. ) L R JJ B B ( Fusarium spp. ) , LEBRHAR R B2 )2 40 Al
BN TEE AW WAERE, K155 SH A TR ISBRThaE™ 1, o T4 X 5 A B A+ 3%
HE A —EXEERN, KN EEHUSE T EENAETE T,
4 NEHH-EVEEERPHEES FRAREENS

LT T SRVAEY RS AR A (R T R P E SRR LBGEY, B WY 5 HEY
BB R R BARAN R, ARIELZDR 3 MEVES TS 5HY, 45 R Z A (DML2) |
B T3 18 ( DMIL) AR EH45 VA & FH 9 88 (DMI3) 7, AMA Z UMb BB ShEE R A, I W R AR F ARt
BABOXN TEEMAEHEARRKIERIEERRBEXREE, R K HAE FKIR (Lotus japonicus) FFFETE
PRI R I AR 2R BB ( CASTOR 1 POLLUX ) F4mh%—Rh i FLEE F9 BB NUPSS , £ 235 ik 5 Mk

hitp : //www. ecologica. cn
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Z B TR B I Ca° 55, B RS SHUE TR RN L KT E R T TE ST, BESE
RARIER XN E AR P B S0 T RS AR MR XM EE X RN L AT, EHETFREA
Pii-2 WA ML FEEF A EAFAESEEAMEL A (LRR) B F H R Algl3230 71 A5gl6590, H
At1g13230 FH—A PR B E S, A5gl6590 22— RMBMRILNESHIHHZHREA, 2 5/
P. indica {BY:, XFREENT P. indica RIFAFTIRELTE™ BB DMI-1 2B KREFREN
5 P. indica WHBR R, X BRIBEYAD 2T LM EEE B4 T LULR R AR R 25,

5 7 B, 7E A A T A — 1 6 R B DR SR AT G B DI B, 33X R A kX A LS SO Y
2553, Barry Scott BISU/MAKYIB A TFRENEE SHEIWHEXE, HR T EFXFHZEEH TN
i, Pt U Now ZEFRH LU MR A ROSOIEMEE) SR fl 4216 P oA Y B, N T o B B 3t
He % 7 s Now B ZAS IR B MR AR Yl 22 R S SO W)™ B BRI AL, T L 2 e U A K AL R . #—8
HITRATRSE R BUTE E. festucae i) SakA P8 4it5—7Fb MAP 8% , BRVR#E Now B2 ARG, Sakd - B R G
B ROS Him™ ;5 b 7E K 25 P A B PR 78 [ B — A 4% B 3E B0E 1R £ ik & B B8 (nonribosomal peptide
symthetase, NPS ) B2, %3t 2 54 B #3814 ( siderophores ) , [FlHE NPS 2P 9 238k R BN BEIE %A ek
Rk, 0SB REIRAE, 720 N A EU B 20 0k BRI AR 7 B Bk 25 OB T 3 4R PRk B T 9 3578 48 (dron
homeostasis) , 5| /25 Rk P B, RA SFHH T B mETHEL",
5 MEHBEMBEIRENTEY

RPN B R EA S EERRE—E AN TSN, SHEEXRASRHEEXR, RIBNEEHS
AR TP R B X — WL &, Schulz #1 Boyle 4542 My T 4 4548 4779 A LT R 4t A 19 30 S 15 40 P& 1R 6
(balance of antagonisms) , B FUA P A BB #5480 50 25 0 R T FAB W B B A0 ST A TR A IR 7S, A e s R e
ARSI AR — 7 B R R AR T X M P X R, S BN EE A BRI RIS E S Em "
HEERESHR N BRI AR, b S R R E A TR EE R A R T RN E
FAFRBRTFEMEZE, W LR, Freeman 2578 1993 Bi& BREUR R 22 788 ( Collectotrichum spp. ) B —> B
F P 2 B R AR 15 0 =l ORIk 1 B AR P A A . SR SRIE MRS BB PR S 4R S — b AN 2 R
BEEM, ERMAIEI, A —FRERE , EAER R R B R —R, A E0R, AW ERE R
S R RIREKFEBNEEE D, ZRE TRENEE R, EEYER EBRESTERE EtE
(mutualism) , T 76 75 & 18 3 3 35 W38 T & 22 B3 42 ¥ (parasitism ) ; 72 4 MW H A FE LR TN, B4
( saprophytism) 4= 35 B H B RT . 5 IE 2 P4 B BT B PR 3250 77 38 #: ( phenotypic plasticity ) 4557
KHERT —ERE",
6 BRERN.NEEENEY =52 A %E

PA B R 3R R - A B EAE B HR TP, MR A e A 98 E B BB Wt B
FERL YR 4 1m0 SR 7 70 5 2 B REL 00T 2 00 BB - 0 2 T R LA Ao R 4R 3% ( culture
independent ) ¥73 PCR 7 , SR BU AR AR R ML 4 DNA BN SRS 1y A, BAPHEEE
BEMNERERN AEHREEMNEEE ", FUEBRESRE D, YRR RX Rt g
B4R, TS R AR B A B SE Y E S E I E SR AR RAESRAET™ , FRHE
T 4y A [R5 A ] g B s 7 Bt A 3R A P R B A SO LR A 1 B R . EANE LS IRE
B RUTENE, B HEESEARMR . —MVLEIA , A EUE 5 B R B X 4 B BoA IE R
BF, P9t AR A S RE IR M R B R Y R, B — RS A N, AR B L P R B A
=FZ RN EMESRZ HETKTE R P4 B R R R R R 7 R CAEFRIE) S RE
BRI, T EL— b3t A BB 053 b — b E B 04 (B0 RAE X AR, WA BB A B SR E R AR
(R , T B MR B X P A B AT N A0 T B %, BT PIZE B LR DR AR, HE D B b B
ZIAETE B 53 S BB AR A R T R HE

hitp : //www. ecologica. cn
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7T EHRBENEEE-EYEEIEPHTEAE

HERE (mycoviruses ) 75 B R H B RAFE , BRBRJE R BB B KM, EATEN B REE L, 7
HY-RIREERRT RS RERIREE S HBR TR, BRA AR RE SIS EREE S
(hypovirulence ) # £ R HEATAE MIBTA R — M RIRB B ™™ . BT HOBRI R BUE B % I RE AR IR M -0 A
HERILERR, MRBHRE (CThTV) 82 5, WA KW ( Cryphonectria protuberata ) S BE3Y 3 18 LAY
PEHTH" . EBERNEER E. festucae "PL R I —FH0EE RNA 553 (EIV1) By, T HAER S RE
FAER) (B BRI B, BFFUROR & 4409 = B B B 484 1k R (virus-fungus-plant interaction)
FYSE R R P A R AT IE U — B R o
8 RE

Y- BRI X R R — Ml B EYZ R B AR, R 5 R 6 7k A1 Yy AR DR P Bl
FRHRE I IR , X A ERA A L o AR X 3 A AR T R R HAE - A T B SR R SE R AR S, IEW
LERR, R SR Y MBE R B 78 (Medicago truncatula ) R AR R BH (AMF) | [E RUE T8 B15 55
B AR O RAR KRR, P — A MIDMI3 225, 455 —Rp R Ca™ RO H 8098 (CCaMK) , B
RS R E X RN BETTH . e ERMEY R R BT —4~ MDMI3 B[R R4 , 7E
SEEARIE AR RIS o S5, K A FE AR WIBR T KRR AMF, REE # (Magnaporthe grisea )
TR IRIRIIE (F. moniliforme) BRI R T % B Z 7 RBERS, HE—MARERTRE, REARE
RIRRRIE ™ o RIS RIBREERA 28 , 2B Y IR AT A —AR M MY . BB 7E K 9L AR
, FEFEAL b T BRAF AR SR — 1 (continuum ) , T ELXFHHEALIFIE R B BB 89, T LIF B A B - AR
A - BATAR PR HE At Al A AT AR P - Ay e - A P R B A
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