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S 4% Epichlog B M A& B8 #6478 245 AT T B4R 2. bk, ALERET RAAHY
WA AE ARG E, @i A R A S aE4E, 518 T Epichloé B M A A 65 45573
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Advancements and prospects in host specificity of Epichloé
endophytes

JI Yanling®, ZOU Yiping, WANG Zhiwei

College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: Gramineous plants, known for their extensive distribution and substantial economic
importance, have garnered significant interests. Epichloé endophytes maintain mutualistic
symbiosis with cool-season gramineous plants, demonstrating strict host specificity. This review
aims to facilitate the foundational research on Epichloé by summarizing the research progress in
their host specificity. Initially, this review delineates the fundamental attributes of gramineous
plant endophytes, emphasizing the host specificity of Epichloé through seed transmission and
genetic evolution. Endophytic fungi, mycorrhizal fungi, and pathogenic fungi of plants are
compared. The pivotal role of NOXA in modulating “symbiosis versus pathogenicity” in host
plants is expounded, and a potential link in host specificity across these three categories of
plant-associated fungi is suggested. It is posited that the host specificity mechanisms of
Epichloé might offer insights into the host specificity of both plant pathogenic fungi and
mycorrhizal fungi. Finally, this review summarizes the recent advancements in omics-era,
expecting that these emerging technologies will advance the discovery of novel genes and
deepen the understanding of fungal host specificity. It emphasizes the importance of developing
effective artificial inoculation techniques for Epichloé as a means to investigate host specificity.
These research efforts are expected to help create new endophyte-host combinations in the
future.

Keywords: gramineous plants; endophytes; symbiosis; host specificity

FE A TN 5 3l £ 8 2 22 Fh 2 10 T A
Y, FATIAH B SR F 0 R R LS R A ) 2
B R AR Z A A A T A A AT
FE ) N 4= EL 1 (endophytic fungi)5 HAE 3T A
A R, BRAWINE M ILA R AR AT
AR ) . TR RZEE T, WA
L TR RR I TR P 1A PN 8 A T S A 4 B
2, 0 AN G FRARTE AP, 20 el
70 AR, SEEFUHTE 22 0 5 RGE T ARAFHE
) Epichloé J& N A )™ A HoA A Uis 1R 4 A=
Yiwgk, xEL, ARGV LI ERERXEER
BEEERPY, X fE B Yt 5 A B8 AP

Pr . R RASEESERY, 15 EMAY N
Epichloé J& A Hs R AL fe e i AR TG 7 T FE
7%, Epichloé J& N4 H 15k 1a FAEY) Kbk
Wiz gL i, DARAR A KR BE SR £
[ g2 N I N[ B

FEIRT 5@ FHEYZEWHEIRR, NE
ELIE AT 40 ) XN A= B (endophyte senso-lato,
ESL) Fl %k S N A= H 1 (endophyte senso-stricto,
ESS)WZET, |7 LN A TRAFTE T4 KA Y 1 %5
FRERAL, L& A48 KRB XN
AEERARE S, ARME S A N B 3 ) B R b
XArFk; —SeNARESEEYERKET T
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T\ A3k Hh S AR, SRS BB AR )
B TR B IS I % S IR - SRR B2
10,75 — LV 7E B0 T (latent infecting pathogens)
B 2542500 T (opportunistic pathogens), 5% L N4
W 518 FAEY) Z AT ™ 46 1 2850k, Epichloé
J& A B R A g AR

Ja& PN AR LRI A LA — A sl DB LA R A
R1E F A8 FAEY AR — R RS — R
Epichloé J& WA B, {HA[FE K nT REAF7E
ANIF] 4 Epichloé J& st 7 (& 1), A4 2l
2R TE B PE(host specificity) &, FeAl]
WA FIRERIE N Epichloé J& N AE B A1 47
ST RABHE Y 9 A FL O T 50 48,

TERARAED N EHTE F, —Fl Epichlog

7 1 Epichloé B4 E R 53 70 K 4L SR HE N
Table 1 Distribution and possible origin of Epichloé spp. endophytes
A FLRZERE (e J5L 7 Hh I N 23 A BEACEIEN AR
Species Host Habitat Distribution within China Possible origin Year
E. gansuensis Achnatherumspp.  FPETH# + BERS A E. gansuensis 2004(8]
Gansu, China Naturally distributed
E. yangzi Roegneriakamoji  HFEJLANE + RS E. yangdi 2006
Several provinces Naturally distributed
in China
E. inebrians Achnatherum rb [ + BRI i E. inebrians 2007101
inebrians Xinjiang, China Naturally distributed
E. sinica Roegneriakamoji, HEZAE + B EBYXETC 200911
R ciliaris Several provinces Naturally distributed
in China
E. stromatolonga Calamagrostis Fp [ e At + BRI A E. stromatolonga 200912
epigeios Nanjing, China Naturally distributed
E. sinofestucae Festuca parvigluma = [F R 50 + AR i EBYXETC 20091131
Nanjing, China Naturally distributed
E. sihirica Achnatherum FpE P SR + BRI E. gansuensis 2009014
sibiricum Inner Mongolia, China ~ Naturally distributed
E. liyangensis Poapratensisssp.  H[EEEFH + BRA A EBYXETC 20110131
pratensis Liyang, China Naturally distributed
Epichloé sp. Bromus magnus H + HARAM EBYXETC 2013019
China Naturally distributed
E. bromicola Elymus dahuricus, HEZA% + BRI E. bromicola 2016017181
Hordeum Several provinces Naturally distributed
brevisubulatum, in China
Leymus chinengis,
Psathyrostachys
lanuginosa
E. sinensis F. sinensis hEEE . B, I+ RO E. poaex 2020011
Qinghai, Gansu, and Naturally distributed E. sibirica
Sichuan in China
E. coenophiala F. arundinaceum k| + HkIRAH R E. festucaex 19820201
Europe Escape plants ETCxLolium-
associated clade
)
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2 1)
A R (e Jir 7 b SRR BAGRIEHED
Species Host Habitat Distribution within China Possible origin Year
E. festucae var. lolii Lolium perenne BPEE, BRI + P AT R E. festucae 19841211
New Zealand, Europe Escape plants
E. uncinata Festuca pratense K + Pei Ak E. bromicolax 19901221
Europe Escape plants ETC
E. sylvatica Brachypodium el + HARAM E. sylvatica 199823
sylvaticum Europe Naturally distributed
E. typhina Festuca gigantean, Jt3&H + HEIR A B E. typhina 19920241
F. glauca North America Escape plants
E. melicicola Melica decumbens, il - E. festucaex 2002231
M. racemosa South Africa E. aotearoae
E. aotearoae Echinopogon L, KR - E. aotearoae 20020251
ovatus New Zealand, Australia
E. australiense Echinopogon IR - E. festucaex ETC  2002[%)
ovatus Australia
E. elymi %8 12 #(FFl)  Elymusvirginicu  Jt3E - E. elymi 201417
12 (sub) species, North America
like E. elymi
E. festucae s 12 F(LFT) Festuca spp. BRI - E. festucae 201407
12 (sub) species, Europe
like E. festucae
E. pampeana %5 3 ff Bromusauleticus R 3EYH - E. typhinax 201417
3 species, like South America E. festucae
E. pampeana
E. alsodes Poa alsodes [ - E. amarillansx 201712
United States E. typhina subsp.
poae
E. schardlii var. Poa alsodes ESJES| - E. typhina subsp. 2017126
pennsylvanica United States poaexE. typhina
subsp. poae
E. hybrida L. perenne i - E. festucaevar. 2017127
France loliixE. typhina
E. novae-zelandiae Poa matthewsii v - E. amarillansx 2019128
New Zealand E. bromicolax
E. typhina subsp.
poae
E. calamagrostidis Calamagrostisspp.  Hij1:, 7522 - E. calamagrostidis 20221
& Switzerland, Finland
E. ftanensis Calamagrostis Bt - E. ftanensis 20221291
arundinacea Switzerland
E. scottii Melica uniflora i - E. scottii 2022130
Germany

BT 50 AR, BRI TSR RE O Al — PR RIJERE, B U F <2 mi AR pi. +. pEA M

[ P ¥ JGic#. ETC: E. typhina complex; EBY: E. bromicola/E. yangzii clade. “x”#7R

There are 50 taxa, including several taxa from different continents that have been identified as the same species. Therefore,
“taxa” is used here instead of “species”. +: Distribute in China; —: No records within China. x: Genetic cross.
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BE5E E R AEVERIRA | 4P HAIEALTIT
S 3 T R AR P 65 7T SLA R
R L.

1 AAFHEY Epichloé B A 4
EHWEARER

1.1 BEEARTERAREY

RAFHE Y A B T 1970 2
S B DS PR =t DR A - B K R v e TG
G, B FELSER D = e HESh N A B
BT IR A | O R R R . A Y
PRA G S 250t S5 AR S, Han, E A
I T 80 J& 280 Fl' LU L I RARHEY) & A WA
L (BB A T AL SRR AR ), Hod i
FHAISHEIE Epichlog JE, 2014 43 T 43
Neotyphodium J& it 51 Z J&, Epichloé J& F 1
A 50 NFhEIEE), R ZERIRARHEY) 15
FREFIEN AR, EARIE I T E. sinensis
ERARE 1) D REERIRARHEY) H AN A E
T ) J& T 4% 15 461 F% (Acremonium)3) | Epheris
BB, B AR— B0 AR Acremonium J& 1 4
W BRURAPHEY A HATE 1997 F90REFE A
Neotyphodium J& P51, {H & 5% 2 5 R AR 4 H
i1 /% Acremonium & #il Epichloé J& I 4= 1. 1 5%
RAAMT, BAHMRRD WARED,
1.2 5EEFEMZEFESENE NS
4 FnFE E R MR M

R Bk A IR 2 T8 KIS N AT
AERRARY , H SRR G 2] 7
Epichloé J& I . Epichloé J& 45 i i 515 F A
BHAMILA AR, B—M2ER Epichloé {41
TERFE B TE EHEY) F, BA 0918 F 551
(F o ENGEE A THEY AR5, IF2
M A FEdR E AL A — S 1E EAE Y -3

Ab, HORW RS BAT SRR P A S A AR
WZEFE e, SERA PEA T, RS Y
P R BETE M RIE 8 B 224K, T il A= 1l
T ATV . (ERMEYEDTTH , B} Epichlog
typhina 4, &APFPEIEINE] T HOAER E 1 Fh
fFebE . P VEXERD T AE AR X R, HAE
ERE AR, B N A B R LA A
71, F8E Y E R AR B PO,
1.3 Epichloé¢ EEEMHE 454

AL R B, JL3EM A Epichloé J&
FLE AN . AR A —E AR, SR SE
RV B 58 3 Epichloé J& B A 8K %
BGEE V). HIE, ZEWM, B EAH AR,
Epichloé J& ELIR i HiaR D, SaFRATIRETIE T
fiff , AR Hb DX I A A K IV R AUR AR Y
T W AR X LSRN H A8 B AR
AREY) T WAATENAERTR, Hi HA S RA
FHEY) 177 Epichlog J& HRUY, HEFIFL
VA Z U R AR R IR T R 0 28 7R W0 i [X B340
FEATTHE I S P AR SR A TE R B I R AR Y N
A B IR R BEERTT . 2004 ALK, MR
,‘—#A[S,lO,W]\ I—_Iﬁ}i:jt%[lﬂ\ gljj‘??zzﬂkjtib[&ll—lllﬁ]
AL R 9 SR TERORE R 2 21 )8
77 FEY H, BRAERUT HE RSN, 5 E
FE ) A R R I R B R US) 2 b kR BB
FiR) 30%144, 55 HAth A5 N A B MR AFAE — 8 1 22
F(EE 1.

W] T4 47 . tefA. tubB. actG DA Mz ik LA
G H MR SR TS 4B . AFLP 2081 . #%
Y53 At 04 5 TR 2 R /NI i S IE 4 2R W
Epichloé J& WA= FLRAF7E T+ & it fE 2k 8
A ST, FRIE ST tefA. tubB F Bt
JFFHNRRGERE 200, TR S WREZ
s R, B4, FERAFHEY N A FLIE
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W, BT A Epichlogé J& 43 Neotyphodium
J& B BN R 1-3 4~ Epichloé J& 1L i 22 []
(4 2 8 1M 77 AR R Ok oA T AR Re O iy AR
DERRES AT AR BRI Epichloé Bt R B T
Fe A PR (1),

BRI N, AN A B T A ) A
WIAE R K W AL 3 AR RO R — R UM G R 1Y
7. EEBREE N, Y SR
AR 2 5 . BRI, AR P A Rt T R ]
FERABERMZES . Tz A 43 E
(R AT B P BT 9T IR 0 R L ol A FAROR |
2l FIRE 0 v 2 BT IR N AR BLIRA SR R R,
WRTRTHEERTENEZES, HERES
MRS, 18 Y-S YR R —
— RPN, TR A TR A X R AR Y A 2
FRIE . TERIIE A, DARAEAR Y s R (14 1o
FA O R A Bl 7 AT A e R A R S
PEECRN . DRI, f R S A Y PN A L
(ERES e

2 BERFEREMEN/KE
Wil K T B R —

Epichloé J& WA &, A2 R 3 Fh 2 BH
RERES . AL R MRS 1)
H kA (choke), FEA . F. BERXFPE
(fescue toxicosis, ryegrass staggers, fescue foot 5§),
B S AR 3 B T S RN S U0 A S 2
AOBIFSE AR, o 5 A A s st T A7 A
Wyog R o0 A S A A R RO e —— (A5 A
AT FE A S M 0 o B B AR AR S A, L
FORAEY) 590 A Y Z B O R FE
b, AT AR BIX 28 FL G AR A 5 E i A )ty
Rsh YR YA S, (B RessTE &
FEYPH AL AR KRN AP BE | S mbuie . Bl L,

Predi . L. HUIE . RS SAEER N A
SRR . FENRAERT £ R RSN (46 2 S5
RESZHPYNFIE AL | 2 LS8/ Nah ) B B 9 7
W, ZMAEYE . lolitrems. lolines. JIkSEZ
T2 A A Ry R R, E— 2B T
TR, LAY L 58 Fh2E R,
AR 4 A S A G i TN AR 5
WARHBKMAGHBETLRY, Bk,
Epichloé J& P A= FLIE A E 3205 S A AU gk
BTG, AR IRRRE 77 A 1 AE i
R ERTIFK

HE )R S IR P i T R R R O T AR
Wy T Hoqm A W 2 D8RR 0 R R R
(compatibility) ) 5 A4 . 7E Epichlog JgH?,
— AN BT GE H 2RO 2, BREAa
B R () S ) A — A B/ o ) 2 Gl
JEFPEJE ) Z B LLE AR X N R (R 1),
9 A U ) 1 R R AR R AR

FERE P B2 o rh AR R st A 2
FORET e SR A 8 B A ) A
(species)Z¥ i Fli (variety )i, JE YL A A A BE ALY,
I A AT R R A —— X R A e SR
FITE ERE e, 18 AR Sk D FE A B B
SR ) S 2R . S AT ) e A
o 5L T o) A PR RL A A ) (species BY variety)
FIBORE R T X A B fE BRE v, SRE R
T AE ) 1) 2 % G Z2 K i — 0 HE M 31 T % LA,
M EORE, DL AL SR G 2% 3 & s
DX AR XU , i A oMb A ™ IR S A 2 i
Fhg 22 ol kg, WPLe ] DIFPAE . BRI, 15 E4ES
PETEARO A 7= B 2L, S s B A
FEM R DIEEZ —

b, ST IR T AR SRR
WE5E, B i et BB G IR SR P i B 5
1942 4 Flor & 3% <3 [ X} 5L [H 2% 1)i (gene for
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gene theory)” ™ iy ¥ J& (%) HT ¥ L 1 (resistance
reaction), AF 40T I TR 42 e A 7 A A HE R 1 2
S (hypersensitive reaction, HR), SEPr 35
o IS T R SRR IR . R R R e
e PEAEAR KRR BE b o T fH W Y Jk e
(infection) . JKJE (symptoms) ) & 4 M kL, 12
ANk, Z AT A BT HL I (mechanism
of plant resistance) . HHY)15 5 1% AL (signal
transduction within plant) . g Jit B 20 P B
(mechanism of plant pathogenicity) . 475441l
(plant resilience) 5 BLfill 0 5%, DL K HiPEF Fh
(resistance breeding) . 1 A A= #) K 24 (microbial
pesticides) ¥ % . 4l A= ¥ % 4= (bio-safety in
agriculture)55 N FHPERISY , 3 [REEA 176 G2k 9
T TR Y 7 43 R

TERE D) B2 BRI T 5 T, 18 4 S
JE I D R B AF R A, FRARE IR TR Y 1 2
e VA LA AEL D A R e ) R A . T
TEAEPI N A w5, NAE B R 1E 1A %
SRR N AE BT IR (infect) B 7 AR A2 A 26
AERIE IR SRR, RSB BT S TR R A4/
A A L T R A A ) i s < 2 R ) gt 1%
FLA

1980 4FLIsK, 4xBkZ 58 AR 22
Epichlog J& A Hm ik, Wy Rtk
LA G, Bl — SR AR R G, (HAL
IR o 241 /0 5 ) S0 B A R B
Tl ihTE FHEY-WAEERNAE, SRR
FEREFRUT-8 B > Massey K24H Scott #(#%
U Y A DA R A2 RS54 ) S HL E. festucae
var. lolii . E. festucae 54156 N A= B F AR W #F
B, A AR R A M R 22, A
QT A SR FRAFAE R FE Y/ Epichlog J& N AR K
AR A, KB GIE M (reactive
oxygen species, ROS) & Y noxA JER A5 f5

TE“Z AR A R B (L. perenne)/E. festucag”ix —
B G E. festucae B 22 7518 F AP H 4 IR
LI E, Y AL A A R B
Wy G0 | R A RS 0 A= e s Ak R
TP R T A, MARELE BT, M
“L. perenne/E. festucae var. lolii”ix— AR
ZAFTEM A EGRI B, noxA X~
FER A n] S 3“L. perenne/E. festucae”ix—4H
A 1 F T 5B B RR S g EAR YA Y
B AR . SR PRA AL S IR R, TEE 2
IR ) 240 Jf ) 58 A B ROS R R I7) A
Yo 3 e A B S AR A A ) P R
AR B A Y, ROS BA Ky 2w p
W R A G S Rk, H.O: 583 A Ak
AT AN R B4 2 50 0 D TR R ) o8 A T
A= 1 R LA iz 170

H AT UL, 15 EAEYF Epichloé J& N A L
PRI ) 2 A R o) 4 il g A B AR R s . 28
H A DL TEAR YD B2 rh AR H U0 . Flor MR 48 U JRR
Z I BRI R, R T A
PRI S PR 2 o FRATTIA S TE 5 SR (R AF ) o $HL 2
a2 B <. sp.” “var.” Fl“subsp.”,
DA KA B “pv.” Fll“race” S A AU BT . TETE
TSRS B A e b, VR R R A
TR 95 5T 1) 35 TR R X o0 o ) kAR RN R R R
HARKMERAPY, 5% W4l R (pure line) i
Tl (B B BIVED B AN [F] B0 R B
TR Z N AR, BT R E AT
7% (population breeding), HIt, S 4EH2K
P04 o A S A AR DR TR (R 2 ST BEAIR, st (% 2 FF
PEAS 5, XTGP ) S A 25 B 2
k. X A& Epichloé J& P A= 1 7R $2 Fh e B 4%
KNS Y 2 On U S R ) AL 22
Sto A, AT RE AR R Al R S AR B L R )
Y B 5% B SR (Arabidopsis  thaliana/Pseudomonas
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syringae pv. tomato. Rice/Magnaporthe grisea.
Potato/Phytophthpra infestans 450 F 254 i Fl
(synthetic cultivar)Hs 5 248 51 2 A0 [r] Aol

TR E)A T, MYNAERR . EYER
LT AR s it L TR Y SR IR A R R 25 57
kB &R TG B BRI IR N AETE
M2 ET, A L9 )5 (pathogens) ,
AR REEUREE, B2 N X E AR
A B AR B (AR o <N A w7, B
ARSI CINAETE BSL), HRERIAAT FE Y B AR
o XERFEARBEYIERNZ G, TEHL
KA B S BH SE AN R 8 Ss E(BT 1)

To RTEM YR ik 2 A ) B IR
th, Epichlog J& N A= F ol A o7 55 1 EAEY
AT AR, A AR EEYI AN, A
5 | A ) 20 SR BE AR g Al 2 ) S U 4l
ANTER D IERINE A H LA (K 1A); HATER
WIRFTE LT3, B T PEA TR, A 2%
BEPANZE, I DIARRIE A A 414,
YRR AR RIS, AR,
T IR B A 0 W SBT3, A A ) 4 i ]
BRAEN, - RASAL, [AlEPR 3 SR % 20
22 AR BRSNS o, R AR B 7E g R AR
K, #WBE FEYRG K ESR, IS5
AL (E 1B). HE YR R R TEAE AT M
J sl A ZE 4, SRR AL ) Fifk 22V E AR AE )
YR, PRIBCE TR, HOH ST U EE TR B A L RE S A
fitg, SRR LA H S 5 (B 10), i
LR HURAED

L) T R L T AR /o Ml AR A 2 L
FEMMZ, (H—RAGEEY MR . T
FOA IR AT WA SEAR o AR AU G F 1
Yri A, i AT ) B AR 1 A R A T 22 IR 45 A
ARy . B, SHEW AN Z EE

HFRKFR, v R EEME MY Z0E &
R E WA B S TR, 4 A 0 200 B R 1 22 Ak 22
(1) 1) 56 Z 42 il 78 B AR AR AR 233 AR A
YIAH B AR 5T, AR ITE ] LR R TR
AR PN A L R RTAR 05 B L TR =2 1) A A
T Ht, AT, SRR/ YA
G LA /s FEYIAE, WA S Bt
5 FHLHI A — S 2 b, e — S R R
M M, RN AEER ., WHRER
I D L PR =2 [0 ) A A0 7 2 PR 22 ] 1 22 5
X AFF ST AR AN bR B 2 18] AR S AL, R
BTSRRI A LR, s —E
AR 1

WEHAT, WX RAERERENE ERES
PEfFERS, Epichloé J8 WA BFEIRZ (K 1), 1
5 I BT ) T B A SR AR B R . 2%
TR ] T 55 i A AR B9 D L A A i A
SV AR TE A | T AL AR A A R
JERE SRR, BFFY Epichloé Ja PN AE TT IR FIAR
Wz [ BRI A SE 2R, XSS M) TR AR LR
HEA 9 BRI T S L R R R R A —E
FEIEFESE . Tanaka ZE475CF noxA JEH AT
AR —MRIFBF . AT R, FERLAIHLE]
A TR I ik 2 B

RPN E R, RAERARE
(3 AL FR T AL A 2 18], T BRI A BRI,
AR Al R E A S AR . B
A1 ERFSER Y NE BERA TRER T A
FAPRE AR, A TRETER L . S RAE
AT B NS B, BRI N A B
(1 32 4 S AN U B F T 32 A0 0 Al PR
fe e B R, T L PR 8 A A 5% &R (T
5 N M W g B ) PR A R A DA — 2
1A
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R Nucleus }'PA

4hF2 2 Outer cortex b ] H T
Wz )2 Inner cortex LI—E s )é."nf ﬁﬁ'lec;)gnée \ m
C E‘% Ge{m tube Fft#5 2 Appressorium

N i

. Mesophyll cell

Secondary necrotrophic infection hyphae

1 #EYIAANE Epichlog BA4 EEHE L KA SEYEREF®B) S REWRKEREREC)S)

RERZERLLE A HYNAEREEZAERY AR BREA K, RARMYAIE, & ILAY 4R
B: Y AR B R Z AR A A R BR AR K, AR AR AN, (HASHE AN IR, C: i

YR R B R 2R TP AR, AR AN, SO Y Al i R IRAE TR R A IR AT AL R A

Figure 1 Comparison of the infection patterns of Epichloé endophytes (A)!'""!3], mycorrhizal fungi (B)!P?!
and plant pathogenic fungi (C)!*3! within their host plants. A: Epichloé endophytes grow in the intercellular
spaces of plants without penetrating into cells, and no cell necrosis was observed. B: Mycorrhizal fungi
mainly grow in the intercellular spaces of plants, orderly invade plant cells, but do not cause cell necrosis. C:
Pathogen grow vigorously and disorderly, invade plant cells frequently, resulting in extensive cell necrosis,
ultimately leading to visible symptoms.
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3 AARENNERENEE
i

FERE B T8 4R S 2 Epichloé J& N A BT
PRV, o2 DX oA 9 AR LR A — 1
TR AR, FEERIN - (1) BR T E. typhina
(5 PE# ), Epichloé g HiAth & # % 5 i 340
BB, —ZEIELEX IV REE 18 FHY,
WA PRl AE 5 (2) a4 RS2 B e
M7 B B P 5 (3) 18 FRFRIE R RBIANT
$% 5 Epichloé J& N4 B M. teah, 15 &
FESFPEIR 5 ZFh A58 R A O, 0 (g EA4HY))
HERA AT . MR FENAE T, (E
FAE ) M HE 3 A1 R B — T E AR L,
T XA ARl R T2,

2 REFEFHRERERESEIEYHEE LS

3.1 ihEI#EK

HWEHW, W5 EW Epichlog J& N/ EHH
H7E ERPIERAEL, BR E. typhina B
B2 m1E FAEYI LIS HAbFN ) 18 A E A ™
MR  Hord /D BORhRRIER YL 2-3 JE 1 A, 4
KRS HRRAE 1@ EAEY 230, EL 2 A7 2ERpcn
E. uncinata){\US e it—J& i —FP el LR GGR 1),

Epichlogé J& P A: e E KR L, 2
ALK 2)0 1N, GHERTE ST % (Agrostideae)
FIR PR (Poeae), KREZH5EMBNERE
REAIXT N . 7ERBARTENA, L. multiflorum,
L. arundinaceum, Lolium sp. P4074 #1 P4078 5
LAE-clade H 1) /B BRS84S (] 2). 1
BRI RS, AR S S EHEY
DRI ZRARZ . P9 A LT ] g B[] T

Figure 2 Ultrametric maximum likelihood (ML) time trees for host grasses and their endophytes!®!!.
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FEH A5 R G T A AR T AP VE R BT
AP B 2Z i

32 BEERFUFIEEMERNGER
pichiofy ]

T R Sk AT LB A SRy A ) R A Y
PITSUAE ) J A HE B, X PP 5 S AL 3y ok
FEPIR B 22 5T 1 PO N S5 A
B, 1E A Z 18] AR B R R TR A
PRSI o L

MAE FER RN 5, R ARAAN A B
TR AR N AR B ARG YL B AR P2t
B, BEHL 5 MAPHERY 500 55 R B Y 224 A
PR, JHA A FH A E. festucae var. lolii
PR AR3T BYRpLME; KM B A4 RE
BLAYSE A | FRBE AR (b B AR I ] | 2
AR . M2 W 21 AR37 TE FARAE AR P B A
B B R S FRAZ AT R 2 B PE (single nucleotide
polymorphisms, SNP)62!, 24 70% 1) R = 55 F
T oA NERER; B 23 MM RIS
o, R IR B )R S HE AR AL Z A
o ZRHME L T 031,

B A BN, R R
BHL AR Py B AR S N P G L LR TE AR AR A
FER AL AR B AR A i T B B iy fe ke
&, ATREAE T E IO IR AT R N A TR
FEAEE 5, BN 58 4 6l = 0 (AT LA firh & A
WYy A 8 3 BNE ), B A AR 8 PR AP L ) 1)
H 5 D7 18 3R Ge i o B AR . A AR,
N A TR AT RE S IR AR YR I IR, , BR800
PR3 b 31 ot AMAC B 1 EANMLN , T E 3
15 FE B W o Scott BFFE/NEH R T
ROS J¢ MAPK (45 2L/ U0 18 22 0k A 0%
PR ™ A 2 I B3 R B0 22 1R i A K T =K
B AR AR s EAEYI e, RUNA B e
PN A: LR L AR S W FE A A KR F)

EORENETIA
33 REBEEHFH—REEEMAL
e

IR N A L TE BE 8y R A BB A R L
€. MIFFEHEZ M aAl, BB FEAIRM R A4
BOAS, HHrp— 2 A LR T AR Y A ) RNt
HEREIY e ESAREFEEMN, ok
FRE AT HRD B TR AR Y MR S
ORISR, MR R Z AN, pFE R
FETAN 8 9R S 10 A= O 2 P AP 1) 1A A ELTAT R AR
FEAG N RN B R S R R eh S B R A
St e T EE MR P AR L —— O 10

SR N T AR A 52 e 28 P YR . i TRA
FHEYI N A BRI 18 FRESE, DA TR
TR X ERAE R K, R I 7 S ) 2 2R
MR EUE FIE T, PR TR 3
BRI Epichlog J& 145 H [ 4R 15 3256
AU B Z AT N TR, ] qncke s 2
M2 RZ R I3 B TR A XAERD, i H
AL AOSY, RIE [ 2k AE R, I R R
AFRE RO IR ARG R fE A B RN, ]
Ty 7 HES 24 REZ AR E. festucae
FI1 B BRI BF AR e Avel A 87254k, 4R 4 d J5
S A TR B AR 0 FE R B A0 A T (R 3)7, —
SO A A T ORGERIRON, WA TE 22587,
6 EZERUMMIIE T, FIESEERTRE—W
A FLR TR AR R LD B i T A R

HETE 28 DEAER N 249 B 06 22 PGG
Wrightson Seeds 2\ Rl T 24£4: A FLAT R
mn PR AR37 AN 2R B (L. multiflorum)
o, T T 2 AN, SR AR Asset-AR37
FIPUAE{A Y Lush-AR37 (https://www.ar37endophyte.
com/products/nz-products), %I KFZEF AL
P4 8 K3 (Hordeum brevisubulatum) 7 (1 4 4 B
P (E. bromicola) \ T #:Fh 2 3T 4 (1) 3% 15 K 3%
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B R EH ) AETE R
AvelA Wide type E-(cut) E-(uncut)

&

e

3 F E. festucae B4 BIFN Avel A SSTSHRIEM 7 B 40t

BRBAERN E-(N S BB R iR

XFRR s A S R ZH R ANIBE TS s 4 DPI JHFLAR M- 15 Wy W VA MR €5, BE T4 i 52 TR o 107)

Figure 3 Cell death detection in the meristematic region of 7-d-old seedlings inoculated with wild type and
Avel A mutant strains of E. festucae. Endophyte-free cut and uncut seedlings inoculated with agar block as a
control; 4 DPI stained with lactophenol-Trypan Blue solution. Dead cells appear dark blue!®’!,

(H. vulgare)iy 2 A~ , I T EFRENE
H 1§ E. bromicola- K2 #ifi i .

XEE RGP 2], L 5 A —A A BE
SR AN FHTE FREF R R
34 HEKTER

TEN A B 5 A YR A A0
R, AREE T RRK R, R
Mg FHEYERA RN TEER LR,
i B-1,6-71 SO SE N S50 fR 32 06 T B A1
J2, 2020 AFEIARRM KRR TAE, $#8TMN
Epichlogé J& P A4 L1 {12 22 52 s A ) 7% 7% Fhb7
(N IRFE P )L AT REEDY . BRI T
Fhb7 B K Zh gt oA U2, B2, T
SIFFIERTE , M ECTA A P 1% BE PR K- e 78
UHE B BEM

4 ZHFHRAHROERBED
Epichloée BN A EH B FHRHE
HREKREE

BRBARKE, B REEY R
AR, EE R R R, FER 4

(genomics) & A, HAFFY “What could occur”;

¥ 5% 4 2# (transcriptomics) W 5% “What may

occur” ; %5 [1 4 % (proteomics) W 5% “What is
occurring”; fXi4 4 2% (metabolomics) Fl & il 4] 2%
(phenomics)fiff 5% “What has occurred” [*!, £ 4%
(multi-omics) W 5% J&: Xf Z2 > 41 2= B im A r 8
WAk ii

R 2024 4F 6 A7), FATILE Epichlog )&
A FLT RE DR 2L AR DGR 5T - (1) 51430 Epichloé
J& E M TAERYSEE Kentucky K2# Schardl
HIZE PRI http://csbio-1.csr.uky.edu/endophyte/
HlCsR T 20 AN RAIK SR J50™ B B SE Y Epichlog
FLE PRI B A s . (2) 78 NCBI Ul
(https://www.ncbi.nlm.nih.gov/assembly/?term=E
pichlod) PRI 41 PEtRIcES, PREA L
W ¥RIYA E. gansuensis E7080 . E. inebrians
E818. E. bromicola E7626 #l E. sibirica T71 iX
445 41 D IRARH A R B G A K AR
144, AE—F. FAME, BEEHFPK
SRR e, Bk Z A Epichlod & i b1 3N 4H
A Y BT

& DKL B8 B 3 WF R N B kA T R A R AR
R PR BHETTIROMAESE . B, 2013 4R
KX 11 4~ Epichlogé J& F kR B R 2 v 4 28429
WA B R R R, RIE R R 28
FEE S5 AE G 7 B, JHIRIZE 20k
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WIig A L 74 2021 4E, Treindl 25434058 T
E. typhina 1 E. clarkii o A& /K ALK 4 , i
AT-rich XI55 08 & 5 55 A X Sl o3 Bt i
SR, xR R T E R 450 R P A an
T K 2 25 PIAH SC o R Z R ) o34k, IR 2
SE R B LR - PR Epichlog ECTRE 5L R 41 19 K
/No 2022 AEARIE T I 41 T 2H 2 DA s A
Fumkr 9 15 S EAEFER 4, & B Epichloé i,
DY EARIEECR 7, HERZ B ES 2 20
FEEHEUS ) HeA LN 4H 4 #r Hypocreales 72
HEA, ATy NERR . B4R
PR N ) B L 9 A A 2R R AR Ak
Epichloé I (1 5L D 4 45 0 o 43 1 3¢ F 3L A
M . ALFINE D . X5 i —
A Hfi% Epichloé ELp 1 F4e Frhde it 17 s
LA

M LR ZH 2T, Fi ) Leuchtmann 2% [4]
BA X 15 32 45 5 1 09 2 AL R T — R A
5o (1) it AL N4 =/~ T Epichlog H
PN [RIFE 22 (] 9 1 2R R X 70 2018 4F,
Schirrmann Z£U7M% 2 ME AP A RI{HBER A
T 242 1A E. typhina subsp. typhina (15 3 4%
SEMEARH ) E. typhina subsp. clarkii (T 4%
SEPEARB )T AL, A 3EH 57 MEiE AL,
Pkt 5 A Gmhth o b A ) B A T 2 TR ARAG I .
FATIN N, E. typhina subsp. typhina A~ & & 2 #f
YRR EE . SRR 2R, 2R T
WHERIE TR Zm ERMAFEN, SCEE BT
57T AL, ST EE RS B A B A T2
Sk Y S E RE R (K] 4, http://www.bioinformatics.
com.cn/plot_basic_horizontal bar 062); H A&
R B 5 S R ik 2 e BE R 1 BF 9 . (2) R BI
15 R R Ve S EL R 08 S 2 R VAR 25 A A
%o B, Treindl Z772023 4%} E. typhina #il
E. clarkii itf& ZFE 1 MFBE LS 21T T 5347,

KA IE R 1Y) Epichloé J& B R AT
160 Z R ML 2 5% . E. typhina 5 51 & BAETE
HWZWMILFR S, #5781 Epichloé HE7EH
RAEB RGP R G ZREYERIFPE S5 M o X
— A RE T A RS B A 1R B R E N B
T (3) RIME TR0 5 R R B bR
WA K. 2024 4F, dl AL 7 A HARE B
171 E. typhina #1 E. clarkii 3L 2 1) SNP 47
0, RIEEEMETE R (selective sweeps)TEAL KT
FREEH S AT 2, SLRA P sweep X IRZEH
5 AT-rich XIS, 150 A 3K 26 X S 7E & A R i
BEPEREAL s & R RI AL [FE Y sweep DX a5 D] 2
T LA R 2080, 7 4 R o3 A Tl A 0 14 /N O3
WAEE 11 38 2k X AN [R] 40 A RS ) e i 1R 40
Z I bR IS, A BT 7R B O R )
SR 2 18] B AR B R - R T

MEEDH 2 £f BERIFSY Epichloé J8 HEr1E 1
RS T B K B 2816 5 18 345 S 1
Z I eIk, R K22 R S5
Epichloé LT 1A [Rl ) Fh FFNEE Z 18] 0 18 3 5%
SeE o FE TR ALK BB 5T R 3R AT IR A BE A
Epichloé H B 5 F2 A ¥ 3 A 1 43 F HL I A ik
AL S S A R AT D PN
JE DR 21 45 R0 R B 1 AR BE TR AER Y Epichloé 2
P E A S R HL -

B, OGN AE FLTR A9 ) 4 55 T AR AR 4K
JRFF . Hr, 285 B T3 E R,
FHOONNAERRESE EMIACR.: FEW
S 20 B EE AR DGR B, 3B 5 AR S g A
2 L RE A Sy DN A TR S R ) B R A A f A
[fi (interfaces), 258 F I FE(E 2).

XEEWFFE R, DAIRASEE Y N A B
MBI Y /A R R REEHAT Z
MR (HIE, 125X SL A 2255 rh, XN
A B A S e FRE R, S RS R E AL
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Z | A LLAE
Polysaccharide metabolic process

| 231 AL TE
Biological process

AR fi it 7

Xylan catabolic process

2.2 A4

AT A

| 212 Cellular component

N kol

Xylan metabolic process

Hemicellulose metabolic process

2t it BE
Cell wall

HMIRALIREE

External encapsulating structure

THBEAST
Viral capsid

Viral nucleocapsid

APPSR

Organic cyclic compound metabolic process

A P S PR

-lg P

4 Epichloe EBREER 57 MMEEFFHERIEEE/N GO F&E
Figure 4 GO annotation of 57 candidate host specificity genes in Epichloé spp.l¢!.

J3—Jr i, HAETErRER I N TR L REAE
A BCAT KR LA B i 2/ PN AR T TR R = T
11, 24PN A A A6 OO B s %
18], B R ARZH G 1S T2/ AR LR AR 2
B AN TR, 3R 72 BB, Rl
il HE BRI ARACRIAE W) 9 A T ) 4
MECARBIIT A, B X H A A ST
A pe BEAE A o

PEA 21 PR Lok, IEELE k£ T K
it 7 Epichloé Ja& N AE LA BRI, Hoh
KR I> F T A BRI (R 1), TR F = T
F[E /Y Epichloé J& N AE BB A KL, R
XEER R, SR ERARER . R IR
T ERFSRPERA ST ST, e Bl e A} 22 5K A
BAH G AR EAHSC ORI (P 2), URGHPE 22/ H
A5 A BAER H 1 noxA ZE 41, L) AR K H BT
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Table 2 Transcriptome analysis of grass-endophyte symbiosis

k7] HA i & SCHk
Plant Fungi Description Reference
L. perenne Epichloé sp. FERCR, ZENEFE AR DGR | Y 22 R . Bitk3 [79]
LpTG-3 e
The transmission efficiency is effected by fungal cell wall-related genes,
plant receptor-like kinases, resistance genes, etc.
L. perenne Epichloé sp. FEREY R ZE B B, ECTR 25 57 IR 3L IR 22 Sy g X Jh a6 5 83 0 S5 iy [80]
LpTG-1, During the germination stage, fungal differentially expressed genes

F. rubra subsp.
rubra

L. arundinaceum

Elymusvirginicus E. elymi
Schedonorus E. festucae
pratensis E. typhina
L. perenne

LpTG-2, LpTG-3 (DEGs) are mainly involved in stress response and defense

E. festucae
N R 8 A

TEAEIAEN], HORIE T, 225 RIKFE OB | MR JAUMiAR ¢ & [81]

During the inflorence stage, fungi form stromata, and DEGs are related

to sugar, lipid metabolism, and effector protein

E. coenophiala

PR E SR A BRI By, U 25 S R OA L N AR W5 B, WL [82]
EOFR, T e

Comparing with vegetative and reproduction stage, fungal DEGs are

involved in alkaloid synthesis, sugar, protein transfer, molecular

chaperones, etc.

S E TN A LT FEAE ) A N A TENE BT P 3 v 9 22 S R GK ], [83]
FAGTE A, AL, EIAMNEIREL, AWE L, SIS T
During the transition from asexual to sexual reproduction in plants,

fungal DEGs includes host inhibition, digestion, adaptation to external

environment, biosynthesis, and various transcription factors

HSMAU AR 580K, s Epichlog J& M A K
B 1) i 29 S P BIE T 7E AN G FRPRE SR S8 R 1) 28
B SR A B TR i L T ) i A S
Fo, VIRBUIEE M EABAEYR TR . K
b A= Py e AP AL SR AR O 2 G A R A
AMARE
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