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Abstract: During the last 30 years, plant endophytes deserve more attention around the world although
its definition still remains confused and controversy. In this review, major historic events in endophyte
researches and their scientific significances were discussed. Scientists firstly focused on special roles of
endophytic fungi within woody plants and Gramineae plants. After anticancer natural product taxol was
found to be produced by a plant endophytic fungus in 1993, biologically active metabolites were widely
screened from plant endophytic microbes in many countries. Though comparing and contrasting the
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endophytes from different tissues of annual grasses, perennial grasses, woody plants and vine plants,
common and specific properties of these endophytes were reviewed. The tendency of researches on
endophytes were revealed. Plant endophytes contributed a lot to the total amount of microbe species on
the earth. This review pointed that “the real situation of plants in the nature were microbes-plants
symbiota”. Therefore, plant breeding were actually improvement of microbes-plants symbiota. Finally,
the influences of endophytes on the ecology, biology, microbial evolution, species formation,
plant-endophyte co-metabolism, plant protection, animal husbandry, veterinary science, forestry and
some other fields were also discussed. Endophyte researches exhibit another view of microbial
resources, significant impacts should be observed in many areas. The significance of endophytes not
only rely on their niche, the ecological characterics, but also the synergism between endophytes and
their hosts, resulting some new functions and new metabolites due to the co-metabolism and

interactions.

Keywords: Plant endophytes, Plant endophytic bacterium, Plant endophytic fungus, Symbiosis,

Plant-endophyte symbiota, Co-metabolism
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Figure 1 Invitro and in vivo morphology of several grass endophytes

TE: A AL ZEFRIVIE(SEM); B: B 1A hi—ATUEMEOR, WERE 8RR ZIK(SEM); C: B LR T A A HIE
225 D RGP 22 185 B: SRR ERE P IR 221K F o ROULAE N A= B N, sincium (970 A= f 7R A= F A (SEM) 5
G: N.sincium 4341 FREA & ; H: T3 NAEE N. stromatolongum 7 PDA $5375 IR ETE. HAZKREREZ 1-2 um,
ATKL 4-6 um. EEMHFE, FURAESSTAE

Note: A: A cross section of Lolium pratense sheath (SEM); B: Magnify of an air cavity, contain several endophytic hyphae (SEM); C:
Endophyic hyphae within L. pratense seed; D: Endophyic hyphae within Roegneria kamoji leaf sheath; E: Endophyic hyphae within L.
arundinaceum culm pith; F: A conidiophore of Roegneria endophyte (SEM), N. sincium; G: A condium germination of N. sincium; H: A
colony of Calamagrostis endophyte, N. stromatolongum grown on PDA medium. Diameter of hyphae 1-2 um, length of a conidium 4-6 pm.
All the pictures were taken by Wang Z., some graduate students also co-contributed.
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43 WMEMREF LIRS K

TN AE TR A TG AR . AR
— NHSNR AR IS, A 7R K
I, AIEGWAA, TP FAIRD—E T
—APFEIE A TCE A L B AR /N
o TERXA/NHFE AN AR R A R gk
AEFPIFITE B AR . AR AR N R BB X T— LAY
FETE AR | RS YIIAA REAAE )
YIRNIE Bk L H S,
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UTHARFFE A5 R , 22 /1 T# 7} Neotyphodium J&
1 22 4y 3473 TH (Mitotic ascomycetes)se H [F] B} )
Epichloé J& FL i S sl Zescidfbmik iy, kETH
P RE 1 BT, Neotyphodium J& 45 ~Fhir)
I AERHE 4325, B T Hag s /UL
ANZEH  Epichloé J& LT Y 25 R 2 K 2947 25-30 Mb,
AL tefA A tubB FE R, A L
Neotyphodium Jg& L [ 1 73 51l &% A P Rp S B4 DL
tefA il tubB JE[A, HILIEHFLITE 50-60 Mb*7™,
ULAh, RAPD 43#T LA R i TR S BT 45 R AR B s
XTI T A8 FLIR [F] 1 Epichloé J& FL A 1R IE
AR BT R4 se 4 A Neotyphodium F 357
FTE it R b H A3 70 e, A ECR A
AP ARIR . FRREA 220 MR RIE
P T ARGF AR FE b4 R ISR

& Neotyphodium J& EL Y — -+ Z b, A4k
25 LAY 2 RIE T BE X A AT D EU LA, 1997
WG KRB T Z A Fh i 2 L5y 2R R IE S N,
typhinum ZEAN5IFh 1432 IO 7L 0SSk FI
B o S DR A DUBIGHEA T A% B 43 B 55 43 st
e Bl 7RI Fl . X SR EES,
NS FIAE ) v B8 B P A A 4Rt TR T
BelO77075771 0014 4F, Neotyphodium J& ¥ 3 A
Epichlog J& i7", 4 22503 T3 fe T34
4, VSRR S AR, HAbA
2253 34T PER AW HA N Neotyphodium J& E 14
KRB, EAETEANUE . [,
Acremonium (T4 %%) . Penicillium (7 %) .
Aspergillus ([if1%5)5% @ TR 2 WA 2 ML A8
fETor B, AR 2 A& 1 F-2E B i otk AR
MFE— 22 2R R I, — Mg )
He R FRAER ARG 2 T+, H
HRTRE S A B i it 2 A AR
44 FEVEMAIRIR

TERRE IR, BB — e
SRR AAEE R S b, XA S R A
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14 PN 2GR 2N P ) T A 0 SO A 5 A - T ik
B EARE XA A BUEE L R AL A O E
ity H R A A RSO A (R R 4 A e
SR AL RE) FIER 2 R R A 15 A& e AR TE
KA S JCTE A B SORE, 1) & R AATTA
WA A AR 2 )5 A3 A & M —— A/
YRR . BUTE, BERI A4 R R
TR A AR RO PR X R /e 3t
HEA, S i S 22 M D T S 22 1 U P B AL
AL A A L A L R AR R AL T — N8
I%E%[20’43’62’66’79]o

AR REVERT I & . AN AR RS
T 2 1] i /DA e F AR, AN R 7
189 TR AR X PA A TR 1 o S A 4 25 2 T BB i
Vet [, Al LABEASE i e e FAR IR L
s, U AE AR IR R A R PN A T
2, RBNSEREY (SRR EIEARY) N AR T/ R
PO)ZRAIR H Y . 2 Melnroy 5538 52 X4k FH [
TS ] PRI AR ] ity Pl AR AEABTRA P9 A A S T ARSI . 3
BRI, BRI AL AP AR A A A R A AR
HIUR YA —ERITTRR, RN AR LR BT E
A REL A5 X AR PN A A T R A RE T Y
BRSO, B, AR B R R E Y S R AR
JIRM RAEYIRTY, XX TR A Mok R —
FHIT SV RO S

R ESCIR B HEYITE B R TR S W
RUARIC 42 7, SEAT P TRE Y E T
e, FA TR B RS2 Br E IR A5 e E P i
SCEIRAE T TR TR TR Tk, ARl
RETT 2 H IR ZMIBAEYIIN R, S E e i
R B PERIE B A TTRR, s i A Py A ) el
VA
45 MRAUSMAROZNE
(N0}

e LRI AR, AN AR TR AT RS
PR A E Bk o AP A AR LE AR T IR

KK E

EYNR B EEZR A ER T B, A E it
Py 1 B R 3K 7E AT W) AR TN 52 4 ) 2B B PR B Y 52
M) 7 i 26 40 20 B o8 G B O 7 1 B B I
B =Y, B Y 32 AR RO TS SR
AR Y o T BN R AFHEY)
/Epichloid PN A= T T 34 A= fA b G o A7 78 1Y B iR
(Peramine) . 77 ffi % % FR (Ergovaline) . HA7F7 BLR#S
(Lolines) fIZZEN &K (Lolitrems) AL &W) 5 Ja & HlUNTE
WZEZEDPHBAEDHESE RN MHERR
(Phytoalexins)Zfb &, Py AL BUH &4 5244 11
#1802 R (Ergovaline) . PAAZ BLH#ZS (Lolines) fIFE
B &K (Lolitrems)RAL S W& L, HAEZ M E
PR FRIA R S b S I AETE, BLIIX L
AP & oE 2 R B A AR, (AT E RPN
PREE A BB IS 3 B i X AR L T
M, FEAREZSEE Y (Phytoalexins) Y& i e R A7
ETHY A, BAE—BeRAS T YA NAFEAE
XU G Bz . RN T B0 A
RS e Y S ARE M E R A L, HA R
SRR L RS 0 R A R T AR . X sefk
GRS A R A R, T2 de
novo & W IIESAEY ., W B
(Resveratrol)'* | 7 & 4L 4 H)(Coumarins) 1%
XL S — o A IR, ZEAE XA
IR RESIPTIE PR B+ LR

o LR S 1 EAE Y AE BRI A RE A R
ARG, TR P ok sl 3 A ) H
ME HEBAS (RN B ICEA ). XEfbs
YrrbE AR ARG B 4L, FEA S YR
W 98 o A AR AT DLAE b e 5 4k A ¥ (Leading
compounds), Xf—=Zj(fezly, HELFEZ) T A H
AT oEEME S L, YIS RmiES,
PN A= T 1) B BN UTE T A8 b B A A 0 o 0
P, T EAAE YA AR AR AR RS A B
U, 85 AR a5 2 m A A M
[EGE
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WA FRE . AR e &Y
A WA SZ B e A K PR 52 . FEARASRHE
Yy /Epichloé P £ B I 3t Az 1K Gk A7 7 U i
(Peramine) & i it FIFEAE ) A P () B 2 H AT ) ) i
51 SR RO S A FEE B P et B i HRR
NATAT DL AR |« sk Ry A S
I BAMEEPIR &, MY SZ E I B R I 8T
A W Phytoalexins KM NI R AT AKTE , At
PR EHAR 2 P . P E L A2 (R
M. AW LA A HLTCHLR S YRR . UV 4845
SR RS | A st B AR B A PR 2R sl T e K
AT AR A A G B R R R A I TR X
ey A AR Y 5 S T B AT HE A I SR A
Az S — DR R FIR
4.6 XTEVHRIEFHFIN

YIRS — AR L SO E— e Tt
A ZS E], AR PR HE AR N A A — o )k
B XPPREEE A DL T R SR AE P B2 oY
F TR EIZ — o WBTHEBE RN, Flor Ay «JL A
X HE [ 24150(Gene for gene theory) 7E it 20 L)
e — BN S iR AR 3 A sk & B
— A E AR, AR BRI A )
W o FERX A2 TR 2 B X LS BN AR 47 (1)
o WarFisttE 40 M A, MYmBus ik K otk
JE[H, Resistance genes)h K s A W ) 5 1 BE AT
(Virulence genes)flIE#E /)5 [Fl (Avirulence gene)tH
YRR ST REFN AT o ERAREE — A M L R 9l e
FER T C AT = H4E, SH—MEY PR TR R B
e AT A AR, IR R B AR
AT T . MESESRNMER, 18 EMM
AW 2 8] A R )3 72 (Recognition: process) X k:
TERAYE BN AP E o EEAER .
FE P55 BRAL 22 0 90 28 A B R I B0 o S e X Rpouk
Ro B, XETARYI 3 0 A AR, R (Process)
FIiR(Recognition)AR 432 . Hivh >~ Massey K
2% Barry Scott fff 55/ MR HARABHE Y N A= HH
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78 T IEPESE (Active oxygen)ll &2 MAPK (Mitogen
activated protein kinase)7E N A= LI /15 EAE Y L4
TR G R A T T T 22 R RS
AU A T R B 2 B 2 R A KO X A2 4k
g FAEYIfE R, BDNECA W e 3 N AE
RS I S 1 A A K AR B M
AR R BIESE DA 5 — 1 B R I A /8 AR EL G
RIWFFEIRAE TARGFROATRE, AHOCHITIE 45 R T3
fif RN AR e 3 v RE A — e S Bl
4.7 ETFHIFIE

Epichloid E{HEJ& & [ ] ANA T RUR AR YL
AR IL Y BU , {45 Epichloe J& HL & I
Neotyphodium J& ELl&, ‘BN MUAFAETHYI AN FI
TYIARSR, 250 NIRRT 4215 20000
o XPE M TEFRIE A & B, Neotyphodium
JB A — AT THEA N, BEE A 032k
T EALHE, I BN TAEE TG e MO 1g F48
). Epichloé J& KL WIS & 2, e e SR T 221,
/R RETETE F M B A 225 7218 254 HP
B, PR, (AHAS RO A R L, 4
H il 8 (Phorbia spp.) &5 K MEAE M B4 o I,
Epichloé J& IR S AErE iR P29+, AEbk .
LA IR BT ST i = oot i e R BT b
AW FEANSY) =3 Z AR SR R —on AR O
# (Triparental symbiosis), 7E4E# At A &2t
DA RIS, SRR S R A& )
KR Z MM ERRAE T HmE e
4.8 FARMFOFRIKFE RS20

MR N AE BRI EAR I N A R Ik 2 —,
XN A ELTR A A AR B s BTrE . RO
VR AME A A R A A A — B e R P
AR5 b, MRORNAETR T HAE ER9ATE R A4
K MR — . R, A A P2y ¢
FRERPAPERSE 220k, INAETR/1E LA IR SR A
TEMELAR AT . BORA LRI RI], JEEeti N
WS EMOR YRR Pt R TT, (HdAa 0t
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FEAE S AP N R R AR R
AR AT AR 2 5 S H S AN R T NN
SHERIG . SARAFHEYNAE TR, I
MR LE B R IR DT T v 5 T . M,
ARASBHE Y N Az BT BT ST L 25 PR N AR TR 5T
Rt T —MRUFR SR, 25, MRRNAER IR
K BURARA B N A LRI RE A9 i 3245 5 1k +
PR, (BIRZMAR MR TRASGHA
SUEILEART, e TS IU . PR
PERSHERR AR . TEMARMR, FYA L
1, WAETE . MR . MRE A, 5REIK
A APIAE RGT — AR IS B/ DA SR, EIX
APNAEZSHGT R, XS E 7 XA
I ZRIS TR I A D) ZHENE L AR ZZ AL AL
T MR . LABORHS i S AR AL SR SR (AT R
FER )
4.9 XTEAMFRAFME

LR ) DL IR B AR LR B R Y
YA o XA ITE SR N B AR SR B
e, (RESIRE EX SR AR, d(ETS
Ko WAk, S IARNEAEAA IR Z e P Ae s B
THAAEY) . X SeRE Yok AfAL, FtEd N A
PIHETA R, (HISA IR

MR WEKE, NN ESY—H, &K
e H R RIS Y . AR BIRE Y A T
SRR, HUORRRY . Wil SF0ihsh, JEL .
RS R . WETRAMWRORTE ,, AMTEHIK
REZRBAOKRARRE, TR, 4eA R JLEhsF
By, ARSI E TR AN AR R Y
WERE , AFEEAACRADE M TR i
Pit s oy, )T KR Hh A I AR Gl A
Yy —HEW N AT . ARG I AR E N TR IR Z
=7/ (NP DN E NG 32 S IDNGLE Sty | W T 1
BRIV o X EERAE PN ZIE R IR T H AR ) BT AL
M, AR N A AR AT R X LE AR ok
WA —R oy o XLERIPI N AR IEA NS, FEIRA

s . S ML R ERR I — PR R

FEAE B VERI A P 5, VR AEZSIT 7
T H AT A (E 1AL & PR 22 AR ) 1A P 3
W, X LEA IR AR SRR . 2L EAZ
VR SR B — MR U Bt X
YA NBAE RIS RIRA . AR HEERE PR BOR R
LG, AT LU A N AR SR B K I
KA o AT IR PR P AT BR BRI BT
1 HL R 4 5 1 A e 4R BUSCR R I TAR K
kst == 1A

5 RBE—HEBEEYAN LRI

HEL PN A TR A W A 3 R TP R B A 3 T
BRI — A, BB =+ 24FR— BN
NP M XS E YR K py s R b —
LR ZE R DR A B D) 14 (I L A T ) B
R, NAERAS ATl G i AR T i R i) BT AT AT
SN, I, =R N A R,
S B AANHTIF T e S R — B )=
A Jr X AR W B DSORE 7R R S R A G 7 A
P RZ R o [ HRE) AR BRTAE SE AR TE TT R
RGBT G A A — BRI

=2k, RV E BRE R N AR TR Y 5
TR T 2 AR, (RS2 AT FlE — BRI R
TERAERIGEIR | P RA T E | A2 (S PR A
IR SN e I E N N b B i DR L
BEAHSO)SFURE 1) FRAPEEIRE, HYINER
TR I I 9T 2 2 A v A A BT PR 0 A 7 A 1 7 3
DA KA S E M SR A2 B 7 T, AR 2 A1
LA T RS AR DTS, S R AR P A
FRM , A2 N5 b 50 i) L AR S P 2R
FURAM IR, AR T A A A= LR AR SE AR
MWARADFR], BEMESR, NAARZ, fKlE
PR TR, AR THRRR R Z . I,
TN A LR RS IR LA, A= BRI RE
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2y, B2y Ry RIS R R YR,
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