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Abstract

Endophytes attracted much attention in exploitation of novel products and regulation of host
plant physiology, development and metabolism in recent twenty years, which have become an
“organ” of host plant. Endophyte plays an important role in genetic change, physiological activity,
metabolite transformation, development, ecological evolution and environmental adaption, which
have developed a hot field in species-species interaction. With the development of bio-technology
and natural understanding, it will become necessary to roundly, objectively and systematically
uncover life and reveal plant-endophyte relationship based on the molecular level subtly. It has
achieved striking development that the “omics” including genomics, transcriptomics, proteomics
and secondary metabonomics had become important components of system biology, which had
promoted further understanding of endophyte-plant interaction from the level of gene, transcript,
expression and metabolite production. What's more, the network models were applied with the
arrival of “meta-omics” and “multi-omics” and the integration by information technology recently,
which would provide help in prediction and understanding of species-species interaction from
gene level to apparent characteristics. These technologies will help to further understand biologi-
cal control and prevention, plant breeding, component regulation, bio-stress and so on, which
surely will promote the production and development of cash crops with a green, efficient and sus-
tainable way.
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1. 51§

WATE R —RAAE TR AV AR B LA P, EA SR8 10 80 I PEIR K — R e 1.
MR Z ot R, AR L USSR — “Ai8s 7, REmEMAEE. A, R
M E AR 2] WA SRV REWE S TG LG 5 W2% . SEDAIRIE . AR W) S AR s 5%
AFRAEAG AL, B2 BRI L 22 S AR PRI (K] 1) [3]. SRT, X BANEERR]L AR
AR AT, ASRE WA AR N L AE A PTG AR AT R . BRSO3 B AR IR AR TR #R AT AR
EMIEAEN, HBUTFEMNGSMACE . mEERVIFRENZMEIRR. “H¥” s ARSI g EN
AR, I H OO R AR A 2 R B T H . 4R (Omics technology) /& 4 5 3 K 4157 |
ezt AL AU 2 RO U BB AN, ShA R R RS M . DUREA AR I AZ AT HUER
RIBOR[4]o UTEER, HAARORAE N AT 5 18 SR EL AR TE b 487 — 3 AR R ORI 55 A2 X A
FIRCEERE, RN RN T A A S AR AL 7 PR IR A .

2. BREFENEESEVEERRFHMA
S [ 2113 (genomics) R 2 A WD 1) A SRR DR IO LI, 45440 B HDDRE IO — 5k, Tl ) W e 2
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RIZHZEAE . Dhae MR 2 I A BAEF, A R B DR AE AR dm v 3 b VR S N AE R (6], et
1 3& [E %} 4% 5K Thomas Roderick T~ 1986 4, ZJGREHE JLMIFERIA TR B3, FEH 240 A E R
SIS T T2 N o DR 2H A A AL HE DL AR JE DR 20 7 D A 1 45 74 255 R 2H 2 (structural genomics) il BA
FERThBE % 2 N H ARG Th g 3k [ 41 2 (functional genomics), J& & XA FR M i 3 K 4 2 (postgenomics),
BN RGN EER ST B4, AN SAZEH G, miBEeERANF e ZNHT 2
FUREYIAIE T b, AR VE 2 R EN ) . AREEFRCEMI IR IR 7], DhReEE R 424, DLW 51
VIR AL S5 7 T 0T, AT RE 1 b B 2 MR AR A TR A 77
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Figure 1. Schematic diagram of plant secondary metabolites influenced by endophytes [5]
E 1. WEEXERE RSN REES]

BAEHE, ERAFHEARENER - MY AR RN B ERG N, e N A RS0 1 34
YIRAEKKE: e EEYPt: SCSHEYM IR RS AR ARSI [8] [9], X— &
SRS K B 7 IR 0% o Sessitsch S8 [ 10158 FH 2 R A BRI/ 1 /KGR A A2 R I DO RERFAE . I
T2 5KRAEK SRPUHE . AE L SR 5 B 55 OC 22 5% DR 9 A 1 25k (R 2 ELAE B . Lopez 45[11]
MIERHJZ IR 3T T % EHFAE R Corynespora cassiicola 725 B354 i MR 1 55 2 (cassiicolin) & K 515 i
PRI IR A Z VIR R, R 17 2870 MWK 7, G SEME R, i KSR,
FEfE 5 44 NHew RE LR, RILT B Colletotrichum acutatum, Fusarium oxysporum <5 435 77 2\
RPIEPERI T I A EVE . AR T, R R AR SR R T AR, e T L1 EAE
¥, RNEE C. cassiicola Wi EE R+ 515 F L — W EAENLHI 7 A H 1 8 —2.

FEDRIZH 2, X AL S BB AR ST N AP IR, AT DI BR R DI Re b AT A TR 7T, W29 N A2
515 MM BAER SN A HEMEN, Ae5s. RERNAZBEGER, 4 AemE

DOI: 10.12677/amb.2019.82007 53 AEYIRTI


https://doi.org/10.12677/amb.2019.82007

AR VA B 5 I TR LS R 12],
3. RREFENERSEVEFEMRFHIRA

DNA {5 B 5 5B RNA, VIR BRI L 22 2 7%, N RNA KB T A AR TEAS [F) A i B
AR EBRE . ARG R UL LA R 30 55 26 10 8 4 b i A 2k DR B R AB 1 DL, PR N B e 4 2
(transcriptomics) [13]. 1997 4F, H Velculescu %5[14] 5 X $eH, IR RFAEHAM—NEZETH, 6
g T S W PR AR 2 S KPR 15] 0 B L HRERAA, AT L), AR LA R B4R
YRR ER R, B v CARE R 2 246D, AREY) A I a (AR WA R R Rk K. 5 AW ) R 2 0]
LU, e 4L n] DA 7R AR DR RS R I 2 B v ik DR B 25 AR A K 20 B P55 TR R 161, AT R — 6 S
PRI ZhRE, I3t — P45 7= FR 5 T3 M E I L], A 9 e ik 78 a2 Jk R AR ) E AR . BRI,
s ORI RA R, EAThee, ABHERESHAIRERENGERE, RO ZNHTED%,
25, AR SR UR17]. YRR DR R R A AT ) TR, Rl A I EN LB . E R
AR K B 1815 7 A 2] 1R H], FFIAS 7 E AR .

RNA {ENERFER ARG B S EA KA, TN LR EY R P IR, JTaEk,
e 2 BOR T IZ BT W AR SV EARRETE . N T BIMAR R G. boninense NI EWINIG FBH MK
A% (Trichoderma harzianum)Z W15 ¥ F HAE H, X RGBT 2 5EH0 T G. boninense F1 T. harzianum
T H R AR 2 AR B S L 3 134T LU, KB G. boninense A FEAFRE B HARJG , 26 FIHR RS (JA)FIK R
(SAYFT RELEL BBV & i (5 58 AT B s SR HTIEAER], [, G. boninense W] fg i L iff
EOIBET)ED G, TR ROS) ARG BRI M5 1 T30 S HI PR, 10 7. harzianum G G5
16 EHYIRE TR TR [19] TR, AT Fe s 4100 204 17 7K R S PP IRE 5 DR EE(RSV)
G RER RIE K, WHFERIL, 725 RSV EAE R, FEGUVE A BURAE S b SEAS I 648 SAT 937 4>
ERLIEEER, A 12 M A B Y E R, 4 AN E SRR 104 BE S I B B R A — N2
YL G R B, X R S BOR BN BERE 5R . BAh, 12 > LRR 24K 8 3 gL A 6 >4
M EUR A S R (S g i, (555 S AR T SR B IR A0 e A 0) RIS KL T T
[20]. BEIE, fEADIREFE A A E S TR, B AR NN AR - MY BAE RSS2t R E I E
PEELRL[21].

B, DA O SR A R e s A S BORAE A T S R A B LA T T U AR T AR AR
HEEE R EE T R BERFIRE F IR . 8 PO AT AT, AT AN SR AL KR N T A
PELL S AR R RO AL AE . RN, e e 2 2 e A FE R K 87 9 AR 1R S A A 2 8] A L
PERLE], Fse b, \AFAREY A AL G sh i EEREE LY, Bk, SN SRAKF RS
AR N A S Y AR AR B, 38 7 455 8 B BURE K F it — R A B

4. BEHREFEREESEVMEERRPHONA

HAFRIERFR I, RAEVIIRERIIATE , R 7m1%5E BB A Th BEAN AL dr i s U i B 2 4b
Fe[22]. EARAFNEG . 313 ERERAENEARAH . RIERI LR INEEEZAT T, iR
JRZ B EAE T, sk E A ae S arim sl . BT, SEARASI RO ER
RN BEE VK (2-DE) il AEW0ME B aEA8(23], EERIFTT M =T SiMEAFHEY. TR
ARl ZREaidsy, RhEREARAENHR Z. 8K, RARHAAERY) - WERH
HAERIBE TS, BN AR ZE R E A, W 7K A 1A AR B A AR RO RS R, T
FEYIGUR SIS A B 7 T e P TR it 7 PR EERR[24]
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HHl, Du 25| AR KRBT Fusarium oxysporum &Y NA AR, FH5 MALDI-TOF/TOF
ST AR S5 A AR LUK (2-DE) a5 th 56 FhzE R RIBE A, DIRR TR, Hehh 2 R 28 AT i
Bacillus polymyxa J& , K732 5K & WA A Z LR ACH 10 8 B Pk B8, (et 7 se AR 2 A
REEIRIN G R, BETT SR 2R BRI S G B AR BERh FL oxysporum 1) 1 K& 7> SiRAKA &
YA R BACEIE LR AR AIE A AR BAETEFRD B. polymyxa R F. oxysporum, 18 FYEINT Pl
fEEE DT ENLE R E A BT, XAER E E ARG R AR, WA KK, B. polymyxa W] L@ B
B TR S b B A AH 5C 8 E IARH, TR A A K IR F. oxysporum 11845745 . Maserti [26]5538
i 2-DE HARXS B —BEHHii( Tetranychus urticae)fz Ft i & (Citrus L)W G M Fr b7 7 A RIEZ R
3T, IR T 110 NMEAFUS, S HAH Rk — R IETUE RS E H 50 MEH, KZHHIE T 5
HHREAH R R Horb 5 A 55 EAAHK B, AAEBEES D H IO S BE . Shar e E e .
PUA MR A M BE A A E A BB . A7 7 DBIEASCE B, AH S RR ARG IR YE LT Bilg . &
I B 72K 7 B R IR S T IR R 1 4

RO R P B A AR B AL 2 5 vk, R R AR TS AR AN 450 E B (ITRAQ)FARTEREY) - Tl AW AR
WEFAS 2] 772 MR [27]. Xu S5 [28) AW IT TR GL B 2R RR 4 25 (RBSDV) 50 K Ja 7K 8 1 ALK A2 4L,
RIL 72 ANEARFRIB RN, 3P 69 Milid MALDI-TOF/TOF-MS iih%5e, e h 45 Fies A5,
J&T 12 AN Thee, SFEPIEAENE, JeE1EH, FAGEIEET, ReRiEEg, AR, mAKS,
RHRRACH, FMEeE, MM, HMWIMERN, {9 PAREES, 0150 R NA KK
ZREATIEM, M5EERMKKEAREEE T, &Y RBSDV IRYL5] KB /7 5N [F]
EREEH.

H AT A EORE WA TH S Y BAESUSAT OR ¥ 7 EEMER, AT, SadmERY, AMIT
REAFRE w3k 0 8 B H B o BB A, R BRI TR, ARG R B AR
WA SHEDEAERWT T, ftmE gt (AR T, DA S TR SOL S T .

5. REFEREESEVEFMREFHRA

A 4H 2 (Metablomics/metabonomics) i Nicholson Al Fiehn [29] [30]F F 140 90 4EACHR HY, #8 2 AE
PRS2 25 PF T 6 2 A R b T AR P AT e MR e AT, T 4B 7R A I 9 2% 2 T PR SR I
AU 22 GBI “ 2 ” 4%, TR 5 AR KR, TN RS EYFH
HEHRIR[31]. TR, REHEERIPER RPN A, BHE SCESE EFnE 2) [32]. R4
20 I H AT 6 FEA M EIEGC). WM EAEDLC) . FRiEMS). ZIHRINMR)., #5258 27 41
e FTIR) EC /M HTes, XUH R BIECA M, . A1 RIS H(LC/GC-TOF-MS/MS). E41E
HVK BB (CE-MS) [33]: 734, SASMEHERAH Z cmlA FRsr 7t e/ —3R(PLS). KK
Br&E (3415 AT Gt 70 b, i E AR AH SGHE . A S I AL AL PPN 2 PR D e 55 R FE Al HL 2
EH o

I LA, AR 2 e D N T S RAE Y BRI TE, EE R i A AL, 2
B RS R AP RO RS AT 7 R R A T A (35 38 % 5 2R 2K 1 (Ustilago maydis)
G TR AT, PRI AR RS B A2, B2, BfF4d)E, OHEE T
M8 dJE, CHEAXTHRT 20 %, KBLERE T £ KN E1ER([36]. Abu-Nada Z5[37]FIH GC-MS #f
T R I B 2005 S5 R s I 20 T (Phytophthora) 12 e Ja AR I BE R A I sh S48k . S5 RE W, 5
A ARG RKINA 42 MARY R A T B SRR, AR AR AR AU, s PR 23 p R AR
Yoy RNARES) . VILGIAAY) RGBSR 5 4 28, FERISYI. RGBT KM LR
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AR K. AL TREY SR TARRTT, 4 BT 5 B A aa 2648~ Al LR AR
WHEE AT, AN A EAE LA RORT ST BEERR AR (38 ] AATTH AR L 27 J7 20 IR G 1 U I 2
AR ST REAT T L . AR DU G A B R T RS S R IR SR R 2, FIRTHBARER 7 KR
MIRER =, TSP I AR TR AR AR A, HURGYR 130 Re o AU IR R3]
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Figure 2. Number of papers applied in metabolomics in recent years

B 2. RIEFAEIEFRNBICXHE

Bz, AU EY) - WA AR, 3RS TR RO, W AR R E BT
PR BLREG TR O S o IO 4B s WAE RS A TR et i) A KR B Ik
AR IR R AN v i Pk A 2 A S B B

6. ZEBFENEFSEYEFRRFHNASHRTER

ENAER S8 LRI, B—HPRRRGEER T A MR i, BOREZ R
W E IR A AR, RIZ Je 4 2% (multi-omics) R AR R B 10 B[ 40], WL IERI 2, etdl2s. &
15T 4 2 MR 2 2 SRR AT 34 BRA B IS S BLARE, AT DAMNEEARIE . sk, Rik. &
AR EIIRR . BB EEE R )RR, A RT AW RS AR, SEmmiE 7T WA -
Wy H AR RO TR [41]. Bk, TERFESE—MWNAEE Piriformospora indica H HAEWE T,
W58 I B 41 % (lonomics). 4% WA EIRRECAG A, e IFRE 7 REFE - WAERWHA
B A RN ER 8 S5 A T BRI (1 T4 I 2L, RIS A 254 F1 391 AN E R EERAAE T —F |
1 K Rk SR a2, 0 14 MR 5 NaCl i B % HHC; HRIMPIZA R FmmAl . FA%
W G A6 BOSIRAE RS ——P. indica 3L RN #h e e 5 CBAE I [42]. ANk, “2H%7 it
— PRI FE - H 22" (meta-omics), H W FH T 128038, 61001, A NECA B 7 8 E L R 4 2% (meta-proteomics)
456 FAE YA % (meta-microbiome) 77 VAR ST 1 /K REHE AR PR b R0 TS 35 23 AR 1) et T AR B el A= 0
R ZE SR, 1240 14 4600 Fi B ST 5T, R WLEACRE T AR B i A W) 2 TR AE R G AL I A 22
S, 10 HLR IR ZE () PR R B 2 0 () A2 BRARHAIE 22 e 048 N8 e FE N RSO B [43 ] BRI, “ 2ot
E7OM G- T kbR O ERKRRE, REVUEY S AR BAE IR SRR T A )
AR HE .

29k, DMEEHEARNEA, WM RI ARt P&tk ot o0 sis )
SN BERE T SE A (44], W& AT R ERGE, 455 6% GeneBank. miRBase. TarBase.
DEEG. Uniprot. MassBank S5504 2 F50HE, # RGHGONE AR BIM LS, RHAYIME 2 4155 Korl BAR FH o8

DOI: 10.12677/amb.2019.82007 56 A HTI


https://doi.org/10.12677/amb.2019.82007

NS

RIAT M EAFE R, I8 2% I 8 A s AR ) BAE G RGN FE R, DAASTHI T R GE I SRAG AL IR 1)
BRHANER R EHEVEMY G IE LR 51[45]. BET, AMTLL Python 1B 5. CiE =4 T B YA,
RIET ZAED NSRRI AT /R4 . Petri (2%, MR IS LTS5, Jorpr, 20 21 22 5000 1 28 o o 2% 2
R SR AT IR PR 8 AR L [46] 0 85T PIZRAB Y, Pujana 25 A\ DLAE 4 0 28 455 70 kg BL it 38 47 7L Mo o B i PR A
HAERMTRIAT 75, &I HMMR 3 F 57 0E BRCAL R LRI R[47]), NIRRT
MR T I RIMREEE R A Tk A AL et dl. R AR AL, AR A, R T Rk
HREAFEREMBOCENHRIK BB, KT C4 EBATLRAILEI[45] [48] [49]. 2AT, #EEHAR
A KRB AT N B R MGG, WA Y S MR EAEN B R RS T, R ERK ST
B, W E BRI,

7. RE

WARAGE DL, Al B ERSHERE, M2 TR ERE. MRS FEE N T
FEHIHT [ BA WA R TR 2 0 BR A e, R USSR B 4Uu R, BT E A, A
ey <4l B, ARERGHRR A A E 5 EEWIEAERR. R, ASCHER . B
FEANINGED , JeH R AR E A b 25N AR AU, a7 INRAT L. BRubZ Ah, &) - et
WEAR AR A VAL 558 T BIEnig . AR S R i T A Je Ak
JERE S, LLXEE ORISR &5 BARER(50], R4, ZUINREY) - WAE EAER LRI .

[ WAER SHEMEARR “ 27 Hdk ]

Figure 3. The application of omics between endocytosis and host plants

E 3. BFENERSEM RN

gy, FERAY . Hsde, ERAY. RTHSRRFLEN “HA%” HR, R, b
FE BB YA KR, 5l A — AR 7 HK (next gen sequencing). f#f4 41 (microarray)
“977 Fe[H2H % (metagenomics)  “ 77”7 ¥ 536 4H % (metatranscriptomics), ZMiT-2H2%(exome sequencing).
FE W FE [K] 20 2 (epigenomics) - AEYIZH 22 (microbiome) it — 0 £E T RAEWF R AN KR E, KT E
RFEER) I - HFET (meta-omic) i Ei AR, @B hnaE VB ERIER SRS, BRILZ AN, BT
“multi-omics” B} “Z & - 4% 2R EHIRESE BH AR ES(E 3), Bl “=H8E , WAL
BB A E B R EREAL, TEUREA B, ST AR, s B AR BRI LSRR
TN AR “ a7 AN, BENEE RN EERR. WAERSHEFEYEEMRESE. 8
= T3 i B (R i 5 BB R RAR P AL . AR R (IS B L S 5, R A OB BRI T B
KH “meta-omics” Fl “multi-omics” WIBEEWIA R, MUBWAEH . KUWHEREY S N AR Z [ E

DOI: 10.12677/amb.2019.82007 57 AEYIRTI


https://doi.org/10.12677/amb.2019.82007

NS

RIEAERR, CRENARIN A B RSB E DhReER AR, WAL, HBERN
SE AR, X, AERERE R R AT RESG e . R IEAR R AR R e, TN
HANRAERESThRE, ek CmR. PR St et 20 Gr ORI IARES Wl 5T s 5 D% S 7 I SR (g e

E&WE

E K BREFEE 4T H (31670328; 31270383); 1LLPE4 “1331 TRE” H 5SS = ——IhRe o FAL A (Y
R [2017]) 14 5), KHEREEY AR IEEE REAR L TEE S B H SE O H .
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