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Promoting of the Research on Plant-Microbe Interaction in New Era
-Development of Novel Control and Application Methods for Agriculture/Biomaterial Production Based on Deeper Understanding-

iv

Executive Summary

This strategic proposal focuses on the microbiota (bacterial and fungal community)
that exists on the surface of and inside plants. It proposes various measures for the
development of new technologies for agricultural and material production based on new
concepts, through comprehensive understanding of the interactions between plants and
microbiome and the combination of strengths of the Japanese basic research and
technologies in related areas.

In this proposal, the microbial community interacting with plants are described as

[13

microbiome” which encompasses both bacteria (prokaryotes) and fungi (eukaryotes).

The term “microbial flora” usually refers to groups of microbes (bacteria, archaea, protists, fungi, viruses, etc.) existing in a
particular environment (soil, sea, ambient air, living space, inside/on the surface of animals and plants, etc.). Unless
specified otherwise, this term in this proposal refers only to the microbial flora that exists on the surface of individual plants
(above-ground parts and roots) and inside them (plant tissue). The microbial flora that exists in the rhizosphere (around the
roots) or soil will be termed “rhizosphere —” or “soil ---.”

The world population has been rapidly growing, and is anticipated to exceed 8 billion
by the year 2030 [1] (by that time, the demand for major agricultural products will be
40-50% greater than the current level [2]). In addition, the burden on the environment
due to nitrogen and phosphorus of agricultural origin will become more serious, along
with a significantly greater influence of environmental changes (water shortage, global
warming, etc.) on agriculture [3]. In these circumstances, it is imperative that we
develop a form of agriculture, which can cope with environmental changes without
increasing the load on the environment. Furthermore, we need to seriously consider
solutions for the current situation in Japan, i.e., rapidly decreasing birth rates,
accelerated aging society, and sharp decrease in the farming population, which has
caused a crisis in the conventional Japanese agricultural base.

Thus, maintaining and increasing the agricultural production despite severe
environmental changes, while saving nitrogen, phosphate fertilizers, and water, is a
major challenge for global sustainable advancement. In addition to that, to maintain
Japanese agricultural base, it is important to develop new methods of agricultural
production, which are less-labor and more-cost effective while yielding higher added
value products. There are great expectations for science and technology to help achieve
these goals. The development of innovative cultivation-related technologies (biological
pesticide, biological fertilizers, crop protection, etc.) is one of the major challenges.

The microbe/microbiota has traditionally been anticipated to have association with
growth and diseases of plants and animals. Research in this field has been challenged
high complexity of microbe. However, thanks to remarkable improvements in recent
years in the performance of next-generation sequencers, a major movement towards
the complete elucidation and control of microbiota is now beginning. Research on

microbiota in humans has made significant advancements and the results have been
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applied in new health/medical care technology [4]. Research on microbiota in plants is
also activating recently, although it is still at the level of basic research. Plants support
our daily lives, as well as all life on Earth, through photosynthesis-based primary
production. Because agricultural crops, resource crops, and trees are mainly cultivated
in the open air field, there are interactions with great amount of microbiota from
germination to the harvesting stage. To date, basic and applied research, as well as
application at the field/society level, has focused on fungi such as rhizobia and
mycorrhizal fungi (which are representative microbes that provide benefits to their
plant hosts through mutualistic interactions). However, there has been almost no
research on interactions with the other huge amount of microbiota (revealed by
next-generation sequencers). Today, great competition is beginning in this field of
research across the world.

Japan has a competitive edge in terms of research in fields such as plant science,
microbiology, and natural organic chemistry over other countries, which will serve as
the major role for promoting research in the above-mentioned fields. If research and
development including those are strategically promoted, it might be possible for us to
produce world-leading outcomes. This strategic proposal pertains to the 4 tasks listed
below. These R&D tasks will enable us to obtain a comprehensive understanding of
plant-microbiota interactions and to establish basic control technology.

Task 1: Understanding, isolation, and culture of microbial flora

Task 2: Identification and functional analysis of factors involved in plant-microbial
flora interactions

Task 3: Evaluation/Assessment and re-designing based on-field measurements

Task 4: Application for agricultural material development, crop
production/protection, and effective utilization

“Tasks 1 and 2” pertain to obtaining a comprehensive understanding of the
microbiota, which interacts with plants, but has not been sufficiently understood, and
of the essential nature of this interaction. In “Task 1,” the microbes with beneficial
functions for crop production will be selected rapidly and efficiently, and these microbes
will be isolated and cultured. In “Task 2,” the groups of microbes (cocktail) with useful
functions for crop production and chemical signaling molecules for plant-microbe
interaction will be identified using the superior Japanese basic research techniques.
The knowledge will be the basis for application at the field/society level. In “Task 3,” the
multi-omics data collected from the cultivation of agricultural crops will be assessed in
an integrated manner and the basic technology for re-designing optimum production
process for a given situation will be developed. This will enable appropriate control of
plant-microbiota interactions during practical agricultural production. “Tasks 1
through 3” are not unidirectional R&D activity (basic to applied), but should be
promoted in a circular manner through repeated feedback each other. In “Task 4,”

frontier R&D activity completely covering “Tasks 1 through 3” will be supported and
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expanded, to develop new intervention techniques (development of new agricultural
materials, creation of cultivation management technology, etc.) and to accelerate the
application at the field/society level. The technological goals of these R&D activities
include achieving high yield, high stress resistance, disease/pest resistance, high
quality, high added value, low environmental load, cost saving, and labor saving. If
such a fundamental technological base can be established through promotion of this
proposal, it will contribute greatly to the maintenance of sustainable agricultural
infrastructure in Japan (enabling high yield with high quality and high added value).
In addition, it will enable to maintain or improve of global agricultural crop production
capacities and the control of environmental load simultaneously, thus contributing to

sustainable production of food and bio-based materials.
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TREFHEEE I ® X 4aD TN D 2,

(2) The National Microbiome Initiative  CK[H)

b b, HEY. B MR, RRICHEDBEDER (“~A 7 v 314 —L07) O EH#E
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Science and Technology Policy, OSTP) 3, #IBUNHIF B L ORMtE 7 ¥ — Wi L T
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(3) Earth Microbiome Project (CK[E)
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1) Phytobiome Initiative Prof. Jan E. Leach
https://www.apsnet.org/members/outreach/ppb/phytobiomes/Documents/Phytobiom

eslInitiative.pdf

2) Phytobiomes
http://www.phytobiomes.org/Pages/default.aspx

3) The White House For Immediate ReleaseMay 13, 2016
FACT SHEET: Announcing the National Microbiome Initiative
https://obamawhitehouse.archives.gov/the-press-office/2016/05/12/fact-sheet-annou
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ncing-national-microbiome-initiative
4) The Earth Microbiome Project
http://www.earthmicrobiome.org/

5) African Soil Microbiology project launched
http://www.up.ac.za/en/news/post_2370748-african-soil-microbiology-project-launch
ed

6) Mapping Africa’s soil microbiome Nature v539 p152
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n/pdf/539152a.pdf
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(kasugamycin) R E RO HIAEDE D—2, 4 2\ b BIFOFLRRIC
ENERREHD, £ FRZTOMOBIRY ~ DK AT BRI
LEh, BIEE LTHEbNR TR, 196 04FIT, MRIERDIC
LV ERRRFEA RO LHY T VRO HRRE D RN Lieo
DAHRIOBNgRE > TV D,

i (spore)— T OHMHEE ASHEFHIZ T S 72 W BRBEIZ Ip o T2 & Z TR T B
Rafig, FEF M AMED & < (B SRA 7 EISIRVIRSU ) & B
D, HEFHIZH L7ZBRBRIC /2 D & IOV EE L CHEIRIZIR D,

FEFNIR (mitigation) i ZE 3N H A A DY HIE & WU D xR,

ABCERE (dilution plate method)¥iz & #2E HE/Y 7>y SLAY 72 9% A= 49 D 53 BIEE
—D, XNRETHREEE BAK CAR L, TR EEFHIC LT CHE
#95b0, fEOMIEHNRD 22 =— (single colony) NWHEUET
X570, B 7o HIBREM %2 5 b RSB RN e L 72 5, 2 r=—
OEEHAZDZ & TRIFHINCLFIHATE 5,

TR (parasitic plant)fth DFEMIZFHAE L TAEE T DM ORFr, A kz

HETHITO LN TE BT EMM L O EITD RV ERE
AR EN D, FAM & PRI L Rkl L7 AR T EohiE
DO & REE L TORED 2T 5,

ALY ) B

(functional genomics)”7" / A, 55 HEY, AR EZ AW B{ZF R &
IZE - T, BIETBIOY X7 BORRE & 2 OMAAEM %50k
Doy (EMFED— 535,
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(mycorrhizal fung)fE¥ & /£ 3 2 EIE T, EAR & MEEI 5 R f 7otk
EErEo AR EERT S, TOOTERIATRLY, BT
HEH, EEE MY, HEKRTHIEROMHEL RS, EE
W) O RATAT S NOERE & AR ERES E &SNS, HOR
L0 HHCERICE D B OREHEIECAKEWIL L, FE~
EAET D, Fio. LERE~OEPIMEMN G TS AN D, HR
E B2 T BUD UK D03 VIS, WG REEM O T
MEIZGZATEY, TORIIENENED 2 BFUIET L LO®ES
H5,

(fungd)¥ / = « W E - BERE e EOEW O LY ORFR, AR0EE 2 £5>
DSEERKARITEF 729 A% 0l L CRIHT 2R RB AW TH D,
Hlao b o, Ek &I S M2 T 5 b0, LMllaob
DR E BRIV EZRT, WAREO X 5 (W & 34 BIFR 255
Lo, WMMIZFEETLZLOLHY, REL - BREXFEETDH
Do

THRATA A

(cross-licensingfi A7 A AL b, 2 0FTTNL Lo
EWL BB BRFORRTHER AP EME DT 2 B I T 5
e BHDHNIEDOTDOEKEIET,

N

(genome analysis)”7 / A &1, AW EMIGEIZ E o7z OIZHEE
BEFRODNK - RIKERT, 7/ AT &I, 7 2BHTOD
NABSNZRET D2 ETH D, JRFITIT S 51T, DNA OfFEA S,
AR THREL L P EREEROTERS T e &, 7 AORFEOIRRIE,

BIE, FIkEe X e Ete,

Kz

(prokaryote) BAfi 7o AR & MIAINICFR 7= 7o WAEY), BRAEM O Y
& DNA JIAZN P E 40 C e Ao M EZ & e DIt L, U D
ek DNA (TMEPNICATE T D0 RIZAEMIT AN E—Aw L 0
HEPMTNE L AN EEE S EEAEMIZH A TR THAITH 5,
FERENCIIME (EEME) ERZEECTH o7, dlE R RIC
PRV ER LT,

TR P&

(rhizosphere) {H#) DR & A 21T 5 THEO I, REIZE I 72
WHIRITI AL FEEERESZ &b, RDD O WY BV L 72,
BROEEST L HEBMAEMBFAET L2 LR F "7 EB X
OWE I S BRI ERN Ly LV EETH D, — i
BUC AR DR E D HEI VRREOHPHAFE T, MPHORE DS K
DYREIRICR D RE S EETL0IIRE TH L L Ebh b,

RKL

(root-nodule bacteria/rhyzobium)~ A Bt DRIZARKL & L i 2
AR L., TORTRIAFOLERLEE L THETH S~ ARHH
IR 2 TR RS, ~ A RHER D B3R E RPEM MR S A,
A BRI AL T B,

=
Bt

(bacteria) CHMIE ALY HEME S L, 2EMR%2 =575
RAAL AL EHHE KA A, BEAY RAA v, BIEME KA A
NHY BEMEIZZDO RAAL L O—2, HAHVIEEME RAA
WCEENDEMDOZ L,

(BZEES

(crop protection)fE¥ %, WA, Hh, MR, LEOEENLTFDHZ
& MEMORR & O MR Y, B ROARESCHBRICE T 206 H
B, MREOARECRICET M2 EREESETH D,
X5, RERCHEZRT 5720 OFEANCEET 5 BRI HGE
< BHET 5,
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BT TN (subgroup) 27 V—7" THi#E, RIKOEFDOHING B DR %
HEIZRE N ENTRFED I N—T,

== (seeds) L NALDAHENED & WL $LAlE, / N 72 &,

BRI (resource crop/biomass crop) T /L ¥ —{R-CMEER LB 55 2

Yk A B HEE SRR, A AT s 7 — L IR0 L
DRTET AL S AWIERDT H FROAA NS b, 2T Y|
THUT . ¥ X EOBAEET,

VAT INNA AR T—

(system biology)EmElL% s s 2T 4L LTCEMFT 52 L2 B L
T 5D E, SR AMBEROY AT MR LEEB L0
BRET VT EAT), BRARBEREICERT T TIETREEOES
TENEFEMTERNEWVWISISE LD,

WA — o P —

(next generation sequencer)DNA <X°> RNA Z i 425X 7 L AF R
DOFEENEF (EEELS) ZRET LEEOHO—DT, £ DOMLHEE
NORE SIS, FUH—ECE L8 RO —7 o — LKl
LTI —F o — LI D, BB E DT DRI,
X7 VAF KA DNA ITHRVAEND L &2 Ehs e n ) g
Z ATPICE(L S, ZORHCH AR ERTT 2, My —
72 AEEMNTN D, ZOH & BEEOW X IZ L~ T, HHEA
BRI D 2 A MBBIIIR T2 & & bio, WRAREREES|
THENELESND L OITRoT, TR LE D 100 % [HHILRE
LORETERNEWVNSITAY v Mbd D, TFE, S HIZHIDFE

(DNA KU AZ—BEfMio TV TNAZA LNIBRHTH—0FV 7T
NWHEA L —lr 7)) HRWEER (PacBio) HRFESLTWH
%o ZH BIE) 10,000 M & HERITRWOELY 2w CIRE ATRE
Thbrshs,

Ry v

(gibberelin)MifafE E DR, FiTOFRIF(ELE, T OKRIRFTIE O/E
e, BALOIE 72 EICED MR LT O— DR, 1 2DE
FEE IR ORIRE (Gibberella fujikuroi) 23FEAT 273 & LT 1926
FICERNE-IC I VRS, 1935 FIC#H EIEEEAY Gibberella
fujikuroi 7" HHEEEL PR U v b@md Lz, WEEHETH O
VAN, BEOSTROBEYM THDHZERHLNE R BEIT
URLY AL S YRV Y 2 A186 £ T 136 Oy HHENHER SN
TWa, BERELTHOYLRAEEIZIE, OV Y VA3 ERRLTY
NRULVEHTHIELHD, BEE L TCOFMAL, FEELT MY
DEBEIZHW LI D DB H4,

e i A B L

(plant growth regulator. PGRFE# O i, /b a Hlid 51k
FWE T, NLHIZERK SR A VE » OFRIERSZ Ot
Y. ETMAEMBR EREAT DS LOEET,

e 975 )i

(plant pathogen) M HAE L TEEF L, B L THIH ST M4
%O

W RN

(plant hormone)ffi#y 0 & DAEIRIG M - (FH{sE 2 KIRE TR T2
BREZFE D (L PRIKE ABERARHI D MCIhZmED Z &,
BT DRNVE TS WERBECENBE N T ZD LTS
N, W OGAE T TR, Mg LEmoEh 2 B s,
WM, A—FTr, VA " hA=r, DRV TTUY
VB, =T L DB TH o 20 KLU, 7TV ) AT A
R.OXYRAEVE. TV FAB AN ITZ T b EbEYRLE
YELTHROLNTWD, TR Hl~% 10 o7 I/ BRikE»
BRI LT F RARALE L OEFEEBR L EHLCARY HHAE
HTWN5D,
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vuA XF )

(Arabidopsis thaliana)7 7 7 TR v A4 XF X FBO—FE, #T
R DOET VEY, 2000 4 12 AICkE HE & Lzt ey
J DRGEDHET Uiz, —HROBIMNK 2 » H LB, BRNTHRA
NR—ZATHIEARTHDL Z &, BHEBENAES THHZ L, 2D
ENDEHBORBEFNENDZ &, 7 AV A ZXPR/NEZ N L ER
EFNERE LTHER D - T2,

HiZAY

(eukaryote)ffif@ > Hiz, BERECHHE AL/ MlaEz & FRIE 2 Ml s
BEaHATLEM, 2EMRE =0T HEEBEHRAL L O—2, &
HWVNIE ZICEENDEDEIET,

ARNTAT

(Striga ¥4 : witchweed) 7 7 UV B . T VT A=A R U T2 LI
HBAETDZFEMBDO—E, W ONOFIXT 7V b O gk o
RECERREELIRETEERY TCH DL, BTOT A XX
0.2-0.3mm |F £ EIEFITNE L LERIZSEK 50 T OfE % £k
L EO LS IZRIUCEE S, M7 O AMED R < . 20-40 - LIz H -
THRIFRENE LD, —FERA NI OB ERINTLES
7o HHET ERICERRR T D = L IIEE DR CIREE Ly,

AR VAT b

(strigolactones)fi¥) L5 HLN5 DT 7 N WiEEHET 5 m
T /A B8R, 1966 FICFHEMMDO A T A HIEOREHEYE
L LT . UXORORHENDS Cook HIZEVERINA R Z—L
(storigol) & Shiz, & D% Fkx 2Ki D b AR OLE N
FESHMHELTRA MY I 7 b4t bz, D% 2005
IR CT =N A% 2 7 —HIREOEAR O DI H T 298 &
LCRKILEERIC K W R RSN, & 512.2008 FEITHY D43k %
T A e Eof A LT L & LT BAD RIS L —F
La—n vy ROEBERIIZE SV —TFIc ks THEINE, AR
77 M UORBETBREU FO X YIRS N5, N Y VX
ZORHZIL RO E Sy ZmEl L, U VU BE G L T<h D E
W & DIEELRET D, FEMBDOA N T A FILZ O & iR
HOala=Fr—valiyrTHHRANI T br&d BOLN%
BT DL DOTEDEMPEHAFAET D Z & 2T 5 2 &R
HALTW5,

BRI HA

(formulation) A& 7 & AR — Y /)L TR EH Tl 7Ze < JREHC 3R
LB T, BARRD 2 RA RS2 ke, KEED
WCREICIRH T 2 D& kR 8 &2 & Teiiiiit, ARMAY % /&
NIRRT 27200, M a—T7 ¢ VT EfR E b ETe,

AW IR

(biological resources) ANFDAER EMLERERE LTCRIHIND A
MEB L OAEYHKOEIRD Z &, BBk i K5, =1L F—JHn &
NEEVAIERT

(biopesticide) 3 & L CHW A, B, #rf, W EEX 4D,
FEAEYRROWE (WUAEWE., FHHEeL) 2EATHETITEHELH
5 (R7aR—P L TIE%E L E DR,

PERTAER

(innoculation trial/innoculation test) A& 7" & AR — /L Tl MW 2%
W EEREL TEOIRERD Z EEET,

ZE

(effective)hE HAHND Z &, DR E2HITHZ L,

FHAMEA

(interaction) K 7' B R —H /)L CiL, MW FHRMHEERZET, 2
EMEHDEMN., ANIEEERIZILH O 2 &, EWFENMEA
TER % 5 SHRO KE /L, (bFEWETH B,
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5 YD MR DB B ER DR ZTREFHES

iR HUPE (pest resistance) B/EM O, 3 BIZxtd 5 bk,

(RS (disease resistance) ZIEYI D, T E xS B LM,

Z e (multi-layer, milti-omic)A 7 1 AR —H /L TlE, BE O MBI IE
kol oni=r—4% (xAVFA4I 7 AT —H) HrfT,

E RN (nitrogenous manure)EH % Eksr & L TETEEL, KT wR—H4
T AL BB S T R AE 2 fiE LAl o3 HEpt7e &
OHEEITEWEEFRIOBE L TR L TERLT 5, ML (HilE7T v
EFov k) MR BT rE=U L) REBRENDKD,

DGGE (denaturing gradient gel electrophoresis)Z Al E AR 7 L ER
KEhLEE b, BRIEY VAR THEY T B h | RIFEOFE W
B T-BCS B A PCR CHEE L C 3 572 M UE &0 " A8 DNA
Wi 2 S L, £ OEERI OBV & S& FVBRIKE Tt
L. DNA £ & LTt - f#bT 32 ik, RttRe—4 o — %%
WURINCIE, AEBRERERIT 2 I b,

3R (adaptation)BEIZHE Z V) D2 & 5 KUEE B BEA~DBIE - B D 7=
x5, W LORESFORIA %217 5 K

M (land use type) BAEMRCREDOTEREIZ X, THFIHA & | @O

(MR E S L &) EMICRBITE D, BIZIE, 24, A% & A
AL W I E 2 HiE$ 500, IR EHRIARRETH S,
BHEER D 720 ORI FBEFR LD SRV KB LI R
BHTh%,

YA N NN &

(transcriptome analysis)iB 5 5 Y (mRNA) 2K - K%,
V= T ARNTRO~Y A 7 0 T LA RHTIC X o T ARNICRIT D
BT OFBURDL A BRI IET 5 2 &,

WA (endophyte) il DAL (£ < OEAEHIL &M OR) I AVIAA
THEBTHMES, PITHEREEEZ RS TR OLEFIC LTI L
AHEREREREZFESbOLH D L LD,

HERER MR (nonculturable microorganism)ii iy D AR AR L /e & CIXA S ITHE
Freg 28 O FEEE 2 03 IR B A,

R (agricultural materia) fE3IZH W2 M8, AT m R —HF L TixE
(=T N we = T g L % M -1 DI =

JEEY) (crops) HIHIZ D < D 3ITHHM 2 265,

NAFTa ) I— (bioeconomy) b A REHAL IR & g & L7=fRig L xfkb LT, A
A FRBERONA A G2 T & LT,

231 AAB Rk (bio-based chemical product)’ A 7~ A H KDL A,

PNA AR (biofuel) N4 A~ ADFF O R T —%FIF L7127 /b2 — VK
T —BREL, BT ADZ &,

34 AR (biofertilizer) = % 7= /LM % &M E T, MM OREROLHOH
HAWREMZ S D Z LIl hs TR ARET DREEM, 7.
MoFRm, HEICRML, YO NEREICE S S THhREH
HEEZ, (LFERREIEOM A OKEEZ ATfEICT 2 b0 & LT
FFEN TV B, BRIEIZINE SN D Rhizobium=<°., Azotobacter,
Azospirillum, 73 &,

A F v R (biomass resource) 2L AT RE /2 M SR DO GBI IR D, (A&

TREER <,
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& LAFSE

(translational research) EIZ[EFELAEWFITIS T 5 HBENFIE O R R
B S HIRgE, INRRESEEERBR A L o7, (AR A R A
NI WFZER %S,

XY e

(Paris Agreement) 5 21 [FIRUBEZS B FHIE A 5006 E =ik (COP21)
2BV T 2015 4 12 Iz Y TEIR & iz, IREZEGIZEE T 5
ZEFOERRMN 72 WE, 2016 4 4 AIZELABMGE Y, F4E 11 A1
Fh Ute, FREORHERE, FMEEL, BINESZ 5T 110,

FEA R

(non-edible) & F3EEIE L THWARWA A F~ ZADERGEEL LT
Hunwbsiha,

WA HEE - B

(isolation and culturing microbes)/K<° 13 & Vo 7= BREE I AFAE
THEELEMEMORN LTZEFAOR S L0 dH 5MAEY % F
ET DO —E OISk OBARKINC ) — 2 EMA 2 55 2
LR WA L S0, —RAICIT FERE e 8 & T SRR AR
ZHWC H—Dan=—1rblf57 5 (single colony isolation),
ﬁ$ BB L - TN KB — Mg A2 T 5 2 & 23 ATHE

YOO H Y JRFITIXZ O b G, BRMHTICHT D720
(C\ MEOMAZ SIS CTHIREOERLMIRT HZMLERNH D08,
PRAEM OBETEICHE U7 4ok TS B EZ RS REIT L S 9,

FHLELR AT (phenotlplc analysis)® A EM OBLRTRINTEE & L CHIREE
ZRE - o - Wi 2 b, WEORMKREIE LCIE, B, ik,
178, éﬁ%égﬁ&ﬁ%éoz®%éﬁﬁﬁﬁiAiﬁw

REAH R A (alternatives to fertilizee L FIEEMRIEDSG AL, FHER &

to, BIZIX, BB, AT, HEE, R Y, TOREBIZLALR
WHO L LT, BB OEMEIC & - T BICE L
TV D HE DAL T & 72 W By 2 3N T & DT RBIC 2 HA
SHELFER, BREEWED ZFA L THEY! uﬁ%%@bn’ﬁﬁ”‘éﬁ
HER L,

TrarRr 4T 4T

(pre-competitive) L5 B ¥ 35 L O S i35 (2 8 W\ TR ZER 2N B 4 i
DERICHDLZ L FET i@lﬂ]ﬂﬂ%ﬁ@f@]ﬂﬁﬁxﬁ THA ML L HET
IThi 2 ELiEse (BB ZH7,

SRS Ik (surface plate method)#i2EWatk} 2 FE R PAREE - SR THE# 3%
JiE, (see also FARFEARE )
iN= R/ ARV (hologenome)fiil ¥ D Z M4 (Ehip-Chidn7e &) 151 & AMAE

WK EHAE L TE B AT 4 (holobiont) D47/ A,

v 7uakRay 7y Mk

(microdroplet)f/NRIE LT (A 7 a7V A T 4 7 R) HAiFD 1,
BHEHWZRL D ALV (Bl 2 ITKER & A A V) %_”ﬁ?xii 10 ~A

7 8 A — ML ORUINGES D oIS & ;nj“ e ZH DRI
i 2 A 2 Heffr, ZAEMBIE T W 25618, 2L4 /I/Jf@rﬁ KR

WRDEHE LS ED, —D— o@{‘&ﬁ%ﬁ THAEWDS 1 87 S K E
(HHIZISCTEZ D) FoBMSND &0 ICREZFEL THY
50

A U A A — LAY

(microbiome analysis)EREEHICTFET DMEMHZ, O FLFED
OEM & LTl LTI 2 T, BUE—Bichuvoind
DH, YRV —2Ih RNA 72 ERAAEOEmOBEFiERE PCRIZEY
HEE L, 2O EESZ R A — 7 o —TIREL, B LW
MHBEEIZ L > T2 D00 FTh 5,
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53 YD MR DB B ER DR ZTREFHES

< IVFFIT A (F—4)

(multi-omics) B D A I 7 AT R AT 2 & FE DT
DT =R o< )VFEI T AT —H LIRS, A3 7 AR OfEE &
LCIE 7/ b (ElsF) . bToRx7 VT v—20 (@REEY). 7o
FHF—b (B0 E) AZRu—b (REED) . 44/ —b (A
F), T/ =0 (FBHR) ~A M F—5 BEDhE) R
ERbH5H,

(Green Revolution)1940~1960 {22 ) ¢, AL ME FLok
UVEERMEINRR) OB REBAZE AN TEEIREI O Z A XL Y |
B OAEEERIN B L, KEBPENER SN B G, / —~ 2 -
A—p—2ickyFEsh (ObIZ /) —VVEMEEZE), i
k1 1960 ERTEETHEINTCWET V7 ORI ITEREE S
Nz, (LR TIE - EU LD ZEAT L & BIRPEZ 57
W, INFERENED A, FRSEE WD Z & TIEEO SR ASET
HERET, BALRAESH D ONEN LT,

A BT ) ISR

(metagenomic analysis)EWBELED T /) L% BERIKGFTHZ &
7 MRERICRNT T 2 2 &, BREP MO/ LT EN D | EEE
DNA X° RNA 72 & O mWE [N - #8iE U ST 2%, f#ifr=
A2 R MENVKRIEAR Y — 7 o — DB R EZ T L Lo B D
Hefft, B2 S SRATCILL A DL AR O IR 43 D3 EE IR Dl
BCTREINTWELZER AZTF ) AMENTOERNPOHL N E
ot

A 2R — NENT

(metabolome analysis) EM DIHWE Zfa ik & LU TR HERER - 5t
BHNCTH DR Rk, ARNICIEERE (DNA) (278 58
REES -OMBEDIENIT NE, AR, 7 B L oG T
PIFAE L. &< IFBERE 22 EOGENEENC Lo TEDY th &R
HThd, TORBITHTREICLS, ERNO A ZRa—LF—K
RFEY & “IRIHEMIZDET D2 LN TE D, —IRINHIEMIX
B, B, RN ETH D, IRHEDIIAE., 8.,
BRUZEPEME T2 WS o AW & OF BAEHSCIEAEY F 0978
SMERERBEIN I E R E A R0 2 S (AR, PLEME L &),
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AKHRIE 7 0 R—P AR HTe > T, ABEA VA 2=V —27 v a vy IR EICBVT, K%
AT EE R TR RN R OB AR EOFHRIEMHEHE Y £ Uiz, LEVEHP L ET X7,
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