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STRATEGIC PROPOSAL
Promoting of the Research on Plant-Microbe Interaction in New Era

v -Development of Novel Control and Application Methods for Agriculture/Biomaterial Production Based on Deeper Understanding-

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

“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.

2. Identification and functional analysis of the interactor
between plant and plant-associated microbe
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ML IE GRRUR TRRZERRZEEE 20%)
WD AINT (RKSHET U FR b PR BT )
K50 HIA, WG, Prid. RBIEA X © o — 3 E Y,

(2) 79—92av7
AR 7 2 R =PIV OREITE 20 B L7V —2 v a vy 7ORfE AR L SINE Z 50T,

BHEEN R T — 7 v a v
(K & AR OFE AR ORFSCRRFE BRNE  — BRAR - A - JEAICmT T — )
BT - R EAN RS AURUARTRBIAE  (FLHT)
AEE: Pk 28412 H4H (H) 14:00~18: 30

A=/ VN
1. BRE R
B . ki B= LFE7=xwm— (JSTCRDS)
W —f 7 = v — (JST-CRDS)
K HER HfE~7 =ue— (JST-CRDS)
MRS - g B+ 7 xo— (JSTCRDS)

Ty varl THY-SAEMEOHEER -2 E TOFEREL MR
(BRI & O AAERRF 5 -
PR AT v WEFERBEA S —XE L TOARNYIT 7 b
I R (RBRFFSZR  ZEmBRBERL 2 ZER)
CRE A -1 A W e 2B R ST AR O BRAR - IS IAN T T R
MK (BRI REERR AR 2 —)
Ty a2 AEMEOHRE L SRR -TFEO7T LA 7 A —-]
(RS 2 B0 & < B AERED & PR Al 2 T 95
W ZRK OXERT AWM - mEEFIIFERD
R e B A A5 AT EE D BRSE & oS Iz T
M RRGERR (RO dbfE R e v 2 —)
tyvrvar3d (VAT ALY — fHOLEI S EEROHHE~-)
[F =Y A = AL D T X7 ARG O
Foih K (BYbEMERT RERIREIAIEE 2 —)
tyvard TBHENLD—X | BB~ ADRKATH]
NRE F#iPH & 228 LT3R Bacillus 73 A A IEEE : BRR OBLIR & B
BIL IER CGREETRY)
(DY IO~ A 7 a\f F—LENE R A TEZ L)
il E—K BLATKRTY:  BERAGESN)
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AR i
Afim D HAEORE, 5%OMF -BEOHESNDL-)
(M hm B mEF7-a—)
fRE=a A b sk AEU (X0 x)
[BIEOME, 5% O ~BEOHRND~]
fEE=a A b FEH E—K (FUFA V)
[T 5 ZAVERD»DOHFE
fEE=a A b i R ALK RT P
W PEIS A 8 ORSRERRI O B« ITEM 2B =— X
aRXror—42—: HHE JRERK (FEE)
T RIK (HRBLE)
afam IL (5% 5N &R -mEE & O~ O L-)
fREa A b 0 EARFEIR GREEAEY A 5erT)
(LR & J0 A~ OB E LIS B2 7e 56 - I
—ACCEL FHE O 5 — |
BEa A b HAE BIK BYLFeeiT REERE IR E 2 —)
TEFZ 31T 2 4 1% 0 AT
BEa A b BH OV (RS
M3 O OMFEIE R, B X UV CO LY fH A
fREa A b B BRI (ESLE(BFHFZERT)
MEMEBEEOREEMN,: —F4—F 57— & TR OEREL A HigHE —

IE PSR MR MR T = o — (JST-CRDS)
KR T — 7 Vg v T OFEMIL. UL FOREEITEETE,

BLFITASREIE U — 7 o a v A E ThEY & EY # O BAE R OWFZEE 8 ki
—FRAR - A - JSRCENT C—] (2017 HEERIT T E)
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f1#&2. EANDORKIR

ARERIE 7 11 7R — U BT 5 20 BF 0 B ARKOFFEERF OBLR & . ORI 2 5tk LT
FLELT D,

[BAOMRIEERER. 17 F7. BEXU770T107 ]
(1) Phytobiome Initiative (CK[H)

BREET — % CEMEID B AEWET — X ZRAICEE L, BIEWOAFER 21 EX
LI LZABIC LA =T F 7 ThL Y, 7 AU WAL= 2 RHAIC 2015 12K
NS B oTe, 0%k, A =37 F 7125 > T “Phytobiomes Roadmap” 3 %5
., BEvarerrsvarsrorynBiroini, £72, “Phytobiomes” &\ A —7 T
7B AV v —F AORITIEEP T (2017 4 3 ABIE) . WA I B =a v X7 AR
(A NI b a5 25 80 RFBRI IRz DR O LS Tnd, SHIZ)”
Phytobiomes Alliance” & V9 PEFHIET T A4 7 2 A %06 BIF, Rk &8k, #kiE (food,
feed, and fiber) OFFHGEHIRAEFELNE T DB AL T DL LTS, ARERT 7~
T 4 T ORRIRIZIZE > TV RV, 7 Phytobiomes Alliance”’NC, FIZEENLDOHE
CREFEEEMIEN B X 15O TV D 2,

(2) The National Microbiome Initiative  CK[E)
b~ fEY, BEE V. RKUTHEDEDER (“vA 7 a4 —L507) O EH
T L0 DA =T F7, 2016 45 A2, 7 AV ERERFHINECKR (Office of
Science and Technology Policy, OSTP) 7%, #IBUFHIM I L ORME 7 #— L Bl L T
RIA AT ANLRELEY, v 70 (4 F—00F, K Eo S EFIE 4R R MR
WIHSRE A MERF L. B PORE, JEEE), BRLRRER EIRET L, v A7 r A
F— AOBENREDBIRZVED . fEE 7~ A 7 234 F— A OEERERIE MR 2 T 0 1k
MRS A2 BEE T,
LLFD 3 >0 HEREIT i Tn5,
O BOWRAIEE B L, SHERERRICBIT D~ A 7 u " A —AZB LT, AR
1 - AR 22 RE I gk 2 52 5
@ SZHRERRIIBIID~A 7 anNSF—LOMAELFE L, v~ 7 o, F— LT —H
DT VB AERGIATOTOD, 7T v 73— ERBT 5
@ MRBEFZCEREEG TV v 7 =Y 208, BIOHEOHESZEL T,
~A 7 A F— DGR D N0 AT
HRIFRLCTOTHREIILLTO®EY Th D,
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National Microbiome Initiative D FE%H (BT : HH F)

2016 4EJE 2017 £
DOE : 10
NASA 1 12.5
NASA : 12,5 NIH : 20
NIH : 20 NSF : 16
USDA 1 15.9
ARS : 8

F O OIEREBINC L D~ A 7 aNA F— AA~DIFFEY R — K

Bill and Melinda Gates Foundation : 100 (4 4=fH)
JDRF : 10 (5 4E[#)

One Codex : (&%EARHH)

The BioCollective, LLC (Health Ministries Network & #F]) :  0.25
SVHURF 385

(3) Earth Microbiome Project (CK[E)

HIER_EOFRAWY O3 « BRI ZARMEZ D N L ¥ 7 k35 & &b, HiER
ENE~OEMEZBRET ey 27 b ThDH Y, 2010 FITERL S 4L, 500 ALL EOAF5EH
X NT—=212kB7T0 KV —2T, IR EOIEFICEZERRERRCBIT DMED Y v
TIVORENT AT > T D, HER EOMAEMARE RO /¥ — 2 OEfRC, EEH RO BER
ZHEBELTWD, =7 A = AOAENRIFITH Y | SSCEEMOT —4 > =7
R, THEN DT T R — A ELEL TS, ZHE T, 200,000 DY T ILOfEMT
WCEFL, 7o Vavy—0xo v AR ) I VA AXRRITAE(THIZ &
T, BB BETT N7 AZELZ L2 B L TCW5, Earth Microbiome Project f{
F D Gilbert 2L, VA > OT a0 U — VAW ENEG T 53418 L7z (2 EX 2-12
ZH),

(4) African Soil Microbiology Project CK[E., 77 VU 7 7 H[H)

2016 410 ARt S NI T 7 VU B OB TH AT O T AENRSNT 5 3EROT vy =
7 FCTh D, KEEEER®MT (USAID) HAHET 59, 10 Z[E 54 1000 O HHEH 7
NEEI LTS TETH S 0, KUELECK LT, 2av AT AEEMESTFDH DD E
HEEITOUGEEBIE T EEND, 2016410 A, 7L MU 7T RETary Y —v 7 LMESN
Toniz, o 7ME E7 700, FIET7, RV TS, DonRTdTm 2P E—7
YovT, =7, =FFET, a— R T =N, ATV ThBEDLNS, 34
<, HHEOILFINEE L AEMFEICOW TN TOND TETHD, Vo7 U 7 Hh
R &, HIE, HUZ 0 BRI L, B @O SERME TR 2 B2 T& 5 X 9 12 1000
MERKTDHEDZ L, 2014 I C=a—T—7 DBy T NR—7 TIThII5E T, +
BOWAEMHEDIZE A EDRFHMAEM E TRINEZ R EEZT, TV o EICE
WTH ZNETHLILTORWIERZRMAEDZFREDR RSN TWD EHifF s Tn5,
YTV TEITEE DR WE L ENDEN, TV IDEL DIFEEN DTy =7 T
Lo, HEOAEWFHMEROT O DD FL—= T2 EN5Z b, RED—DE L
TEBEIN TV,
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[EIROERRHEERRK, 1 =27 F7, BEUT70TF1 ]

(1) BMKEEER T ey =7 N AV O X 5 8N H T D BR
%] (eeDNA Fuy =2 }) (2006 4=~2010 4, 5 4F)
THEN ORI A T121572 DNA (eDNA) O 2470, e SN ZHE T 5 F
Bl EaBRR L. HRAMMEORKEE L& L e DNAIZESET+ 5 & & bic, 1FoE
PEVE & TIEAWR & OBEVEAfRNT L7 D, B e DNA 7 — &% ~X— 2 (eDDASs) O
FKENFZEIToT (E: 2720, BIEIZAMZIRIELTWD), BHHiD DNA 7L %
vy, PCR-DGGE &9 FiE (I BUE—RAIIThRL TV AR R — 7 v —Ic &
DIEHT & VX B FE) IS X VRIT 24TV TESEE - SRR - SRR & ORRNTIE D ST
INT, WA HERERZW (~Y T ¢ A : HeSoDiM Health checkup based Soil-borne
Disease Management) fiffi~==7 /1Lt L TEL O, ¥

(2) JST ACCEL TRy hU—27 04y TFHAR L ZOIS MR (2014 R4, 5
FLIN)
fFgeREE )0 EARE (BRBFEIFCHRE JLEAE e #d%)

TR T A3 — 5 R (BRI LR

CREST TlE, HEARECHRKIE & DA HE 7 S 7 R B b 5 g LK 1
ZRIEL, F72. N OHERE~OLES T FIUNARN) TFZ 7 F o THDH Z & ZfiEid
T 5L, EHEMICIEFICTOSmWEREZST-, b0 E | B ToREsERER %
R0 U7 7o R B2 B L Q0 b, BFZEBARINE T, EARE 7/ A OfFEFHC X D it
HAED RO, 2ER O BSICRT 5 EAREERERRIC L5 U o IREHE R R
DOFl, 7 EThHDH, TNHLORERICESE, FIRFEFHZHHN 2RI 5 & T, it
RH72i L 7o o TN D Y BRI E T 5. Fcil 70 AR R FHHAN B 2 B3 9,

(3) RN AEMREFEREERINFE SR v & — T4 2 _— = AR
HEEEZE) (2012 4F~2014 4F, 3 HH)

fRgeR e - kR RS (ENLRFE AR AR K FB A G R TR R
BN A TH Y VEMIEER AT 2 b —EHN0) 0 2D EH D DOFA %
HI T~ <, BRI L2 ARE L > MEER BN Z A RARRIAREE D> 5 0 N2O 34
. WMAEMEFIH L CHIT 2 82T 22BN ET 5, 2D, KA
ALy MEEHZEINT 25 Z 21280 N2O BAZHIH TE 5 NoO FrEMEE 28k L.
BRI K D A EBIRENR B LT D, £7o, NeO BITHE & BREEREN H WA A
AR R, NoO 3RICHE A FF 72 22 WVRKIEE VB 5 L TV D B 7 THEICEIS T& 5 N2O i
TCRED BV VRRI B RR A VB « B L, & A RITHERE L TR 2> 5 0 N2O 42 BT 5,
Zh B D NoO REMAY % B35 TR 2 720 O AW BEREE 2 fer L, NoO Hifgit =¥
U 702 K0 #I A —/L T NeO HITHEE ) % EHIZ FEAM » SE5E L C A bHAT o J7 5 %
SERT B, 10
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(4) WHIKFS TP (MIEHA 2 _X—a VARET 1 7T L) IR EZEAE R
(2014 FBA4E, 5T 7E)

WFZEBHSSTE A ¢ [HEpp aTREZR 3 AR PE D 7= 6D DT 1= I i R Al O BRgE | 1D

(42 35 WFIERTEI D 5 HOLLUT O 4 WFZEEHE 2892 BEE) (2014 4 3.5 {(E . 2015 4
3.31&M. 2016 4F 2.9 {5 M)

[FEe ATRE /2 L3 AEPE D T2 D D 7= 7o i A WIRE D LR B At O BR %S

[BIEEIR 7 X LS A F o ¥ —FFE AR X 2 B RO IR & M O —5 S5 B AE AR
AN 9T 0D BR %K |

WEMZBRELHE IS ) At 54 5= K7 7 A b Ok & ORI AT OB %

[ERAI T 38R U R 7 ORI 1711 7= BR BEAR AR 95 E B FRE A DB % )
WFZEAREHERE « PR th e BB BT o & — . BRLZRRFSEAT. PRI, i LR
BEMHOKEERA T v & — AW LS Pr

(5) EMAKES (FEFaP =7 MFFE] (CFRL 29 SN H) 12
s EET — <13 TAI 295 L7 BWEZEHEIN OB 2L, 57nv=27 97—~
« PR IR 7100 T ~1.6 (HEHAE GEET —~I2k W 872 D)

(ZDthSELLZEIR]
(1) Blpsdfif 2 X—3 9 VAR 2016 p29
i) A—h+« 7—RFRFz2—2 T AT A
[C] EEZEL NEIH
1) WIHREBERES AT L (ST PEOIKRETuY =7 FOEET)
e RO L Z N2 R KIBICIER LB~ H  [SCEa2E ]

(2) BEMOKPER TRMOKENIEEATIE ] (CERL 27 4 3 AdoE) 9

Al TR IKPERFE AN DS < WFFERS e — R~ v 77 (PR 28 4 9 AHE) 19

C FEAFHE O OE S FIRICIE, RO EINE, AEORHEE (KIEREBI~OXE7 L) |
BHINLED, ARBIEET L HANTOREENGEN TN D

(BIRAXXHR)

1) Phytobiome Initiative Prof. Jan E. Leach
https://www.apsnet.org/members/outreach/ppb/phytobiomes/Documents/Phytobiom

esInitiative.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
http://www.nature.com/polopoly_fs/1.20956!/menu/main/topColumns/topLeftColum
n/pdf/539152a.pdf

T BEMKEAET ey =7 T HEEAEMHE ORI X 5 T3 AEwMEO RN EIF DR
%) (eDNA 71 =2 1)
http://www.naro.affrc.go.jp/archive/niaes/project/edna/edna_jp/

8) HEFEZWI ORAUIEL S H LWV EEREFHE [~V 7 ¢ &) OEMBIBIZONT
201543 H 4 H
http://www.naro.affrc.go.jp/archive/niaes/techdoc/press/150304/
http://www.naro.affrc.go.jp/archive/niaes/techdoc/hesodim/

9) HERY MU —2 Doy L 2 OISR
http://www.jst.go.jp/kisoken/accel/research_project/ongoing/h26_04.html

10) fEM 2 IR LT =fb s & O —BR b 28 3R 7 AR E BT O B 5%
https!//www.naro.affrc.go.jp/brain/inv_up/theme/2012/043059.html

11) BEREH) A ) R—a VAlET n 7T L (S TP)

WARBMOKEEZERNEENT (7 27V A 2 = a3 Al BFEBRSE G
p19  [F#ke FTRE 72 AR PE D 7= 8O D F 7= 7o FE W) AR B it D BR % |
http://www8.cao.go.jp/cstp/gaiyo/sip/keikaku/9_nougyou.pdf

12) EMOKPER TGt my =7 MIFSE) CFk 29 F 53 A B )
http://www.affrc.maff.go.jp/docs/project/2017/project_2017_1.htm

13) EMKEES [RMOKEMICEAGE) CEpk 27 4 3 A tE)
http://www.affrc.maff.go.jp/docs/kihonkeikaku/new_keikaku.htm

14) M IKEENF S AGHENZ LS S AFZERR S v — v v 7
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1#3. HFIRASEHRA

ik

A ST

iChip

(Chip) 1372 I E EN L MG R MEDOMAN 2158 T 51D DFD
OBV A XADT A R, ZROT 2 )VNER0 . Ux)LRIENRRS
HRRNVE ) RRECEM TTE VAN, TR EBET S —
OOE T B CTELNTNT, SR L DR DT & k% AlHe
IZLTWB, x0T/ VIZEAEY 1 2 A, bbb EERLE
BREE (LEER L) ICEEFAL, BEE1TI.

—IRAEPE

(primary production) Yt & EIZ X > THEEY IO M %2 ST 5
EFEBIOFOAEY, £& L CEEBIOHEMMNIT O,

AT F=T 4T A

(informatics) {& #HF « [HEWMAEE « [HFWM AT & - [HFHRFIFR E OB
HE, K7 aR—P LTk, EWRBEE, XA A AT r~T 4
7 AZtet, BT, X oo B OREE, miglEmR, L. 4k
MBSRIAEST 5 TE#R) 20T 525FMe%, 7/ L57nd=y
N 7p ECREICAERE SN TBAIERZ T2 FiE L L TETIER
B L7z, Tk, BEFEHRN 4 FOEEOWRE WD T VX UE
IV E 2> T2 Z LIk D, ZO%HRER FoMREN
EFTHANT (A7 R) OREL EBIT, ZENPORKEDEFERE L &
W LTk 2 FIENBEB IS L E BT, T—F_—R 72 Btk
LB SNFHS ATV,

DN

(key factor) &R~ &R —H/LTlL, & 5 RITx L TEM AR & <
\ZEBEE T — 2 D2 b DREERVRIENT AT o TeRFZ RN E SN D, R
BRI RE S EELY RITTHEREZET,

TAT~A

(kasugamycin) i#R # HROHAEME O —2, 4 X B OBLFRIC
BN RE2EDL, b FOFOMOBEY ~D ML B E
&, BEEE L THEDRTEZ, 196 0FfRIC, MIRERLIC
YO EBIREFER KO HEY TR ROBHERE S RN L0
DARIOHEFE L 70> T35,

i
[y

(spore) — B DB A3 HEFEIZTE S 72 W BRERIC e o 72 & XTI 5
fatgiE, FEEITMHAMED G < OB SEAL g e TR WRET ) & R
D, HEFCHE LIZ BRI/ D EFHOYEE L CHIRICKE D,

FEFNR

(mitigation)i 2 2h R A7 A OPEH AT & W D xR

FBCIRIE

(dilution plate method)f & FEAER) A o HLAY 72 5L W) D 43 BiEE D
—D, WG LT LA BEHE TAHN L, ZEREREFHUIZ LT TRS
#B#THb0, —HOMIEHEKD 22 =— (single colony) A Hf5FT
XD, Y7o IRER 215 D AR N AIRE & e D, ar=—
DOEAEKZ D Z L TERAFHINCHFIHTE 2,

R

(parasitic plant) L OFEMZFHAE L THEE T 2B ORFR, Koz
BHTHITH N TE D EHEMD L, EREITDRVERF
EAEMIZKRINSND, FFAERE PRI SRR E L7R T EOMY)
DOREfE L FEA L COREBH AT 5,

BERE S/ D

(functional genomics) 7 / A, S5 GpEY), B RIKZ AW RF e 8
2k T, BEETB XU 2 BORHE & 2 OIEER & b+
Doy AHEMFED— 578,
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(mycorrhizal fungDiE#) & 43 5 FE T R & FRIXI 2 556 704
a2 R E R T D, THOOTEERZATRHY . BT
LW, EHEE ROy, WERTHLIFEROMEL R 5, L
FEM DRI SO FEARE & AR EESE SND, YOR
E0HMOERICE Y, TEPORBEESOKR D EZRIN L, HEA~
EIRT S, o, HERE~OBRMEAF ST LS D, HR
B2 T D SRBEIEC K Db 02, W E RREEY DH
REIZGATEY, ZORIIENEMED 2 FNIET D L OWED
H5,

B A

B

(fung))¥ / = « B E - R EOAEMOEY O, MInEEE o
NEERHRITE =3, A% o L CRIHT 2R REBEAEM TH 5,
HEo b0, BREMINDMESZEHRT 20, ZMildo b
D7e &, ZEEREREERT, BEREO X S IThEY & AR E RS
Lo, FMICEATLILOLHY, BEL - AREELEETH
%,

IR ATA A

(cross-licensing) fHA. 7 A L AL b, 2 0F 72 TZnLL EORFER
ENRL B ORI E A FEME DATRE A B HNZEFET S
ZEL BOHNIZDOEDORKIERT,

7 ENT

(genome analysis)” / & &E1E, AW EMIGENZ BT DM E R
BREROSE - IKEERT, 7 AL, 7 2BETOD
NABHIZRET 52 & Th D, JRFITIEE 512, DNA ORISR
BIA B T R EROERMN T2 L. 7 AOFHERORIE,
WE, Fidtr X2 Ete,

R

(prokaryote) Bt 22 M AEZ & MlA PN 2R 7= 72 W EW), BEREAE) O Yeth
& DNA (TBI P & i CHfe e iz 2 Fr > DIkt L AR D
Yeto R DNA ISR NICAFTET D, AT RICEZ A L 0
HEPTNE | ARAREE D EZAEMICH TR THITh 5,
JESRPNZITME CEEME) LRZBETHo0, HHIEORRIC
PRI 2N ER LT,

T

(rhizosphere) iYW DR B L = 1T 5 LEEO M, REIZE S 72
WEEII LY BEEEES T &b, RO O BT L 7R,
BLOBET D HHEMAEMDFETHZLICL UV BB X
OE S EAEE BhA C L7 HEL D b BETH S, R
I AROERm O I VRBREORHAZ T, MPOREOESE X
WREMFN R b RESEETLOIEFRETHL L EDIL D,

HORL

(root-nodule bacteria/rhyzobium)~ A BHE) DIRIZARAL & Li¥h 2
Bl L, ZOPTRITOERZFHE L TEETH D~ AFHE
WG T D HIRMAEY, ~ A BRI D B 1306 BPER M bE S,
HAEBIR A RAL T B,

=
BB

(bacteria) (HHEEFE RLIRIL) HIEME & b, 24N E =075
RAAL NI EME R A A >, BEEAH RAAL L, BEIEME R A A v
NHY HIEMEIXZD RAAL L O—>D, HDHWITEIEME KA A >
WCEENDAEMDZ &,

TEM K&

(crop protection)/E# %, &, FH, ME, R EOHENLFL Z
Lo EMORR W O mEE T, BB oOAERRCHERICET 2I0H
Bh7, MEOARRSHRICET 2R F 72 EREE S Th D,
IHIT, WERSCHEZERT 2720 OKANEET 2 BEPICH T
< BT 5,
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TN (subgroup) FALZ L—7 TFHikE, BROEROF NG & 5 FHE %
b LR E N ESNTRFED T NV—T,

=2 (seeds) AL D RIREVED & 2 WE Hfi, 7 v w g &,

GIRIEY) (resource crop/biomass crop) ™= R/LF¥ —JRCHEEM ML L35 2

% 7 BECHEG SNBRE. A AT & ) — VIR0 T N
D RYET AL AL AMPEHOT 5 RRAA N 2T |
THYT . Y FEREOBAEET,

VAT DA FrT—

(system biology)EfmEiRE v AT L& L CHMT L Z L2 HNL
T 55 E, B E SRR DT AT ATk LEHE S L O
RET VT HEAT), IGHAIRERE L ERL T TIEREEORS
BONEZHECE N WINIGE LD,

AR — A o —

(next generation sequencer)DNA <> RNA # /35X 7 L AF R
OFEENEF (BEERS) ZRETHHEEOHDO—DOT, ZOMPEEE
TOREZING, BB L E-MRO—F 8 — & XF
L TR —F o — I 5, BRI E D T2 8 OJFRBR T,
X7 VAT KA DNA IZRVAEND EXITHiEnsen ) U
Z ATP I b &, EORICH D RIS E BT 5, "M ri—
7T AEENT WD, Z O8N & EEDOWE KIT K-> T, HEA
FIRTENZ 35D 2 A RBBIITAE T 95 & & i, R EALS]
HWMBEAIND Loz, 722 LE+ 5 100 #5HHE SR
LDMRETERNWEWNWSIT AV v bbb, ITFE, EHIChlOFE

(DNA RYU AT =B &MlioTY T NAHEA LIHRIETE—55FUT
WHEA L~ 7) BRHWEER (PacBio) HAIE I AL TV
%, THHIEFEE 10,000 A & IEE TRV ES 2 Sk EE CUkE AT e
ThbdEEND,

DA

(gibberelin) MAE I E DOIEHE, Fi DO FMEME, FE1DOIKIRITA O
#e, ZLoMils SICEb YR E L O—REDORTN, £ XD
BEH R OJFEEE (Gibberella fujikuroi) 23EAT 5% & LT 1926
EICHRRKE 2 I D BR S, 1935 FICE M HTRERSY Gibberella
fujikuroi OB HEEL XV v emb Lz, EEFETHULY
VAN, BEOSFREOIREM THDLZENRHLNERY | BIET
VRV U VAL STRL Y 2 A1836 £ T 136 DOy FRENHER I
TW5, BIELLTHWLNGEIZIE, VXL A3 ZRLTY
RV EMTHZ2 005D, BEELTOMMIL, EELT RY
DAEFEIZHNLND DRF4,

R i A L

(plant growth regulator, PGREW) DF 4| pick., bz i3 21k
FWE T, NLHICE RSN R IVE - OFRRIRSZ Ok
W, FTAEMIR EREET DL OERT,

R 93 I

(plant pathogen)fiMiZ %A L CAEF L. B L TRAE I 54
%O

W RNLTE

(plant hormone)iE#) B & DAEBEME - sz 2 IR E T+ 5
BEREZFF D, (L FIARR EABERRH O ENTZMED Z &,
BT DR NLE IR WERERENGZE N IE-2Z YD LTND
. AEYOLGA I TR, kB LB O T E 2 B D,
HHmIZx, A%, S v HA = VRV TT UV
VR, =F LD 5FETH SN, 20 KLU, 7T ) AT a A
RYO¥YRAEVEBE PV FAB AN IFT 7 o8 bR LT
YELTRDLNTWD, TR Bl ~% 10 o7 I/ BikEN» b
IR T T REVE L OFEDRL EALNIRY EHZE
HTWB,
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aAXFAF

(Arabidopsis thaliana)7 7 7 7F> v A XF X FJ@O—FH, 1
i DET VEY), 2000 4 12 AlckE B E L3I Lo Tes
J BFEEEDRET Lz, —HROMIBNK 2 » H &<, BNTEHE A
R—ATHEFRETHL L, WEHERNES THLHZ L, —DD
ENSZHORLNBNDZ &L 7 DA XAPNEINZ L2 En
ETFNVAEYE L TCRIERNH -T2,

it
e
HF
Ny

(eukaryote) ffa DO H T, BEIECPH £ V7= fifak% & FEIZ 2 M/ N as
BrAT54EY, REMRE ST HEEAEM RAL L D—D b
HWNEF ZICEENDEMEFET,

ANTAH

(Striga ¥4 : witchweed) 7 7 U W T VT A—A T U T2 EIC
HAETHHAMBO—FE, W ONOFEILT 7 U h ON-r il o
BEICERHEELRITEEMEY CHD, BTOV A4 XX
0.2-0.3mm (F & EIEFIT/NE <L T IERIC S & 50 7 OfE1 & ARk
L RO X DR EE S, T O AMED 5 < L 20-40 4F B ICH -
THRFEREIE LD, —ERA NI OB CTERINTLES
72T EAICERT D Z S I HAEOBEMT IR LV,

ANV AT 7 v

(strigolactones)fli MR 6N H —HD 7 7 Mo EEATH I m
T /A FFHER, 1966 FIZa MM DA N T A HEOFRFFHLEWE
L LT.UXDBRORHIENS Cook HIZXLVFERIINA RN I—)1
(storigol) &t ST, D% EkA 2D~ G REROILE A
FIESINHELTARNIIT Y b AT BN, D% 2005
FIZIR o TT =N AF 2 7 —EHIREO W R DI 2R3 298 &
LC IR L D R A SN, & 52,2008 FITHEM D43k %
T AR 2 oMM AL E L & LT, HARD R S L —F
La—u v OEBRFEHFE S V—TIC Lo TSN, ARY
277 N OBEIZBEEULTO X5 IR END, R Y X
ZORTIX A IROE i mm L, ) VERE e L T Lo |
W& DO ELRET D, FEMEYOR ST A TLZOMY & FEiR
BOala=lrr—varntTHHIANIIT 7 Mok HOLREH
T HZEDOTELMWPELHHFET D Z & 2T 5 2 &ITH
HLTW5,

BRI (formulation) A& 7" & AR —H /L TIELEZKR CTid/s < R 2 EKIZEIT
HHEFNEAMT T, AR D 2 HRA B ST HES, KEEd
WCRHEZI T D O 2B S HER &2 G iiitt, A AmEm % 1E
W REZEFES 72D, B a—T 4 v T Hilie ELET,

&R (biological resources) A[HDATE FLERER & L THHINL A
MBI OEYHROERO Z &, BB ME KL, = 3L =R L
D7 iR,

A1) RS (biopesticide) 3 & L CTHWS, B, il EEREESTEY,
EAEMEROWE (FUAEWE, BERE) 25ATHEITSLAELH
5 (K7 aR—PILTIIBELEDIREE),

B R (innoculation trial/innoculation test)ZAX 7" & AR — Y /L Tld, MW IZHK
EMEHER L CEORERD Z Ex2ET,

Z23h (effective)hE HRBND Z &, §RE2HTHZ L&,

HHAEVEH (interaction) A7 v R —V /L CTix, AW PR E/ER 2T, 25

AL o DEMN, ANVCHEERILH ) Z &, EWFRR A
TEMZ 0 5 RIKOKRE L, ALFHETH S,
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R HE (pest resistance) =ZAEW) D, FHITxE9 5 Ptk
MR 4 (disease resistance) ZAEM D, JAEIZK B IPLE,
ELE (multi-layer, milti-omic)A 7 v R —H/LTlid, EE OB IE

Wi lEonler—% (AT HITAT—F) Hatad,

EREE (nitrogenous manure)E# 4 £y & L CHTEE, A7 mR—H
LTI ALFIC AR S N EFREE A 8 Uk g MR &
OEAIIEHEERERE LT L TRLT 5, ik W7 >~
Fo L) M T U= L) RERENLRKRSD,

DGGE (denaturing gradient gel electrophoresis)ZSPEAE E AEL 7 /L EER
KENE & b, BEY AL RS IR EN L RO R W
B FELY g A PCR CHIME L C & L 72[F UE SO K DNA
Wi &S L. £ OEERS|OFEWNIC S & D E 7 /VEKIKE) Tolft
L. DNA £ & U Tt - gt 4 2 Hik, kite—4 o —ox
LRI, UEMREERE ST 72 I W BT,

SR (adaptation)BEIZH#L Z 0 D2 & 2 KUKZEN B~ DL I - MO 72D
B2 5. 82DV LWRIESEOFIH 21T 9 K
A IR (land use type)EY-CREZEDOZREIZIL, LHURI AL & | F7 @i

MirxE =M L ) AEMICRAITE 5, BIAIE, A, L%, A
REV ST A BT 2 00, AR BRI ARRETH 5,
BHEIA D 720 O BRI L0 B2 KBS LI R
BoHThD,

N7 A2 Y 7 h—Lfi# 8T | (transcriptome analysis)iBfa 55 Y (mRNA) 21K - (K%
V= AR~ A 7 a T LA NI K o T BRSBTS
B ORBURILZ MREAICITHET 5 2 &,

WA (endophyte)fii DFHFEN (2% < OLAMIIL & MAROM) IZAVIAL
THEETLHMEY, PIZIRREEZ RS TR OLERICH LT L
AEWICHEEZFF Db Db D LS D,

R A (nonculturable microorganism)if i D AR ML 72 & CIEAE S ITHE
P SRR & S N E#E 2284,

JEEE M (agricultural material) f2¥IZHWSE, K7 mAR—H 1 CldE
ZEFE R, B R GH) 2T

JEAEY) (crops) HAMZ > < 2 FeE5HEW M A F5 7,

NAFTza ) I— (bioeconomy) b A REHCAL A E PR 2 HAE & Lo Lkt LT, A
A FPRERR N A A G A B & U TR

A AR (bio-based chemical product)/NA 4~ A H KDLk,

A FIREE (biofue) XA A~ ADFFOT R )L X —Z R L= 7 v 2 — Lk
T —BBRE BT ADZ L,

A e (biofertilizer)E X 7= /LW % B Lo WE C., FEM D 55 O A7 OF|

HAREMZ®mO DL Z EIC Lo TlRiEZRET 2 EEEM, Fr, H
WoFRmE., HEIZHEIML, Y OWNERCRENIZES S THRER
HxE5, (LFEEREEOHEHOKB A AIRRICT o2 H D & LTHI
BINTWD, BREICREIND Rhizobium=°. Azotobacter,
Azospirillum, 7% &,

A F < AETR (biomass resource)F4E [ RE 7R AE M HH SR D F HEMEIR ORFR, LA E
TILRR <,
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faE LARSE

(translational research):I(ZIEFCAEW FIZI T B HEEWFIT O A F:
ML SRR, DA EIERER A~ L o, SRR I A
AT BRI B

Y E

(Paris Agreement) & 21 [F] X522 B isiH 2 K0 A0 [E 2358 (COP21)
W2V T 2015 4 12 AN Y CEIRE -, IREZSIHICET 5
ZEMOEBEN 2 HE, 2016 4F 4 AIZEANMED . FFE 11 A
o UTe, FRRFOPUEE, HUAEIL, RNES 23D T 110,

FEAT Rk

(non-edible) & F A EEIE L THWRWAA <~ A DEAfFEE LT
Ansins,

WA HBE - BRIl

(isolation and culturing microbes)/K<> 158 & V> 72 BREEHITAFAE
THEZTEWEMOIRE LTZELH O T 6 (BL O & 2 AW % [F
ET 572Dl —EOMAEE KO BB — 72 EM 2 #5552
LA BB & T 0. —MRAVITIX FEREEMIZR & & AW T PR R IE
ZHNWT H—Dam=—7164F79 % (single colony isolation),
AR TR IZ L o TN e KN —HERR & #8352 & 3 FTRE
(2720 5o5H ) JRFITITZ OEAT b ETe, FREMITICHT D720
W —EOMIEZ I S ThHLIREDOELEERT DNENR D D,
PRAEW) OIEFEIZEE L 7o SR/ TR T A B BRI S 5 9.

RBUV AT (phenotipic analysis)® 2 A=Y OBERTFRNEE & L THATIREE
ZRIE - 088 - g a2 b, BEOEMKFIE LTIL, ERE, #id,
178, AEHOMERERH D, ZOGE ESEILE E R,

JERHMETE (alternatives to fertilizer (L FIEEMAERIEDOLG AL, AIOEL S &

to, BIZIX, BF, a7, HE, FIERE, TOEKBICHLALR
WH DL LTIE, HECREMAE OIEMEIC L > T, LEIZREL
TV DR D3R C & 72 WO BB 7 2 Fi ) 23 R C & 2 RIS 25 H
SHDIESC, EREEMEMEFIN L THMICER 2G5
e AN

L ar R 4T 4T

(pre-competitive) i B 7 36 L M S i 55 12 d5 W TR 3E M 3 3 4 AT
DEFEC D 2 T & F 7T R L BHSE O I BePg TRt Skt & L [m T
1T 2 A E (BepE) Z+a7.

PAREE R A (surface plate method) /AR 2 2 R AR EF U LTS CTHER 5
Jilk, (see also ATIRF-HRIE )
AN =S, AUN (hologenome)fiil # DAl A4 (BioRE 72 &) 15 £ & LAEMA

Wk EHAS L TE b 27-nme 4 (holobiont) D4/ A,

~Af7nukry 7Ly Mk

(microdroplet) B/ NAIKR T2 (w4 7 a7 VA T ¢ 7 &) Hiffioo 1 fE,
BHWIZIR LTV ALV (Bl ZITKER E A A V) ZEEH 10 ~A
7\ A— NVORUNRIE D IREEIZ T Z L I2 k0. Z2HEORUN
W& 2 AF D H I, AL THW DGR, A VB OHITKE
BRI ETER S D, — DO DOOWREITEAEDN 1 805 BdH

(BB UTER D) TOMIND LI ICREZFE L THW
D

~ A 7 S A F— LR

(microbiome analysis)BiEHI/FIET HMAEMF#EEZ, OL ELFED
DEME L TaEB s UTHITT 5Tk, BE—HMNICHNGNS
D, U ARY —2L RNA 72 ERFEHED mWBE A2 PCRIZKLY
HE L, 2O Z KRR —r o —TIREL, B IO
MRIHBEEIC L > TIRZ A0 HTh D,
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~IVFFI TR (F—H)

(multi-omics) D A I 7 AT 2 AT Z L FTZ2 D7
ODT =R VFFHI T AT —H LS, 437 AfENTOFEE L
LTE. 7/ A (ET) T A7 )T v—20 (BEEY), 70
TA—L (XX TE), A Ra—n ((REEW . 414/ —5 (1
F). T —h (REW) ~A 7 anfd—n (EWE) 72
ERH 5,

KD Hify

(Green Revolution)1940~1960 F I/ T, AL Gtk
UVERRME SRR O BREBHRE & N TEFRIEEI O Z A L 0 |

B OEFEMEDR R B U, KREMHEENZER SN EE MG, / —~< 2 .
R—p—lckyEEsn (OBbIZ ) —VLEREE%ZE)., Zhic
X0 1960 FRFEFE THEINTWET U7 ORRERGHEITIA8E S
Nz, EREFETII—TEL EOEEZRATDL E, BUIRPEZ 572
W, INHERN DA, EREAEZ WD Z & TIEEOZ &AL T
HERET, B EESH -0 OULENEIMN LTz,

AL WA

(metagenomic analysis) AEMREED 7 ) L BEBIIKIFT 52 &
R AR5 28, BETDLOHE OB L B
DNA <° RNA 72 & OBZWE A [0 - B8 U ST I 5, figdr =
A R MEWKRER Y — 7 o —DE K EZ T TRk LoD H S
e ffr, WAL S DREAT CII R O Rk O K 77 D3 BE R O
BCREEZNTHWDZEN AXT ) MMENTORERNLH G0 E
o,

A KR T — LT

(metabolome analysis) =) O HIE 2R AR L L CTH O, MERET - 52
BHNRR DT ik, EENICIIEREE (DNA) (¥ X7 8 RE
R EEN T OWEOIENT HE, AR, T B EL ORSF
DAFE L, 2 < I3REFE 7 EOMRENEENC L > TED H S 72w
BThbd, TOREBIIBRTREICKS, AERAOAZRe —AF—K
REEY & ZIREHEEM T 5 2 N TE D, —IRIGETEDIX
B, FiE, BRI ETH D, ZIRIHEMIIRE, HiE,
RN EELE TR WS oA & O EERSCIEEW R 7
AN ERBEIS B\ CEHE R MERE A FF O Z &2 (BB, PUAEME R ),
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ARG 7 0 R — P AAERICH T > T, AlEA L A2 —U—2 a3 vl T, &4
EFICEER ZE R ORI OM S A 7 EOFHIRH A £ Lz, DX VRGP L EFET,
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BERA 2/ \—1

KxH O R= bET7xzwu— (AT 2R FRES 2= 1)

Rk AEF Txzo— (I TV A TR - FRER 2= )
it B 7xo— (547 TR - FRER2=Y 1)
KB Bz Zzo— (AT AR - BRESZ2I=9 1)
e fER Txzo— (A TVA R FRER 2= )
MR FRE Txwm— RBRE-zXLVF—a2=v})

A .  ElAER (RISTEX)

i AW AR (R e Y =7 hEERD)

FE7xn— Bl —ERE7zn— (A7 AR - BREFEL=Y 1)
tr s —K (BEYLFRATRERR S 2 —)

XKEBEWEEFETRI=Y FETHBRELLET,
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