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Future challenges and perspectives on biocontrol study
Shigenobu YOSHIDA : Institute for Plant Protection, NARO

Abstract

To promote development and utilization of biopesticides, it is significant to vitalize biocontrol studies
based on both tangible (finding and using novel superior microbial agents) and intangible (deriving to
maximize control abilities of microbial agents) approaches. Here lecture contents presented in PSJ
Biocontrol Workshops held in recent 10 years are reviewed from the viewpoint of the tangible and
intangible elements in biocontrol studies, together with reviewing current situation on the development of
biopesticides and trends of biocontrol studies. Future challenges and perspectives on biocontrol study

based on the reviews is lastly discussed.
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Control of tomato powdery mildew with Beauveria bassiana
using non-heating fog treatment technology
Tsubasa Murata : Mie Prefecture Agricultural Research Institute

Abstract

In recent years, as the scale of protected horticulture farming has become larger, non-
heating fog treatment technology is once again attracting attention as a labor-saving
spraying technique. In addition, the use of microbial pesticides needs to be expanded to
achieve the goals of Strategy for Sustainable Food Systems MIDORI. However, since
multiple applications of them are recommended before the onset of disease, the burden on
agricultural producers is heavy. Therefore, we tested the efficacy of entomopathogenic
fungus Beauveria bassiana using non-heating fog treatment technology for control of
powdery mildew, which are problems in tomato cultivation in Mie prefecture. Beauveria
bassiana was found to be effective in controlling the disease even when applied as non-
heating fog treatment technology. Although high-concentration, small-volume spraying is
generally used for non-heating fog treatment, the pest control effect of Beauveria bassiana
was more stable with low-concentration, large-volume spraying than with high-
concentration, small-volume spraying when the total amount of biopesticides dropped was
the same.
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A s wmET T
X B FE s &= B E BRI B HER FIFE  BHERAm
(L/10a) ™" (mL/10a) (%)

1 FIEREE 33F% 10 7H 4[F] 1,200 18.7 4.5 47.7
2 ERJEZE 1,0004% 150 7H 4[] 600 7.0 2.6 69.8
3 XHEECH 100065 300 7H A 1,200 0.4 0.1 98.8
4 i A0 R - - - - - 26.8 8.6

%2020 I SEHE, HERGAE  CFHERERZ 7 4 b 11X 508k (79 45m?)
b~ k9 EATIHEITORE B,

X 2. TFALZEDFREITIRIL
(L & g IR EE 33 547N, HIEEFE 1,000 (547, XN 1,000 (54K, ML)

Wiz, A=Y TIHHOFREFNHEIZ LS b~ b 9 EATIROBRN I MHE LM C >
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Labor-saving control technology for tomato gray mold using microbial pesticides with
overhead spray equipment.

Akiyoshi Miyazaki : Gifu Prefectural Agricultural Technology Center

Abstract

Gray mold (Botrytis cinerea Persoon: Fries) is one of the most important diseases in
tomato cultivation. In production areas, the disease could not control adequately because the
onset of the disease coincides with the harvesting season. In addition, since pesticide
resistant fungi have emerged, it is necessary to pay attention to the pesticides to be used.
Therefore, this study examined a labor-saving pest control method based mainly on
microbial pesticides. A daily mist spray of Bacillus formulation using an overhead spray
device with a mist nozzle was found to delay or suppress the onset of disease. It was also
found that regular mist application of the bacillus formulation can reduce the number of
times chemical pesticides are applied by manual spraying. Not only Bacillus formulation but
also potassium bicarbonate was effective as an overhead fungicide. Alternate application of
Bacillus and potassium bicarbonate at one-week intervals was found to be effective in
suppressing the incidence of tomato gray mold. In addition to mist spraying, the use of
watering tubes as overhead spraying equipment, which can be installed at a lower cost, was
also found to be effective.
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B B EANIZHB W TS, Zhb DA O, EFETIETTZANIAF Y = VAN LT H R
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LHA M OBLATEH, IR I X
FATIZE L72AlE B2 b5, o, RIRNO b~ REHTIEX, NFLRAFOHFTH
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ﬁﬁ@fBAﬁkﬁ@mﬁﬁuﬁAﬂ%izbﬁﬁﬁéwﬁﬁ%m\%%%%%mﬂf%\
b= MRENDREZE DR TE L FIEThD LB 2 b,

4 Fa—TEAICE DMEDBIEL REBKED Y ¥ LHEIORE A OBRE

A MEIIC VB EBIIRY = F Lo F a—T R0, I 2, SREEMES NS
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2 —TEH) ITONWT, JKEDDYIRIC KT BB R A et Lz, 7Bt
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BIBRZNR DS D b DD LAl HRENTE D Z LRMBRMR OGN Z b,

#£1 IAMHABLIOF2—TEAICIANRNFALZ TIg ) s 77 ZH & REEKSE
H1 U 7 AFOAZFHRGER K O F R FRA ORI 5 b~ NRENTUYE OB E

HBx g R IR RARE | cmm | b
R 0 1 2 3 4 (%)
1 200 13 7 0o 0 0 35 8.8
— 2 20| 15 4 1 0 0 %5 75 611
3 20| 10 10 0 0 0 50 12.5
T 20127 7.0 0.3 0.0 0.0| 36.7 b 9.6
1 200 13 7 0 0 0 35 8.8
IRAVEERBIT 2 200 13 7 0 0 0 35 8.8
FEmFARRE 3 20 13 7 0 0 0 35 8.8 61.2
T 20| 13.0 7.0 0.0 0.0 0.0| 350 bhe 8.8
1 20 7012 1 0 0 65 17.5
2 20 9 9 2 0 0 55 16.3
72— REBRE 3 20 11 8 1 o0 0| 4 2.5 | %2
=) 20| 9.0 9.7 1.3 0.0 0.0| 56.0 ab 16.4
1 200 18 2 0 0 0 10 2.5
Fo—FEE 2 20| 16 4 0o 0 0 20 5.0
B X U= G RE 3 20 15 5 0 0 0 25 6.3 82.8
) 20| 16.3 3.7 0.0 0.0 0.0| 18.3 ¢ 1.6
1 20 510 5 0 0 75 25.0
J—— 2 20 B 12 0 2 0 70 22.:_} B
3 20 B 4 8 2 0 70 32.5
Ty 20| 5.7 B.7 43 1.3 00| 7.7 a 26.7

MEFRRIMN LT V7 7 Ry MIRVADOFETRE LA “RRERREEZ R L, BT L7 7
v b OFEAERNCIT 5% KETHEEN D 5 Z L 27T,

MRFREL 0 R/ NEER O, 10 B/NER 1~5 4, 2 @ R/NIEER 6~10 4, 3 : FIE/NIER 11~15 4, 4: %
P /INHERT 16 AL ook

MKEFRE =3 GERBIBIRHRE X5  GAEMRE X 4) x100  BiEMli=100— (I /B BL B X 585 %)

BB TIETH D EE X BT,

Bbyic

BEEOAFERS CIIHWFEORENEINE L TWA 72D, DRnWREES T R4 iR
TEHHEMZR, TELTWKLERXD S, £o, DiliEECERE A RHRBEOHELE &0
ST AEREBLEBE L, HINBERZED TO 2T U0 7,

A EFRI L7 HdiniE, RIROFK b~ NEMDNE 2 5, D NECCRImAE 2 i =R
5HEECHBEICAEDERS LN TH Y . I A MEARLT = — 7B IC L D140 K
ZERE UEEAAOFRMEICONWTE DTN, EEFOREREIOS LSRR ZERD M
THH LD, A% bEER T, L0 AEEBSICHS LIHIfC LiznweEBZ 2T b,
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Development of vermicompost focusing on plant disease suppression effects.
Motoaki Tojo: Graduate School of Agriculture, Osaka Metropolitan University

Abstract

Vermicompost refers to compost produced through a non-thermophilic oxidation
process by earthworms and related microorganisms. Vermicompost can suppress plant
diseases. In most cases, the mechanism of plant disease suppressive effects is not a direct
antibacterial action, but an indirect action that occurs by supporting healthy plant growth.
However, it also includes direct effects such as the involvement of antibacterial substances.
In this presentation, the author will introduce the current state of the worldwide research on
the effects of vermicompost on plant disease control, introduce the authors' study, and

consider future challenges and prospects for this research field.

1. XC®IC

IIRHEIR LR, 2 I X 2 OREMAEMIC X DI EVEOR LB Z R TEASND
HERE % 459" (Pathma and Sakthivel 2012), B fiEMEETEBEFEM O RFEFER FiED 1 D& LT
MBS B35 (Elvira et al. 1998), I I ZAHEEDRZEFANIEHOME D & & HIZHRFE
ERATOND L 91X o7, I I AHEPESFREZMH T2 L b H<6mbonT
WA, BHRRIREM 2 T4 D £ D I278 5 7= DI 1990 DB LS TH D, IAFEDHM
BRE LTI, BRSSO RS THRE S D B3R5 M D < 72320 (Atiyeh et
al. 2000; Garg et al. 2006), —#%IZ. W DLhFTHI D & R INT T T HERYAE DR E %
fL T HEWIE IR AR A IS ARSI E N & AL, BEEF LICIRINL TEDA D B0,
Globisporangium ultimum (syn. Pythium ultimum) . Rhizoctonia solani, Verticillium sp.78 E~0
HRDNEN 5 1T 5 (Scheuerell et al. 2005; Chaoui et al. 2002),

ZITIE X AHEEOMIEEIMHIS RIS 2 R OMEOBIR E . o 2 E
AR D OWIRZERIT L. ZOMESTEOL%ROBECREICHONT IV - L EIZER
720,

2.

-~
iy
~

I RHEEOREMREMRINR L A =X A

AHEAEOFERIFR EZEINHIZN R D A T3 = X WL, %< OGAICHEZEN 2 PEER Tl
<, EEIEMRE T 52 LIk > TELUIMENREBIXICL D, FlZiX, REZD
i, A=y, VRV YA MhA = U EOMMIBREDRELE, S BIZIIEYIE
JFARIZEO T DA O RO ZERMECTR B 2 D, fhid e LT, & I THHE RGO
WIRRARIZ X o THI & Z SN 5 FE RO L I3 5 (Yatoo et al. 2021), £ D72,
S RHERE A RN IEO T TV =28 TE D D & HIEG B EM (B E 2021; BARKES

Zawy
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2024)lIZAND, DF D | FEWIFEMHAIDFIZEB N T I I RHEIT, (LA R IR X
N5 LD BB S TSN D bOTIER L, HEOWBEMEE, bRt E H
DUV IS b A b2 b LIRS L LORR LI T 2 BB RSN D L1 5
BB CHEDLDNSIEM E L TIRZ D LERD D,

— TR I RHEOITFEDWFED A Z T BIL, T OHEROIE 723 R bR ST
%, Blouin et al. (2019) (£ I XA DN T DR LHEE RO - FEFHFEHIT A X T L
oo ZORER, I I XHEIIREINE, A T~ A, ZEASAAS A ABILOIRAA
< AT, TNEITHMET 26%., 13%, 78% B LN 57%DEMN%E2 L7254 Z L RNbo Tz,
Blouin et al. (2019) I£ & 512, I I ZAHEAE A THESRAED 30~50%IRMN L7 & S ITHEM AR ~
DT T APENERITID Z R0, I I ZXHEENTIRIN S AR OR: EOFEFAIC & - CTIdhf
MIRESDRNBRKRE R T T2 ERRTND, £ I XHEEOMEEE LTHER R B L
TWanE L, EYMEDOFEETIZY VR, 278, v AR EN I I XHEE & OmPED E
ZEBLRLTWD, 20X ITEY BEOFEH & OBIFRIC X o TR R E 09 i
\CHEBN M ER 2R T REMEN B S Z & b 2 S AHEEDOA D—DTH 5,

I RHEEIFEA E LT TR IRIRE LTHRIA S v D (Yatoo et al. 2021), /KT
FHLARLTHES Z & Tax EAMZ b, BECKEIEOHAME LA X 5 X 51275,
I AR L KDOFRELE 1:10 £720F 1220 I L THAM T —L—2 3 U EITV, £k
7R EWTEYE ST (bioactive molecules) CHFRMEMAEM DR EEZ M T BT, LEEC
WG+ 5, ZOX I RIFIETEREND 2V RA T 40— (2 2 ZHEREO K HHR)
%, SEAESCHED) I B O B 89 CIA < FIIH &4 Tu % (Edwards et al. 2006), I I XHEED
I URANT 4 — OREPIFRFEIHIZRIC O T, TR EREY I 7 5 <> (Scheuerell and
Mahaffee 2004 %5), fE¥5EEHE B (Arancon et al. 2002 %8) THENH D, £/o, TR A
FT =295 L ERBAM T DL IICRDD, BREREFEEICHISHALSL 25,
2 I RHEED 2 R A N T 4 —OIREIH A B = X LG EARIE, BEIRD 2 2 XHEEO

Ba LR TH D, HWIHRIRERE BEE T 2MMEM O LR 2 D, YT A28 5 7305
NhHbHESND, =2 FUH EATIE (Singh et al. 2003)X° ~~ M (Zaller 2006), 1 RIL
7> Hi 75 (Manandha and Yami 2008)7¢ & CRARZN R HER ST D

3. ZUHRKI IXHEEDRHFBEDE -3T

FEH DX 2013 FED O BEVTHRO Z Tt 4 I I XU b 28RO 2 ED TE 72,
R, FBEALLIFE O LRSI CE Y Y U F 2 (Phyllostachys edulis) % 3 & 3 5 g
MIREHTRELREBMTIIOCZ o TWDERDH D, BIHRSOHHO T, WSROI
T, BBlORHARAEGI TR LTWD, RBEAERD &I T 5T THRICEHET S
NG ARRHIHIS 2 r OMTT DR LAEPETEE S TE 72 < 72 0 BERETHRE LRWR D B
VERGEM & 72 D13 % 24T 7o\, T ORI A TR 2 72 OIZBUR TIIMH 1 o272 b
2 TMELEDOE M Z 0 TR S D08, PIROEINC 2 IBWLOWN TR, JETH
ZRERRETIEH CE ZHEARICAE X T, HUTIER S§ 2 Z R CTE R, BuErsh e
BB D Z OO E RIRHIARRIZ T 5 2 L2005, FEHDLIT, MEITHM ZHEE(k
U CHE MBI I B 2 595 2 & 2B X 7o, BBV 2 HEmREIMHIZIE & v
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I MG %2 & DHEIBIZ A 2 2 LS. ShiuE, BB KB 20 Ty S
TWABENM 2 ARBRERICE XD Z LN TE 5, HERELHA 2 B L Tl zh 3
ZHEFET D Z LI, EMTRE B L ORRE A RS D FEED 1 DI D 2B T,

— B THEITM BRI LTERINXIE & A Lo To, VIMIIMMORER IZHEXTa X |
T LIZS K MMy 7L LTHB S TEMEZRT HIEREThoTe, 2D LD
IRHTCEE I, MO KRN O NE B iR & BT O &R 72 HER L T 15 % PR3
LEo2Ed07my=y MIBMT O %21 T. TOMROWET, Ny —{hLl¥
TN =Y Ho v~ I I X (Eisenia fetida) 12 L » TEHCZ# L (HERfE) b
ZEE R L7 (You et al. 2019a), AF [2.] THlAR7=0D X 9123 I XHEEIIHE DI E 50
IR NIR FNHITWAD T2 Z 7 fok I I XHEIE & IR INGI R 2~ /RN & 5,
ZZTI IR R THL L2 & T N0 ' — DR IR EIHII R 272 2 A, »<
OMOIFEITK LT EDOIFIRREZTRT Z LB LMo T,

4. ZrBE¥kI I XHEOIEH

MO I RHEIEALIZ 2 E THAMIC L BINEL | oRYREFIZ ROV T
HLARFATH S22 Z DB GIEN SRR Lz, YHOERTEY Y UF 7 OBMKRILOE
BICIIREBALE, L L, MHMICEENE P R= U o @8 ol 4 2 0Kk % H
LN BITE Lz, —FH., —BKEKIBLIEZEZOEY Y OF IVMRICEATDHE, 23
ANEE A ERECETICEBAGFET S Z RN bhroT-, YU, KIFIEEDO KFF A -
7ok BERIE L (You Xiaodong, Bl, 7 I 7 A (b THEMASH) & LBMEBREZIT S H T,
R I AHEEEHOTZDDO L v EE FROL D ICE E®H7- (Youetal 2019a),

<HEH>
EFEUVUF IR (—BUKIZRITTZHD) 10kg
27 X (Pueraria lobata) DFLIEZEKE 100 g
vvIIX100g

X7 RFIIADABTERTERKFL LTERT,

<JHiE>

—BKICRIT RS TDREOET Y OF VMK E I AT TAF v I r— AR EIZA
NTREALE, EEHICy~II X100 g&E <, 28°CHif: T 8~12AM#EL, T
VOUFIMAREEMIFEIIADOE L 720 BBAZH RO X kI I XHBEOFE
i

%YV IIREMOTICHIL L2 5BE, 7Y U F 7 ROMIBLIC 16 BRI EO
WM a7z,

XAV EIZOWTIRZORICWR 2D, %4 B AW HEI RS RS, RIf#EETES
BIOTEMEMFAERAETHIRELTWD (JIES 2022; I - HiE 2022; )1
¥ - SRR 2023a-c)
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5. ZHkI I XHEOREYIREMHIZIR

EROLVIEIHE > TER LT Z 7K I XHEIRIZ DWW TANT A B2 T AERUR

(Pythium aphanidermatum) (\Zxf3 2 8HIZR LT~/ & 2 A, HilREH LTk L TEwy
I RE R~ L7 (K1), FEREERCF =7 VISV L 2 3 Rhizoctonia solani AG-
1 IB IZx 3 2 BERT-L 2 A, ZOHNEOBERE AIBIE OIS & - THH ETORE%R
EEPIHISND ZERHLNICRo7 (K2),

S BIZIRER & B35 TR A MR Uk 2 il R 2 0 7 2 WV CRil L7z,
PRI HR X I XHER 2 bl R & LT, EORE R, %?/7??m%kﬁ§%£m%®ﬁ
T5 DI X AU T, R g ARSI O R i 36 K OR L OAR~ DR A DN 28 W & vz,
FDO—FT, FU YT 7 HEI I XSO G B ORI & 9% E L 72 il 2h 3R
R L7z (You et al. 2018), # 7 MR I I AHEENE R 97 I XHEIE LV BOIRNLE
L7cBRH & LT B FITH TR OEDRRFICED L TLZEL TWD Z R
Z B 2T (You et al. 2018), Z 7 ¥ ZFIRINHIEN R 2~ I I AHERICE X S HAE 2
FTHONTW o Tlzled [ B aRmRA N RO ORENRA & U TRk L
7= (&S 2020),

27 AL LI HUSHFEE HRETL+FELEER

5’ — (RTHA

SR LTS rHk R
D Rfuzoctoma
B OFE |

1, Drthiam aphanidermatm 15T RS R RGE)-

i/\\ﬁ\"ﬂ‘f@&li*ﬁﬂ Xt HE T H LA X (You et al.

2019a;

AHERE O Ml 2R (You et al.
IR 20903 ou et a 2019b),

EHIZ, XTHEEIIAHEEENR—IF2 T4 P T USIZHRL, £D 02g ZRRTITh
MT 52 LT, BBHEERIIEORT LoV USRI 2 2 7 ik I I ZHEEOBLERE)
BN LN, ZOFETIVETHRERTEDaX M T r—~v 2AbEWEEZ LN
%o, REAMEX, EHAOLF | BEEREHATMA & U CRFTFHBETTH D GRIE - IE
2022),
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B, Biko v e, BN R E B RKICT 2 FEOW TR B ORMMN L 4 H 1 |
AT ERFEFEAE D) S & HOICBEM TR 21T > TV 5,

2 Bk X I YRR O B A B RIEOCR M — 7 =TT e 2 A,
THREW LY 2 OFEEBEOMEMEET 2 L) o7 (You et al. 2019a), F
7o Z OHENEIZE EN D PORIREWE O —H# 2 HHEE L, ergosterol peroxide 3 LU DT 1
T ERE LT, TNHEOWEIZX FHEI I AHIEDOFEITHLIEY Y UF 76Tk
ENiemoteZ b, ZOHIEMELNIBETHEESINTZEEZ DT (You et al.
2019b), & sk I X RHEE O EMHINRII AR N E < EESNTHE Y | BITE,
MIFTEE O KRFFBEAENF N2> TR ZED TV 5,

ZHEEI I AHEORKE Y 3 v
INETITHE N/ > T2 FeE

No . ZOHENE A VEY A PEBLE TR q%—{%t j 3 /
< Ny = . > N
JEH < % g j‘ l\iﬁ)ﬂ_‘ é: #’Lf; & Aj% xC ®j%%b§q%f%]1§l%ﬁ§(ﬁ%ﬁi%&%ﬁﬂ*?éi%@)EG”TﬁEH ESIXHL OB T
G 1=
o, SN g
EOMEL LT, 1) prfksy  SMEichismemn

X HERE ORER IR EH IR DN T
DGR TO S 5722 55, B X
U 2) RIPEERIZ LD RT3
SRR I RHEIEAED LD BRND ppopronscaazemey., srEsSRIELT
BOEIFICLAILRAITARNEY RREOREERND y i THEBBAIT D,

AemEFonsd, FrHEERIIX
HERR O HFARr & o H U TRa 7% &

o by X —ORES %wiizﬁ% OB BRI RS Bl

iz & kP L 7= (Hashimoto et al. 3. ZAHES S RHEERIROEE Y Y g o
2021), Z kI I AHEE A

WRAIE LCERMMLL, A - BURIEHE: 28 U CRAHEROMIBIEERD 1 20> —/L
TR (K3), #UHEIIXHEREZ L VFENRLTNEDRD KO 5% LR ER T
72U,

Boyic
BMEEMOFZGHE L O I I ZHEE L EATOMIE - BRI BRCKA » REFLITEA
AT D K OI272 0 | MR EIRIZIRNER S5 K H1272 2% K 51278272 DiF 2000
HFALIETEH 5D (Chaoui et al. 2002; Szczech and Smolinska 2001 %), HAD & < 2P EIEH
DR 72 R BET I I AHERICB W CAFEARERR E E 25, IIXITEOBE L THE
JEFER) (3E) ZAEFET HT-OU 0 IR UAEEN D THL2H, mlmbic X > THER L%
it 60 D SEEBIGN 2 \WHR TOHERRAFE RO FIZORN 5 A[getEnd 5, I I XHEED
TR ENH R OWTEWIR - REI AR TR RO ZERE L 2N 5, A
AME OEWROIEH BITo TWNETZNEZE X TND
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Biocontrol of plant diseases by using phenotype conversion mutants of Ralstonia
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Abstract

Bacterial wilt and Verticillium wilt are serious soil-borne plant diseases that cause the wilt and
death of more than 200 species of plants, including Solanum plants such as tomatoes, eggplants, and
potatoes. Ralstonia pseudosolanacearum causes bacterial wilt and undergoes spontaneous phenotype
conversion (PC) from its wild-type form to avirulent or weak virulent strain. Several studies reported that
bacterial wilt and Verticillium wilt diseases were suppressed by pre-inoculation with PC mutants into plants.
The biocontrol techniques have not been put into practical use. We are conducting research on the
biocontrol against the plant diseases by using PC mutant, and introduce the trends in the research, the

biological control mechanism, and approaches for future development.

X C®HIT

BRSO ZIFRIL R~ b, TR, VX TABEOT AR %213 U DR FHNC EE /2
TEM % G Te200fE 0L E O &2 2508 « FEE B D720 (B OLEARE & & IR A 7R
To % (Loganathan et al., 2009) , T4 O HEEYMEREOPRESL LT, Z7uere s
LORER R Uiz B, KRE Y ) — O RSO G &2 R Uz BT
B, BPMEE AR ZFIH LTS EARBEENE XL L TWD, —F T, (7B XD HHEk
EIT BT O A RMAEY E THBS T ORESCERR~OARNBRE W &, 8
JCIHEE T H TR ORIRE OBBRPEHE L W2 & DX ARy a U7 EOIEY TldsE
EARFIEN TERN T &R VR R IMERR O B L0 I S R b T 20O E S &
L1, EEORIEZMAEDETRNPEETH D, o, BEICEE LkREE L
T, HFRAMAEDZFIR L AMBBEBRIEDBRFE D EANCHED LT Y . HAEHEOZTH
FIWIBRR R 2 AT D8k % 0B RO RIRE 2 0B ST % (Eljounaidi et al., 2016)
LU, BUEE TICHERFCY-T ZEWICRT U CH R R DI - A& & L TERL
ENTND OIS T\, EELOES V—7 Tk, BMREORBAERE (PC
BE) AR Lo ARMEMIC T80T D F R <05 ZZ VI O A= BRIEIZ DWW TR 21T -
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TEY., ARBRTIIINE TOPCKEFIH LR ELRMFFE OB, BiFREER L OS5 %O
FRBICANT 27 7 a—FIZ O TR Lz,

1 BFMIREORBTBERKRZFA LR EBRIFZE DB M
HHWE  (Ralstonia pseudosolanacearum) @ :
FRIR PR TR (LUT . BPAERURR) 13, ZERE:
HECHEMOLDan=—% 2T 5N, B
M- B2 - FEHNECTHBICREA R
(Phenotype conversion; PC{t) L. ZERE:HI |-
TIHMIMEDO an=—%2 2T 5L 8K (LT, At | >
PCHK) &7¢% (IX1; Mori et al, 2007, 2011,  RERUEFEHK RBEEERE (PC) &
2012) . PCHRIZ, WRAZHEE (EPS) 72X D El. ERFAEORREER
AT R - O PEARE NI IR T L. 599 Ui
RIFFEMETH DG ER LV, 33, b b, TABIOY ¥ H A ETIE, PCEEEFHAFNIC
FEMRICHAE S 5 2 & CEAMIBROREGLE O TR ORIRAIH S0 Z LMo T D
(IXI2A; Chen and Echandi, 1984; McLaughlin and Sequeira, 1988; Trigalet and Trigalet-Demery,
1990; Arwiyanto et al., 1994a; /N1 5, 2011; 2R 5, 2016)

PCH+RIEE
EERX

FERX
(FRED M)

L

B2 PCHRIZFEICL D FHA (A) LEHFRR B) OMEHR

BUE E CICPCHEZFIH L 72 EMHREBREIR O FZALIZIZE > TOW RN OO AR

< MBATOIL TV S, PCHRIZ K 5 HRIFBIBRIFZEIZ. 1950~60FARIZ EALH B O £ BB HY
T B R BIRIZE BAZ X 2 PCHEDSFE AL S VT RARE, 19604 ARICIZBEIC PCIRIZ & 5 AL 5
(X X aSTRR) ORI R HEE SN2 (Main, 1968) . £ D%, EWNAOEEOHF
Fe T N— T TR RICAFZE & d, 1980~904FEICPCRRZRIFH L= Z Na, Yy HAE, b~ b
LEOFT ARHEMT I T D FHIFE O EHIPBRIEIZ OV TE S OWFERR IR R SN (B :
Chen and Echandi, 1984; McLaughlin and Sequeira, 1988; Trigalet and Trigalet-Demery, 1990;
Arwiyanto et al., 1994a) . 20004ERIC AV | ARPERIEICET D0 ER ST Licb DD,
BRI E OPCAL - FEFFUL O ER L BEMICBET 2058 T m L= (B - BR 5,
2002; Mori et al., 2007, 2011, 2012) ., 20104FLARRIC X, FFOPCHEZFIA L 72 SR BHBRIE D
WFFEIZ DWW TENINTOBFEGRSIBEIN L, BIETIIEE SO V—7" (REFH : AR
EFE) offiz, sk (FE, 1 R, =27 M) OV D00 7 L —F TR Th T
WHEOTHD,
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2B, ORI H R E O FEIX Pseudomonas )& . Burkholderial& . Ralstonialg~& 753% L
BlLTE IX R solanacearum, R. pseudosolanacearum, R. syzygii % & T¢ 8 O 1 & 1K Ralstonia
solanacearum species complex & #AFR I 415  (Safni et al., 2014)

VA OHFIETIE, PCHRAETEIZ & 2 7 BRI ERB)RIL T AL 7 7200 T < SRR Verticillium
dahliaelZ X 2 S ZFJIRICF L THHE I (K2B) | PCHREERLITMER F & RIRERE
DPFRICO AN TH D Z ENRE Sz ([Hif 5, 2017; Nakahara et al., 2021b) , & 512, PC
PREERE & 42 EARFE: M AE DB T TR 05 Z IR OB G B R ER BREIRF OME $17
HITW% (Nakahara et al,, 2021a) . HAYHE OPCILIZEET DHFFEIC IV Tik, BpARRR &
PCHE & OB RERIRHE R L OB ER DR RAIZAEFET 2’8 (Zheng et al., 2022) X, &k
{EEIINT & 2 ERIRE OPCILOIRHEIZBE - 2498 (Nakahara et al., 2021c) 72 £ 23 T4
TW5b,

2  PCHRIC & 2R ENErikE

PCHRIZ X 2 T RGBT, WSR3 2 PCROPTEIER . JRIRE & PCRE & D E
BHATROREORS (=v T OFE) . PCHRIZ L DM ~DIbUEEE 7 & OO E RN
ZExHhTW5,

1) PLEEM

HIIRERO I E L AL, FRREOMOERKRIC T L THEIERZ 7T b0
WD, HTIMIRENAEET 2HEWEIIRE SN TVRWA, BUCRLERE D FED S
SN EMEE L HETE S4UTU % (Cuppels et al., 1978; Arwiyanto et al., 1993; Nakahara et al.,
2017) . FRERICH U CHIEER 278 S OPCHR 2 W C B L 72354 T h . FHR O3
JRDIEI D Z & D> GPCEROHLEAE T BriE O E R TidZe < . BIBREERE I XD 2L
K358 < BI5-9% &5 2 545 (Nakahara et al., 2016b, 2016¢)

Q) EKEXEELITZ O LA

BHRR B OB AR & Z OPCHRIZH A OFUEWE (V77 B v FidA LT h~A
V) MEE MG U, SERICHIS U 7o PR B I KBS HC & Bk OO T % B 4 3R A1
HIES 5 FEERRZE VT, IR, T3 X OWWHRENICE T 2 B3R & PCRE O BFK
WO AWRA LD, MEKEBGIRAE I CRIEAEE LI-GA. PCHE (A RV T h~A
VU MMEPCRR) DB EE L5 B CHERF L7228, S8 H ~24 B I8 AERIRR (V77 v
MR R AETURR) OB E O RFBEE I L2 v n, BAERIRR X D B PCRRD A3 ES
PN D AR P ORE H Ry DZALIZE#E IS TE 5 &5 2 Hi7- (Nakahara et al., 2016a, 2021¢)
Fo. FMREITPCHRICER T 52 LT, SHERICEG T T a7+ T 2AETHT20,
TR T % TS L B PCHEOAF e B EAFRE IR B O HEAEIEIR 7D —> & L THZE INT
V% (Nakaharaetal., 2021¢c) .

—5C, TR AR L PO E R E CIRG R L2568 Tk, WERIZRERICHER
L7 (B S, 2016a) . HAREIZZ 4T Lt oo ZEREIC L0 HEEIC RV % o
TFNVEEREH LB, T AWENEIEE B A D mEEIC/e 5 2 L CEPSHE & AL E
UREMEZ 3BT % (Kai, 2023) W E K 2 [F)26 B CHERE L 7= IR & TEM L7254
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Bp AR TR T BRI O RE AR PN C IO BRI . ZEPEIR 2R L7 N Tl s

JEIZFEL TR, m%im?h@ﬁ%ﬁﬁf%ﬁ&&;ffbt_&#%(@ﬁ%,
2016a) . FFARUKRIIAEY) A R0 L. FEMRLRRIN TIEPCHE L 0 & @ W THRE 2 R T 5 & 5
2 b,

PCHRIZ K B BhBRZI R 1T, LR OB ARROREEE X 0 b &iRE OPCHZ FRilc#EfE L
t@%f%ﬁéﬂ%ﬁwoi@#@%ﬁ@%@i%&i@%ﬁ@&itimﬁg@mﬁﬁﬁ
R L7 & B AR OVE Y SRR L. LEMB ORMEEAN R - 2 - 2E) 128
FAMBEMKOBEBEAZME L (RS, 2016a) , FOkEHE., (KEE OPCHRIEFREIX TIXIE
FIFMEA & FFEMATE BT, RICB T 2 BHARKOERE IR & FEICE L. ERR
A CTHEICEREREZ T B2 bRz, —FH., RIBEEOPCHKEMRX Tlx, PCHREH
FETEZEL TR, 3BEAIH S 7B TR FE DOPCHREERE X 0%t FRIX & X THRICE
T BB AERIR O EENBE I SN TW2, 2D OFRERND ., PCHRIC X 5 HHEFE P BRZS
ORI, RICBT 2 HERROEEMHINEECTHD EHRINT,

12, RIZHIT DPCRE E BAKRO EEFE 25 LSRET 2720, FEEER]~x O
B Ry BB (gfpEiidnp) TR L., RN O KO E 5 % 8BS T o8l
L7 (FE D, 2016b) , BFATEE (ofpfEalktk) 2 ML CHAE L7 OB CTIL, B4R
FRIZAR O JRHFFR IS B E CERS LTz, PCHE (hplEilbk) 2 FallcHfE Lo O ik
PCHRIZARE., Helg. A 4
B, SRS A S D AR 0D I 1A B Control
FHICEEECTESL L., PC Arestment |2
BEMREFRIZER L Tzl
k- RN IR B AERRR O E

- n
[4)] o
L

Relative expression
]

VTR ISHIH S TV T, 0 0
- 8 9 O 9 ¥ 0w © O 4 0O X 0o a k&
:ﬂ%@#%@%]ﬁ%’ tiiziEfEzE T£E8RZS
£ 2 B ERBEAE I I AR AR 2 S
Tém%@%a&mﬁ_ és i
% BRIk O AR 8 °
THEEZLN, 2 *
B 2
o
(3) FEH~OEHEA L O T e o v w @ o - 2 k
Lol o m m : -~ O < 8 é 8 8 <
PC MAHFRELT- b~ MR EgggeghEags *adaa 0O
TiX, b~ MCHEIFMAZ7  R3. PCRREFEICL B R ME (A B) &1 (€ D) 126145
+ h v~ F o0 A E mEGHHEEERTORE

(Arwiyanto et al. 1994b) <°
JRYHEFLY)  (Pathogenesis related ; PR) % /X7 ETH D B-1,3-7 /v F—1F (PR-2) 0
FF—F¥ (PR-3) OB FRINFHEINS (Nakahara et al., 2016b), F7-. PCEEERIZ
PRt L7z hE Tl AR EZEDOW T CREVEEEEE FORBIFENEZ >TNDHZ LD
binotz (K35 PIRS, 2022), PCHREEEFEX TIIAR & DM ST PR-2b & PR-3a DIEHLE
DI & AN THRICHEIN L7, T, RICBW TBE RBEBRFEN S 5N 72
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PR-1. PR-2a. PR-4. PR-10. NPRI. SOD. CAT O3B ENXRIX & LE_XTHEIZHEIML
oo —H T RTHE, BIZBWTHEREIFENA LN > PR-5. PAL, LOX,
POD OIEBLENEEIIIEIM LT, T70b 6, PC MEEREIZ X - THHE S A 9R E M BRES
BT ORBERE GEEFOREE BAE) 1THEDOMGE REZE) CTRARD, W on
DBE IR EETHIEMIZHEIL L, ZNOLOREND PC MREHEME LM cix, ¥
UTF N, =F L, Uy RAEUVBBEOBEDO Y T VREWE N L TED 2SR
PUENFHFE I ND LRI N,

ULEDZ L6, PCERIC KL IR ERIBREIR OFEIZIL, PCHR & MR VIS fEFEIZ D
BRI ES S, BARIRROMBNE S 2R E 2 2B B TICHZ 5 Z &N
BEETH Y, PCKRIZ X 2 EBREREICIX. PCHROREBETEHIC X DIWEEOEEMNE &
T ~DIEGHEFE N R G35 B2 65,

3 PCHREFIA L7oREBRERORBBICMIT 2T S —F

(1) PCERIC L DBBRNENBIG TRIES NS TODOT T —F

ZIVE TOMZEN D, PCERIC K D @V EBBRIR DR I N D 7o OIS B Bl St %
UTOEITE & DTz, PCHRIZ K DR EBRNEIL, JEECRE AR CTIEBIEREIAITIR <
AFWEBAE TR E UMD, 2011)  HEPORIFESE X 0 K5 E O PCEE K
R L 780, IR DY OREIC PCHE 2 4578 L 7= 3538 TIIBIBRRh IR < . i
HORREEE LD b @ EOPCKREIR Z . R ORISR AE IR T 5 (R b
B OARE 2 —EBTAR U, PCHREIR & VBT EFE £ - ISR T 2) 2 & CTRWLBERRBIE I3
HEnzd NG, 2011 ; RS, 2016a) . PCHRAEEE %D DTH B O TILAREN OPCEE
DEAENE . R 2 FMPHE £ 723 ZWRWE 015 % IS EM L 7258 1TI3B R
ENREINDH, PCHEEMALI4H BL21HBOBEIIPCHOESEMETLTEY, BE
Wit DB RITIE L 72 5728 (L5, 2016a; Nakahara et al., 2021b) . FrfeH) 72 Frzh 5
DFFNNTE R 72 PCHREEFEE DML TH D, PCROEFEENL LV b EEB ORI I
WIEGL LT235E (B 20T, IRICPCHEZ Befdith . AL E/EESE CRREMNMHE Lt 1%
I L CHl EESICE R E Y L7285 A) ISR RIIEE ST OIS, 2012)
Ty A FICBNTIL, FEE~OPCHRERE CIIHMIBE OB RITRE S < <, X
D FEAR% DIRICPCIR Z HfE T 5 2 & TR D BE I 090 (BB S, 2016)
BAEERR L L — A Cbiovar O R D B2 5 EIE N S EAFE L, £ 5 OPCHKEOIRER
BREVR R0 D, E£72, PCHRIC K DR FELBRZDRITHEY OFEF-LCHFEIZ L » TH HER > T
5o EH DO TIE., HRHEOLEZEWIS I LT E OB B 4 364 5 PCREC 1 D
W FE - AR L TRV BIBRNIR 2 849 H PCRk A %88k L 7= (Nakahara et al., 2016b,
2016¢, 2021b) , & BT, R ELFEO TS H AN B Z IR 5T 2 AR R 7o s
REOEVIZ &) IHEMHFEIZL > TRZR->TEY, WEICRYSLCT VML Y b
FITE DI < W ERFEICPCRE A HERE L 72355 1SR 3 il S A0 e od, BERE T 2 dnfl 00 8841
HLEETH S (Nakahara et al., 2016¢, 2021a) , F7=, HAHRSOLGZHIFICR L TRk
PiEE2H T 5 AR EA ARG IT e <, BPEAAR L OB AKE THLRRT 5, A
BICPCHRAZHRET 5 Z & C, S RKEOALDORFEL D b EWBIFRNE I S v, KT
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PEREY) & DREE RIS EPCHEEEE A A A bE D 2 & T, BRI ZE RIS OZERRE
ORI 7B ELBRN BB TH 5  (Nakahara et al., 2021a)

(2) REUE RIEREOMEBNZ AT 7= 05T

H AR O B R e REIIZETL (PC{L) ORI SAUTW RN, FARE OB A7
PR A BGURARRE 15 O e bs b Col AR, RIS EL R T 5 2 & TS ICPCHA1EH -
DBETHZ EMNTE D (Mori et al, 2012) , F7-. HEIEE OV YR ESCREYAED N D S b
PCHEZ BT 5 Z LN TE, PCILIZEARRTHLEBICE X 285 THS5 (Mori et al., 2007,
2011) .

EF DO RICBNT, BaE ERWVER/NRER M (MMIEARTH) o CFH R O %4
TRk 2 R ERRE L2 BA TIPCITIZ & A PR E 208, 20 pMFLE O SRIATR 2 Wi
% Z L CRBAERNMEE S, BN O @BEICPCIERFE R IND Z E BRI LN o
7= (Nakahara et al., 2021c) , —J7C. BEKZEH & L7255 O IZ A @ 72 pHERE OMM
BEip G, SRIAREZ RN L CTHLEMEEZRPCILITFE I NV 005, mHEE RPCibD
FHEINIBROFIETZ T T <, EMREOMIEIZHE L7250 (5 2D WX 5 E 7RI
SN D H R ORI sy DZEAL) BB TH D L HELZ I 472, Zheng et al. (2022) @
WFZe Ik, BFARE & PCRE O B IR EIK 2 HPLC THAT L. B RRISRETE & PCREIRIBIR D 1
PR R SN OWEOE— 7 BN D 2 E2RELTEY ., 4, BAR & PCK
DOWVEAEFEDEWVICET AR E L HFIND,

ZIVE TOMFETIL, PCEE~OEEIL, JRIFEMER 7 OFRBUHIE % 7] 5 phcADZEHRIZ L - T
EZDEBEZHNTE7- (Brumbley et al., 1993; Poussier et al., 2003) , F7=. phcATEiRHLEE
. BREMRPCHEEFHEBI LRI A BT 252 06 ATHARPCHE L TiHbN T\ 55
bbb, =T, EHEDLOMRIZEN T, IR THi R L7 Bp AR & Z OPCER D&
573 BLZ RNA-seq CRENT L72 & 2 A, pheABin T L0 & BFAERIRR & it U TPCRE TITREL
LTWRNHDLWEHFIER T L TCWABEBETFPERE HDZ B 0holz (K%K . Bl
1B, RERBNLKRFOME T N— 7% FOICHERO AT 7 MMERTIZ X0 B3R72PCILICZ B D
HIBIE T ORFENED LTV D,

(3) FEAZEFNEHEAFIT L72H LW T 7 0 —FI1C &k AR EN BB OB %

BBR&EHT & L CPCHRA LRI 25 1cid, BANLSHEK DO AFEEOBE R S D, £,
PCHEAZ h~ MOIRBHY E iS5 & WIRMERRICR 2B REI/NE 2 2 LwE S
(Poussier et al., 2003) . JARMER~OERBEIFITHRT D REIEL, 2 E TPCHERIIREPIFRE
MELTEMEEINT IR RERBERO—DTHDL EEDbDNLS, L, b+
HDOHERRE 2 PCHRICEB T DR ChiuE, ToBRPBIT/NSWE Y IcEbns, &
KI5 G S NI AFAE T 5 I B O TR U 2 S CPCib &85 Z E AT, il
o5 O R FE AP D 3 & [FIRFLS . REI S F S 2 558 3 2 PCHR A T 2 L I3 T & 5,
REA AT R - WERFEOIE 7 V—7 (REF - IRERE) Tix, 2 o8& X 5Bk
Bz T 2720, BiREGEREE~OEEH RIEEM Ot X 5 PCILAEEHIF DB
HEMBED T, 4%, i LWIEBREINE L TRENIIFF SN,
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AEATOERLITINT T, PCERZFIAH U720 EB RN O W35 TCOAMMEDOKEE, Bl T
OFMMFGE, EREREOREVEORGER L, BT XEFRITELLL. b B
ZRKEL TWS ZEDREETH D, Sk, PCILIZEEG T 2WESBE F2FE S v, &
AT BAAR « 28 SR IRREAE OO FR SO 55 N O AL B O 2h SR80 72 PCIRARHE R AT 25 D P BRE:
PR S — N T 5 L W SN D, &%IT. EIROERITITAR ~ 7etEE8 & o pey B EHE
DLETH Y | AFFERENERICHET 2B D E S>FIC72 5 2 L 2T 5,

E ks
ARIEETHENLEEERELOWENEO L, BUFELEMIEB (19H03091 3 L Y
22H02478, fREFEH  MIRERE) | FEHFIEC (15K07299, {RFH  MIRERE) | & BB
(26850030, fRF&FH : A& KEB) | FehWF7EELEmIE: (1710980, fAFRE : hFIEE) OB %
AT TCEM LTz, 7ed, ARHE—FHOMRNFIL, REARRANL KR L OV BT H g AT
e 2 —ICFTEIE (2012~20224F /) ICE L7 bDTH D, AW ZHIinwizic & £
U707 2 IR L BT £,
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Biocontrol strategies suggested from basic research on the root microbiota
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Abstract

In nature, plant roots are colonized by a species-rich microbial community, which is mainly
recruited from a subset of the surrounding soil microbiota. Whether and how the beneficial services to
host plants are provided by the plant-associated microbiota is attracting many attentions for improving
plant productivity and compromising environmental issues by crop production. In the last decades, the
two major technological advancements in the plant microbiota research area have been achieved. One is
the whole microbial community structure analysis based on PCR amplicon sequencing of marker genes
using NGS platform, and the other is the plant microbiota reconstitution systems based on the
comprehensive microbial culture collections. These enabled us to tackle the basic research questions on
the plant microbiota research. I will discuss how the basic research on the plant root microbiota could

contribute to developing biocontrol strategies of plant diseases.
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Glutamate positively regulates functions of plant-protecting bacteria
Kasumi Takeuchi: Institute of Agrobiological Sciences, National Agriculture and Food
Research Organization

Abstract

Pseudomonas protegens and the related strains are effective biocontrol bacteria that has adapted to
rhizosphere by producing various secondary metabolites with antibiotic activity. The expression of
biocontrol factors depends on the Gac/Rsm signal transduction pathway. Thus, mutants defective in the
Gac/Rsm signal transduction pathway have a reduced ability to produce such biocontrol factors and to
suppress plant diseases. Based on the findings of our metabolomic study, we have identified several primary
metabolites as potential signals in the Gac/Rsm pathway and niche adaptation. We also investigated the role
of amino acids in the biocontrol trait of P. protegens towards Pythium damping off and root rot in cucumber.
Among the 11 amino acids tested, glutamate showed positive effect on the biocontrol efficacy of P.
protegens. Based on the RNA-Seq analysis, glutamate appears to be involved in the regulation of several
Gac-regulated factors. Parts of the phl cluster and plt cluster, which encode 2,4-diacetylphloroglucinol and
pyoluteorin, respectively, were up-regulated, but the production levels of these metabolites were not
increased. Among the up-regulated genes, co-transcription of the chitinase gene cluster (chp-chiC, in which
the cbp gene was annotated as a gene encoding chitin-binding protein and the chiC gene encoded chitinase)
was observed. The promoter activity of this cluster and the chitinase activity were characterized in detail,
and we found that the activities were up-regulated in response to exogenous glutamate.

Based on the findings, these inexpensive carbon sources have potential as ingredients in
formulation mixtures of biocontrol pseudomonads for the optimal suppression of root diseases in aspects

of the application of biocontrol agents.
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X C®IT

MW ORBENZAR L, MW ERET LR NEATLH2MED > B, FHHEMEY =2 — FEF
AJBEIC DI ND L ONREE LTINS, BKIZE W T < 22 iE Ik 15
KO IFRNEY =2 — REF A RMEA S SHE CHE SN TE 2 2RI, RE 7w F
WCBWTARBHENESZ HH L Z DN RO EZ RTHREO O LD L éﬂ“(b‘é
AR L IR ED O NY =— g ANZEL S DONEL | RIERMED O Z I 5
MEMEMEE LHERAT2008H 5, 20O ERRBEMEOREEILEE IIZ SRR - T
WD, BLEMELSOIFEBRD A =X 5L LT, HIEMED L OFRGITRNZ L 5+
WIS A M 5T 52 8 HEMMOETERET L2 L, 2RERFET L, HHED
FRELBIZT ) LEFEPESNICHE ST 5FH IO MNIIRY 5055, KEME L
NR— 2T LT AR O M ERR R EAILEPS 2 T ED b Tw D (T 2018),

EH DD RIS E LCu 5 Pseudomonas protegens |3 “plant-protecting bacteria” % % D4,
DK ET 5, P protegens [TIHEIREDIEN, FHR - B F 27T 5RO L NS
NTED, L#HRRERASORRENBO LN TS, ETILVRMTHD P protegens CHAO
BRIZAA 2RO FHIL LA O BB SN2 b D TH Y (Stutz et al,, 1986) . RIBDHLE
‘ﬁﬁ?'ﬁﬁﬂ@ Efjﬁ’i’fci?‘ Gac/Rsm ¥ 7 F/VREZERIZET 2073 e Uz 2 & CTHRABEIFE D A
RNEEIZH D, AR TIL, P protegens DFLEMEHIHEEAEIZE H LT, P protegens & %

51‘%7& it & O T iE ReERERE O 2 HEE L T\ %,

1 P protegens DHLEMERIE A U =X 5 & —RHED

P. protegens & % Ditix5MlE, BEELEREDORFEE CHLET U LAEHE, 71U UL
B, VY7 =T REREOHEMHRERIRER K OUNEIT L THEMEZ AT 2130,
Ei (B FaviEte) OPRICLIERH D Z LN ME SN TS (Kupferschmied et
al., 2013), P. protegens DPLEME _IRACHPEEM T e filH O b L EA SN TVWD, BARRY
(I, PUEME R PEEY O & iR B s T (mMRNA) O 7 1€ — % —fHiRlZ] \ﬁﬁb
T GGA EF—7 L LTINS R RRBEIINAFAET 273, T IZ RNAFEEZ o/ 7B (U
Tlyt—) BPEEATLHIEICLVADHIEEZZT TnWD, —F, FHOREAITET
T GacS/GacA —k/riilfE% (Gac, Global activator) 23EMEALT 2 &, ##E) L TR small
RNA (rsmX/Y/Z) OFBENRHRT 508, b LRt 7 by b —ICEER G, it
HZ LR FERE U THEME IRREYD OA KB BIs T ORB A EET 5, R
A small RNA X EiRD GGA EF—ZIZEATEY, V7 Ly — LG L0900, 37742
HH mRNA O GGA EF—7 LHET 5720, ZIRAGHED G R B R DO FBLIMEE
ENns, ZoO—HEOHERIT Gac/Rsm ¥ 7 ﬂ‘/leii%?ﬁ EHEN D (Rsm IE Regulator of
secondary metabolism D), Z D> 7 F NMEERDHERE & I o 7o 8 B CTITHEMRGE R b
K N3 % (Kayetal., 2006),

FEHDILT ) DR - A XA — MRS T, BRx e IRREHEMIZ K - T ik
VT FNMBERPHE S D Z AR Lz, Bl TCA YA 7 VO ETHL 7~
JVERRC N7 BRI, FHEI small RNA OFEELIS X OWIEMEME A EICIEIIZTE b ENT 5

(Takeuchi et al., 2009), —J7 GABA X7 X / JHERBEER DI BIN Lk D> 7 F MRERIC
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FoTHIEENTEBY, —KRHMEDTH O 225 ZF OB ENEE NS ICHE ST
Az L. FLT GABA BIEIFBHEI D EEDESD L 7T IUWE L U THRET 5 2 LS04y
7o 7= (Takeuchi et al., 2012, Takeuchi, 2018) .

2 HWEMIREME & SR REEDOHAZR

LEDZ &0 6 TR EME OEEEDMERF - 1] Lo7-oizid, —IRIGHEM D> 7
WVE E L THEET S B2 b7, &2 TR small RNA ORIUTIEIZIZTE b &0
L7 < VERIZHER L, = OMEEE%E (fumarase) KIEZ BERASEF AR & il UAE 735D
ENREEDZ MR LD, BIEEWEAFEIITCE LT b0, EEORERITHIC
N L7z (Takeuchi et al., 2009), F| 72 HUEMEYE A PED B IZ A DR EZ KT L5 R
EHEERIN D, FT7o GABA O FEERRHM CIIRE ~DEF R L L7223, HEIREDN R
ZEDDITIZE L) o7 (Takeuchi, 2018), FWRAZRFIF O 7= DI, MO —RAHE
MORENEELE X -, ERWE L LT, ZhE CHWREME ORE & OB RIHT
boToMET IV ERGE L, WEMRERINIERT 27 2V BoREEZRA T, 73
J BRI R LR BRI 2895 Z L3S ST Y (Seo et al, 2016) . FEMLR
AR & OOF R FICBERE S & 7T,

KHET X W% P protegens Cab57 #k & & I HIBITIIN U Pythium ultimum 4% 582
B DIREBREE X 2 v U il O EEOENZ X 0 3l L7z, Cab57 #RIZEMN /B
FRTH Y. CHAO £ & FIBEIC Gac/Rsm ¥ 7 T IUGREER DIEEENREFE STV D Z & s
L TW% (Takeuchi et al.,, 2014), A[El, X L727 I /8 11 f$H (Glu, His, Gln, Gly, Leu,
Phe, Arg, Lys, Val, lle, Trp, W\ 940 LK) OHFTIEIZ V4 I U (L-Glu) OBRITBEE 22 EN
ROz, IVEIVEREDIHRADREERT 2V VHOGTEEZR 1 IZRT, JA¥ I
Fie B ALER CIIIR BB BRI R TR BT, P protegens & DRLAGHOHIZ L VIR IFRD v
Telzsb, ZVE I UEEDS P oprotegens DF§REZ i@ O TN D & 2 Hbivl- (Takeuchi et al., 2023) ,

EYREME TEYREME +
vl ) =B N

1. Pythium ultimum &G T3 5% 2 7 U G ORk1
M REME  (Pseudomonas protegens) DOUHINZ IV AEBENREIEL, F V¥ I VBEFHTS
ZETHEMNITLEL-, BEII B2 V2L, —» HEEE LZH 0,
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3 INF I VBRI X SRR DI & H e

TINE I UEEE P oprotegens DFSRERIEID Y > 7 & LT, Eilkd Gac/Rsm ¥ 7 /WARERIC
EIZX7=&E0T 5 Z ERTFHRIE N, CHAO BRE V., SEMR T 21T - 72 & 2 AHMA
PED 7V H I RO 10 FRET small RNA OB TTHET 2 Z E R LN E ol
TIVE X RINENE DB R T 2 EFERIICIH R D 728, P protegens \Z 7 V4 X UERIVEE AT o
7= 70 RNA A4l L RNA Seq f#ATICHE L7, MEALERX & Lhiz L C Gac/Rsm ¥ 7
IREROH TIZH 5 & SN D PR —IRIEPEY OB KRB D7 T A S —D—
HNTLE L T\, 2O—FlERITRT, BARAYIZIX, phl (2,4-diacetylphloroglucinol d A %
B R BAL T HE ¢59080-¢59110) <° plt (pyohneornl0)/\EEE%zQL=fS?FE$ c28450-c28580) D—HH
BENTWZ, 558 RFICB T2 2o RMEMOERELIT T 2 A, WX & gL 7
w&iVMﬂﬁEfﬁbewko%ﬁ¢?@$£ﬁf%é:k#6\£ﬁ5&4Aﬁ4y%
TOFMAMEEEZ HID,

F<. Pseudomonas protegens CHAOQ |2 7 )V 5 I U2 LRBLEN UE LB FO—&

Locus tag Gene Predicted function logfC  FDR

c21450 ansB asparaginase 4493  2.28E-21
c27430 LysE family translocator 3.402  4.89E-11
c48520 gltll glutamate/aspartate ABC transporter substrate-binding protein 2.850  1.64E-09
c36100 aroF1 3-deoxy-7-phosphoheptulonate synthase 2.849  3.15E-09
c21840 ttgC2 efflux transporter outer membrane subunit 2.658  2.34E-08
c55760 trpG aminodeoxychorismate/anthranilate synthase component I1 2469  3.59E-07
c21860 bacAl orfamide A non-ribosomal peptide synthetase OfaA 2.441 3.59E-07
c21850 helix-turn-helix transcriptional regulator 2.401 5.26E-07
c21870 grsB orfamide A non-ribosomal peptide synthetase OfaB 2.3890  5.41E-07
c21880 tycCl orfamide A non-ribosomal peptide synthetase OfaC 2.348  8.55E-07
c21380  ChiD chitinase D (® 5 (Z chitinase C & 2LFF) 2301  1.56E-06
c21370 cbp chitin-binding protein 2.280  2.05E-06
¢39220 outer membrane beta-barrel protein 2.224 1.08E-05
c28490 mmgC4  acyl-CoA/acyl-ACP dehydrogenase 2.182  9.97E-06
¢59080 hydroxymethylglutaryl-CoA synthase 2.173  9.09E-06
¢55820 trpE anthranilate synthase component I 2.164  9.09E-06
¢28500 tycC2 amino acid adenylation domain-containing protein 2.095  2.40E-05
c38480 hypothetical protein 2.081 2.21E-05
c23130 rhodanese 2.019  0.000219
c25490 DUF2599 domain-containing protein 1.966  9.09E-05
c22450 yhxA aminotransferase class III-fold pyridoxal phosphate-dependent enzyme 1.966  8.80E-05
c28480 pltD hypothetical protein 1.963  0.000115
c28460 eryAl acyltransferase domain-containing protein 1.962  8.91E-05
c28450 pltA tryptophan 7-halogenase 1.924  0.000132

50



TV E I BRI L0 Ut L e B s O FIiE R T — B REE R FRE (cbp-chiC, chp 1T
chitin-binding protein . chiC|ZF¥FFF—EZ a— F$25) LEIRY R~7F K orfamide DA%
MRBETHRZELEEN TV, A, ¥FF—BBEFHO 7 7E—F —fEkiC ko
GGA TF =7 PR SNIZZ LMEFEMIMH~D Z & & L, GGA T F =7 DFRFEICL Y |
i OHUEME IR PEY) & kR 7 — B RELE s FHE H Gac/Rsm O FiZd 5 2 & A HER
SNtz, T THHET 0T — X —lHIRE lacZ BIGT O _EFICHERE UIEHEZHTZE 2 A,
GacA ZEMKTIIHRBAENMR T L TERY | B8 LEICBIT 237 —EBiEE b Kb 2 &
5. Gac/Rsm OHIEHTIZHD EEZ BN, WICUET 1 —F —EEIHT 5702 2 Uk
DRBRE T & Z ARERFINTIEENTTHE L TEH Y (X2), RNA Seq filHT O 3k &
M7z (Takeuchi et al., 2023), JNEHHOE G, MlREED EEMR 3T —RICE L B —R L7V T
T D05, Pythium ultimum TIIFXF b EHEND T ENME SN TEY  (Cherif et al., 1993),
TNVE I PRI X D HEMIREN R O | e X T — B BE T ORBLLEIZIIEEMEN B 5
LEZOND, —hH., ¥TFFT—BLUANOER LM REL RO LIZEHE L T\ 5 aTRetkEn &
LI5S % BIEITICIR Y AT TETH D,

1kb cbp’-lacZ
2 35
>
—mh : -y EF L-Glu 5 mM
S | \ebp chiC & & 85 ¥
A g 85 20 2 mM
\ G =
\_  c¢bp : chitin binding protein S s 13 1
\ chiC : chitinase C é g 104 0 mM
=1
(ID - 05
-35 -10 +1 ATG / E A~ ;
0 1 2 3

7oE—2—%4 lacZ
(7% LWGGATF—7%HT3)

Cell population density (ODggo)

2. Pseudomonas protegens CHAOQ O % F - — B BELE R 1 & BT

X —EREE A T OENEKE L O e — & — kALK L C/r L7 (&), chitin -
binding protein (cbp) B L OFFF—+E (chiC) =2 — RT LB FO LD T 0 E—% —1H
BUZII4FE L GGA EF— 7 RS, T rE—2 =% lacZ LR — % —8aFI0H
fi L. TORBNY =BT ZA MR V2 X U FE (L-Glu) O EARAFRIITIENE
WITHE LT (F),

BbYIC
IR AT 5 SR AT B TTURICE G585, T o Ammsk O RBFER 13 E
FI LA 2 HRIRIC KX AR E B2 LT0 B E B2 BB, Al Z1¥ L BOT
T ADHRAEW BN LIS, 0 A7 =X AOMAIZNTIHFIZ SV EN ) Th 5,
JNH R B BUNE S VR HIBE & T (LA GaoRsm v 7 FMBERICEM L, 2
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DFROFFF—PELGFEDOTLEICER > TWDH I EENEZOND, JVH I VR
W) - SRR BERAMEIZEB VT, 2R E T DR O X F - — Bl T ORB %
5 7 ERAEIRE O R COMBED S ST 5 (Kadotani et al., 2016), F7-55E
AZTTEETIIERED VY I VBENERT L2 2 LR HRE SN TEY (Toyota et al,
2018), RIZBWTHRBROBIRNAE L D72 01X, WERICLD2WERIBOEEN 7L
A IO E RV EHT-0, ELOMMREMEICR L 7 A WE & LU CTHERE L
SOS DA v =V ZELEZTNDHDNE LILZeW,

H X9 E 10 FRIOAMRSICTREOHSLTEE, IRV IRD & ZORDT /7 LFHRD
PEFRLRFEA I 7 AT OB 2R OB EA LD TER L TWD, Hgiare
¥EOFEBUTWMT T, AHBAEDOBERER EOEMBARICE Y A THET,

BT

AW D DHITHT-0 . B - BRMEEHIR A TS NADZ < OF AT
WP, AREFZEO—ERIT. BHFE (18H02209. 21H02200) D BhA%. 72 5 TNE NARO
A ) R— a7 al I NELAXBEYSZT-LDTh D,
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Development of a screening platform for antagonistic bacteria using microdroplet
technology
Megumi Narukawa-Nara: Faculty of Life and Environmental Sciences, Tsukuba University
Yasunori Ichihashi: Bioresource Research Center, RIKEN

Abstract

Biopesticides such as antagonistic bacteria against pathogens have been attracting attention because of
low environmental risks. However, the conventional approach using plate cultivation to isolate
antagonistic bacteria shows low-throughput and a limited number of candidate strains has been isolated.
Therefore, isolation of a wider variety of effective antagonistic bacteria has been demanded. In this study,
we aimed to establish a screening platform for antagonistic bacteria utilizing a high-throughput
microdroplet technology. The soil pathogen Ralstonia solanacearum was used as a model pathogen and
the model antagonist bacteria 3-8A strain was isolated from soil. The GFP-labeled R. solanacearum was
co-cultivated with or without 3-8A strain in the same droplet, then the GFP-negative droplets whose GFP
fluorescence were reduced by 3-8A strain were selected. The antagonistic function of the bacteria from
the selected droplets were validated by co-cultivation with R. solanacearum in plate. Using the
established platform, we screened a total of 2 million droplets using soil bacteria and obtained 1,920
candidates, of which 1,216 were culturable. Our results suggest that the microdroplet technology is a

powerful tool for screening antagonistic bacteria.

XL®IZ

EHFUZEB W, EMOIREICL Y BEMD® 10%LL BN L 72> Tuv5  (Strange and
Scott, 2005) . FFIZ, YO LR EITIIRIREOMIE ., U A LV ANRRE & 72 5 267200 F
W, EERHEELZKITHLONREL Y, THHRFEEIL 10 F2 8 2 TEF AT /2 i AR
EED Z L0, ARCIEANC X DWHEHEOA N LA Z 0 HIEWSG TR EE S FET
L L. RIREIMEA R B TH D 2 L h, BEREAESICMmA D Z
CIFELINEETHY . ARRBBREORBENEE Lo TW\D,

ZOH T, IEREEICBIT DI O L &l H ISR R 7 5 TG -0 R EmE
BAZHT DA NS, HPBRICB DT HILHEEOEHEELZ TEX 572000 T52 &
DRODHNTWD, Fiz, ITFELLS FIZTH SDGs [Frfc rlRE72BIR EIE ] o T,
ERERBE R 2D 7= 0 D BEHMOBIRPRO SN TE Y | BEAMODIRWVEEEREE L TH
PUsAEM ZFIR L2 BRIEIC K & 2R R FE LTV 5,

ZOBBRIEICIE, b & ORBEICERT D LA OREFIMAED ZIEMHALT 2 A S &
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TSI AEM 22 72 FEECEAT D HIENRH V| FERRIZ Agrobacterium radiobacter strain
84 1T & 2 B BB RBOAE S B OMRBAN AT O TEy (B - AR, 1985) . FEIEIEME
Fusarium oxysporum DRFIEREIZ X 5V~ A E25FFVEORFR (I, 1989) ZENEH
fEEhTWad, UL, #fEiEMORERT T L — MERZ Wk E A4 & LT
LTcHOHBEDO AV —T > MEICRITSZ L0, BHAREEIRS, AWM TH L0 2L
EMECRIT D Z &, B TOEBEEMEN LR ENME Lo TS, SHIZ, JREN
PrORE 72 E LT, BEMOHELDN RN LI X AR OHZE R HBLNZE T 6 b,
FDID, Bx RERROBRIEEZMAEDLE D Z ENENRBRRO—DTHY | LHE
ZRRILFEPUEY) DR A 72 BB « RIEEOMHESIATRS RO LN TS, 612, #EPiK
W) Y —ARFETE, T EIES LT WIRGUBAED 28RS 5 2 & A ATREIC
720 FIEWICHBRSEWEM LD, 2T ARUFE CIIBUINETEAN 2 UV C 153805
EW O EY E LIEF DA AV —Ty MIHBET 2HN 2R L, KEOHHLE
PUsAY) & BBk - [FE L., 2Rk ZEBGICHST 2EMEIRT s 2 L 2B E LT
WIeEAT 572,

1. UM & 1T 2

PN &1, B um FCOM/NRIEEEERT 28I TH Y | (LPERCESE
fh, A7V NV Z =R EDTEMENG, 7YXV PCRRV V7 IV IVIRHT,
WAEMRRE EORBMIEE T, SEFSE 0B TEHEINTWS (Day, 2012),

AL TIE, Z OHEWZ AW TEEOME 2 B 30 1m ORU/NeiiicE A L Th&
L CW5%, BIfE, Droplet Generator (A 2ttA > F 7 - XA AT 7 /v —X) ZHW
T 1 B CETEOMWEMEERT D Z N TEX S0, 100 FEBZDHA—F— TRy
T SNTAEMDOREEDR SRR L 20 | TERIETHWS 96 Vv L— D 1 T
SFOFEEBEN 1S mLF =2—7 I RTAREETH D, 2D, BFOARAT J—=2 7 FIETIE
FHIRE 2 KRR 7 ) —= FHERTE5 (K1),

Fo, M 1IZHD LT, HITKEED LAXZ NV TOERNBAIRETH Y, 7 v FEA
A NFTREAFHEANCDENTIRETHEEL TS, ZFR—L L3R miEER o —
ERCHENTZA TNV a ORRETHIUR, FDRE KERIZELRT S 2 &M
RETH D, ABFIETIEL, Droplet Selector (BkAZtEA L F v 7« NA AT 7 /) mP—X)
IR OREY « MEICHEAL TS 2L BIXOWFEMIHE T L E S ZEBNEF R ATRER
Z &5, Water in Oil type (W/O) D Z#EH L T\ 5,
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A Z BT 272012, LT O X 9 REBRREZNEZ LT, F99WRE % 9 A%
U, HOCAERRIE R & BREEMAE & [F— O ICE A U TR 21T 9 0 a0 R B
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BER DI IR BT 2 AW E A 7 U —= 2 7 Tlk, IRENOAES N 0~1 &
725 F CIAYIBREBIR IS 2 TRE2GHN, ZZOWRMNEEELD ZENANL—T
MEZLS LT (Terekhov ef al., 2018), La>L., AHFIETIXZEDOWE A A L2 K 9
IZ— D DIETERICEEOHRIRE R RA 7V —= v JIROBREMAM EZEH AT L2 LT, B
—H R ToOHME A ATREIC L, A—Ty MEOREER R E EAER L T D, Fim,
BEEE IR T H2 0, B TR CETHAETHZ L CREENAIRRIZR D LD
AN DAY ) —=2 T BT H L Do T,

3. A7V —=VTREORELEETNVEBRROMESL

RIFFEClX, HEREE CTH 2 EAE  (Ralstonia solanacearum) % FEFFRIERE DT T
JRERE & L CERE L, HHHREIL. b~ Uy TA TR EFT AR OEHOAMIZ 200
SRR OFMIRYE L ENRAET S Z L LR LEMIIIET ICEmVN, TOREE
WENCINZ D Z EITBAFERETH S (Peeters, 2013), — 7T, HAIHE HE O EHiEHEN
ML CRY, ERETORVRVWRES 2 &, T TICHIMEDPNEMILEI TN D
ZEmnL, ETNELTHHETOIOICKRECTCHD EB 2 BT, GFP k& AL E
8107GFP #RI%, W S+ (RO L0 TREEW2 & ERICHEH L=,

HHPED LEBRE CHH 2 &b, HEHMAEMOR 7 ) —=2 7R & LT h8mAe
MERWDHZ iz L, R—REFICAEETTLI2HZHNSGZ LT, EEMEZEOLND &
EZl-, EbHlc, HEFIQZDTN 1 ZT AT 100 FTREOMEMNEET S L ST
53, A%#ﬁ@ YEEICERTh T & 7o BT DT 1%RIEICT E T, 99%LL EAvR
HERL-oTWnD, LML, BETRER 1%0 HEMAWMICIIVAEMEEAFO X D ITA
FORBIZRDT Z EDOTERVENSFELZRIAAET 70, HHEPIZIR BRI D%
BRICRINAEDREN DAY V—= V54T H 2 & T, T ETRIUG T A2 HS55ED
DOHBENHIRFCTX B,

ETNVERREEET HITH--> T, ﬁwﬁfwm%%O%?w##ﬁéw%ﬁékw

FRHF S A AV Y — 2 get o —HiN o+ S . FRYREEBAA T L — 2B W T
Na—E R L CHREOAE DIz D% (Pseudomonas sp.) & HEL T#3-8A BEE 4
7, DBEOFERICEH L7, 612, KEHE R EDORR DHEHUER ZFF>E 7 L5
WA & LT IEAKRMSUE L (BRRT) XV Mitsuaria sp. TWR114 £k & Ralstonia sp.
TCRII3#E%E ZREE W25, ZHL o b7 UEFMAEM E LTHW,

FHIGPIE 8107-GFP FROHEFH & 8 JLom 23 i < PRI AU NI B B etk & Mt 5 72
W, W OKRE SO AR R, AFRHER, £F B, AFIRER EERE LR,
TEHOKRE S 130 um, BPARKEE : 8, ABFEH : mGAM, EFHE 3 H. AHIRE
5CTHEBRZITH Z LI Lz, KRIT, BT MAEHAED#-8A Bk & DI RIZE > T, |
T OF A 8107-GFP #RHIK GFP @ NIRRT 2089 MEfER LT E 2 A, #3-8A 1K
ZEL LTI OEIG O, HHEJRE 8107-GFP #RHIk D GFP w1t % %3 2 ik
DD 7e 720 #3-8A KRN ETOWRMICHE AN D &, 2 TOWRMH CHILEE 8107-GFP
FREISED GFP #EHKT 5 Z ENbhotz, S HIT, HHEE 8107-GFP £k L #3-8A #k
M2 T HEWAED ZFERFICEAL TS, fERIZE U X 5 IT4#3-8A HREF AR I OH NI
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eV, FAYRE 8107-GFP BRHIK D GFP #t4 & DIRIE A2 2 & h . RO HME
EROMAEMNIE A SN TOIUEFRIFEE O GFP #EIIMHA L, AR TTV—0H OF
TNFEBRADELE T2 enbhrole (K 3) , £/, B 2HPUEHZR > Mitsuaria
sp. TWR114 #k & Ralstonia sp. TCR113 #RCRBEDRBR AT 072 & 2 A 1K O FH L B
8107-GFP #kHIK GFP #0CBIRT 2 2 & Ny hoTolosd, HHUEM D55 GFP #0Ot7M
JELFHBIT S L TR EAIEEIC L S E I ERERZ RO A N BT X 5 A]
HEMEDS R STz,
BAE  EREGFPH

None added GFPEk +BRCSoil-Bacteria EIEREGFPEE

SHREGFPIR +Soil-Bacteria
+ #3-8AK

2
*
2
GFPHIEIE

Mitsuaria sp. Ralstonia sp.

TWR114%K TCR112%k

#3-8AFk ( % Droplet)

P EHREGEPH

X3 7 /VERROHETR

RKIZ Droplet Selector Z IV TR IR L 72 IR OBIK & 01N TE D0, el Tl
PIAE OEERE A Ny 7AEDMTZ 50 E D ER~N-, K1 L0, HF%E 8107-GFP
FRE#3-8A KR, THEM/AEM & ILRER LI E Y —T 4 795 L. HHEE 8107-GFP %
BUMCREEE L7 & b U C GFP st sl s 7 ey RBHEBLL, 22 XBIITX
LW bhotl-, £2T, HHYEE 8107-GFP ¥k L A U GFP Bt ME L -7 v &
. TOTICHBA LSS BEOERWT ey hERor— & LTHREL, Ththplx
Y =T 4 T E T TR L, FRHREBA 7 L — MBI 51— B O 1 % e
L7z, ZORER. GFP w0 CIREE A @V VR R OMAEMIL, FMWESRMA 7 L — FT/he
— TR, AOCEAMEE N CHAYSEE 8107-GFP Bk L IR U GFP &t A REF L T\ -, %
U EKFIRAOIZ, GFP HOGTREE DM R SR O AEMIL, HARESBAA 7 L — F Tha—
IR L, SEBAEE T ClE GFP 3LII R L CWieho Tz, TNH DT &b, HtE
PIRRE L L7459 AEM O EKE, DEFEB I ORI TETHY, AN TTU—EY OET
IWVEBRARDBHBE X EEZ LN,
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4. TBEROWERHIEN R V—= 7

ETINVEBRAMERTEX 20T, EBEOHEEZ AW CTHERBEM DO AT ) —=2 T %17
ofc, TEZTUS LIEFEHICL o T, #HEHMEDEMOERTFHOBDBEB T 52 &0b, X
DZEMNZZ DRGNS K ) ICEBRSEMF 2R LIRS, UNEi CoRsEICHN S
Feh CHEEZ AT D & WREAKE I L CTHENRES B L, L %L ofbhims
MG onNs Loz, 2T, #Et 200 TEOHERNO A7 UV —=" 7 %70, 1
Vi AEMEAIE % 1920 KL, 205 BEEAER OO L LT 1216 S Tx /-
(X 4) . NGS #HWCTHFEZ B oo fR. 15 | 1211 RO AR % [
ETEEDN, ZOHIX Ralstonia J&H & ENTWTZZ &b, 1AM O DS EHOEKR S
NTNDZENRBINTEY, 5SROI CTHRRBIMAEY 2 S HITKR VAL TET

% ST © 1,194,572
s BIRREEN : 1,920
50 +iEHAEY/Droplet N EhEwel |2 1,216
> #Et Plate N Bk 1858
BRC-DW S g | TEE | o | BERE | e | ey
' 1 114,914 96 60
e 2 | 108333 | o6 | (4)
50 HiEMAEM)/Droplet bw | 3 | 106379 96 <5>
“ . 4 112,009 96 66
BRC-mGAM L TR 5 | 109,361 96 34
BRC
81 ! 1 81,985 96 76
ol il ] 2 72,327 96 83
O | o
2 — mGAM | 3 67,848 96 74
50 i 4Y)/Oroplet § . 4 69.023 % 76
T 5 77,591 96 79
TOT-DW 1 128,556 96 62
2 | 122192 96 59
DW | 3 | 119,898 96 77
- e 4 | 156,847 96 70
20 HiEHAEY/Droplet
ol 5 | 123419 96 74
TOT
1 72,945 96 70
TOT-mGAM
2 71,028 96 @
mGAM | 3 | 126,472 96 85
4 78,366 96 80
FSC 5 75,079 96 76

X4 EFEO+EEZH WA ) —=7

BbYic

DX, IO~ A 7 v LRENZMAEDSERISHT 22 & T, #ED O R
BRI B - [FEZ KB CE o, LERREEITRENE Z o TORWEEH RS D
FHHHH Y, FOWREREDOFHEMIL AN = XALEANLEEINLTND, EOTDRRIRE &+
PO BEER AT 52 & T, BEBGICAHREMORBEOALR L, TR
ERVNCL TR DD, ZOREDHHAO—B b tEZbND,

7. ARWFIECHEST T D0 NI B 2 O T2 KBRS U AEM A 7 ) — = o 7 Hifffig,
FEY) D LR R O A 750 O TS T 2R EIC BICHFIRE Thd 0 | BIFE SRR TR
JE & 72 o T D BRYSE O 272 BBRIERENIC R & S Bk 2 Z Bl T&E 5,
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