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[E &23-A (23]
O X EWHA Burkholderia glumae®t B. gladioli *}°] 3528 2 WA AT

1) B. glumae®t B. gladioli At°] WX % in vitro assay

-AZE g8 JAre] BHYAS 7HR B glunaeft B. gladioi T ES SR E
-H Ee & AIoAM B2 B glumaett B. gladioi wtF Ato] WA wigE A 2
2l e ek A4S 34 AFE HE T

(]

g

65 5 ) o
-H B AEH PS* /\}6} zﬁg_] MS AU B 2R S uld To] WRe sho] x|
£ w0 dsAgs #Ed
O B gh B. gladioli A}°] in vivo 270X 4534 2 HAA 4AF

1) ¥ = JeolX B glunaeSt B. gladioli 1o ¢ 52§
- B. glumae®} B. gladioli 157} GFP T+ RFPS WY 4 UEF Burkholderiadl| X & o]
F2 FAAY Z2RE BES AR 33 3d a5 AR

UH B glunuest B. gladiolis 77t

- 109 A-Fo] ¥ fEY 609 A-Fo W F7]0] FY 2 /
A4S ¥ 24 0 FHE 2L AolB VAL, o9} B WAY JEE ZHs B
Fae Pol o PA UekeA 2AsRA T,

O WA Burkholderia M 1%} Fusarium 3%3°] Alo] F& 2§ AT

1) WLA Burkholderia 5%} Fusarium w5 AFo] W] 8] in vitro assay

- g1E g WA Burkholderia 75 (B. glumae BGR1 5= B. gladioli 11882, B. gladioli

BRS3)9} WU Fusarium +5(F. fuyjikuroi =% F. graminearum)s &7 WS 3tAY A

v oF3te] oW st Burkholderia TF7}V Fusarium TF9) TS FA v AZ ujeF X
A7

- 1A= gRE ¥ 3 Burkholderia 755 283t Fusarium w0 F2o| 5
BEnAF R Vﬂs‘] Suigig

f

&

2) sk Wi Ao\ X Burkholderia At} Fusarium +38© |
- Burkholderia Tt} Fusarium T3 A}°) in vitro 43283 A vjE LB ®iAY F+3F
o] Y& PDA HjA| A &3tz 3t

>
-
O

O Burkholderia T+ 5 Fusarium 5 A}O] in vivo 4524 2 WA A+

1) ¥ F2X Burkholderia 9} Fusarium 75 A}o] 328
- 83 Bdo| He Fusarium 755 WA FH E= A A3
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- 12 W E ¥ Wd Burkholderia THFE o] &3] F WUl ME UE B
st 2oz ¥ FAY ¥ fFRA HIFS st ¥ 2A UM 9 colonization¥} ol E
H@stazt g

- 333 dAvjFdog ANkl EXE #FESta o] HlE O F confocal HV|HSE ZAISH B

1) Burkholderia Tt} Fusarium w59 WX W F in vitro AAMA] &4
- Burklholderia 3t59¢ Fusarium T 5 Are] thA] vl ol So]ZQl Fazgo] #do] =
F @5l i RNAseqs 38t 7|1%& At g

-AF T 1~ 299 27] GA BS FEo] 7Y ¥ 7] @A A5 AL Aol7t v B¢

olo] tha WA BAE s nA

2) W HZF § Burkholderia ¢ Fusarium 59| in vivo AAMA] &4

- Burkholderia 5%} Fusarium w5 Ato] ¥ Z7|u ©] o]2tol| A in vivo 4528 A3 W
AAdo] Zpol7b Y= A5, in vivo A 5 335k
- Burkholderia 779 7% -4 (& A A2¥s) o £l

AMAZ 7888 staAr 3 3 Fusarium w59 75 oA (2 JA @8 9) d+%
o3 FRE in vivo AAAE A FA sk}t 3t

O B4 Burkholderia AT B LA Colletotrichum +0) 3524 AT

1) WA Burkholderia 759} Colletotrichum 1 AFo] WX ¥l in vitro assay
- WY B glumest BAX Colletotrichum w5 Are] tA] wigFS FalA Joze&S a3
3} a1 =}k,

2) 3 Burkholderia 5%} Colletotrichum w5 A}o]
- Burkholderia 715 & ©|v|] FRH ZZ] {F3
S-S FEste Colletotrichum 1H5-942] 5285

A= )=
5 AFRE #AA

X wiF in vitro assay
Fo 215 WA Burkholderia®t 1.5
ZAS  Cdlletotrichum 5 Ao 7}

o
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O Burkholderia A3 Colletotrichum 23 °] Aol AALA] &4

1) 735283l Burkholderia A vt3} Colletotrichum &3°] AFo] ZHAAl 4
- BT B Y38 Burkholderia 79} Colletotrichum T AFo| in vitro 733 Z-go A =}
ZS ez A A U wg T TFE =35 RNAseqe T3 A A

=
oz BAAE FAAES YAFIA T,

1) WL v F3 Burkholderia 79} Colletotrichum w5+ AFo] 7+ A+
-AF R Ee AAE e E g e EEHd £ 8 2 A B 5o]F ZejolH

1) In vitro AAMA] Bl A
- Burkholderia &5} Fusarium w5 Ato] ¢S 28, Burkholderia w5} Colletotrichum w5
7 Abol A3 S #E ¥l 7(4/\}21] E—}—ﬂg 2] 3} A Eﬂxﬂ T} species(£)9] A% vlw §3

2) In vivo AAMA Hlal A

- $19 in vitrodk 2 WHOE F3stal 3
- W E99Z in vivo ARE in vitrodt Blal A3 o A3 pathways e FHAES
Wr=staal gt

0 4EAE T FAA BB A5 A7

1) 35HgAM o3 715 e FAAY 24 EdwolA] gn
AA B4 A3y HE Add F-71AE S 2 Burkholderia 7152 deletion &
I HF AddE FRAAE oz HAAY FFo] dF FHA} A

A FHETAL BE 194 ATAS Fe)),

o
__)rl_lll
Ll
fot
T
9|£
R

- gnE BAuolAE B8 BUT 45 48 Ane XA ¥E AR
- EduolAe] FANLE B A4 SolH BEFL BAY.
S OB, BaA, Bh v 53 39 2 394 BY BEY 2Y2 FUsuA @
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- FRATVIB(EAFN): ¥ Fusarium 550 HAT T AP WHol - AA Y
3

- 35% X AE targeted gene deletion *H O 2 7}7} AHA|gE E AW O] A
AA3t7] ¥38t split marker® homologous recombination 455 IE 3+
FFB14_01372 32 2HA4] EdAWO|A] $H T genomic DNAE FZ3} confirmation
PCR(polymerase chain reaction)= 37l region(® 5  flank & 3" flank @ F3=} WS F
3 A, T A7 AAR AAHAGE 57 flank$} 37 flanko A& band7} WEROR
shal A WHol A= band7b WERA eFolok ™ 1-1). UM A 34F KA single

deletion EHO|A = FL3A HASH .

N

16 17 18 19 WT
wielww e

13 16 17 18 18 wT

16 17 18 19 e - -

- e

O% 1-1. F. fujikaroi B14 3] FFB14_01372 72 A} 2HA] £ o]A| 9] confirmation PCR
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X 1-1. F. fyikaroi B149] W So] R {Fx4 Jo

o

Bl4 gepe |PDA4 | P23 P_é& Drescription
FEE14_00027 32 6186|1069 | Related to dienelactone hydrolase
FFE14_00025 15 5.7 953 | Related to Deapabinitol-2-delwdrogenase
FFE14_00035 0.0 413 952 | Related to &lhwedrose-Donicotine o dase
FFE14_00085 03 475 | 2019 | Related to salicylate-l-monoomgygenase
FFB14_00167 35| 2243 | 4508 | Uncharacterized protein
FFE 1400240 77 323 | 1142 | Uncharacterized protein
FFE14_0024] 45 [ @604 | 9263 | Uncharacterized protein
FFO4_(137 24 3.9 512 | Uncharacterized protein
FFO14_(1333 HE) 394 .2 | Related to sugar trapsport protein STF
FFG14_[11355 1.4 405 | 1154 | Related to alphal-arsbinofuranosidase 1
FFE14_(148 01| 2406 | 4304 | Probable alpha-L-arabinofuranosidase precursar
FF14_(14% 112 933 | 2104 | Related to HY antiporter HOL]
FEG14_[11546 225 2039 0.5 | Frobable catalase isozyme
FFo14_155 106 | 2513 | 4207 | Uncharacterized protein
FFE14_0156 00| 33040 | 4202 | Uncharacterized protein
FFE14_0157% 35 47.6 | 1950 | Related to ceramgdase
FFG14 a0k 175 FLF | 1920 | Uncharacterized protein
FFG14_01820 0.1 1.5 6.7 | Related to ghucose /malactose fransporter
FrH14_m7a 8.0 | 1020 | 1453 | Uncharacterimed protein
FFO14_(1767 0.5 8.2 | 3351 | Uncharacterized protein
FFE14_11358 2.6 276 | 2074 | Probable maltose permease MalP
FEG14_T156 95 | 3175 | 11184 | Uncharacterized protein
FFO14_(71952 114 1126 1411 | Related to NADH oxddase
FFO14_05405 03 0% | 1821 | Related to aldehyde reductase 11
FFH 1410055 462 | 100.0 408 | Uncharacterized protein
FFB14_10570 0.2 155 | 1994 | Uncharacterized protein
FFE14_11474 01 42| 205 | Probsble multidrug-resistance transporter
FFB14_ 11620 5.7 708 10.0 | Uncharacterized protein
FFE14_12086 (] 5 1222 | Endo-] A-betasoylanase A
FFE14_12112 f:1 A3.6 453.4 | Related to Lsorbosane dehydrogenase
FFO14_12133 41 340 140 | Uncharacterized protein
FFO14 1235 0.0 02| 1935 | Frobable syloglucanase
FFB]4_12527 14.0 1159 2158 | Related to acetyltransferase
FFE'14_15010) 04 12.0 .6 | Probable arabinogalactan endo-] 4-beta-galactosidase
FFB4_155% 37 FO0 | 1904 | Reladed to enovl-Cod hydradase fsomerase

cAE AEY B2 S ER 7F S0 PlEe] BEA slA g8
PDA_4: PDA HIoF F 493} // P53 B HF F 303} // P 6 B #F F 43}

2) E7IvtE HYE O 5o {RA A SdAWolAle HdAd HBA
- 35% A} single deletion AW olA S WA AAES st 2HEAE ¥ {8 ¥
1 x10°/m F52 HEFFES(2E 1-2). 2l mE il 2 "

wpsl wl%a el WAge] tehg,
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=z

hos Z,

2,
n % W %
5 % %

L]
%%-‘e;? r? ‘*0‘0“90
WYY Y %% % % B %
2 0% B B B g

a9 1-2. F fujikuroi B14 3 W 5o $H FHA 24 EdHo A HAd #A

2,

- 1\9};

. v Z, 2

s %
3 3 8 B
r o %

- A7k FH FAA AAE B sl 715 A=l HE 2 sHl= fove Wkt |

- 54 FAA 1%—8— 0431 ‘:]'—- homologue A2} 4511 WA E 5 Qe wety E7]n=
%

3) Gene silencing &8 Z7|vlE WLd U Fo] 1A 7|5 &4

- H AP FFoldl A E RNA 7HJ(RNAiQ, RNA interference)ol] @& F3x} & JA| 7]
Aol YA I 5 A 9714497 4R A2 small RNA E+ hairpin RNA2] T
o ot dlF A BE JAVF A= down, BE ARG FFo]e] -9 small RNAETH
= 200bp ©]’d9] DNA 7|4 €S sense & antisense 2] 0.2 v A&} THE hairpin RNAZ}
O 58 A dd A4 &35 Jepdda gEA A

Fl
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=
- T

o
Tr

- Aolx 2%

_l_/

EQts BAAESZA AT W gene silencingS 831 T FAAL Ao A =g
AZ} 7155 9] redundancyE 7R 8talA Bl4 2H 378 T BlsssHA A8 Ao g AAA=
A A (functional orthologue)E ¥ 12F AU (R 1-2). T2 A& Alxd 3 &40|A
b APEAS gEsEm 98
o] fA Wl A6 AAHES A42e] FAAE oAl ARAA 4 =
oz PR,
% 1-2. F fujikuroi B149] gene silencing $X2 32 Jo
Bld gene |(PDA 4 | PA F_& Drepeription
FFE14_07329 0.0 24 177 | Probable endoghicanase IV precursor
FFE14_12085 0.0 431 2218 | Probable endoghicanase [ precursar
FPE14_ 125153 0.0 734 AN24 | Probable endoghicanase type F
FFE14_15714 1.5 318 2.6 | Probable endopalygal achironase
FFE14_03613 0.0 4.7 5.7 | Frobable pectate Jwpase
FFE14_10417 00| 427 | 672 | Probable endo-]4-betascplanase
FFE14_10535 .o 192 f3.6 | Probable pectate Iyase
S : 1 | Belated to alpha-Trarabinofuranos dase,/
FFE14_1085 .o 16.5 311 alphia-L-arabinofurancs dase
e ; Related to arabinan endo-15-alpha-L-arabinos dase A
FFE14_10m% 6.2 522 1476 Precursor
FFE 14 15010 0.4 120 #.6 | Probable arabinogslactan endo-]4-heta-mal actosidase
FFE14_(455% 0.0 5.0 13.% | Related to rhammogalachironan acetylesterase
FFE 14 12287 0.0 23 113 | Frobable rhamnogalactironate Iyase
s Set 1SS D Sat Q2SS cSet 0B S ==

- A 42 ROl A small RNASHS] A9 740l
H region(¢F 200 ~ 400bp)S B35S
R 3 Wl
HH Q1 promoterE -3 W ol HX]

#] gene silencing = vectors <43

o] 2

22l insert=

PO _4: PDa B9 F 493} 7/ P32 B T F 343} /7 Poa B #$F F g43)

v .

©]Z double-strand RNA2] &AJo| 7}=
st 4

=
g-e(1d 1-3).

NE
71— Ztﬂ-v/]

g A7Ig s FAAE =

ORF(open reading frame)7} 33}

AEEA
SHAIE W8 ko] M=

o]

1 7] 3+ plasmid(pSD1, pSilent-Dual 1)9} AZAAIH O 2
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pSilent-Dual 1
(pSD1)

5,567bp a3 1-3. Gene
silencing S 91
pSD1 &l vector?]

RS

Target genes
200 ~ 400bp

- FAXg o= Bl4 A W gene silencing vectorZ} A E RNAI EdHolA o] HeAdS A
AL (Y 1-4). °FE Bl4 FE3 Blw3dle] Set 04 EAWM oA oA 2] HAo] FAg] 9}
H|2gh 08 Fou HAs BV Wi, 2 3% T H4 2F(FFB14_04559 &
FFB14_12237)2 Bl49] ¥ Fa3s A4S & Aoz FHT 5 9.

O F fyilura®l B98Y T2 84 o] 434 Jw 75 A9

BYEAL P4 P v
=
=

- Bl4(Z7]vhE B 9E)9 B20(7Ithe] MEE)S SAEA ¥4 = i Z](CMC & YMA)l Hj
ate] A3 A Z A (microconidia), ™) & A E A} (macroconidia)d] FA Y-S Bl (2
g 1-5)

é o, 6 ’1 7; ’v \a:, a \a, (af; °<a f %(a fn fa 0’{%’ .%fqz_e %(ota

9 1-4. F fujikuroi Bl4 €] RNAi SddolA9 ¥YAd A4
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- CMCe) A9, F 8 35 BT 2RRARATRE D45 Bl4e) Fol BoRT F ¥} 7}

CERE=]
S YMAY B, T H9E 75 B 23R AEAY NIRAEAS I 4T 22y Bl4
o] WP TAEA} ko] B20E T F i 7t @S W ol FA AVIE F o] whE.

1200.0 4 120.0 4

% 1000.0 - i % 100.0

g g 87.3

§ 800.0 - § 80.0

.E 600.0 - mYMA g 60.0 = YMA

‘lé 49r47 CcMC “6 a0

@ 4000 - 154 :1-) 40.0

-§ 211.4 -g

= 2000 - 2 200

% 1-5. F fujikuro®] HYEE BEAEIA A4 S

S CMCE 2BEAEA G4 So| 24, YMAE HERAEA 84 So] zhoz 158 +
o]l o
Y =
2) BAFY BATA B4 DA DA =
-F HAY FFS CMCY YMAO| 247t vj kst & total RNAS FE38te] HAMA sl=S 538
A o1& TAE i AQ] PDACIA 2] vl A FZ total RNA WA dl5 Ao} g4 5
FH oz BAFo =N Iy o] Gzl FHAHDEG, differentially expressed gene)E &4
3}9&%(1%} 1-6).
- B14 5-°] %2k CMColl A 28] o]/ up-regulatlon DEG(CMC>PDA)= F 432, YMAJY]

A 28 ©]’¢ up-regulation ¥ DEG(YMA>PDA)= ¥ 4715%. 7 2§50 F5o=2 EXst=
DEGE % 141%0°]H, o] & 76%= TAZLE F93tA LSF(CMC=YMA).

- B20 S°] Ak CMCollA 28] ©]¢ up-regulation ¥ DEG(CMC>PDA)= ¥ 691, YMACS]
A 28 ©]’4 up-regulation ¥ DEG(YMA>PDA)© ¥ 4245 %. 7 179 F5 o= &A=
DEGE % 109%°|H, ©] & 63%c BAHSRE FotA &3 (CMC~=YMA).

- CMC 5o] 32k CMCol A 28] ©] up-regulation ¥ DEG(CMC>YMA)+= Bl14 % 379%
B20 % 870%¢. T 1Fo] TEOE EASE DEGE & 189F0|H, o F 58%(1314)9}
70%(B20)= XA A @A HolHolztal 4T + U

- YMA Eo] f§3%}: YMA®| A 28] o]/ up-regulation ¥ DEG(YMA>CMC)= B14 % 1,089%
B2 % 707%%. T 189 ¥To= EASE DEGE & 317FoH, o] = 52%(814)9}
43%(B20)= EAEA F4 A SolHolgta 8T 5 AS.
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- CMC>PDAC A] 28] ©]/} up-regulation E DEG & F @7 3522 EAst=
AEA G SolAl AL F 130F 9.
- YMA>PDAO A 28] ©]/} up-regulation ¥ DEG & F @5 522 &A=
AEA B B A 40 S0l #3d2he & 19559,

[Sl =
- B14] 4] CMC>PDA, B2014] YMA>PDAS! DEG(F #F ¥5 22 2FRAEA
I Ao Bt FHhHE T 86T 4.
- B14°1 A YMA>PDA, B20¢14 CMC>PDAR! DEG(F 5 3522 2F A x4}

et FANE * 5459,

B14

B14_CMC>PDA=B20_CMC>PDA = 130 814_CMC>PDAZB20_YMASPDA = 88
B1a_CMC>PhAs Ba_Yia=PDA B20_YMA=PDA  B14_CMCsPDk=
B20_CMC>POA l B20_YMA>PDA

B14_YMA>PDAZB20_YMA>PDA = 195 B14_YMA>PDAsB20_CMC>PDA = 54
BI4_YMASPOAs  B14_CMC>POA B20_CMC>POA  B14_YMASPDA=

B20_YMA*PDA 820_CHC-PDA

;

O9 1-6. F. fjikuroi® BAFE BEAEZA d4 4 DEG Y

ey
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=
(] T
- KEGG pathway ®A o2 EAZ 2} o FA2 JdE F DF(B14oA 30% &
hyA

B20°1 A 35%)9] 7]15< BREAS(E

E 13, F fyikurai®) BRFE PAEA B4 5ol FH 4384 49 A5 B

B4 B20
W=D T =PD
KEGG patlway | CMC-PD A YMAPD | CMCPD A YMAPD
A YMA>PD A A YMAPT A
A A
Varionus ; 29 . 35
metabelist e L &7 18 | stopoid 5
46
GA.T 4 G5 S
Atring add VLI & 5 - T2 . 5
tretabaolism i, CM 4
LM 5 W 3
woa
Frotein :
degradation 13 2 7 2% 2 4
Transporter 4 L . 47 < by |
ABC 4 ABLZ0 ABC 2
Secondary 15
fretabaolism = 4 4 aflateedn 6 0 i
Eegulation 3 2 3 5 1 3
Signal :
et 1 0 § 15 0 6
Transcription 3 32 :
factor cutinage 2 2 4| cutinase ¢ 3 1
Subtotal 106 46 74 288 34 35

steroid: steroid biosynthesis // GS.TVLLYV.CMW. ofrl=a gzl ff ABC ABC fransporter
aflatosdn: aflatoedn bosynthesis |/ cutinase cutinase transcription factor o or B

- B149] CMC>PDAYAE ofn|i=2k A} G 2H43%), YMASPDASI A& 78 thA} 77}
(39%), CMC>PDA=YMA>PDA| A= transporter f+32+30%)7} 71E =2 H=Z =A%
B20°] CMC>PDAE Bl49} 8§ #o]5 Holtd, d& o] A M= & HE(18%)3
transporter A= Bl4ol X 4%9] Rl=2 EAjst™ 129% W= dAzdAA fHA = Bl4
GNHE ] e 3% BirE 23 T HId FF 25 7|8 A} £33 = steroid A et
d A4 ~ 24%)7F =2 HI=2 EAsta, B14Y transporter F1AF 5 tlF2(71 ~ 100%)
& ABC transporterol] &3} o] Fal ofr|=iF thAL, steroid A $4d, transporter ¥¥ F A A}

=
7} Bl4 BAEA F40) FF 4B & Rolgtm FHT + UL,

4) Z7|vtE HIEE A
- Bl4o| A B A %!
AR 13)E A AS(E 14). 3T

% 3

d fF2HF 3%; steroid ¥4 2F & tryptophan
1} il
A AR F oy A 2dIS

2] 71% 418 93} single deletion &¢I o]
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3 1-4. F. fujikurol B149] XA A o] $R FH4 Jd 1

Bl4 gene FLa iMC | ymA Dresoription
FFE14_02537 154 187 | 2905 | Probable -5 sterol desahirase
FFE14_13495 14.1 | 33564 1.5 | Indoleamine 23-diosxygenase
FFO14_14M3 5.6 g2 | 51 | 3-beta-lydrosgrsteroid-delta(F) deltal7Hsomerase

cgteroid AR S0 typtophan A HE

- 7} EAWO|AE CMCol Hjdstey BEAIEZ A <
68% oz k7l 7443 FFB14 02897 A4 &=
o, 3% A= Bl4o] BEAEA FAo F o)A ¢S Aolgtal 4

—r
U<
/0
o
;L
52
52
N
f‘.:

900 -

800 -

700 -

600 -

500 -

400 4

300 -

Number of conidia

200 -

100 -

B14 202897 A13495 114943

a9 1-7. F fujikaroi B14 2] F32F 2HA] EddolAle] BAYEA ¢

- 7 =ddolAlY BAEAE FHo ATt HedS HAANAF(TE 1-8).
FFB14_02897 2HA| =< olAl 9] 735 op¥ @ BlART B Ao Y47 dAM dol tda &
ol AXY Hal.

- M2 FEEA EEE Bl4YA BAEA A @A Fold Id FAAKF 8F; ABC
transporter 4& & tryptophan A4 45)E AMEFA &39S 1-5).
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19 1-8. F. fujikuro
Bl4 2 3=
2] & AR o)A ¢

Had B34

- 7 AR FES CMC 279 A qPCR(quantitative PCR)Z A 439 S(18 1-9).

FFB14 045532 #1913 75 FAA+=

t B14Y EAEx A A

transporter A7} E = ofof

of

TAMY G 24 (PDB) vl wglS wf 1
_‘|

tryptophans Bl &3 ofv:it A

o= As v

X 15. F fujikuroi B149] 2AZA A o] TR {F3z I 2

Bl4 gene FOa | CMC | yMa Cescription
FFE14_00253 1.4 56.4 568 [ M aming add transport systerm protein
FFE14_ (4542 76 2653.4 400 | M oaming acd transport system protein
FFE14_04553 24 321 B35 | M oaming acid transport system protein
FEE14_0375] 31 233 0.0 | M oaming add franspart sestem profein
. ; Iammino-d-carhoeyrennate-5-serial delede
FFE14_015%6 02| 430 B0 e
FEE14_01593 04 | 2015 03 | Z-aminomuconate deaminase
FFE14_03605 a7 4753 1.2 | Indolearine 23 dioxymenase
FFE14_0932] 23 iedd 3.5 | Balicylate hiydrosylase
- ABC fransporter S/ | vptophan A4 E-H
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30.00

N
2
o
e

Relative expression

000

20.00

N
9,
o
°

Relative expression
5
o

0.00 -

PDB_D3 cmc_D2

= FFB14 00253 = FFB14_04542 FFBLl4_04553 = FFB14_09781

cmc D2 cMmc D3

= FFB14_ 01596 = FFB14_01598 FFB14_ 08605 = FFB14_09921

39 19. F. fujikuroi B142] B X2 €A Eo] T H FAA & g4
O F fuikura®] WY3E FAEXA A =24 {3AA I 75 79
1) HYdE FAZA A 42 A Y 23 -AAY AP
- 71 2l AV FEoloA FAXER A - HAR #BAde AR dHA F= 14F
AAE oz F Hedy dF7AMY 7l 1 2E4AAE SR (EA o] ¥ 1w
A AFolA FREJoY A Al FH1AF A4 A A Y AF oF, qPCR, BYAE 1A
Aol v WA EAHES o7 2uA AFoM AASIAL).
E<H o]
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FIbG; AFIBD, AFIbE, AFluG, A AbaA, A BriA, ALaeA, AVeA, AVelB A VosA ASfgA, A

WetA) e o2 2t Fdx 3 38 AFEA3IS(E 1-6). oY #5(B14 &
o] AA 37 BEE 12 XU

& THEA EA FHE fFAA @do) 2

3 1-6. F fyikaroi fr2f EAWHIAY FAEA FA 2d FA4 ¢ &
pw | B4 | pFws | pEBB | DEBC | DFBD Dabas | Dbrls | Diaed | Dves | DvelB | Dvoss | Dsigd | Dwets
FbA | 239 | om0 131 | 161 130 | 177
me | 067 | 113 0.96 0.62 101 102
FibC 0.81 0.89 137 1.10 0.49 1.26 1.02 0.95
FibD 0.99 148 A . 1.63 0.84 158 1.85
FE | 075 | 111 | o088 | 107 | 030 | oo0 | o6 | 087 | 12 0.46 10 | 133 | oss
FuG | 081 | 084 [ 09 [ 116 | 051 | 106 | 000 | 074 | L44 0.78 107 L13
B14 abia | 100 | o082 [ 078 [ 097 [ 081 | o086 | 148 [ 0w | 128 0.55 0.0 [ 13 [ 080
bia | 134 [ 070 [ o082 | 0ss | em | o8 084 | 0.00 100 | 126 | o085
laeA 0.11 0.07 0.07 0.00
veA | 134 | 088 | 13¢ | 100 | 08 | 099 | 140 | 107 | 109 0.00 12 | 135 | oss
velB | 38 123 0.00
vosA | 069 | o060 | 030 [ 062 | 04z | os4 [ 0ar | 0s7 | om 000 | 099 | 054
sigd | 113 0.62 0.68 058 | 0.0
wetd 148 0.83 0.78 1.01 177 0.86 115 0.95 1.05 132 0.00
YK
Flbd
B
FIbC
FItD
FIbE
FuG
B20 et
bris
laed
A
veIB
[
sfgd
et

= B20)

A FXE R BEo] 1/28) o|stE AT A

- Bl4 frd) EAMCIAY fH4 B8 Fg MnE 9% heatmape AHIFAL(LY 1-11).
v, FluG, FIbE, FIbC

VasA, AbaA, BriA, VeA, WetA, FIPA, SigA= 3ol 1502 Y F gle

FIbB, FIbD 71E, VelBS LaeA 15 5 & 37| 1802 Uy,

B14

Rou Z5cars

_30_

oY 111, F
fujikuroi B14 -2l
EdwolA ¢
FAEA B4 =4
FAA TE 7N

heatmap



- B20 f2) EdAWolAlY fAA 2E k) BwE Y3 heatmapS FHAFAS(ZE 1-12).
LaeAS} FluG= 3P 1802 B 4 9 om, VeB FIbE, VosA, WetA, FIbC, AlaA 1%,
VeA, FIPA, FIbB 15 5 % 37] Z1E° % 4.

a9 112, F
fujikuroi B20 -2}
EdAolA 9
FREA BE 24
R LE 7)e

heatmap

FAZA AR A At AlASt WetA 3= FAEA A 24
regulatory pathway” ol &3tttal & 4= glom, o5 FHAY HIAE S
183l FIbA, FIbB, FIbC FIPD, FIbE, FluG, SfgA FAAE MZ 853 @4d A4S Hol
WetA f721e] BdS 24313 7] WiEoll “Upstream regulatory pathway” ol &sh= 2812k
FE 4 Ae. g, ojv] gE FFolodl A “Global regulator’ 2 &% LaeA, VeA, VelB
F d Foll g3) ¢ 2Fo = FY ¥ ol e} upstream regulatory pathway -fr % =}9]
e of 7Hg A 22 A4S 2 FALAY S AT F UMS.

r_BL'

o
PN
i

ol

N

2

i

B14 A. Global regulators LaeA, VelB
(Feedback regulators) > B. Upstream regulators

\,“‘\\\\; ,
fujikuroi B14 %)

| Asexual development| } 2972 §A

.\ Z A4

Wb =
A \ |

LaeA, Volt "¢ _Central regulatory pathway

[°]
Jo
=
2
o,
i)
)

S|

v

2) BY9E FAEXA I =4 744 Ade ¥ 7] A
- B14¢} B20o| A FAEZA A -l Bt F 14FY Aufty AR AAFZEJAL, central
regulator, global regulator 259 ¥ A #H =d AP HAHE st iF FH49
ARl E QAW A (1A &} 29 A 193} A7 FX)E 23]o 2H W FH HF5F 5 HAY W
3tE BA43ka WAl RNAE FE3519 fumonisin =+ gibberellin A3 #& 321 @&
S qPCRZ A FEASF A (2™ 1-14, 1-15, 1-17, 1-18).

3

r ol
e
ofr
ME

dg

of
N

wl o
o?rl )
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- B14 fref E=AHolA F, 239 HAA ARNA BT oY e E7IvkE 4 7
A B3l= AL FIbA, AbaA, WetA, VeA, VelB 2tA| EdWolA o], 13 HAA M HAS o
o7 AL BriAS} VosA 2HAl 2ol A2 (3E 1-7). o183 A3 F 1942 H9A A3
Hlwdle] AX3he= AL AmA, BriA, VeA, VelB A EdAWolA| Y. o] 2 ul' o 2 FIbA, AhaA,
BriA, WetA, VeA, VelB, VasA 32 Bl4dll oJgt W] Z7|vtE T2 EAd #ogtia
4T+ A+

TLELLLLLLLLLLLLL LYY YN

.! ?'u-

AR T T

9 1-14. F. fujikuroi B14 3 oA o HAA #AA
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300

250
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FUM1

B4 aftba AflbE afibc afibn AfbE Aflué Aabah Bla aved Avell Aweth Aasfgh Avosa Aabria AlaeA
CPS/KS CPS/KS
00 50,00
L43
037 038 0.28 0,56 01s
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X 1-7. F. fyikaroi T3 XA 278 A2 22 EARiolA o] BAA

5 days 17 das & days
#EE 1.3 2z} 1 A 2 at wFH 1 At 2z
wrater = = = e wrater = =
Bl14 +++++ — +++++ +++++ B20 o o
Upstrearn regulatory pathway S5 F3A (fuffy 320
£ LihA = = 22 == LA LihA = ¥
& Tihe ++ ++++ A Fay THET STy = "X
&R ++++ — +++++ +++++ P iy — +++
ST +++ — +++++ +++++ sThD * ++
& LThE ++++ — +++++ +++++ STRE — S
& Fles +++ ++ +++++ +t++++ & Ly — +++
Lghed +++++ +++++ +++++ +++++ L 5fed = +++
Central regulatory pathway % fr3a}
P = — — = &4 had ™ e
S TAEEA = = = — ATAetA ++ +++
Al A + — +++ — L] ++ M
Global regulator fr#at
& Yed — = = o £ Yed x =
& Vel = = = — & Vel +++ R
& Vasd ++ — +++++ — & Vasd o +++
Mlaed ++ ++++ +++++ +++++ & Laed ++ +++

+ E7 kg F4 S = Flug] F4 40 — A gle

-39, Bl149] F9 HY AAZ ¢#HF fumonisin H4 9 TS
A FUM21 F3AAke] @& o] 2 -7} AtAlE Aol Aol A JA| 5] =4]
TAZRE total RNAS FZ3}9

100
| o4

a1 ama

ams ame

o I

a0 ame

|
2t satud

100

o

i "
e l 02
oy 008

i B . |

au dved

Dot dstyh

a9 1-16. F. fyikuroi B14 2 2204 AW lA W FUM21S] 2@ ¥
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- AlaA, VeA VelB 1A =
3t 6~16% TwO = v A AS. TS, VasA, BriA AHAl Aol o A, 26% <,
0 =

4
A9 A%, W FE e LYol hE Fadtg ) g o]
_]

il =
e A 24 ofdz} fumonisin RS 2HFo =M H

w Aol zlo] AATES & F
AN oldll w3l B2 Aufty +AANFIbB, FIbC FIbD, FIbE, FluG)®} LacA +3AF AHA| &AW
olAl W FUMZ219 'I& &8 Bl4$} Blalste] 29 o]st® 3t A7) Wi ol& FdA=
fumonisin A Z-ol IA FASIA Ev= ASZ ATHH. T3l o] FHAY A4 =AW
OJA 5 BT Bl49t RIS £FEO FVIvEFAS UERY] WEed A #odA we
Aog FAL F 5. olE Tl F fyikuwra® =71vhs HAE d5< Bl4olA fumonisin
T8 BWUd A o] Al s FAE Y. AR WA B8 FUM2T 1A #d Aol
2ol S HRl oo FR] FHA= SARA, SigA A4 EdWolAlE ¥ R Bl4 FF &=
aRY 9 A3 2708 SAS ooy, FUM2IY) &S B149) 26% FEo 23S,

o
T
(o,
oX
!
o
i
i)
fr rlo

] 1219} 22121 7] Afolo] zol7}
A AT B A2e A7) AANL(E 17, 29 117). 17
o)

139 A%, oY BAWl A7
AYH Ttk F4e LosIA ggkort, 2% AHAM Be ARE AA RHAL. AN

2

RS H]l EddolA & d¥= 23t
S71A EgRo} 23] Bl4S}H B2 = S =
o] QAW Z7|vtE S-S 71t S0l ofd HildY 4o 15T By, FIbC
FIPD, FluG, SgA, WetA, VosA, LaeA A A= B20 F59] 71the] 4 2S 2dse= Ao
FAY F A5 T3 Bl4 oA ZV0ESAE B TS FIbA, AbaA, VeA, VelB
A= B20ol A 71Tkl S2d Al BAFiA] e Ao FAFT F g o]E FHAM %
B20 59 HYUA ARSI gibberellin A FH7e] 2H AR F5 4
- ZHEAE B20 frefl Laed AHAl EdWolA S A5 23] fumonisin B HA TS T
o] ok E B149} H] 1 5
BAE F e ZAst

o

S
R
4
MN
o
u
olN
)
Q‘h
R
o

2 FHY 5 Y. FF B0 TF U

%3] fumonisin A YA FH A9
0 FFe MUY W (7@ — Z7v)
23) Rz 248 Fovt 9L §9 Bl4 EE B20 75 W fumonisin I gibberellin 54|

olN
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9 1-17. F. fujikuroi B20 8] Ed¥WolAe] HAA A
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CPS/KS CPS/KS

820 aven bvell  Aweth  AsigA  AvosA abrla alaeh
T00.00 700.00
sag1e
ssass
100 163 065 oa1 075 142 02
820 ‘ L ave | aveld | Aweth | astgh | avosA | AbriA l alaeA,
B0

=

- F. fujikaroi B149} B20 5 ¥ olUg} EF 2T Fo| F(F bothi)@ 5V H&FFo] &
F. graminearum), A+2oll 354 b3t AgS do7ivky AH R F oxysporum F. solani®] -7
LA A 2uE] o] VhE Ee 5 of o] FAgE & B5UAA] AEES =

23

—~

Az
=2
I
uic)
Uy
_
©

> W
ofr
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a

Intra-thoracic Pteropleura

Mesopleura

Intra-abdominal

:&\\\ = Dorsal abdomen
A,_\Qj +” Ventral P
& .‘ ,/ abdomen ) 4
A4 \
LY
I ?‘\
4

- SUEAE AF Ul Fusarium 330°] F F. fgjikaroi B147} 71 A% A4S 295 Bl4
7 AT 29 J9Y 49, HT 1 o|F7E AT Folo ikt A 543 4E Ha
(2 50% AAHS HYow, 22¢ o]F g 2927 FAS(2 ™ 1-20). 3+, F oxysporumt
F. solani 3E 23] J&o] A5, AE 1¥€ o)F F 30 ~ 40%9] AAMES BAS. sHAR F
fujikuroi B20%} HE&FHole] A, AF Flo 5EE My} qllon 25U7kA] F3E AE
HisE HolA AghE(H 1-20).

F. fujikuroi
no infection B14 Musecle tissue

* .

P

ks

F. fuji F. oxysp F. solani
B20 11394 11420

-

Survival (%)

Time (day)

2% 1-20. Fusarium 5%°]2 AF o3 2ve)e] 3 A

- ol g F fyjikuroi B14 759 9 WY AAQ! fumonisin F47F I oA = v 523
HaA dxtz Zgst=A #AASH] 28t fumonisin?t 23t HEFSFA(TH 1-21).
Fumonisin 3£ A] ¢F(100ppm)< 1/10, 1/100§ g3t HEFUS 4F, Bl4 F3o] HF9
7499} H|EEHA 7] 53 AES TAE HYS o]l E3) fumonisin =427} Z )] o A

FASAAAH 5)2 oblste Aew FAH. FF Bl4 Z9 239 AW fumonisin A
A gAY wd oy 7o) Bad

- GFPZ labeling ¥ B207} Bl4 @& Z9g o HFs 3 209 F & Ay, 19 12179 2
°] B203%} Bl4 AT 2y olM 25 FF& #FE 5 A%E. °lE T B20 w59 44 2¥
o] Ao Z dFS FA dowM xug] A W) BHo] Thed Aer FAH. I
fumonising A43stA] eF= B20 @57 2utE] o] AAAE AT + A=A g FHE 7}

3
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\\%mmm 1% 1-21. B149} B20

— = HNE T
40 Noinfection 20 days afterinfection o5 HAE F
20 B4 Tow B20 B14 A (EE 9
=) fumonisin

S s
@ HE F

AN&(D% o

100 % 1) Z), GFP
80
60 _ TDW labeling B14%} B20
40 \ T3 HE: F 20¢
" isi =Z. V]| & 31
20 Fumnnisinmnn@{'i e lﬂ iu}a 1H 65])61’
o 2 . y - d FFHLEZE 19
0 5 10 15 20 25

=

Survival (%)

5 10 15 20 25
Time (day)

Survival (%)

Time (day)

O W AWl AY W Fusarium F%o] AT X 713

- & 3%h#(2018. 08. 14, 09. 05, 09. 28)°ll ZAA T oFiHAl &) B AuAIF Y F7] F(Air),

H o]2H(G), F(S), =EW) T2 HY Fusarium 3F°1E AN AS(LH 1-22). Fusarium 75

9] genomic DNAE %3t TEF 32 53 9 @714 <E Hla-#4 & ng o g &5 543t

R

- EdM e dABFY Fusariume] DA 7] FolE 99 54 AP FAI 25709
3L [e)

= =<
Fusariune] EFH o] T& A7|EH 7] Fo 8ol XS & F UM+,

20184 8~9& Fusarium

13 1-22. 20184
8~949 F<F A3k

Fusarium &%°]9]

U mil

- A AE, R U F S AASHE (R 1-23). 371 FellMe 34 F
incarnatumrequiseti complex?t ol U™ F fujikurol 155 3] A= A5, B o] 2t A
% F. incarnatum-equiseti complex”} ¥o] YW F fuyjikuroi, F. graminearum complex -5 ©|
T2 BHHAS. ES= F oxysporum complex @71 Bo] X+
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18A-Air 18A-Grain 18A-Soil

-9 @ @

18Z-Grain 18Z-Soil

a9 1-23. 20183

18Z-air
< a ‘ §~99 Fok AP
2018.09.05 4 >
. ’ ( ‘ Fusarium &30 9]

1=}
=

H
e

18Y-air 18Y-Soil

2018.08.14 »l
sAwr wBar mEar

1) 253 °| (F graminearum SEFA) A W FAEZA 4 #d F34H9] 75 Hol £4
- 8% F graminearum SEA 2% d59F Bujak FF Alo] 7 & WolE B #EhE ¥

)

- AR 2 FAEA Y 7oA e Eu|At F graminearum 73643 ¥ EE F.
asiaticum SCKO4 #F 258 FE3 AALA 9 vlw B4 Ay, APA F3o|9f ihAd FollA
FTTASt 22 Ao #Host= @l F 5yl hydrophobin 3 2Fe] W& ol *}o]
7F s FRlskA s

2) F. graminearun®] | hydrophobin %} 7|5 4

- Hydrophobins2 Aol A/d3st= ¢ m)/d(amphiphilic)d] @A =2 A Z-37]¢F 22 3
TA-258 FHAA AU A EERE 37 FoE A W Bedte 4TS 3 AR
=259 .

F. graminearum A A A F 5F < hydrophobin 7 =}7}
signal peptide®} oF 87§19 HEH A Z=H QS 7HA 3L = Ao &
A4 HEH oy AESEH 54 93| Class- [ 7 Class-I 2
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A FgHyd] MEFEVVTFEALATGARALD
FgHyd2 MQFYTIFLATAMLQG:
FgHyd$ MQFSTLTTVEALVAAX
FgHyd4 MRETAFLLPIVLGAVSA
Fghyd5 MEFSLAAVALLGAVY!

FaHydl -~
FgHyd2
Fghyd3
FgHyds |
Fghyds ----

a3 1-24.
FaHyd1
Titat2 Hydrophobin
FgHys L
FaHyad ELAKe)
Fghyd5 VLPI ]a- -1 F—] '/] = ] (A)
B H@71<E 4E; (B)
Name Cysteine motif Class Al =g Q] ZEZ 9
FgHyd1(FGSG 01763) |X4;,CX;CCXoCX;;CXsCCXg Class- | E]—]———E]l_ _?Li
FgHyd2(FGSG 01764) |XeCX12CXsCCXoCXsCXsCCXsC Class- |
FgHyd3(FGSG 09066) |X20CX;CCXsCXsCXsCCX,;6C Class- I
FgHyd4(FGSG 03960) |X;0CX73CX7CCX3:CXsCX7CCX2C Class- I
FgHyd5(FGSG 01831) |X20CXCCX11CX16CXsCCX10C Class-IT

3) F. graminearum °}3 &8 (WT) Z3643 1ol A hydrophobin 7 %x}2] & OO]:}\O]—
- FERETS FAA84 @AM hydrophobin kel TH FdS
b5 27 CMY I —l—xﬂﬁﬁzloﬂjﬂ 3,5 7¢ & wg3 & A=
RNAE FE3}9 (DNAZ 43 ¥, 7 hydrophobin 3 x2] A1 HH Y-S qRT-PCR
< ol&3dte] EAFH(TH 1-25).

- CM LAl A o] o F 3 jas 19} TR O] F3A8 2 GANXN FgHydl, FgHyd2, FgHyd3°)
FHAHo R A dAHAoH, FIu Ao EY DANME FgHyd2, FgHyd3S] 'E& o] %
Aoz 95 CM °—'M] Il X] MC A A A, YMA LA A ) FAL X FgHydss A9
& 4l ol FegHyd A7 & T AN, CM HA A, CMC A A A Wl £2}
o] A= hydrophobin %1 2}<] o] 7 A g . WhHO YMA LA H| R o] A AR
BEE FFTAA = Aol ol A7 2EE S 4 AAS. ol 2%
£ 53 hydrophobin FAA7} FFHALE A=

As

5]
A]

=
5|
14—

=
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W FgHPE1
FgHPB2
B FgHPB3

FgHPB4
W FgHPB5
) ’ a9 125,
| I i I , WT(Z3643) 9l 4]
e | sl Pk & G | I | I o == FgHyds 72}k

2E HE (A)

3 A FCM),
B % aoem ofs $3 4 2 () )
R QA NA FgHycse]
g, orees 23 SE; (B) CM
AH), CMC
) A AW =], YMA
I oow AR A
. om i moeall oz ool e mlees @ | WTe] A}l A
— - : — : J — : FgHyds®] I3 3 &;
(Q) CM HA, CMC
c AA A, YMA

W FgHPBL
FgHPB2
m FgHPB3
FgHPB4
m FgHPBS

relative expression

A A A 7S
WT2] X2} A
FgHyds®) 3@ sl

o cMC YMA

4) Hydrophobin 2} 2l &AW o] A (A FgHyd e |2
- 5% hydrophobin 28] 7]%5& 7% 3l7] 9135t targeted gene deletion®} /4 ulw

53 & 12%(singleE] quintuple gene deletions7}A))Q] FgHyd fAAAA] EAMolAE A

A3 1-8).
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3t 1-8. FgHyd 34k AHAl el A9 55

1 WT(Z3643)
single deletion
2 AFgHydI (FGSG_01763) gen
3 AFgHvd2 (FGSG_01764) zen
4 AFgHyd3 (FGSG_09066) gen
5 AFgHvd4 (FGSG_03960) gen
6 AFgHyd5 (FGSG_01831) gen
double deletion
7 AFgHydl2 gen
8 AFgHvd45 hyvgB.gen
triple deletion
9 AFgHvdI23 hygB.gen
10 AFgHvdI23 gen fvgB
quadruple deletion
11 AFgHvd1234 gen fvgB
12 AFgHvd1245 gen/vgB
quintuple deletion
13 ‘ AFgHyd12345 | gen/iygB

5) Hydrophobin 32} 212 Edwo]A) e FAMYA W3}
- AFgHyds EAWOIAE T iAo HEdta AT DA F9484 Sl B8
W3S #AAGE. CM AW ANAE colony®] FENE ZFH T4 APl 2 ARt U9
& AFgHyds EAWOlAE CMC AA Aol A 3Q7F w3t F 2 x 10°/ml ¥== minimal
o A ul =] 40007} S01QE viald] AEEt] vl 7Y T viale] SEHWS Bl L7k FALY
A AEE vwdg 27, 2 op T e AY 27 € Ages AL FUASAS. §HA
UL} AFgHYCﬂ% 5 =AMolAe AS We ga LErtE FAE A glgo] BRHUS (LY

111111

AFgHyd? AFgHydd AFgHydd AFgHyds AFgHydiZ AFgHyads AFgHydi23 AFgHydiZs  aFgHydi23d  AFgHydiads  AFgHydi2ads

29 1-26. Minimal HA R )M FAF AF

- 3k, B2l e] HE F 29 Aol FgHyd 2HA] EARlA 9 oY w7 E Has S o
AFgHydl EAWolA ] dAbE ddiAHoz & o] 2Ystal T8k A= W, A FgHyds%
A FgHyds E AWl A= ALY o] dud oz a1 3o Bl AFgHydd, A FgHydl23, A
FgHyd1245 &AW o] A ] 7%, colony®] vp2 Fito] nitte] 22 Aehes FeE RIS (LH
1-27).
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e

AFgHyd123 _.FgHyd'?z.. AFgHyd 1234 AFgHyd 1245 AFgHyd 12345

a9 1-27. Ful A oNA Fefyd 2HAl Ed oA TAF A

6) FgHyds A 2HA| S AHO|A] AL hydrophobicity 3}
-zt Ao A7 AAdstE wAF WO AFA S Q7] st CM Al A] Z A o] A
3Y EF Al colony®] 8] Hojrmy] #EsAS (L 1-28).

o
S
Lo
e
Y
s
i
% o

o] % FAE O, FoHyd 2 A EdW
FHAL. oY AHE B3t QFgHyds F57F B A3t
= Zzgale] adeAdo] obAlE o] H] 5]] qdAoz Fes FRlstA S

_L4

WT{Z3643) AFgHydt

AFgHyd1Z3 AFgHyd125 AFgHyd1234 AFgHyd1245 AFgHyd12345

9 1-28. FelHyd FFAALA EdHolA 371 BAsks FF5TA] hydrophobicity 744

7) FgHyd 1A EdWelAe] f444% s}

- AFgHyds EAWOA Y] FAAA (A2 ) 58S Gotry] 98] S2uA HE 7¢ §
TAFS A9 H o2 At FAHYAE FEatde. A FgHyds EA¥ClA 25 WTH H =3
Mot 2719 Ahdzs FAAsAS(TE 1-29). I993 F5dA AA 59 F WTol HIs)
FgHyd EAWolA &9 A3 A EA Aol 25 =AT 79 Aol WTH 7,;% FF A
SEAZF A EES 1T A A FgHyd123% A FgHydds S Aol A B, AhdEAte) A
So]l WIET 9 H= AXE #FEJ o F71 wkE o] dagh
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Carrot medium
SD Day7

Ayt

pm—

aFgHyds

' '\.-\': i

AF gyl 123

W23

% 1-29. B AN Felyd 2HA] EAWolA o A7 HA

8) F. graminearum®] hydrophobin 372} 7|5 &4
- Hydrophobin 34} 24 2ol 1259 HIAS 3

J O
1 x10°/mte] =2 ¥ head F THlol FZ39S. 4¢

[e)

- Single deletion 2] 79 ok ¥ EdFoF A Hlzgt B #A Y& B Yo, double
deletion T+ HF 2o 7 ks = -

quintuple deletion #FE HE3AS W= @ headol| Al ¥ T o] A9 dojux] &35 g2l
sta(LE 1-30).

- ©]& %3 hydrophobin F#7} W47 DA Beo] 9lom, 47] ©]“d] hydrophobin
TR 715s A g A B Aol F4H38 AAlde Flss.

A45

A12345

13 1-30. Hydrophobin X} 2}A] &AW o)A HAA 39l
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- 5% hydrophobin f+A2}7} B A E &AW A(A FgHydI2345) 9] AAMA 4 23, okA
g B Hl3) trichothecene (DON) A&/ oll D42 Tri A} cluster W Fx}<] &

- o] & H}® S 2 hydrophobin A} 2k AWM oA 12F& = DON 5424843 132t
o] By Y-S FHFEAF Y] Y5t EAMOIAE agmatine HA ] Aol HF st LFL3T ul
&gt & total RNAE FF31] qPCRE FH3HAS(1E 1-31).

- R Y o} Hlaske] o RE o hydrOphobin FrAZE AA S AHAANA Tri5 FA A
A o] Frtehs As FAsAL, 53] AFghyds dFA 328 A= & Fo= SV As

16.5
13.2
8.7 s
6.9 3
. I I n I
- - & |
¥ 2 A A5 AlZ A4S A1Z3 AIZS  A1234 AL

% 1-31. AFgHyds A A|ANA Tris FAA &Hd 5

9) F. graminearum /3 XA} @743 L5 PKS7 1379 75 &4

- PKS7 f+%2HFGSG_08795)= F. graminearums V|53t ThFSt Fusarium 4 &% 0°]
fujikarol 23] A EA)3E= polyketide A FHAAZA F graminearum®] 73 4 2]
B T il FAAF(MAT loci)oll &3] AAFEANA =AW, 722t 242 A] & A o)Al
FREAE FA8HA £ sHAIRE PRS28] "ﬂ /d 5= polyketide HF 2H&2 o}4 3}
st o7 e A o [E AFFY APAF A FZE, Kime et al. 2015. PLoS Genet.,
2017'd ApAI ko] @ 19121 A EAEE-8ATANE FA] (PJ011180) # F K LA

- F. graminearunel| 93t B o|2miEH o AL ¥V T EEste HATY FAHAEA ] gt
71 H o 2R E AZE 7] WlEo PKS7S F graminearum®) F71A G0 B4 §44 o

3@
Yy

rlr

o
OEﬂl Tl
lojzt & = 5. AAZA Fusarium < = %0)2] F4 24 @730 #osh= o|AiAraAdA
AR}, 53] PKS A 2= 3ol AdA] A Aol B2l PKS3 9 PRSP w4
£ BAdAME ofdfet Zol F graminearum FEFJA A& T F EvL $HEA F
graminearum 2036437 -2 ue} B2 F asiaticum SCKO4 55 Ul 2 PKS7Y 715

FHHoz B,

@ Fusarium % W PKS7 A< (gene cluster)d] HE

- F. graminearum®] PKS7 AW FgPKS72.2 ™)< type I fungal reducing PKS T & & <+
s 3}stal 9lom, KS-AT-DH-ER-ACP 729] 67 enzymatic domains 7FA| 3L ). % 43kbo]
dololl A FgPKs7& W3 & 1359 F8A7} cluster® EAFHLH 1-329] A).

- F. graminearum FgPKS79] orthologue’} T3t Fusarium ENA HAR. 53] F asiaticum
SCKO4 ¢} F. fujikuroi B14 152] orthologue(Z2t FaPKS7% FjPKS7C. 2 )& vlud 41,
O] F-39] gene cluster memberE% HEE O (¥ 1-329 B).
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@ PKS7 frA7e] 2HA| 9 H2AS B3 A2 75 4

- F. gramineaum 73643 159} F. asiaticum SCKO4 T+ 258 ZVZ} FgPKS7%} FaPKS7 -7 A}
g A F, ZF SddolAl e ey, WElsty dd WikE HAs S

- FgPKS7 A1 A& AW o) A (A FgPKSHS] 75, AW ATAAAT opA Y 3ol vls] =277} 2
< AAS FASAAT At AdEAS FAGSHA XSS, SHARE XA
(conidia)®] A4 G2 oA HIE] 5 A= =oks. E3F FFdAMY] o] T O FolHo
™, agar HJ A Sl v dE TAMA O] AEFS o F BT 28] A= =9k5(2H 1-339 A-E).

d

FgPKS7

—Q‘j_ln—lliH

F. graminearum Z3643 strain Chrll 10 2 13
e @ s -0 Fgpks7 T eoHH O

F. asiaticum SCKO4 strain Chrll

10
Rk s s e 7 FapKsT 8 et a9 1-32. (A)
FgPKS7 il 4
F. fujikuroi B14 strain scaffold1%)04 /\-] % 9] _—TL }_; (B) F

H Feksz HH e HHHETH+H .
graminearm, F.

X 4 i LB .. P .
@ s e - 2R asiaticum, F. ﬁj]l]llI‘OI

e PRS7 R RAAT
Pu‘:::::;:‘: ter F. graminearum F. fujikuroi  Homology :[1—% H] ol
1 FGSG_08802 FFB14_05769 related to monocarboxylate transforter 2
2 FGSG_08801 FFB14_05768 conserved hypothetical protein
3 FGSG_08800 FFB14_05767 related to AP1-like transcription factor
4 FGSG_08799 FFB14_05761 probable maltose permease (MalP)
5 FGSG_16967 FFB14_05762 related to transcription factor ZMS1
6 FGSG_08797 FFB14_05763 related to glucosidase Il alpha subunit
7 FGSG_16968 FFB14_05765 conserved hypothetical protein
PKS7 FGSG_08795 FFB14_05700 polyketide synthase
8 FGSG_08794 FFB14_05701 related to multidrug transporter
9 FGSG_08793 N/A conserved hypothetical protein
10 FGSG_08792 FFB14_05702 conserved hypothetical protein
1" FGSG_08791 FFB14_05703 related to transcription factor Pig1p
12 FGSG_13295 N/A conserved hypothetical protein
13 FGSG_15512 N/A conserved hypothetical protein

- FaPKS7 2Y A &AW o) A (A FaPKS/ 2] 7%, A3 23 A EAS 25 FASA E319S. 3t
A FaA A sl vl e ofAY EAdF(SCKO4) 9t & AtolE Kol sk, ®FH CM
agar WA 910 € TAMA Y WAL ok F FFoll HIE) 50% 7 Ak AR SrEA
T A ] AEZL ok F HIE 30% 7 FUHetAS (2 Y 1-339] A-E).

- AFgPKS79t A FaPKS7 EAWOIA 5 Heloh Saol HF Al opB I vk 59 o
kg EE 2718 A4S (¥ 1-33<] F).

- FARAA EAHo Ao A FgPKS? o= FaPKS7 34t copy S THA] Yol & #5
Me dAA, Aagd, A8 PFAWHIIL oY FFEoE IFHAS. T A
FgPKS7 & A o] A o A= gAML, 53] FAEA ATl gEHAS
SHATE A FgPKS7 EA® oAl F. fujikuroi FjPKS7°1Y F. neocosmosporiellum FnPKS7 -7 A}
copyE BU= BF, AFgPKS7 EARolAle] dAWst= I RHA FUF(TH 1-339 A).

N

11

o 1o,
offL (o
32 2L
. to off ¢ do H
g L

o
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A P C

73643 AFGPKS7  AFgPKS7:FgPKS7 AFgPKS7:FaPKS7

F. graminearum

73643
agt {{ Noascilascospores e 7 £rpKS7 AFGPRST:FnPKST SCKO4  SCKO4 AFaPKS?
F. asiaioum | No perithecia  No asci/ascospores
SCKO4 / /
AFaPKS7 No perithecia  No asci/ascospores D “ . C°|°ny area
/ £ 25
< d
20 d
/ 15
AFgPKST |
:FgPKS7 10

L R - = T R S
AFgPKS?7 | b?g? o ??V\ ((%1?99‘(\ 9‘(\ ?Q?‘(\ o b?a?\/\
FaPKS7 g‘,\a \k o & v~‘5
g ) b‘;g?
Hyphal mass
AFgPKS7 No asci/ascospores 3 e d
FPKS7 \
030
be b be ¢
0.20 ab g ‘ |
AFgPKS7 T Y A 8\ ascil a | ‘ a
:FnPKS7 3 s 0 asChactiopoice 00 | '

1 g ol 1
S RS

B 19 g gd ¢

?\LS o ; Y\S«'L*
Conidiation in CMC medium NG

:;:250 212“0

X 200

H

G 150

Q

]

8 100

2 . 4038

€ 50 |

3

z J 0.0 0.0

73643  AFgPKS7 SCKO4  AFaPKS7 73643 AFGPKS7 SCKO4 AFaPKS7 — 73643 AFgPKS7 SCKO4  AFaPKST

Y 1-33. PRS7 AL AAE Aol Al el AW (A) Bl A 9 At xR F4; (B) 4
EA AT (O CM agar WA 9 TAHAZ 0 TETAS A4 A4; (D) TAH B(colony BH 7)),
(E) @Ak AEF (F) 7154 E H BH94(d%: He, L8%: S54)

- ol 2o AW ol AFgPKS} AFaPKS7 EAWOlAl = azole A5 AdAlol thdh
A& ol o]:xgzgl ool Hlal SIS, 53] AFgPKS7 &AWolA= prochlorz 1ppm¥}
10ppm FXZol A oA E ol vls)| FAY o] Z71e S ¥ oY} difenoconazole 10ppm,
ipconazole 100ppm FZANANE FFTAFY Aol FAS. TS AFPKS7 5%
difenoconazole 37} vl AN A TAMY A A &o] opAE dFol| vl A S(2E 1-34).
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73643 = AFGPKST SCKCMO o AFaPKS?7, O
)
0P0@® 0@@ O 000
L= T o T see T 0poem L= T fsom T iCpom o 100

fecm T ioem Tpm T

[
@O Q00 O
D lpe T i0oom O 10000 D Tpom D 1000m O 10000 D lpom T 1000m O 100000 o 1psm D 10pom D 10000m
@00 @0 00 0090
b
1pom 1 10pem 1 1000pe 1ipom 1 1oope 1 1000om Viper 1 foees | 100emes tipem | 10pem 1 100eem
@ @00 000 000
P igom F 10pem P 1D00em F.’lw?‘w F toom P 10pem £ 1000ge £ ipem P 00pm P 100pem
Difenoconazole Prochloraz
fEBU ‘E 30 T
h=A =
w 20 = 20
g e »
z10 I g 10 I*
] . =] "
8 0 I..'-_ I; ii II‘.‘-_ 8 g III U= IIv [ [P
Z3643 AFQPKSTY SCKO4 AFaPKS7 Z3643 AFgPKS7SCKO4 AFaPKS7

. Ipconazole m cu

5 B Tpg/mL
. I I B 10ug/mL
o HNN. Mla. Iﬁ n W= W 100ug/mL

Z3643 AFgPKSTSCKO4 AFaPKET

Colony area (cm?)

1% 1-34. Azole Tt A| H7F wiANXN A FgPKS7% A FaPKS7
EdWlA o FAYZ

- SHH, AFgPKS7 EAWolAo] #Td promoterZ ZHE = FgPKS7S ¥o] FAY, small
RNA el &3l okl dFollX FgPKS7S JEAANAHS BF, FAZAY] A8 e s
o] AAHAY FAXAe FHVF @8 = 59 FEHI}/F BEHJS(T2E 1-35).

wWT
(23643)

AFgPKS7 [

No asci/ascospores

AFQPKS12 [§
1% 1-35. FgPKS7
IE TF o
FATA A4

OE:FgPKS7 e
(AFgPKS12
1:FgPKS7)

OE::FgPKS7
(P.-FgPKST)

OE::FgPKS7
(SRNA-FgPKS?7) *\
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- 9ok 2 AR 22 5§ PRS7Y 7]
& Fgold HEH 3 2
FgPKS7= 78825 0] #old F gramnerawnoﬂ/\ﬂ XA FA 43 i
vrol FAEA A, A A A, A AFAdE Hosts Aom FAH. ool whaf
TN FAREAY YTl v oA E asiaticune| M= FaPKS7°) -

& TAME ] Bofe ol= -yt Eﬂo 2 F. asiaticum®] & 23+ = 2§ HA o uhet
PKS79] 715 % 1ol 9A w3tk 8T 4 3. 3FAIT genetic complementation 2 #&
RO 2 F graminearunm®} F. asiaticume Al EATFH o2 2 FE A (species complex)ell
£ AL =E 7137 ol 7 F AbelY PRKS7 7S o35 BREH vt AT F U+
39 B2 Fusarium £ PKSAFPKS 5 FnPKS/)L HIE ofn|it N E FFEAN FgPKS/
7 60% A= FAFSHA R AFgPKﬁEOﬂtﬂolxﬂA AW3ts 3 5A7)A] E3) £ 53
PKS7°] 7162 FAA B Fusarium 59 <A8A ] we}t Z3HATS 2

3

o ¥R

et l_jlo

o+ e
@ FgPKS7 W &x)3l= enzymatic domain® 7|5 &4
- FgPKS7°] A& A<l non-reducing fungal PKSEA £4 3}8h-g-35 S} st=A A4 317] 9
3t FgPKS7 @A A Ul EA)5k= 47019 enzymatic domain (ACP, AT, DH, ER)S 27}
AHAg & EdAWolA o] FAMSLE HASIAS. BE domain 2HAl EAW A= AFgPKST &
AWolA &} AR FAEAE FAASA XSS, ©olE T3 FgPKS79 Zb enzymatic
domain& PKSZA] FgPKS79] 7]%o| 424 o] QJE] A+

@ PKS7 +AAe] 2d ¥
- F. graminearum®] 73782 QAN FgPKS7e] B T35 FFAG DA o vls] HA 2w)

ol Z7h3H 1369 A).

WHA o F asiaticum FaPKS7e] d-& 23] #AMAE @A Sol3 Q. &, dAME dA oA
ko] FAAA BART HA 16H] ol =& % olUel F graminearum FgPKS72) 734
2 gA Bd HHAME 6H] AE =LY 1369 A).

ol T3l F asiaticunP| X FaPKS7S FgPKS7% 2] TAHEAY =d o @ol] #ogho] A
=)

olN

© FgPRS7?) ol Aol 2H < target #3829 F4F 75 B4
- A 9 FgPKS7 EdAwieolAle] AN BAS Fsted & 754F°] DEG(428
down—regulated, 326 up-regulated)E 5783+

°]& DEGE #4250l AA"E MAT 32424 S @ oA =58 2H 3 DEGSH Bl
A% A9, F 129% AR A5 84F 2 down-regulated A A}Fe]H, o] F 9% AL
= ¥ %"3*@’*‘1 GA Eolxd ¥ ozt YsFHOoE HFZY. o #FAAE
FGSG_13708, 00348, 01862, 02052, 04480, 07869, 08320°.Z 4] RNA 74 A= o, AALxHA
o)At AL ol FATHLE 1-379 A). =3 455 9] up-regulated T A2 5 Aspergillus nidulans
oA TAMIZY FAEA FAS F£HESt= Goprotein signaling protein % 2} <]
orthologue (FGSG_03597)% X3+ (19 1-37¢9 B).
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S+, up-regulated 32+ F azole Alg A gt Ao AAst= 559 FHATL
AE. o] F 3F2 o]F| azole AwA U BFHo 2 &2 group G ABC transporter
%l

AHFGSG_04580, 11240, 03882)°]™, Y™ A= cytochrome P450(FGSG_01583)3} HALZH Q]
ZHFGSG_17584) 4.

5
)
4

A

c
2 WZz3643
a 6.12
% 6 Clsckos W FgPKS4
g W FgPKS13
8 B FgPKS10
5
H FgPKS12
kS B FgPKS7
o

CM5 v7 s7

C 30
5 25 28
2
8
g 2
3
8 m 23643
% 15 131
5 DAFPKS7
=
5 10
S
o« 61
5 50
10 20
o . N 1
CM5 V5 S5 |CM5 V5 S5 |CM5 V5 S5 |CM5 V5 S5 /CM5 V5 S5 |CM5 V5 S5 [CM5 V5 S5 CM5 V5 S5
FgPKS2 FgPKS4 FgPKS5 FgPKS8 FgPKS10 FgPKS11 FgPKS12 FgPKS13

19 1-36. FgPKS7%} FaPKS79)
o PKS fzel

H G (A) AFgPKS7 & oA ol A
&7 [(B) YES Auj=]; (C) CM 8 A

© FgPKS7l o3 zds e b PKS #3049 7% 24

- FgPKS79] 2tAle] o&t th& PKS f3Ae] wd wists AAAS.

- AFgPKS7 {55 o|AtAL f= F7Z YES AAuiA oA wdetds Wl F 459 PKS
(FgPKS4, FgPKS13, FgPKS12, FgPKS510) A L@ go] oY Bl s F3stA S7F
. ole @ FA= CM A @AM BEH (2™ 1-369] B-O)

B. up

Gene Homology

FGSG_01763 Hydrophobin

Gene Homology

FGSG_01764 Hydrophobin
FGSG_01790 PKS11

FGSG_03638 Choline dehydrogenase
FGSG_04223 Aldo/keto reductases
FGSG_11585 B-class P450
FGSG_13708 O-methyltransferase

Gene __Homology
FGSG_06699 TF: Fungal Zn(2)-Cys(6)

FGSG_11108 Cytochrome P450

459
AMAT 616 . Gene Homology

(616) FGSG_00348 Argonaute-like protein
FGSG_01862 ASE1, Microtubule associated protein
FGSG_02052 Tymovirus 45/70Kd protein
FGSG_03673 Zinc carboxypeptidase
FGSG_04480 TF: Fungal Zn(2)-Cys(6)
FGSG_07869 Short-chain dehydrogenases
FGSG_08320 Cytochrome P450
FGSG_08794 Major Facilitator Superfamily
FGSG_08795 PKS7
FGSG_10143 TF: Fungal Zinc finger, CCHC-type
FGSG_10629 Cytochrome P450

a9 1-37. 78 GAlA A FgPKS7 Aol A o] A 45

AMAT(411)

FGSG_03597 Developmental regulator flbA (RGS)
FGSG_03882 ABCG transporters

FGSG_04518 Chromosome segregation ATPases
FGSG_04580 ABCG transporters

FGSG_10126 Acyl-coenzyme A

FGSG_11240 ABCG transporters

AFgPKS7(326

Gene
FGSG_03191

Homology
Cytochrome P450

512

/ Gene

FGSG_03335 Hydrolases or acyltransferases

Homology

AGzGPA1(550)
FGSG_03839 Predicted membrane protein
FGSG_04700 Sugar (and other) transporter
FGSG_11240 ABC transporters

EdHold fef DEGY Bl 4
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- AFgPKS7 wFolA o]t polyketide(FgPKS49} FgPKS139 9§t zearalenone A4,
FgPKS129 213t aurofusarin, FgPKS109 &3t fusarin C)&] #AYd o] A FgPKS7 #5-9] 43
2wy doll gk A A1 AAJAA HAG 8] Ak Y FgPKS Akt FgPKS7) &4 A
A Al AE AZsA+. wHeF o8 polyketide] #AF o] Fd 24 B4 9= T
O FgPKS A 2HAl Aol Ao = FHEA Aol 3&5d Ae=w 7|ud spx|w A
2et BE A A EdRolAle A FgPKS7 Aol A 9 vV A2 A ZAE B3 5HA]
1

ok

S
9

% 1-38. BHFR FePKS 3 AF 23] AHAlel 2% f4A e W 1A

N

10) F. graminearum NoxD §7A}9] 7% &4

- AIZ Wl 8/494H4(ROS, reactive oxygen species)®] Aol #o{sk= NADPH oxidases(Nox)

= FAEY MAE Wolot E3ll Fad JTs T T HEHAA FFoldME 54

isoform®] Nox= 74484 # ofyzt FAMYRZ Aol BH <)o) vhs

- F. gramincarumel| X NoxA$t NoxB= W A @AdlA Fa3 o

NoxD9] 715l Wg dAg= obf wXgh wed 2 A7

NoxD(FGSG_01268)°] 7]s< “&Als] #4313+

- F. graminearum 73639 @55 °FY ¥ EdFE Aol IEFE NoxD #F34F 27 & A ol A

£ A& Ads. B3 AFgNoxD EAWH oA o] A2 ] NoxD F3AE ¥ & complement

FAAEA QA FgNoxD-CE Al 2342

- PDA, CM, MM, YMA #jxell X 25T, 343t v gt A3 A FgNoxD & Aol A o] dAM
E7F ok Y B FgNoxD-C ool Bls] = A H (¥ 1-399] A), FF A S
AaFHHE 1-399] B). T3 FAXA] AAAGE ofBE o Hls) 208 o] FATH
1-399] Q).

2]
.
Fopar HaE ot
< F  graminearum

M

U T B
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A GZ3639 AFgNoxD-3  AFgNoxD-4  FgNoxDC |3 622638 AFghNoxD-3 AFghox0-4 FoNeD:C

cMm |
Germination Canidia morphology Conidia
Sl '(3,:3 Length Width No.of P;;i‘ﬁf;“
(Lm)  (um)  septa
MM GZ3639 384 514% 70*  45% 21x10°%
AFgNoxD-3 394 50.2% T4 4.1% 69x10°®
AFgNoxD-4 40 501% 7.0% 42% 57x10°®
YMA FgNoxD-C  39* 4947  TAA 432 15x10°%
* Values within a column with different letters are significantly different according to the Tukey’s test
{P < 0.05) in the program R.
29 1-39. FgNoxD 212 EdWolAle] (A) EAMYA; (B) 5T AR A, (O FAEA A4
3] = [e) [e) S = =
- AFgNoxD &AW olA= #8484 f= A of8 & dFu FgNoxD-C #+¢F 22 A4d

73} AGEAE A8 WAAA EHAY 1-40).

AFgNoxD-3 AFgNoxD-4

9 1-40. FZuiA|
el A FEgNoxD
EAolA ¢
¢z A=A}

& A

[e5

ot

H, 3t stress 27X AFgNoxD SR olA o] A WIS A3+, oxidative
stress %S 9% menadione HI7MHiA A AFgNoxD ZAWolAl= ofAE dFU
FgNoxD-C w59} npxi7t A2 o] A= As(Td 1419 A). AR 3mM HO0 o
oxidative stress ZZ oA A FgNoxD & QR oA o] TAMYAL opy Y g5 28 3 &5HA X
se(1d 1419 B).

- KC17} NaCloll 93l f-2¥ osmotic stress 1A A FgNoxD &AW oA & dAMI -2 of
A B, FgNoxD-C ¢} Hlaw st 27 th2 3] eiska(2 9 1419 Q). SFAIRE Al Z 23}
A stress ZNAME A FgNoxD S A0 A o] dAME o] of8 ¥ 25, FgNoxD-C 5
of Blsf &N A Weks (L™ 1-419] D). vkA S 2 procholoraz 2wt A] FH7F w4 A
FgNoxD EQ®olAe ok & EFF, FgNoxD-C 5ol vl FAM A Z23dS(2d
1419 E).

!

d
ot

¢
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10 pMm

o

30 pM AFgNoxD-3 AFgNGD-3 FaNoxD-C

BFgNoal-3  AFgNoxD4  FgNoxD-C

c D G263
AFghoxD-3 AFghoxD-4

AFNOD3  AFgNoxD4  FgNoxDC

(X

Contrel

2% 1-41. TS stress 270X A FgNoxD EA o)A S A (A) oxidative stress 71734
< 93 menadione test; (B) HO, test; (C) osmotic stress; (D) A X2, MY stress; (E)
procholoraz test

- AFgNoxD EQWolA Y] 715 A= gk LS A7) fste E4EAE 2 A
(coleoptile), ¥ head, B] headell FHFste ¥ T A= E AFEAE. e 715 AE] s
AFgNoxD & QW olAl= oY EdF, FgNoxD-CHY 533 ¥od FLE HA=(2H
1-42).

A Mock GZ3639 AFgNoxD-3 AFgNoxD-4 FgNoxD-C

White arrow : inoculation site
Mock : Tween20 0.02% 2 pl

B

Mock AFgNoxD-3 AFgNoxD-4 FhoxD-C

Mock GZ3639

White amow . Inoculation site
Mock : Twoen20 0.02% 10

AFgNoxD-3 AFgNoxD-4

FghoxD-C

a3 1-42. 394 AA (A) 29 coleoptile; (B) 22| head; (C) ¥ 2] head
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- AFgNoxD E A oA 9] F3o]54 (DON) A5 A838t7] 918t H.O.& H7+g GYEP
HHZ] ol A w3 T DON 44 =9 DON A F34 1«1591r T1i60) &S QA o

TABIA . AFgNoxD S o]A1 9] DON AGsEet T 37 S ofdE =
3, FgNoxD-C ool Hlal @3] TastA(1E 1-43)

Tri5 Trig

BGZ3630
BAFNoXDS
BGZ3639
BAFgNoxD-3
BAFgNoxD-4
OFgNox-C

BGZ3639
BAFgNoxD-3
BAFgNoxD-4
OFgNox-C

BAFgNoxD4

HE BFgHoDC

DON concentration (ug/l)

Normalized expression
Normalized expression

Mock Treatment

. DON A4 (A) DON A A<k (B) Tri5 Tri6 7o) w3k

oQL

- 99k 2o A AH, F graminearunel| X FgNoxD A= S8 TF5TAF 84, ¥4
A A, FAARA T Fe F5F Ao dFH o g Hojd B ooty oxidative stress©l]
& ARA, AEZet/ B integrity fFAE 2F 202 ool Y. w3 7|F A=

$ AT FRIHE ATHNE BEHA 4L I

T UoTOeE=E

Bl
o

O Fusarium H A7) 24 AY) B8 ¥ B4 Ao} & 24

Al
Moz R I3l= F incarnatunmrequiseti %—%?{}Zﬂ 5\_41‘— T 23
DG6)S Arate] BAHEA A2k F 247F 1 x 10°/me] T2 &5
+. 3% H 22 ¥ heado] B14¢} B209] £FRAZAE e
—‘?‘ 3t d T 54 AR E. olF 249 T 2HAA T+
F A 5 v AR head’} H2Mo g WHIH (Y 1-44).
S F 2470 et EW A & CM HlA] flof X]dske] 3
1-44). 7t 23] G425 H A= F%0] colony 5715 At &5
Z

st & genomic DNAE FE31 %+ Bl49} B20 §°| & primers &8 PCRS 53 2 #3

oH
N
ofN
4o A
b
=
ok
o
o,
T
ol
o
ik
op
ol
R
N
)
L)
o
s
=
N
i

Qﬂ_'
- | AEAY 37 F

f‘q

o
Lo
L
>
o [1-1?_'4
=
e
U
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DG1_B20 DG6_B14

DG1 B14 DGl B20 DGoe_B14 DGoe_B20

I8 144, oMo A 2E 2 LS AT CM A

- PCR 23}, B14¢} B209] A0 502 A2t GY 2 HFE = 100% Bl4 T+ B20 757} &
gﬂ R 3 F equiseti DG13} F. incarnatum DG62] AT @5 A g3 G g & Bl4 &
= B20 #F7F A AESHA FUE.

- 3, DG1 == DG6 &5 A2 § Bl4E AT Ho L2 HY 53 3] &5 T 7
7} 40%(2/5)%k 60%(3/5)= Bl4E FAHHUE. ol ¥l DGloly DG6E A 23 § B20= A
T3 WY FYERE = B200] A HEHA B%(E 1-9).
- o1& 3l F equiseti-incarnatum 5% LAE W headol Vg ¥X3 B9, 5 F fyjikurol
B20 ¥F9 #HES Ohﬂﬂ # J= 7S &g T3l B4 o AR o=

o]
LBHARE o) oful 4F FFEolV] e e W A

a1
(e
5
fr e
o} _15
il
A
)
mlo
N
[o
"
=
_YL
it

¥ 19. F incarnatumrequisetii EAt A X ¥ F fujikuroi IAS HE3
W U2 RE 353 F fuikurol 452 AE WX (colony )

B4 B2n [ LGa DGl _B14 | ©GEI_BLZ0 | DGa Bla | DGe_B20
B14 3 [t 0 0 2 0 3 0
20 0 5 0 0 0 0 0 0

B4, B20: Bl4 ==& B202] ERTE &4F /DG, DG DG =5 DGl ER19 4%
DG Bl4: DG 24X F B4 4% s/ DGLB2: DG1 4% F B2g &%
DGa Bl4: DGs 4% 3 B4 4% /7 DG B2 DG 4% F B2g 4%

- & BE F incarnatum-equiseti &5 A 2 0T 2 (F. equiseti Fel, F. incarnatum Fe6)< 7
= o

ate] BAXA A & 471 x 107/ me] F
d 1-45). 4Y F 73643 w59 HAXAE 22
15 273 240dA 7105

o
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Fel+743 Febt+743

- Fel, Fe6 &5 =5 Dol UGS VA 23S (2H 1-45).
- Fel, Fe6 59 B XA} HE T 73643 +A 3
2 head$} W3S w Wo] A EAYsHA &
- o8 B3l F eguiseti-incarnatum 9] XX
graminearum T2 S AL F U= Ve e :

-9, 2o Ao 2 W9 headdl Fel & Fe2 55 V2] AES & F gTamnearwn 73643
o3 8 ol F fujikuroi B14, F. fujikuroi B20 52 HEste] W

1-46). ¥ o] B¢, AT a2 BAdA o7t F8)

H @5 PDAC Adsto] @& W 3] e B=E AT 2, eqwsetz-mcamatwn‘ﬁ"
TE WA HETS SLZHEEY F graminearun®} F. asiaticum 7 3 5&0] 543 "WoAH S
(F 1-10).

E%Ol T %
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X 1-10. F. incarnatunrequisetii XA+ 23X ¥ F. graminearum %= F. asiaticum IAE JF S

W SU2RE 3|48 F graminearum =% F. asiaticum 759 7ZE WX (colony %)

Fg Fa Fal Fa6 Fzl _Fg | Fel_Fa | Fed _Fg | Fed Fa
F. gramimearim 5 0 0 0 1 0 0 0
F. asiatictm 1] 7 1] 1] ] ] ] 5

Fo, Fa: Fg £ Faf] EA3I5E 4% /f Fel, Fed: Fe] X Fegt] AT 4%
Fel Fo Fel 24X F Fg 24X // Fel Fa Fel 4% F Fa 4%
Fef Fr Fed 4% F Fg 4F /f Fef Fa Fef 4% F Fa 4%

2) F. fujikurol B14°] fumonisin A4 F32 dd AAE reporter o5 A&
- Fumonisin< F. proliferatum, F. verticilloides, F. fujikruoi 5ol &3] A== FFo|FAE, A
F7FA] HA 28F0] HaH. BE A-series, B-series, C-series, P-series®. 2 851, Bl, B2,

B37} 71 =Ado] g

Yl fumonisin A4 9] GAEE FFH o2 Frtstr] 98 BE LC/GC T 33
H 2 AR 9 /¢E Luciferase F+3AF ©]§ reporter
o A

e & 2sHo2 238 5 9

st AArEAER]
Z}(transcription factor)}l FUMZ21°] &A% o] e promoter H91(1,327bp)$} firefly
Luciferase +%2+2] ORF(1,879bp)E PCR FFH o2 FF3st &, Bl4d =93t homologous
recombination W&o g2 FAA ] AAAZD(ZH 1479 A). ol¥A R FAHEA
(FLFUM21 2 W %)E fumonisin A4 % ¥l A1) Fructose N A} 22} 10% IMI < A 1l] %] of] A
24z} w) ¥ &, dAZHH Luciferases 5783 23 F wj#AollM EF £ SHEE BY(2

2 1-47¢ B).
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A B

B14 strain Proe: FUM21
140,008
¥ o 120000
® 100,000
FLu 5
B 80,000
- ~ G
-~ ~ 50,000
1 40,000
'~ 7
.o hygB s 20,000
__ -3
5 § § 8 ® & % § 8 =&
L s ®m ®§ &® ® ® &8 ® &8 &
5 5 3 5 3 35 35 35 3 3
FLFUM21 rp 5 5 E B 2| B B B B B
Prue FLUC hygB Pruer FUM21 Frucose media 10% 1M1 media
- - - S - -

13 1-47. (A) FLFUM21 A Ad3k49 A2 225, (B) FLUM21 3 A48 49 Luciferase A S

ol

3) Fumonisin A4 F32 Td AA vAEFZES &4

- F. fujikuroi B14 75 2 reporter ‘EZF(FLFUM21)§:— YES §Au =] 20mee] AES 5, Tho

g MABEFEES 50% MeOHd| 102 5t =2 £ 144 AR5, oI5 693 v st

FUM2198] &d8o] AAEA=AE Luciferase assay= HA 3t A+

- MAEFESES HAY A {8 PAAEFESESYECUM, Extract Collection of Useful

ogZRY FEgugtor, i FEEo vl vlA] 3FF(BN, GSS, DYC)¢9} 3

7FA FE W (waters, MeOHZ:, EtOAcS)Y F 9714 sampleE AS 5 Qe

- 12+ 29: BN v A Wi & MeOHS 22 VAE=FE= & 88F<= AT 23, FA g7
H3)| Luciferase @95 °F 50% ©|3t= A FEE2 9% (#04302, 09047, 09050, 09061,

11546, 12177, 12210, 12234, 12251)°] -&(1 Y 1-48).

Microorganism)

—

il .II|_||

I I I I I | I I — I o I - I - - l
Y 148, 12} A EFEFE * 8] & Luciferase assay 23}

- 23 AF: YES AW A S Czapek-Dox broth(CB)Z WHAIAS. F 62F52 HMAAEFEES
AR A3, T3] o ¥l3l Luciferase =S 9F 30% O]E}E BaAZ FEES1
(#01586, 01599, 09082, 09121, 09276, 09083, 09859, 10093, 10095, 10096, 10097)0191*%(2‘?,
1-49).

[
o\
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& 0 5
. ) - -
§ ¥ %
- - . ‘ . I . I - | -

9 1-49. 231 v EFEFE *2] ¥ Luciferase assay 23

i
il

-3 AE: 231 A LI 20 E F 5659 VAEFESES AAS 23, FA g Tl H
3 Luciferase S4EE ¢F 30% ©|3lZ TAAIZl FE2EL 1135 (#12043, 12669, 13234, 13238,
13240, 13374, 14298, 14300, 14302, 14305, 14310)°] RA-S(2 & 1-50).

=
=

i’“

¥ 1-50. 3z v EFEE A2 F Luciferase assay 23}

4) F. graminearum 743 2| B-tubulin A FH2+e] Ed HAE reporter o5 A2}
N FHzke] TH gA vAEFEE B4

- F. graminearum 743 B-tubulin %%} promoter(1,854bp)$} firefly Luciferase +%A}<]
ORF(2,617bp) = o] 43t¢] F fijikuroi B14 FLFUM21 735 A2} W (vector §3 2 24 =
A A FdEAH A FASHA reporter o F(pB-tub + Luc® WH)E XLO}?%‘%(JE 1-51).
A FEHSA T} reporter TFEA ZHE =R &Q1sH7] flste] PDBolA 37 v ket &
luciferase &4 < SA8I A (L™ 1-51). A7 A, reporter T4 k¥ F 73643 iﬁ o H]
Luciferase activity”} 3A 71l AL 292
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F. graminesrum243

Modified pBCATPH

i
F gramiearumz4) E
-

Roporter strain

% 1-51. pB-tub + Luc FZ2AEA 9 A|Z EAE 9} Luciferase activity

- Reporter &5 PDB AMA|H}A] 20meol HE &, thFg vAEFZE(BN A FaH)=
50% MeOH®l 10 &< 520 £ 1 A3t 5. o1& 397 wj Fete B-tubulin f A}
o] AAH A=A S Luciferase assay= 7433+

- BtOAcT 9] 747, 23] whE A E5F FA g+ thn] &4do] of 50% olstE #HAad FEE2
Z 105 (#03413, 03422, 03429, 04302, 04309, 04315, 04340, 04697, 04719, 05095)°] A= (L&
1.51).

- WhA, 23] gHE oA BF FA T v &40 g 26 o] o w FUts FE2ELS F 3BT
(#02046, 03063, 03076, 03094, 03115, 03118, 03127, 03201, 03203, 03204, 03337, 03342, 03345,
03348, 03349, 03350, 03368, 03389, 03402, 04591, 04636, 04643, 05085, 06083, 09045, 09050,
09055, 09061, 12251, 12254, 13614, 13634, 13706)°] A=(1H 1-51).
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P fo— Eran :
SRl = B [ ~ =g
e Rama

e it oy e
"l R I = - l' .'_"."_.".'l.-'i IIIIIIIIII
g gl A g R r o F
. Eepmn © it i1
E -.|||||l||| 1|I--.-“l|||
;I-ll||l"_||"lllll Foey e pripigpr y -
S S I S S 3

S 1 S 3

1% 1-51. BtOAcE VB EFEE A2l ¥ Luciferase assay 23}

- MeOHzQ] 37, 28] RHEO|X R Fxjg Tt tin] &0 F 50% oltE HAY FEE=L
Z 65 (#01983, 01988, 02028, 03332, 03349, 04339)°| A= (L ¥ 1-52).

- ¥be, 23] RhRol A 5 FAj2 gt el @AJo] thEk 2uf o) o U FEES F 26F

(#02014, 02035, 03080, 03348, 03363, 03365, 03409, 03415, 03428, 04302, 04309, 04315, 04319,

04320, 04359, 04627, 04636, 04643, 04653, 04715, 04719, 04726, 05106, 13634, 13700, 13706)°] 3}

=(18 1-52).
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AT (C scovilla)] EA}

AW C scovillei®) EAAA S 7

AHA373 wlaL

ol WE &
71

S

K

wild-type w51 C scovillel KC05

?l_

tel 194 FAA Aol A ALS

S

R

2=
T

& A V8 agar
5 (white light)©] A}-&-5]

-
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[€]

F71 el
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120

=
£ 100
N
=1
X 80 -
=
e
£ -
s 60
w
Pt
o
- 40 -
)
a
E
= 20 -

pH3 pH5 pH7 pH9

a9 22, pHoll| W& C scoville®] EARAE ZA}

3) Btadd 2 HAae wE A Bl
- 99 2 AR ] TAE A BAEA ke MMA(Minimal Media Agar) Hj =] ol Z}

7ke] &4l (Glucose, Cellulose, Sucrose, Mannitol, Sorbitol) ¥ ZZ4~¢l (Ammonium sulfate,

¢

Ammonium nitrate, Glycine, Potassium nitrate, Sodium nitrate)S 3 7}st] ZANY S F =
3 EASE 24L.

- A Bado] e wAEAN B 52 o) F M0 F pigmentation HE A4to] LAY
StAa, A4 H7F wiAE vlustH FFdAE H2 Aol SH ]S, control2 AME-H
MMAH A Bt} A4 A 2Tl A Zlo] Bl

fr
ol
ofy
2l
>~
X
X
a2
o
o
k)
rfo

Glucose Cellulose Sucrose Mannitol Sorbitol
- L

Carbon

MMA media

Ammenium sulfate  Ammonium nitrate Glycine Potassium nitrate Sodium nitrate
; T =

Nitrogen

-1 AR, gadd vls] dAd A FolA o B TAE A AS. AAhds HUhe wiA
o A 4.48]~12.34] o] EAE ¢ ol RFE o, Glycined| A 714 B2 ZAE A3
- g9 AT E 0.18]~3.18 o Bo] THE10H, Cellulosed A 0.18] 2 238 E=&
FAF7E S EH A
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40

£ 3
(=]
X
=
2 20
n]
(%)
©
2 1w
E
=
0 ] ﬁ

MMA

Sorbitol .—<

Ammonium sulfate
Glycine

Glucose

Cellulose

Sucrose

Mannitol
Ammonium nitrate
Potassium nitrate
Sodium nitrate

Carbon Nitrogen Control

a9 24, C scovillei®] 849 2 ALY w2 x4 vl

4) A EAEA F4 AA

- BAEA A GAE g&9shy] Al OMACA wiFgE 1 SRR C scovillel wild-type]
AL 22bE slide glassoll S8 FaL sAAZ St AtEE BAEA AG AAS drE e

= RS

- 4 HEF F 0~1AXZ71A stalk elongations #HEAE  AAS. 1 5 HF F 1-3A171A]

conidiophore”} A8 ¥ = RS #&E 5 AAL, FF F 3~6A|F 74| phialide ENA EHE

A7 AEE S FF F 5 UAMS. A2 A A F 6Al3te] AddE A

sk

- Hzo FAEAIE FAE o] F 6~12413F 74A] secondary conidia”} =AY EZA} Hofl o] A4

=Y

-olHE APSs Tl wFEAEe] BAEA AY FA4S 2IT 5 A=

stalk elongation (~1 h)  conidiophore formation (~3 h) conidia formation (~6 h

VY

a9 2-5. AFEHAH(C scoville) 2] conidiophore 2 conidia Y43
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Secondary conidia (~12 h)

a8 2-6. AFEAH(C scoville) @] secondary conidia A

5) 113 FEH C scoville® FEABAR FF AT
T A7 ARG E o B o
G C scoviller EAF A0 Wk zx}o]E Yol 12} RS
- X2 w25 A4 (hemocytometer) S ©]8314 10 x 10° conidia/mlZ Z83 & 1%
NaOCIE A=¥ 7} 1153 Aol 20ul¥ EAAEH NS HFeAE. olF s elste] 25T i
F71eA 108 Ft v As. F F HEFA AEdE TAE FolHaL 2 FE Ao &
A8t A+
-AREE 2 Tl Bol Auiete FE5 =3, vl FAke] A4, g, 59s 13
AR+

- 3F

ol
=
)
i
o
fo
ot
12
ok
o
o
k=)
)
>
K
o
i
ofN
2,
k=)
it

800.0

700.0

600.0

500.0
400.0
300.0
200.0

100.0

Number of conidia (x104/ml)
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Hyphal agar plug Conidial drop

wound - +

a9 2-10. C scovillei®] TAF 2 EX} HEF9 I8 2-11. C scoviller®] 3} A FoA o &
2 U 54 v &4 #F

33 HA cuticle %Oﬂ ?‘%‘/\OQ—E 7)4\% #2488 4 31, dendroid structureE Wz} cuticle W
Kol A TAE AFsITE, HE § 48~72417to] Ay 4 @AYl =2EtH cuticle 5ol A
epidermal cellZ invasive hypha7} A5+ AS #&T 4 AU A H invasive hyphav
3139 epidermal celld] 7} =12l & whe} zFefthr} plasmodesmatas F3 & A X Z o] 53t
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O AFHAYTE C scovilled®] EABA AAA R ¥ #3842 <

=

4

FE AT C scovillerd EAZAT W dAE JAALA o YEAH RS

719 2-13. RNA-seq #40) AH8-®E A A4 A @A 237, 221 YA
z4, ¥4 ME

Mycelia vs. mycelia bearing conidia
MC
M

Mycelia vs. conidia
C

1477 > (2-fold)
1100 > (2-fold) . 298 < (0.5-fold)
unaffecte x =
1097 > (4-fold) 198 < (0.25-fold 1478 > (4-fold) 1437 < (0.25-fold)

O 2114 A B A @A 24, AP 23, £2F 2F 37 DEGs(different expressed
genes) 4 A3}
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a9 2-16. A7 4" dAF 2HF 22 23] IAYE FX e oA F1A
CIET R
A AR A W 243 wA 247 A 147849 TANE 208 §8R] FA
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Z} H(TAISA, F2718 44
28 53 heat mapS A|Z}slal
A E ks #Bd fdA st S

3| Colletotrichum scovillei KC05 2] HOX2, HOX7, CAP1, PMK1 59

-|—’

%‘SH infection ¥ 40 h @42} infection & 60 h TA oA W& o] =
o] 74 CUT29} MEL1 (SCD1)S 413319
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Lipases

CAZymes Peptidases

2% 2-18. RNA-seq HIo|H &4& 53 T 75 #d 2 dAE A5 HAZFS
£ A3 heat map, M : TATSAl, A F =714
AFE 718 A (

b7
rlo
1=
i

- CUT2+= conidia, appressorium, infection 40 h, infection 72 h =5 mycelia stage®l ®Bl3}| &
o] Z3kom 53] infection THA A WH&HFo] =9

- MEL1 (SCD1)< conidia, appressorium, infection 40h, infection 72 h X% mycelial stage©l
3] o] =3k o™ appressorium ©AIFE infection 72 h @AI7HA] L& o] 53] &9

Kol
T -

=

sCUT2 CsMELT

an

Log2 fold change ratio (M vs)
Log?2 fold change ratio (M vs )

il

Conidia Appressorium  Infection40h  Infection72h Conidia Appressorium  Infection40h  Infection72h

a8 2-19. GCUT2? CGMELI 532 ZF @A RNA-seq
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O AFERAYT C scovilla®] EAAAY 2L & 71Z A

1) AFEAHT C scoville®] A Eo] FHAY] 715 A4 2 F71A9 FZ o3

- RNA-seq HloJH #2423 7|Wtew ¥ A4 dd a2 2HdEARA A=S 9 F4
A FEREE AASEL E A Y] 1974 G353 nFaAHT A 7S o] 85t 2
AEAH|AE AZE F, 4 EF3} RT-PCRS F33le] ZHAEAH A F1x 2AS
GRS

- XA ?13] FEA TS homeobox transcription factorE

ATE
2 A3 S(CsHOX19 A CsHOX107}A]).

CAP 0041751 ——(F CaHOX! §17aa di# J’

CAP (10985,1 sl CaHOX6 §12aa A

CAP006569.1 ——{ CaHOX? 609z -

CAP 0038501 == CaHOX5 706 aa

CAP 0057641 L CaHOX4 12012

CAP 001376, e {F ¥ CaHOX10 857 aa

CAP 001741.1 & {3 CaHOX3 26923

CAP 01T 1 B CaHOX8 126122
CAP 0057661 e CHOX T 407 22

CAP 0008351 = CaHOXg 5752 W omeobos domain

@ C2H2 type zine finger

-".."_ PSR ., l: . o :.‘. .: _h '-_ t ': R t::* L Qoﬁ’foniimwl I\“A”Eﬂ‘wisuﬁ

9 I .
T T
4 $ 3 -
o o
g £2 g 2
® L] =
w (YRR ) v o
T
Eo 5 0 6o 10,000 (00 14 000 (0 (00 om .0 00 10 {0 (%0 .00 () £ {0 () ah 0 O £ .0m (0 & 000 {
o]
(8] 1 1 3 4 5 [ 1 8 9 0 un -
) o
g
i 3 & g
E : 23
[ b L] " 0
. 3 o (VI

23 2-20. A3 homeobox transcription factor®] domain &43

2} %LEC»— *4741 s}

R *I—ETO] FARe] 71 AFE Y8 1FHHHHF 2] homeobox transcription factorE
Akt FRAAZALEARNAE AR ZF(CsHOX1A  CsHOX107HA). =3
CsPMK1) ZAEAHo|A| ¢}t adenylate
APAZAHAE B3RS

—~

mitogen-activated  protein  kinase 1 F%#}
)

cyclase-associated protein 1 - AHCsCAP1
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& &

& ¢ .
(<]
F &
3 s & &
et —_t - - =8 v e
[ o L — on-m
* — S (e
WT Ti1
Pstl Fa . . kb \_“@ ™ q.‘a
— ‘g@' Gf?
Pt Pstl 26— -
Probe
1kb
a9 222, ZAEAHA AZE A% FHA F2RE 2 AW EEF RT-PCRS &7
AdEAH A 12 A4 &<l

- 1 A AGhox2= EARAEIAE AF AHAEA EIe %3
Cshox6= A XA} A& 0]
53l HOX2, HOX3, HOX67}

A+

wild-type©ll Hl8] HojA= %
AFTAP T FAEA FA

X 2-1. AGshox FREES X¥F <l
Growth (mm)® Conidial size (um)*
Conidiation Conidial Appressorium
Strain CMA MMA (10%/mi) Length Width g ion (%) formation (%)’
Wild-type 493 + 03" 443 + 0.5 1550 + 9.1% 109 + 1.3° 37+ 05" 975 =13 90.0 = 324
ACshox1 318 * 0.5° 245 = 09" 1588 = 12.94 199 = 2.4*% 34 = 03° B1.0 * 4.4° 31.0 + 6.7
Cshaxle 485 + 0.6° 440 = 0.8 1485 + 9.8* 106 = 1.1° i8 =+ 05" 97 + 1.8 0.5 = 45*
ACshox? 423 + 0.5° 328 = 09°% o> ND ND ND ND
Cshox2c 490 = 0.8" 44.3 = 1.3 1508 * G.4* 110 +132° 36+ 03° 948 = 2.2°%° 89.8 + 5.1*
ACshox3 483 = 03" 440 = 08" 875 * 6.5° 151 + 23" 42 =pa* 920 » 32% 888 » 39°
Cshox3c 488 = 0.9° 438 = Q5reD 1530 + 13.5% 109 = 1.1° 37 = 04" 968 = 1.7 893 + 554
ACshox4 445 = 0.6 380 = 0.8 150.5 = 8.8* 142 £ 1.2° 44 = 04* 928 = 2% 895 = 444
Cshoxde 488 = 0.9 44.8 = 0.5 157.5 = 13.0" 1.0+ 16° 39 = 04" 958 = 217 89.0 = 4.0*
ACshoxs 485 = 06" 415 = 06" 151.3 = 7.0* 157 = 1.0° 44 = 03" 905 = 26° 89.0 + 5.0*
Cshox5ec 485 + 0.6° 445 * 06" 1468 ~ 4.7 109 = 1.1° 16 * 04" 953 = 32%8c 888 + 59*
ACshoxs 47.3 + 05° 433 £ 05°° 1230 = 6.3* 106 =127 3.7 * 04b 955 = 34n8¢ 89.0 = 54
Cshox6e 488 = 09" 44.3 = Q5AeC 1485 ~ 6.0 109 = 1.4° 317 = 04° 948 = 25°C 90.0 + 5.4*
ACshox? 485 = 06" 425 = 0.6™ 1568 = 15.9" 108 = 1.3° ig =03 950 = 22%8C o
Cshox?c 488 = o.7" 438 = 0950 1500 = 4.4 109 = 1.6° 38 = 04" 94,5 = 3.4°8C 893 = 514*
ACshox8 480 = 0.8~ 423 +1.3%° 158.1 = 9.8* 1102139 38=03" 958 £ 227 853 = 43%
CshoxBe 488 = 09" 44.3 = Q.94 154.3 + 196" 110+ 12° 36+ 04° 955 = 21%8¢ 90.3 = 354
ACshox9 480 = 0.8 433+ 05°° 1500 = 7.7% 110 = 1.4° 38> 03° 953 = 35480 86.0 * 3742
Cshox9¢ 488 = 0.8"8 450 = 144 1555 + 148" 11.0 =147 37 + 040 94,5 = 3448 888 + 624
ACshox10 488 = 09" 43,8 = g0 1418 = 12.6* 108 = 1.3° 372030 95.0 = 2.2%5¢ 89.8 = 4.6*
Cshox 10¢ 490 = 0.8" 438 = 0.9\80 1488 + 9.4 1.1 = 1.3° 37 = 03" 94.5 = 2 9050 898 * 5.0*

- xAe] FoldlM = AGshoxI, ACshox3, ACshox4, ACshox5l| 4] wild-typeoll Bls] ¥4 42
70 e BAEIASE AP, o] 27E HOX1, HOX3, HOX4, HOX57} il FEHA]
B I dolE xAse fAAEE RS ongh
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‘Wild-type ACshox1

ACshox4 ACshox5 Cshoxl1c
T PAXES

Cshox3c Cshox4dc Cshox5¢

- AGspmki®} ACscaplol M= EAAA #A 18 o] AR US. ACGpmkiS Zol7t 11 FAE
A& AATAH WA AGapre Lol7t HE BAEAE 4998 o8P ARt 13w
A ¥ 19| mitogen-activated protein kinase 17 adenylate cyclase-associated protein 1] &4
EA golg 2Asted Qo 24T J15S Dok S G

Wild type ACspmk1 Cspmikic

Wild type Cscaple

ACscapl

s

3
—

-

w
—
o

Conidial length (pm)
Conidial length (um)

0
Widtype  ACspmki " Cspmikie Wild type ACscapl Cscaple

%Y 2-24. ACspmkiI®} ACscapl FEHEE 2] A H

294 ol

2y
SAvol Sy $57] 34

= o =2 =
S WAHAS. $HY) IS BEH] Astel RATAES 2549 EAA AW Fep2de)
Fahglon A ¥ RAEA FHS FAFAS
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- Homeobox transcription factor 27} A/ AE SAWMOA S FolA AChox7t F271E
FAsA Fohe 2EFLS UEHILS. cAMPY CaCls A 2|8tls of BAEA Fd&0] o
20%, 40% = 3EH O, cAMPS} CaCLE T4 AadE e EYEA F4&0]
80% 7HAl B EEH A=, olHd A= HOX70l LFBAE T F37] A T3 7e
3t cAMP % CaClydt #dd Asdgd dddn= As gk

o 19

Wild-type

[y

(2%

=
3

BWild-type E3ACshox7 MCshox7c

g

F
=

L]
[¥]

U]
L=

Appressorium formation {%4)
=) g 8

=

cAMP CaClz CaClr+cAMP

CaClz+cAMP

18 2-25. ACshox7d) H-27] 3 A

- CUT2 33 th3t AGscut?2 FE+E S MEL1(SCD1) 3 2tol| th3t AGssedl FEE 9

271 &N A wild-typedt 7o ZFol7t A= SHAIRY AGssedl®] 7% F-271¢] Dt
FAHA g Aol #FHA=H, depdo] 7279 ek F4H #de] Joeuw 5

oMo WA digk dFE WYY Farvt dvta AeE.

T oo
B o %

CsCUTZ Southern blot
Neal Ak
—— ‘4 — . Kb
2.6=—
= 23—
probe
Neal Aeol

Ecoftl Ecoftl Southern blot
] o —— Kb
% '“‘x;)_\
ciy 2.5 -
P ol ~ So— e
probe

a9 2-26. CUT29} SCD1e| tist FAXAAEAAm A A
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Wild-type ACscut2 || ACsscdl

80
60
40
20

o

ACssecd1  ACscut2

Appressorium formation (%)

9 2-27. AGscut29} ACssedl®] H-2H7] dA

- AGpmkl= AW =2k oM RS A AASHA oAl AGpmki> B/dE&°] 2A =

A, o] gt A= mitogen-activated protein kinase 17} adenylate Cyclase-associated protein
lo] RFVAYTY 254 EW A4S B $H7) F4o] 2o /)5S dohe AL NI
\Wild type ACspmk! Cspmkic
100
o /
: o £ £ ol [T]
0 =
< g
— =
_ 100 E 1]
e WWiid typeCJACsomi 1 B Cspmk T 1 =
g B0 l E
] =R
E w I 2
s 7
£ w £
° i o
& 2 <
g
< ‘ ; 1] -
4h &h 16h Wildtype ACscapl  Cscaple
19 228, ACspmkae] B37) 84 Y 229, AGsaaple] 27 B4

- Oeo 2 15 R FRAAdEdHAES HFe] HYds e 2 AR 4

Cshoxl FAAAEEAHO A= 1F P cuticle T2 31 =9 o] dendroid

structure= B/ EHJAT 1 o] %9 GAQ epidermal cell2¢] FFH o] o] FoJA %] Fe=the
= drFdeE #F & AU+
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- ojwgt dolez WA #FAst=A gsty] 98 3, 3 - diaminobenzidine®} perls
prussian blueE ©]-83}] 2] &E 4] hypersensitive response A4 712t #HH Reactive
Oxygen Species(ROS)E A3t &3] Kot A A7 wild-typeol| BIS+ ACshoxI 3
AAEEAROAE FES LFol woll HA ROS7 Fd=o] 244 (3,3 -dlammoben21d1ne)
FAEE AS FIE F JAF. 2FEAY wild-types
o

2 &M (perls prussian blue).

AEA o A AL Ao 2 oA 5le] ROS BHLo] ALd WE  ACshod SANEEE
ARolAl= A=A A 7184S e o= JAsHA] Xat7] Wi B ¢ ROs7T &
AE Il olg Qla] AFS Hsle o= Ay

Mock Wild-type ACshox1 Cshoxle

Wounded

Intact

- AGshoy7 FAAALEAROAE 15 HAA WS WA 2SS AT AGhoIHE o
27 432 B e wild-typed} WIS WL WE RS FA8GL. ol AGhorS BF
g FHEA RIEZ 1F I BUS HE3 So7kA RAAT FAF WS Ade
wild-typed} HISz3HAl S ¥ & the RS 9P CaCl, ¥ CaClh9t cAMPE S Ao A2
Qe ve 227 F4o] sBHo FAE WA AR Wol= Wyte] dehbe AL A

T AR+
- ACspmkI®}y ACscapl +AA A<
Gscapl> 22773 1 Sloll A 371 &

e~ &
DHI)E 5% YL R WS YA RIe Qo Bug,

it
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KC03 Cspmkle

Mock Wild-

e ACshox7 Cshox7c ACspirk]

KC03 ACscapl  Cscaple

Mock Wild-type ACshox7 Cshox7c

wounded

Unwounded
CacClp+cAMP

a9 2-31. AGsho7d] W44 a9 2-32. ACspmkIZ} ACscapl] 94

- HOX1o] a3 AoAe] W wallol] Fa 3t 7]5S ste Zlo] vrslx 7] wiol
ACshox1& 1520 HE3te] RNAE FE31%93, RNA-seq= 531

R 2 A} ACscaplE HF3 1FZF oA wild-typeS HFS 15:Z 20| B3t 121749
T2 o] S7kskAaL 52709 A

LS

Up regulation

BMRNA-seq [GRT-PCR

121 genes

Ahox1-IHT
WT-IHT

Unaffected

Log, (Fold change)

52 genes

' 1 b o A 0 v b P> o
(}“@(’\‘FC&\. qk\‘: G)C,Q C’Q\%"Q\' Qg?l\é ‘.I\ Q'I (’5\9\\ P (,'?\0 g P

\ﬁ @

Down regulation

18 2-33. wild-typeTt ACshox1S HE3 1FZZ o)A 223 RNAS o] £3F F1x vy B

Eﬁ:?_] CsPL1, CsPL2, CsPL3, CsPG1, CsGT8, CsGH31=Z &1 5 A=
- BARAET A A)5e DFN AHHE BHLETES AANE V15S sa, B
Do) Yol A 2Y e RHBATE 715 hn, A Ay

P Az BaEe 5 @

ole @ fAASo] Mol HOX1e] ojste] A o] C sconller®) 574 7Helo] o] o]
e AL FEHom UL

et rlo
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- ’ N ~ o
- r4 A Y ~ <
- - / A \ S
7
. - o~ 7 Y ~ ~ -~
v N Sa
ROS-scavenging Extracellular LysM Other secreted PCW-degrading
enzymes proteins proteins enzymes
CSTRR1 Gk CsSP1 CsSIX11 CsPL1  CsPGL
CsCATL CsSP2 CsCRISPL CsPL2  CsGT8
CsPL3  CsGH31
N
\
\

\

7/
PR
ROS = ———— Defence v s PCW-
accumulation gene activation damage

9 2-34. CsHOX19 9J&l 2d =+ FAA ¢ 7]

L

O AFYHAWA C scovillad®] Ao A=

1) RFSART] YBFA PAS A% 2 VYT A
-2 VARG o8 nEAEE BA AoE Astel HAAE AHEIA B Bl
ATE Relstel C scovilled T4 QA BA7} Y FFES AL ATE TS 0§
dol 1% SARTA B BAF AR oA B ER Bo} AAE A o Yolrt
g4 19 2 23 nAEY a4 EA4S AAst a3 dAE Y AESHH HAE A 23
nAEe &4S AR A
- AdE A2 165 rRNA, recA, gyrA 34 A9 BHS T8l 4sIA S Burkholderia
cepacia KF13} Bacillus velezensis BS1°] 7} &3 7} E8k<-.

ol Burkholderia cepacia (FIR97564. 1) Bacillus velezensis F3A

® ‘!”l o6 Bacillus velezensis BS1

| Durkholderia ssboris 7 Bacillus velezensis 3-10

zfll:w:::m ::MM Bacillus subtilis HZAU7-1

34 L"Em'khuldcnu N S Bacillus amyloliquefaciens SH27

" o Bacillus subtilis IBFCBF-4

(Burkholderia diffusa

LBurkholderia seminalis Bacillus amyloliquefaciens K5-3
g~ Stenotrophomonas maliophilia Bacillus siamensis TN 0204

100 " . .
oo campestris py. raphani Bacillus siamensis TN 0503

Pscudomonas stutzeri

| Bacillus licheniformis CICC 10181

100l Bacillus licheniformis MY75

———
02

0.010

9 2-35. 165 rRNA 2 recA #3AX A
£4E& 53 #2492

9 2-36. 165 rRNA 2 recA F34 A
28]
AEsE EN=

A E KF1 #59] 228 53 2eE 23V AE KFL 759

-T=

2]
AFEH BAE



Concentration (cfu/mL)

Control LB broth 1x10° 1x10° 1x107 1x10%

C. scovillei

C. nymphaeae |

a9 2-37. 20 E KF1Y] A5 =9 Ao e 254 FE%
NFEAET C scovillei®t C nymphaeae®] XA} ol oA gl (ALFEHA
TR 1 x10° A/ mLE 248t )

- 1F BAHT C scovillei®t C nymphaeae®) W3l 1 x 10° ~ 10° cfu/mL F%9] B. cepacia KF1
Al Al AFeAE T I} drotol] thdte] 90% ]3] A& YERHAS.

- B. cepacia KF1-& 115 &AWt C scovillei C. nymphaeae, C. acutatum®] 1AM G A o A =
2 a7t A3, 3718 02 Fusarium verticillioides® TAHEE A& o)=AE 37} )

S
=

A B

C.scovillei  C.nymphaeae  C.acutatum F.verticillioides

—
=
<

80

60 I
40
20

0 T T

C.scoviilei  C.nymphacae  C.acutatum  F.verticillioides

Control ||

Inhibition rate of mycelial growth (%)

Y 238 BAMGS FH 2FEAE KFLS A 47 A 2 G B4 99 B (A) -
2PV YE KFLI DFRANT 2 $55 2EHeNTe AN B
Z

(B) : 20 AE KF1o] 93 FAF AR JA&
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eo]

100

100

g 80 g 80
& 2

&8 604 8 60-

'g 401 g 401

S O 2

i B .

Control ~ 1x10° 1x10¢ 1x107 1x10# Control  1x10° 1x10¢ 1x107 1x10¢
Concentration (cfu/mL) Concentration (cfi/mL)

¥ 239 AP A E KF19] @99 w2 Ao mE AFeEATe x4} dold (A) : IV =E
KF1e] s=® A2l W& C scoville®] Eol&, (B) AZPI¥= KF1e] =¥ Ao wE C
N
na

nymphaeae®] Tol&. 2T B S

- B. cepacia KF1 &
e, 384 HE
A, AEetobA|, 1l 2 B
NFEAR BAE AT F& MABEEAY &8o] ted FoFE ATE.

Phosphate

Protease  Cellulase  solubility ~ Siderophore

Control
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- B velezensis BS1-& 11 @AW C scoville®] F-27] AAAS a0 2 AAG=0 1 x
10° cfu/mL FEo|A n3:eAEFo 227 A4S 80% ol JASAAL, 1 x 10° cfu/mLY
FTEAA W HAS aRHoR JAEE S

A

Bacterial concentrations (cfu/mL)
Control 1x 108 1x107

—
o
o

o
o

(=23
o

S
o

N
o

Appressorium fromation rate (%)

d
c
b
D a
, . _
Control 1x 10 1x10° 1x10° 1x107
Bacterial concentrations (cfu/mL)

o

C Bacterial concentrations (cfu/mL)
Control 1x10° 1x10° 1x107

Y 2-41. 23V AE BS19 A Fxo] WE C
scovillei®] H-27) A4 QA 13 FAoA e H
10 =B |

- B velezensis BS1 £~ 84 AAEL 98] A2~ B, dd B3, Ald 220 YA H
AR S AT F Ae MAE o] &3t HASIAL, 1 F AEEL FIasL, oid
fai, AlHEEo] A o S-S IAsAS. T3 AF A B velezensis BS1S A 2313
S o 1F A 3 FHo] Ate A= FIEAS

- 99 A3 2, B velezensis BS1 T F+= LFEAH WA @ 13 A 228 3 §8 nYE
22X &8o] 7ed AOZ FHTH.
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Cellulase Siderophore Protease

Control

a9y 2442 2w Y E BS19 &4

¥ 22 230 AE BS1e 3 A =3 Y

Treatment Plant height (cm) Leaf length (cm) Leafwidth (cm) Root length (cm) Root fresh weight (mg)

BS1 107.8+£735% 66.7+841% 371532 1908+3639% 1143 £39.11%
Control 76332 465=79 25540 1156+283 301812
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H

O

A2PTAF71B(FAN): NeHAATH H2E T8 G Burkholderia AT}

394 Colletotrichum Z3°] Ato] 324 A%

25 W94 Burkholderia glumaeS} B. gladioli 7+2] 72328 2 A A+

1) B. glumae®t B. gladioli Ato19] W X] 8% in vitro assay

- A=A Burkholderia species(B. glumae BGR1, B. gladioli BSR3, B. gladioli KACC11889 B.
gladioli KACC18962, B. plantarii KACC18965)¢} 2= WA (Burkholderia sp. KJ006) A}o]e] t
A Fe ST in vitroassayS THTI], 22 = wiEA Q] F5AE-S 28T 37Tl A 7
Zy 23 Y(2 ™ 3-1,1% 3-2)3t, A EHW DA B gladioli KACC189627}F 18] A& 73t |
A4 7HAI AT B glumae BGR1E AIES 1x4 o2 SHaAS. £3, AEHAY B

gladioli KACC189627} B. plantarii KACC189655 A gt &atAS(2d 3-1).

Background Background
BGR1 BSR3 11889 KJOO6 18962 18965 BGR1 BSR3 11889 KJOO6 18962 18965
— —
o o
U] U]
o o
™M ™M
o o
[%2] v
o o
()] )]
5o 5o
0 0
— —
v | — v | —
2 2
0o 0l o
o o
2 2
.5 .5
o~ o~
o o
(o)) ()]
Q Q
— —
n n
o] o]
()] ()]
Q Q
— —
19 3-1. in vitro assay between bateria and 19 3-2 in vitro assay between bateria and
another bacteria at 28°C another bacteria at 37C

- 214X Burkholderia species(B. glumae BGR1, B. gladioli BSR3, B. gladioli KACC11889 B.
gladioli KACC18962, B. plantarii KACC18965)°} 2| EW A (Burkholderia sp. KJ006) Ale]e] &
TAE0 998 F8t7] Yl Wi bacteriaS FA3+ in vitro assayS 33 A3, B
gladioli KACC189627} 5 QA B. glumae BGR13} B. plantarii KACC189655 <A HS 2213}
A
- B3 bacteria?t AAE A, X2 bacteria &5 WS Burkholderia species®} 28T |
= dsHell o3| X B glumae BGR1%
A e AL I8, B gladioli KACC189629] A 2]& 45 Al B glunae BGR12]
S Q1S (Y 33, 1Y 3-4).

By
:?L_',
oot
0%
o
ot
By
o,
TN
2
A
N
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Background Background
BGR1 BSR3 11889 KJOO6 18962 18965 BGR1 BSR3 11889 KJOO6 18962 18965

BGR1
BGR1

BSR3
BSR3

(3] (3]
Q0 0
= =
2 3
0o 0o
8 8
v v
o o
3 3
= 3
wn wn
K K
3 3
19 3-3. in vitro assay between bacteria and 19 3-4. in vitro assay between bacteria and
bacterial supernatant at 28C heat-treated bacterial supernatant at 28C

- in vitro assays WA S ©|-&3l B gladioi KACC189627} AA=Z 28ColA B. glumae
BGR13} B. plantarii KACC189655 A (¥ 3-5)2 8H3]H.

Bacterial Lawn Bacterial Lawn
BGR1 KACC18962 KACC18965 BGR1 KACCI18962 KACC18965

BOGR1
BGR1

Suvpension
KACC1R962

Suspension
KACC18962

KACCIRIGS
KACCTRIGS

1% 3-5. Selection of in vitro bacteria-bacteria interactions among Burklolderia species
at 28°C and 37T

- GFP(Green Fluorescence Protein)< ¢&3}3tH, 54 JAA S AIAFE 7HA= SV =
T3], BGR1/KACC18962¢F KACC18965/KACC18962 &tujckolo 20y wld =g
=9 FGAA AL o] L3 AFFE =43t KACCI89627} BGR1F KACCI89655 <A
P A2 TAE g o, GFPE d35stste Fet2n =7 Al Z oA 3 s o] GFP
A7NE F48 JHA<R] fluorescence intensityE KACC189629] T w3t H-9-<}
BGR1/KACC189629} KACC18965/KACC18962 Egtu] 3t 4= wmsle] BaFaigro 2 X,
B. gladioli KACC189627} A A& 28 Coll X B. glumae BGR1%} B. plantarii KACC18965% A &
(¥ 3-6, 18 3-7)S FAsA 2
- B. gladioli KACC18962°] &l gt &JF-EnlEA-S v 2 g Q-G Al E o] Fo a8l o3|
B. glumae BGR17} A =™, 1§k MlaEote] AJ5 285 T3l B plantarii KACC189657} #] 3]
Aol g F AAS

lo oo 1> mlm
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BGRI/GFP
~KACC18962

a9 3-6.
Quantification of

BGRI/GFP
+KACC18965

KACCI8965/GFP bacteria-bacteria

KACCIS965/GFP interaction by spot

+KACC18%62
assay
KACCI18965/GFP

+BGR1

10° 1077

Serial dilution

—
(=1
o

) z

2 g
2= 23 1000
7% 7o

o

=8 I 55
@ o

e [# s .. .
g i Quantification of
£3 52 0
35 Z2= bacteria-bacteria
it )
25 =2 2 3 interaction by
k=] R .
S8 EE relative fluorescence
M ° 2 . .

2 E intensity

o Rk
ey o o O
* L e ;
™ Fad &
L_‘\N b & bsw.b\'v
" A7
o \L}co

O B glumae®} B gladioli A°] in vivo 27X 2384 9 Bd4 A7

1) ¥ &7]9A B glumae®} B. gladioli A+°] 7¢& 28

- in vitro assays B3A FRI FaFLo] EASte= B glunme BGR1¥} B, gladioli
KACCIS9G22] 4521 in ivo 2191 31131 312, 12l flowering dipping & 54
HArEH S d 5 oy, 7152l 8o E7]dAM = o7 ¥AS Yeh= KACC18962
oF thL”}EBﬂ do 7|, Wl 7] 73t Hé-?ﬂ"é% 7FAAL 0= BGR19] 54 & o] &3}
a1, 1 A2 BGR1/KACC18929] FA] 74 (co-infection)A] BGR1S] WHAHS B Z7]0 A
FAd F AJF(2E 3-9).

- o] KACC189627} in vivo Z A E & U3tA BGR1S AA T2 M B gluame BGR19l| 9
& WAl HAashe AS AT F UNE

hEs
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Autoclaved DW

KACC18962 ]—t
BGR1 l—'—‘

0 2 4 6 8

Inoculum

Spread of diseased area (cm)

I -E.‘. -
! i

v

i

1% 3-8. in vivo pathogenicity test to confirm bacteria-bacteria interaction

at vegetative stage of rice

2) W X2 el X B gladioli®t B plantarii A+o] ‘¢35 24

- B. plantarii KACC189657} ¥ o] R Fe]olA] o] 9] tumbling &2 ] 444S A
3l= WHA, B gladioli KACC18962% °F3F WA TS Hols EAS 71A]7] wjiol| in vivo 2
X B. gladioli KACC189623} B. plantarii KACC189659] 75 2+-8-¢| in vitro assay®] 239}
LS FAdstr] Astel W FERAHAAN HLAAS FASAE
- in wvivo ZZoA  KACCI89%65/KACCI8962 &A% 4 (co-infection)r] KACC18965+=
KACC189629] 9J3l oA =22, KACC189659] ©d 7+ Al YE+= tumbling /02 #2] 9
87 oA @de] YEhbA &t

- o]&= KACCI189627} in vivo 2% FY3tAl KACCI8965E AAETSZM, B plantarii
KACC18965°1 93k ¥Aol YehA b= As AAT 5 A%+

o

Autoclaved DW KACC18962

Auteclaved DW |—+—|
KACC18962 E
KACC18963 H—O

Inoculum

KACC18965

Length of seedlings (cm)

19 3-9. in vivo pathogenicity test to confirm bacteria-bacteria interaction at seedling stage of rice
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O YA Burkholderia A a3 YA Fusarium &%0|99 A5&E& A+

1) WLA Burkholderia 5%} Fusarium w5 Abo] W] 8] < in vitro assay

- dv A AHRE FIA, B glumae 7t F. fjikuroi 750l W3l v A So]F o g A|ofg
S st olE uie e g Tkt iR 23| Burkholderia 5 (B, glumae B. gladioli, B.
Plantari) 2 2 AEW YA AT (Xanthomonas oryzae pv. oryzae Pseudomonas syringae pst
DC3000) 3} Fusarium 75+ (F. fujikuroi, F. oxyporum, F. graminearum) A}°] tHX] vl A S 4
85t Burkholeria sp. KJ0062 2 &80 o2 A Xul % in vitro assayoll -3 3128
3-10).

- W X] ¥l % in vitro assay Z ¥}, Luria-Bertani (LB) agar plate T} Potato Dextrose Agar (PDA)
plateol| X A3 FFo] F5=-8o] a3#Ql o] 7t al, F fyikuro®t F.oxyporumel A
25 WAA Burkholderia speice (B. glumae B. gladioli B. plantari)®} 74 8% A5 28] &5 %
o= ‘/}E‘r‘%t A FAsAE.

, A=W YA Burkholderia species$} &%5H 7IF(B)E 7IA <= F fyikaro®}te] 73R4 %
ol HS FIi F fuikurol B14, F. fujikuroi B20¥} Burkholderia species Atole] AR A 4
ATE #13te PDA platel] tX|¥l % in vitro assayE FF 3%

ol

)

N
o ofp

)

On Luria-Bertani Control
(LB) agar plate

BSR3 18062 18963 19137 KACC11889

On Potato Control
Dextrose Agar
(PDA) plante

BGR1 pv. oryzo syringae pst DC3000 KI006

BSR3 18962 18963 10137 KACC11889

With Fusarium fujikuroi With Fusarium oxyporum With Fusarium graminearum

33335252

i P

19 3-10. in vitro Bacteria-Fungi interaction screening on LB agar and
PDA media

WA Burkholderia M2} Fusarium 333°] AFo] Ulx|ul &k Al Al F3o] o528
Hj 2] A37doll wE Burkholderia speices®] =4 H-H]9] F&FA A &<l

2 Ao z}o]7} U= Ao
s7] st 2dE £He FSAF(TH 3-10).

Burkholdéria gladiol 18963

Burkcholderiagladioli 15981 Bwrkholderiaglumae BGRL

m
o O b
3o 3

2% 3-11. Thin
Layer

PDEBE
1 Bl

Chromatography(TL
C) analysis of
Burkholderia species
on LB and PDB

media

Tanzfain ——

by

 Nakedeye
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- gty o2 Atu)eFol] A8+ Luria-Bertani (LB) media®} & Fo]u)] el AFE-5]+ Potato
Dextrose Broth (PDA) mediaS A3} Burkholeria species (B. gladioli 18962, B. plantarii
18965, B. glumae BGR1)9] &4 #4]-& Thin Layer Chromatography (TLC)Z =33}, AZ
Ho g FHlEe Edo] w4 et bE AYdS s ds. 53], M AEs 542
£ = toxoflavin®] Aol A Fas &8R-+

- o|5 53| Burkholderia species®t Fusarium A}°] A5 2F-8-0] Ald 540 23
A7t obd & W7ty s HHES Sl S.

il

Bl
ol

o9 Aol

WA F fuikuroi B14, B203} 21&E WA Burkholderia species Alo] & 48 AT
- 2128 YA Burkholderia species$t 3% 717 (W) E 7V = F fyikaroi}o] 7732 735 2180
Ae T3 F fujikuroi Bl4, F. fujikuroi B203} Burkholderia species®] %A 454§ A7e
)X PDA plate ol Al tHXW < in vitro assayE T3t A=(L¥ 3-12, 1¥H 3-13).

BFl assay_ Fusarium Fujikuroi B14 with Burkholderia species(7 % X})
B14(DDW) 18962 18965 BGRI1 18962 18965 BGRI1

BFl assay_ Fusarium Fujikuroi B14 with Burkholderia species _10 X}
B14(DDW) 18962 18965 BGR1 18962 18965 BGRI

29 3-12. Bacteria-Fungi Interaction assay by F. fujikuroi B14

BFl assay_ Fusarium Fujikuroi B20 with Burkholderia species(7%})
B20(DDW) 1 8962 17895 18962

BFl assay_ Fusarium Fujikuroi B20 with Burkholderia species_10% X}
B20(DDW)

18962 18965 BGR1
:\\\{é. g . —

19 3-13. Bacteria-Fungi Interaction assay by F. fujikuroi B20

- Burkholeria species (B. gladioli 18962, B. plantarii 18965, B. glumae BGR1)| 23l F fAgikuroi
B14%} F fujikuroi B209] AR O] AAES E213519S.
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- F. fujikuroi B209] 7 A4S QA 8= Burkholderia speceis®] EA1E 131 % 475 53
A3t L, ol % B glumae BGR1¥% B. plantarii 189655 A3l st B. gladioli 189625 T4 o2
FEE 71 AHE A MEYT 5SS HFHOE AFE I

ot

O WA Burkholderia A3 ¥ 94 Fusarium 3%°]9 HAA 4 ® Fs5&§ VEH=
_TL

Ay

1) Burkholderia 759} Fusarium 9] WX ¥} in vitro A A &4 533
- 12 A=A B glumae BGR1¥ B plantarii 189655 A 3|3t= B. gladioli 189625 F A0
S99 7% 78S stAar, 23 WEoM AE BAXA Fusarium dFo 71 7S b
= UEIW B gladioli 189629} F. fujikurol B20 Abo] s 248 @A A 45 F335A+.
- PDA v XX B gladioli 18962} F. fujikuroi B209] th =] v &} @ w] S v 7Y 2714
S8 sle] A3 283 B gladioli 189629} F. fyjikuroi B20S &8 402 EE|8S(2 9 3-14).
- F. fujikurol B209] 743528 #4& 93lA F fuiikuroi B20 sole culture A5 9} th X8l A
B. gladioli 18962%} “¢ % 2}-8-3l+= F. fujikuroi B20 culture A|EZFF total RNAE F=3. B
gladioli 189622] 5 218 BA& sl A flof & W2 o2 B gladioli 18962 sole culture A &
o Xl A F fujikuroi B20% 3 5483k B, gladioli 18962 culture A5 2 F-H total RNA
=3 A+
# total RNAZHE RNAseq #}olH & E](transcriptome raw data)E A3},
Trimmomatic 22219 & &3} adapter sequenced A AE. ©]F trimmed datags 4443}
read data®] qualityE £<13}3l read datagd genomic DNA referenceol| W3 3}S(1H 3-14).
- Bl = F EE o] log2 fold changedt F 1§ P B HlAE I =¥
p-valueE volcano plot(1¥ 3-15)°.2 YEH(XZ: log2 Fold change, YZ: -logl0 p-value).
- Differentially expressed genes (DEGs, X} 172} &4 (L8 3-15)< 913l orignal raw data
© HTseqs &3l €& 71&9 ¢elx F32kd tgk RPKM#ks td e g stlen, toly A
A8 2 QCHAA A low qualitys 7FAl= A filtering ¥, quantile normalizationg <~
33t
- A AL vux ¥ fold change, independent T-testE ©]-83to], 213 Z#=Z [FCl
>=2, independent T-test raw p-value<0.05 =S 2 AH3E}

E

-lN

=
=
=

=

e

N
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L 4 ¢ % A
==
4 ¥ A 4
RNA seq
] . .

processing Removing of
of reads 1. Low quality base 2.adaptor sequence
3. rRNAsequence 4. too short reads (<20bp)

L e & 2

Filtering fungal reads by Filtering bacterial reads
fitering | mapping to the fungal by mapping to the
genome bacterial genome
Mapping filtering

Gene expression profiling

1% 3-14. Gene expression profiling

© FC>=2 & raw.p<@.B5
+ FCe=-2 & raw.p<@.85

Volcano plot between
Ft_vs_Fc

—logip raw.p —value

log, fold change

UP, DOWN regulated count

(|Fc]>=2)
=]
942 & Dot
Ft/Fc
946
[ 260 400 660 800 1600 1200
Count of genes
UP, DOWN regulated count
(|F€|>=2 & raw.p<e.e5)
(=114
846 B ool
Ft/fc
874
[ 200 400 600 800 1600

Count of genes

19 3-15. Volcano plot and analysis of DEGs in F fujikuroi B20 (Fc; F.fujikurof sole culture, Ft;
F.fujikuroi co-culture with B. gladioli)

- FE ﬁl/'f]alroi B20°. 2 B-¥] B. gladioli 18962

2} R

Z3) M AALA 49 Fa) IFC >=2,

p<0.059] F 1,7207] DEGsE 85333, ©] T up-regulated DEGs 8467, down-regulated
DEGs 8747H = A AH(LHE 3-15). 1—3— %38 F_fujikarai B207t B, gladioli 189629} 5 2t
| 24 5l M2 & fFAA BFHE Tl §vHEskal S 58
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- 193 DEGs B 2~E (982 genes)ell thste] 2t Al59] fFdxE B Fh(normalized value)S
o] g3l Hd Hx=rt FAE A9} F-FAE hierarchical clustering analysis (Euclidean
Distance, Complete Linkaage)E &3t 1533t YeEbHAS(LE 3-16).

Heat map of the one-way Hierarchical Clustering
Color Key using Z-score for normalized value (log2 based)

m (1,728 genes satisfying with fc2 & raw.p)

I3 3-16. Heat
map of one-way
Hierarchical
Clustering in F.
fujikuroi B20 (Fc;
F fujikuroi sole
culture, Ft;
F.fujikuroi
co-culture with B.
gladioli)

- DEGs datagE 7|Hto 2 ZA 982 DEGsE FT4HS=Z Gene Ontology (GO) &4 &3l
Biological process, Cellular Component, Molecular Function®l| th3t 275 AU (T H 3-17).

GO analysis results Biological Process

29.084%

= Biological Process (29.04%)
= Cellular Component (30.53%)
Molecular Function (26%)

No Hit (14.42%)

= Unclassified (34.3%)
= metabolic process (27.53%)
obsolete mycelium developnent (9.07)
localization (7.63%)
biological regulation (6.66%)
= cellular process (6.58%)
response to stinulus (2.64%)
cellular conponent organization or biogenesis (1.8%)
nulti-organism process (1.174)
developnental process (1.69%)
Other (134]
~ growth (8
- Feproduitive process (8:3%)
- reproduction (9.13%)
- gk ctiliastion (0.1
Loconation (0.
- multicellutar nﬂ]amsma\ procase tain)
- nitrogen utilization (.
- cell killing (9,04%)
- detoxification (0,03}
innune systen process (8,01%)

s

bl - cell proliferation (0.61%)
E i Yoo - biological athesion (0.01%)
1 H\‘ & « obsolete negative regulation of transcription from (8%)
Cellular Component Molecular Function

60.15%
3545

Unclassified (60.15%)

® Unclassified (35.45%)
= cell part (18.63%) = catalytic activity (33.82%)
organelle (6.15%) binding (18.87%)
membrane part (5.29%) i 5 transporter activity (6%)
L] ,2;;:;:;?;‘:1:1@ conplex. (3.26%) structural molecule activity (3.11%)
= organelle part (1.85%) . : (t);:nscrip:)i:r)\ regulator activity (2.52%)
extracellular region (1.58%) Box 54 e{ (1. . 5
= Other (0.49%) - molecular function regulator (0.4%)

- extracellular region part (0.41%) S - signal transducer activity (0.35%)
- membrane-enclosed lumen (0.03%) - antioxidant activity (0.17%)

- synapse (0.03%) - nutrient reservoir activity (0.07%)
- nucleoid (0.61%) - protein tag (0.02%)

- supramolecular complex (0%) - molecular carrier activity (0.02%)

X
1860 Lt 1

19 3-17. Gene Ontology analysis of F. fujikuroi B20
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- B gladioli 189629} 73 %2833l F. fujikuroi B209} 432140 QA & F fujikuroi B20<]
GO £4 ZA3}, 982 DEG % 29.0%7} Biological processll <3}l 30.5%, 26.0% 7} 22+ Cellular
component®} Molecular Function®l] 393l A& &A=

- &3 total DEGs % Biological process®] 7l categoryZ 4] metabolic process, response to
stimulus, biological regulation, development process, growth, reproduction, detoxification,
immune system process 5°] MFHS A5 A 5.

- Cellular component®] 7-%-, cell part$} organelled] &l @st= o] 7Fd 2=t AR+
- 53], Molecular Function GO #4] Z 3}, total DEGsol| A catalytic activityell Z 3%+ DEGs
7F 74 wkem, TInfe)| transport activity, signal transducer activity, antioxidant activity,
nutrient reservoir activity &2} category 7} &= A&

- S Bl =3 P 2 3ol log2 fold changedt F i It B HlwE FE =%
p-valueE volcano plot (L8 3-18)2. = UEH (XS log2 Fold change, YZ: -logl0 p-value).
- B gladioli 189622 F. fujikurol B20 33528 Zz3} vlw A 48 314 IFCl >=2,
p<0.05¢] F 982719 DEGsE #5333, ©] & up-regulated DEGs 57971, down-regulated
DEGs 40370 & 8539 S(1Y 3-18).

FC>=2 & raw.p<0.65 Volcano plot between UP, DOWN regulated count
+ FC<=-2 & raw.p<6.e5 Bt_vs_Bc (IFc]>=2)

Count of genes

UP, DOWN regulated count
(IFc|>=2 & raw.p<e.e5)

~logyg raw.p -value

o v
579 = oo

Bt/Bc

log, fold change Count of genes

1% 3-18. Volcano plot and analysis of DEGs in B gladioli 18962 (Bc; B. gladioli sole
culture, Bt; B. gladioli co-culture with F.fujikuroi)

- 913 DEG 3| Z&E (579 genes)oll thate] 7t Al59] FxE & gk (normalized value)<S
o] g3t Hd HE7F AN A5} AL hierarchical clustering analysis (Euclidean
Distance, Complete Linkaage)E &3t 153}ete] el A (H 3-19).

N

.

Heat map of the way Hierarchical Clustering
Color Key using Z-s r " rormalized value e (lo gZ based)
(982 g satisfying with fc2 & raw.p)

1% 3-19. Heat

map of one-way

.

Hierarchical
Clustering in B.
gladioli 18962 (Bc;
B. gladioli sole
culture, Bt; B.
gladioli co-culture
with F.fujikuroi)
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- A9} v A 2 DEGs dataZ 71¥o.2 A 579 DEGsS
S Y9 (2E 3-20).

o
>,
o

= Gene Ontology (GO)

GO Analysis Result Biological Process

33.33% = Biological Process (33.33%) nan
= Cellular Conponent (13.09%)
Molecular Function (35.35%)

13.00% No Hit (18.23%)

nests (0.613)

S18.23%

35.35% s’

Cellular Component Molecular Function

a5 s
o cell part (33,53

'
i I
nae

1% 3-20. Gene Ontology analysis of B gladioli 18962

- F. fujikuroi B209} 35 2F-8-3131 B gladioli 189629} 73 5 2§31 A| &2 B gladioli 189622 GO
24 23, 982 DEG & 33.3%7} Biological processol <3tal 13.1%, 35.4%7} Z} Cellular
component?} Molecular Function®l| 3l &3} =

- Total DEGs % Biological process ] category = Xmetabolic process, biological regulation,
response to stimulus, development process, growth, nitrogen utilization, flagellum assembly,
detoxification o] &A1&

- Cellular component®] 73-9-, cell part®} membraned 3|33t FEo] 7 =2 H=2 21X
st s

- Molecular Function GO &4 Z#}, total DEGs®l| 4] catalytic activity®l] 3235+ DEGs7} 7}
Z B3 utel transport activity 9} signal transducer activity, structural molecule activity,

antioxidant activity 5°| Z3H¥.
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2) AAMA B4 AHE B3 UEYZ 5
- Total DEGsE 4122 KEGG pathway #4-& $3435to, 7% A EA A+ 2070 9] pathway
S SRIFS (™ 3-21).

Metabolism Metabolic pathways
Genetic Information Processing Mi bial taboli . di - t
Environmental Information Processing 1icrobial metabolism 1n diverse ‘environments
Cellu}ar Processes ABC transporters
Organismal Systems
Human Diseases Two-component system
Enrichment map test p-value Quorum sensing
p<=0.001 p<=0.01 p<=0.05 p>0.05 Flagellar assembly

Biosynthesis of secondary metabolites
Bacterial chemotaxis

Degradation of aromatic compounds
Starch and sucrose metabolism

Purine metabolism

Arginine biosynthesis

Pyrimidine metabolism

Benzoate degradation

Atrazine degradation

Nicotinate and nicotinamide metabolism

Biosynthesis of antibiotics
Bacterial secretion system
Porphyrin and chlorophyll metabolism

Oxidative phosphorylation

2% 3-21. Gene-set KEGG enrichment analysis in B gladioli 18962 (p-value top 20)

- Top 209] pathway =< Metabolic pathway, Microbial metabolism in diverse environments,
ABC transporters, Two-component system, Quorum sensing, Flagellar assembly, Biosynthesis
of secondary metabolites, bacterial chemotaxis, Degradation of aromatic compounds, Starch
and sucrose metabolism, Purine metabolism, Arginine biosynthesis, Pyrimidine metabolism,
Benzoate degradation, Atrazine degradation, Nicotinate and nicotinamide metabolism,
Biosynthesis of antibiotics, Bacterial secretion system, Porphyrin and chlorophyll metabolism,
Oxidative phosphorylation®] &7 %.

- F. fujikuroi B209} 23 22831 B, gladioli 189622] ¥ AALA ®4 A%, §21A 2ok
pathway & ABC transports, Two-componet system, Quorum sensing® &A1& F3l B
gladioli 189627} F. fujikuroi B20%} 733 2H8-S sl dthe o47Fs3t™, &A1l Flagellar
assembly % Bacterial chemotaxis & =& 52l B gladioli 189629 &4 % 3528 &}l
ZHHE R o4 7

- L3t B gladioli 189622] secretion system® & 280 A= AS 7heAdol U=

- B gladioli 18962°] Hlal HA}A| #4143, Degardation of aromatic compounds pathway<
Benzoate, 3-Fluorobenzoate, 4-Fluorobenzoate, p-methylbenzoate, o-Methylbenzoate,
m-MethylbenzoateE 32 %3}= aromatic compoundsE©| B gladioli 18962 WX 3 EZE
53l Catechol, 4-Fluorocatechol, 4-Methylcatechol, 3-Methylcatechol2 -3l =11 o] 3| HE =
= =X &= Ao zzl-O]EJ

- o= F fujikuroi B20% A3 28 3= B, gladioli 189621 41= A3 W catechol 3 catechol
AAZE SAEHE Solde FAE ¢ e (TH 3-22).

- B gladioli 18962°] VI AALA &A1 ZH¥, Bacteria motilityell #H3t= ZH7He] flagellar
assembly component ¢} flagellar assembly activator -fr A& ©] up-regulated DEGsoll *Z 3.
- 4528 el e] B. gladioli 189627} 45 A-8-0] JI= B. gladioli 1896280+ B =& 54

S 7HAA S
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- B gladioli 189622] up-regulated bacteria motility DEGs+= B. gladioli 189627} F. fujikuroi B20

of F2Z(adhesion

Benzoate

9 attachment) 3}

A3} Aol

Catechol Muconolactone
)

O S L& & 9 O =
ot o .2 s oa
3-Fluorobenzoate 4-Fluorocatechol
4-Fluorobenzoate 4-Fluorocatechol
4-Methylcatechol
P-Methvib AMethvicatedhal
o-Methylbenzoate 3-Methylcatechol
o—QO0——0 5 — (_ Bacteril chemotaxis )
(_ Type Il seceetion system
m-Methylbenzoate 3-Methylcatechol .
oO——Q0——0 W DN&
@—r ©— Ealy gone products
DHA
WHL -+ 0+ Late groe produts
4-Fluorocatechol 3-Fluorocatechol —- UP
o——o0—0 ———-down

19 3-22. Degradation of aromatic
compounds pathway in B. gladioli 18962

. gladioli 18962 secretion system®] 7%, A& o2 }o]7} ¢l

19 3-23. Up-regulated DEGs related to
flagellar assembly in B. gladioli 18962

=(1E 3-24).

- A58 T = FE fujikura B20S B, gladioli 189622] secretion systeml] 93-S wbX] ¢
25 QA F UL o|= B E fyikuroi B207} B. gladioli 189628} A A A3 AE dtE T
bacterial secretion system©¢] 33k FXA &8 FF F Iy
Type I Type VI
S-evmlm :s Srtrelrdsmslmln.r'l'.-;'_-

ome| I_rtpS L N
IMP | 2

m:

ATPase™ (35 | =
MW-

Sec-SRP
IMP[ SecDF
ETPuss |
Secretion momitor
SRP meeptor|
Targeting protein |

- F fuikaroi B209} 452§ S
extracellular antibiotic compound, lipase ¢ ¥4 ##

secretion system pathway®l 3]33}= up-regulated DEGsol| A=

OMP
IMP

ATPue | LIp¥
Regulatory protein | Ppks | Fhal | Ppph

ATPase-assockted | Yacl
protein

Fald Change

| 8 -4 220 2 44 48

1% 3-24. Bacterial secretion system pathway in B gladioli 18962

B. gladioli 18962¢] DEG & Ao =242l toxoflavin®}
A7 S5 @gron, ol
2ol 7h vpehbA e,

o

- o= E3) B gladioli 189629} F. fujikuroi B20 AFo] 74 A Z] A3 280 kS Fx o t}
9t catechol®] =% %At} bacteria &FAlo] 3 Eo]#A S oI}
- B gladioli 18962%} F. fujikuroi B209] A5 284 ¥ 5% N sourceE ¥ 3} metabolism

pathway =

o] F il

AL (1 3-25).
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- B. gladioli 18962+ nitrate transport % urea transports ©]-8-3l A|XZ ¥} urea$} nitrateE A XZ
WiE Folgolal NH'E HFA=E wEo] Alx ez Fdlstal Erld NH'= A F
fujikuroi B209] amonium transport (Amt)ol] &J3] X WH 2 5|9} urea cycles WE il o]
A E ureaw™ ME Hro =2 A FHISLA o] E B gladioli 189627} ©]-&3w= AOZ oA,
- E3|, FEfuikuroi B202] urea cycle HAHoA AAFE  orinithine® OAT (ornithine
aminotranferase)®ll 93l pyrridine-5-carboxylate (P5C)E Z3tE & ¢ ol & grRRIEZRE
e A 451 F fyjikuroi B209] A|E ol A EH= Fow ofidd.

- 53 P5CY ME Y =FE AE WY oxidased] &3] A E Reactive Oxygene Species
(ROS)S] Al U =43 programmed cell deathS FX=317] W&Eol wj-$ SAo] & EF=E
dHA As. 579, u‘%‘jzﬂu}etﬂ A FolQl CGryphonectria parasitical X M3 W P5C
4 g3 =4 7hsAo] SAHA

- o]# 3 P5CO ME W SO = ?_]?‘?} %*é% a9
B20 Ato] Az AgAE T ATZA 28T A

-25 ¢} 2o B. gladioli 18962°} F. fujikuroi
= o33

o @

Fold Ghange

B4202448

f

B. gladioli 18962 E fujikuroii B20

NHf

NH] + HCOj3 +2ATP ) Carbamyl phosphate + 2ADP +1N

oTc

Ornithine Citrulline

Urea cycle

|~ 2NHj +2HCO; ~——— Allophanate ———— Urea

\\

NADH; nitrite reductase, UC; urea carboxylase, AH; Allophanate hydrolase, ASG; arginase, ASL; Argininosuccinate,
ASS; Argininosuccinate Synthetase, OTC; Ornithine Transcarbomoylase, CPS, Carbamoyl phosphate synthetase, QAT;
ornithine aminotransferase

1% 3-25. The network of predicted interaction between B. gladioli 18962 and F.fijikuroi B20

from in vifro comparative transcriptome analysis
O A35&E F8 FAHAC Uit 7|5 A+

1) A58 a3 7ss ste A sddolA &R

- B. gladioli 18962°} F. fujikurol B20 Al°| in vitro Al ¥4 A#HE 7|8 S 2 Burkholderia v
T FAAE AAEAM)E F=eaA st oy, AR 2442 5’Jr°ﬂ/\1 Burkholderia T °]
AHAl E QAW OA S F58ke Aol B8N, Fusarium w79 FEd g5 gR7F AY gl 1o
o sejFolzt A

- B. gladioli®] 217 EAWolE T53t= AP S THAeH, APHow FHE|T) o
- Pyridine-5-carboxylate reductaseZ AN Fusarium 7 A& P14 A7(AF
AJxL, @)l o7 2 #FS FH

F. ﬁ1j1'1<ur01' B20 #Foll A 3

=
- AEAE FL A4 B AT AL P5C HHAE 14
| 28 972 QPGS

T A7 FFo] gFolXM B gladioli 189629 A ¥F& 53
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- B. gladioli 18962°} F. fujikuroi B20 A}l 9] in vitro FAMA] Aol A, F fyjikurol B209] urea
cycle  #AAA  AAE  orinithine  OAT(ornithine  aminotranferase)ol  2]3}
pyrridine-5-carboxylate(P5C) 2 A 3¥ &, ] o] T2 dARIEZ M= X &3 F. fujikuroi
B209] Al Wil FHE] Aol wFolE AT Ao=m o4Fsds.

- o]% P5C f+XAE FFolodA FEAAA S wl, KACC189629} th x|l Fate] &<1at% L, B
gladioli 189621 o8l 37 A7} Dot = e AU (L H 3-26).

- A, P5C 32 A O 2 F fujikurol B209] urea cycleo Al A E ROSY sf|&E Al
F7t AR S et E Ao R AdET, o]f g PSCRAHAE #8& FAAAdSR
AHEE G Y.

; oxX
KACC18962 . fujikuro! B:(;ujjkuroi 20 P5CR

Mycelial growth (cm?)

0¥

Wt
o° ol

1% 3-26. Dual culture assay of B. gladioli 18962 with the tested F. fujikuroi B20 and
F. fujikural B20 P5C overexpression

O 7153 AEA W Burkholderia 5} Fusarium 30| Ato] 245§ 2 B A%

1) ¥ FBANXN Burkholderia w59} Fusarium w5 Abo] & 4§

Mol A, s 2ol E B EE £F AL AWl in vitro 5450
i

B A I A R V] A7 A5 ] A, A M dotE =S |, Al
e w3ols Ads AP

- TAH SR, B gladioli 755 W Fdto] 107 CFU/ml ©] S =5 wjgdS Frlste] 393t W
ANE Rgu) sl dols {3193, F fujiikuroi #5Z 10° conidia/ml ©] =2 Hj &
FHlste] 393 YA A gste] dots frEsiden, EFHTE A 4 FFE A
T TE2 EF A THIst HAS A" st dotE AESIAE(T Y 3-27).

DWW B gladiloli cutture F. fujikuroi culture E. gladiloli with F. fufikurci cutture
(10° CFU/ml} (107 conidia/mi} (105 CFUiml+ 107 conidia/ml)

1% 3-27. Overview of induction of seed germination in this study
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- DWE A3t x2a# vluste, B gladois &= &t WolrA g
Ago] Adflue A4S AT = AJATHE 3-28 B), H 7S
—3— @= JEFSt Lol A S W, ko] dHe AS AT F UM (T H 3-28_0).

A Fgolo] & wigAs F3i “?M% Wopr 7] FA oA FITkElH F2do] AlE
) %i% gl e, ole UM AT in vitro F TS AT A EE AHE YU,
AARA #4479 dAste 2HYS UrE‘rL“(l‘“/‘S-ZS D).

A ' B) c) | D)

I
D.w ! B. gladioli ! F. fujikuroi E B. gladioli with F. fufikkural

19 3-28. Expected results in the control of bakanae diseases caused by F. fujikuori through

phenotypic responses

2) ¥ 2 HF ¥, Burkholderia 7+5+9} Fusarium 740 235 21§

MRS W Z7] 244 23 FE3 T HAA 2 AT E 9 3 5, 4572
F33}7) 98l semi in vivo RNA-seq #4& F33AS(2E 3-29).

- AF APE AYsr) A& W E7NE 4P ZAVE AEI, B gladioli 18962 #F9} F.
fujikuroi B20 TFE 1ml FALZ]E o] &3] ¥ Z7]] A9NA 2 HFeHUIL(TH 3-29_A), °]
S YHA Ao E ™S UFAe.

- o] F, 797 A Zto] AHEHHUA WHFo] Yehe AS Felsta, A4 7E o] &5t =9
Z © Z bacteria A|XETHS F 5314 total RNAE FE319 (219 3-29_B, Q).

- %% total RNAEZHE RNAseq to]H2]g|(transcriptome raw data)E AAstaL,
Trimmomatic 22 1% 3 &3} adapter sequenceE A AF. ©]F trimmed datas A /d 3}

read data®] qualityE <13}il read dataE genomic DNA reference®l %3333 5.

2

il

_'?L
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A)
injection injection
raikars = I - "
F. fujikuroi —T F. fujikuroi

B)

——)

7 daysincubation at RT

- Bacteria sole Bacteria + fungi

CITSORCINN ota kA isolstion. 3

Bacterial cell harvest

Q)

2% 3-29. Overview of semi in vivo assay in this study

- Hla =29 7 EE # log2 fold change$t T 1§ P B HlIAE F3

p-valueE volcano plot(l% 3-30)0.2 UEFH(XS: log2 Fold change, YS: -logl0 p-value).
- Differentially expressed genes (DEGs, AF8-f %} #4(1¥ 3-30)S $I30 orignal raw data
= HTseqes &8l €2 71E29 <&x FAAb tHgk RPKM# 2 td o2 313om, tole A

A8 @ QCHAA A low qualityE 7HAl= FHAE filtering ¥, quantile normalizationS
Bl

T

N

- 54 48 vlaz$ ¥ fold change, independent T-testE ©]-83}4], <93 A= IFCl
>=2, independent T-test raw p-value<0.05 =7 o. 2 AH3E}

FCr=2 & raw.p<s.os
volcano plot between

* FC<=-2 & raw.p<B.0s plus-B20_vs_sole

UP, DOWN regulated count
{IFC|>=2)

19,0 =em = e —

@
235 = oo |
plus-B28

ssole

[ 188 208 2 age see 06

Count of genes

UP, DOWN regulated count
(IFC|>=2 & raw.p<0.85)

-logygraw. p-value

plus-826

8 188 280 380 ELT

H Count of genes
1og. fold change

1% 3-30. Volcano plot and analysis of DEGs in B. glalioli B20 (sole; B. gladioli 18962
sole culture, plus-B20; B. gladioli 18962 co-infection with F. fujikuroi B20)

- 93 DEGs B Z2=E (599 genes)ell thste] 2t Al59] fFxE @& Fh(normalized value)<S
Al

o
o] g3t Hd Hx7F AN A5} fFXAE hierarchical clustering analysis (Euclidean
Distance, Complete Linkaage)E &3t Lg3}std Y AS(LE 3-31).
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Heat map of the one-way Hierarchical Clustering
using Z-score for normalized value (log2 based)

(599 genes satisfying with fc2 & raw.p) _’1% 3-31. Heat map

of one-way
Hierarchical
Clustering in B.
glalioli B20
(18962 _sole; B.
gladioli 18962 sole
culture,
18962plus-B20; B.
Gladioli 18962
co-infection with F.
fujikuroi B20)

18062plus-B20_2
18962-s0le 2
18062-sole 3
18962-sole_1

o -
o o
8 &
& &
e a
& &
g 2
3 i

- DEGs datag 7|¥te2 A 599 DEGsE FAHS=E Gene Ontology (GO) 4%
Biological process, Cellular Component, Molecular Function®l &t 235 AAS(LH 3-32).

GO Analysis Result Holecular Function

ILA
=

Collular Component Biological Process

1% 3-32. Gene Ontology analysis of B gladioli 18962

- 715 A &9 Wl Zaste, F fujikuroi B209} 352512 = Aol WIS F fyjikaroi B207}
} 5 2884 B gladioli 189629 GO&4 23, 599 DEGs 5 32.16% 7} Biological processel] <
k3l 12%, 35.65%7F Cellular component®?} Molecular Functionol] 4%

- Total DEGs % Biological process ¢] category=A] metabolic process, localization, biological

O>'I

al

regulation, cellular process, response to simulus, locomotion 5°] &} s},

- Cellular component®] 7-%-, cell part®} membraned] 3| F3sl= FEo] /M =& RIEE 21X
atal 3+

- Molecular Function GO #4] Z 3}, total DEGs®| 4] catalytic activity®ll 2%+ DEGs7} 7}
7 ®al a8}l transporter activity®} transcription regulator activity, signal transducer

activity, structural molecule activity 5°] Z3¥.
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3) A £4 23E B3I UMEYD 75
- Total DEGs& © 2 KEGG pathway 45 F33to], 7H¢ A ZA A= 20709 pathway
2 SRy 3-33).

- Top 20 pathway=< metabolic pathways, Flagella assembly, microial metabolism in diverse

=
4

environments, ABC transporters, Two-component system, Nicotinate and nicotinamide
metabolism, phenylalanine metabolism, Glyoxylate and dicarboxylate metabolism,
Biosynthesis of secondary metabolites, Sulfur metabolism, Bacterial chemotaxis, Pentose and
glucuronate interconversions, Biotin metabolism, Biosynthesis of cofactors, Starch and sucrose
metabolism, Fructose and mannose metabolism, Amino sugar and nucleotide sugar

metabolism, Inositol phosphate metabolism, Galactose metabolism, Carbon metabolism®] &

8.

! Metabolic pathways
rocessing Flagellar assembly

Microbial metabolism in diverse environments

ABC transporters
-EE{ CEAL. Eeutadl TWo-COMPONENT System
il A . el Nicotinate and nicotinamide metabolism
Phenylalanine metabolism

Glyoxylate and dicarboxylate metabolism
Biosynthesis of secondary metabolites
Sulfur metabolism

Bacterial chemotaxis

Pentose and glucuronate interconversions
Biotin metabolism

Biosynthesis of cofactors

Starch and sucrose metabolism

- INNNEEEEEEEN

Fructose and mannose metabolism |
Amino sugar and nucleotide sugar metabolism
Inositol phosphate metabolism
Galactose metabolism

Carbon metabolism

2% 3-33. Gene-set KEGG enrichment analysis in B gladioli 18962 (p-value top 20)

- NF A BA WA, E fujikuroi B202}F A5 28312 &4 Ao Wal F fujikuroi B20% 5 2}
&3t= B gladioli 189622] Bl HALA A A7, oA zely+= KEGG pathway & ABC
transporters, Two-component system® EXN& &3l B gladioli’} F. fyjikuro®t ’3 5485 3t
3 Jokar o Ad7hsst, ESE Flagellar assembly, bacterial chemotaxis®] EA1E F3l B
gladioli 189629 *+TAE Fo2&sle AOZ o 7H5E

- A EA WolA FFolet 52835 A U= B galdiolidl VIS 33288 B gladioli] ¥
AARA &4 43, Nicotinate, Nicotinurate, 6-Hydroxy-nicotinate, 2,5-Dihydroxy-pyridine,
N-formylmaleamate, Maleamate, Malate, Fumarate?} #-2 Nicotinate WHAIEZE 53,
fumarate”’} A== SolHS FASAS(LH 3-34_A).
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- Nicotinate and nicotiamide metabolsim 73 29l W=, nicotinated] WA E 27} A E o]
T o, o= B gladiol7t A=A WA Fgo] B3 AFS S5 AFeE B
- B3}, Biotin thAF &2 W=, biotin Aol #§ F82 Edo] A Skl A=
UetU ™, ol B gladioli7} A=A WA FF 2HAHE S5 AT A2 JS5HH
3-34_B).

- Sullivan, John T.(2001) 979 W=, vitamin A FATH G2 EAle A=A &
Zhgoll AaZ ] Al 7oste Aer dH AL, vitamin®] 2HL AEH S Aol A
Mol & AZRS 3 4 Quia AFE.

- wEbA, A=A Wl wgolet e AEste Ade 2EH S RS S53817] 918l biotin
I 2 A FFo FAA BHES FES Aoz g,
- F7F4 2.2, bacterial motilityol] &gttt ¢& X flagellar assembly component?} flagellar
assembly activator 20| 43 A E DEGsol X35 H, Faa-go] gle A vl 4
S 28-S 3= B. gladioli 189627} 74 H 58S IAE Aoz YEeld. &, B gladioli’}
A= AEA B3 548 e

Ao Z AWl AF(TH 3-35).

O %z
T
=
=

o Hol 4E, Fo] B FEAEA | B33}

=
1
T

A) i ) K} ¥} ) ¥ #) ¥)
; i
Mtﬂ““a Nw mlﬂ “Nd N 150n H WW \ma\ea MB\B ma W\a i uma;alﬁ
P.mE\W\COA
B o
0 ’ H # il — fun
I\Ua j
VlmEW Nan wmatﬂl“”m DWU fil? -
19 3-34. Nicotinate metabolism and biotin 19 3-35. Up-regulated DEGs related to
metabolism pathway in B. gladioli 18962 flagellar assembly in B gladioli 18962
- HHH o], bacterial secretion systemoll &= ojwgt o] gle o=z Yephd. A EA oA B
gladioli7} F330)1¢t AR A Je28-& WP HA bacterial secretion system©| F3FS T2 &

= RoE AAY(LY 336).
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Trpre b Trpe il Trpr [l Tepe VI
"““”:;‘—.?_;{—': Lgrmr Speciie __-.:ftl___ LR LTITET) Sacam = 5 Fcir el irbontrate
Masdsiurs Paron gon | HID | Yo | Ymp | Werit ] ot [ gme |
ABT ez | HpE Seczetim x B =i : i o
oo | wew | . % (17
-'wlarr!';lﬁ_s_r FEiE -k # L] =k AT = !
2 . " . HTFuse E Papasicay prote Py | Flal | Peos |
AT Fum ! (PRSP

AT P wisioe adesd
s
S SHP ok argimine ar geting (Tui)
IVF [ 5w DoF i . o[ T : W L TE

AT Pam
Sy bom somsica| Sechd |
SEF mcaphon |l
Thrgrang pras

% 3-36. Bacterial secretion system pathway in B. gladioli 18962

%
3
)
£

O B %3 Burkholderia M3 WLA Colletotrichum Ato] 3528 AT

—_

) WY Burkholderia 7+ Colletotrichum T35 AFe] tlx] 8% in vitro assay

- 1330l A B glunae BGR13} B. plantarii 189655 A& 3l= 21 & WUA B gladioli 189625
Aoz B3 7% ‘ﬁ"‘ﬁ‘g 0}9‘13’_ o] & Bl® O 2 Burkholderia vt (B. glumae®t B. gladioli)

Ao 7= H%0| Colletotrichum scovillei KC05 T AFo] 9l

doAES gQlsto] ‘ﬂa“g 7‘3 2 AdA7Ee B3 A .

- WA Burkholderia 7 5+(B. glumae} B. galdiol)®} Colletotrichum 5%°] C scovilei KC05 A}©]

in vitro A WY A4S 718t dFS AQFHH 3-37).

- FFo] wjgel AE-E+= potato dextrose agar(PDA)X, XN =Z2 ©-E Burkholderia (5.

glumae} B. gladiol)E A v} Fste] 25T oA 547 dxulds S &

ki rUlo

control BGR1 KACC18962

sow KACC18962 BGR1
Treatment

1% 3-37. Dual culture assay of Colletotrichum scovillei KC05 with the
tested Burkholderia glumae BGR1, B. gladioli KACC 18962, or sterile
distilled water (SDW) control on PDA plates 5 days after incubation at
25°C
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- 19-3-37_A® WA ¢, 3-37_Be HH, 3-37_Ce Adw HE AL YeEhH M-35_D
= ol AR I+

- X W F 23, B glumae®] -5, FA Tl WIS C scovillei®] 3730l EolER S sHAT,
B. gladioli®] 73-%-, F-A 2l ¥3l C scovilld®] “d7&°] AA EAER LM, B glunwe Bt} 2

A ZoEJSS RA3¥ T, ol BAX Burkholderiatt 72V Colletotrichum = %0] 2 A3 A&
o] EAES AT

- WAA Burkholderia ¢ Colletotrichum = 3°] Alo] o] A3 282 3olx R A|ut 24 =&
NHACRE FFS FAE EeUst7] f8l, 83 o= —v—ﬂ bi-plateol| X Burkholderia v+~

o} Colletotrichum 3 80]7te] 35288 ¢138ta1 %} antifungal activity in vitro assayE 33
L™ 3-38).

SOW HACC 18362 BGR1
Treatment

19 3-38. Bi-plate antifungal volatiles assay against C. scovillei KC05 with the tested B. glumae
BGR1, B. gladioli KACC18962, or sterile distilled water (SDW) control 5 days after incubation
at 25°C

- 1% 3-38_Av Ml A9 W, 3-38_B= HW, 18], 3-38_Ce HHold AF JAAEE A

Moz HAHYE,

- Antifungal volatile in vitro assay A3, B glumae®] 73-5-, ¥ & F-¢ vl S W, Cscovillei
KC059] itAF 47 oAl 129l el Al Q= Aoz AN, B gladioli 189622
7

AS-, FA 79 S w, C scoviller TAF 2373 AN AR FEFo] = Ao = e}
.

2) 93t Burkholderia 752} Colletotrichum w5 A}o] W3] 8% in vitro assay

- ESVAE A Paraburkiolderia sp. P393 1F ©AWE dod|= FHo| C scovillei
KC05 75 Atolol] 3285 &st7] A3 in vitro A vt 49 W3

- Paraburkholderia sp. P39} C scovillede KC05E +%°] A5l 2| (PDA)H] A o] A T %] ] &5}
25ColA 543 FPHE 3-39).
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A)

L)

25

control P39

20 4

Mycelial growth [em?)

S5DW P3g

2% 3-39. Dual culture assay of Colletotrichum scovillei KC05 with the tested
Paraburkholderia sp. P39 or sterile distilled water (SDW) control on PDA plates 5 days

after incubation at 25°C

-

- o

3-39_A2 i 9] W, 3-39 BE o2 AHFFog 52,
ol A3}, Paraburkholderia sp. P392] 7%, 32|30l B8] C scovillei KC052] 7]
A=, ol  Paraburkholderia sp. P39} C scovillei KC05 AFele] & 2-80] EA18S 3

= 1

2% o

o N
% 9

- Paraburkholderia®} Colletotrichunrd 7+2] 43 282 SR A7, A3 = PP F oz o
FEXNE FAdr] sl EFez EZE biplateold A5zES 89

antifungal activity in vitro assayS T3 3H(1H 3-40).

gt
mlo
ko

A) control P39 C)

Mycelial growth (em?)

SDW P39

1% 3-40. Bi-plate antifungal volatiles assay against C. scovillei KC05
with the tested Paraburkholderia sp. P39, or sterile distilled water (SDW)
control 5 days after incubation at 25°C

- 1% 3-40_ A= iAo oW, 3-40 B HiA 9] SlW, 28]l 3-40_C= w30l 4% A=
£ AFHoE el As.

- Antifungal volatile in vitro assay 2%, Paraburkholderia sp. P392] 7%, Fx 28] 79} vlu g
W, C scovillel KC052] AL 47 JAloll b A1 d3Fo] e Aoz ulotg.
- F7HA o 2, Y3t Burkholderia M+ B YA Colletotrichum & 30]7He] 43285 &<2ls)
71 18, C scovillei KC059) ZAF & A3 07 SR (LY 341). o= Lut

o] A& WiRA(PDA)NX Colletotrichum®] EAH5 S8 = gl7] W, £2 5 34
A3 V8 juiceE: o] &3l ®IAE A, EHoE FEH biplated| Al ohgFg
Burkholderia 75} Colletotrichum 75 W st F33o] ZAE =
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At B. gladioli 18962‘?-1—01] A C scovillei
KC059] T:rx} 373 AAlEel 7P e o= Alrteo] wdols A =20l AR

FFS Hol 9 (LY 341 _Ast B).

- FFolA TAS A FAn B S Tl TAFE AT A, AE HYA B
gladioli 18962 T F N X E A 47} 744 wgkon ol& Al frefol oW Edd os) Fgo] A

Fo] AR HE Ao =AY,

A)

B)

Mycelial growth inhibition(%)

]
Conida (conidia/ml)
g

BRI 6 ]

1% 3-41. Bi-plate antifungal volatiles assay against C scovelle KC05 with
the tested B. glumae BGR1, B. gladioli KCCM18962, and Paraburkholderia sp.
P39 or sterile distilled water (SDW) control 5 days after incubation at
25°C. The bar graph represent the mycelial growth and sporulation

O Burkholderia A3 Colletotrichum Z30] Ate] 713 79 AF

1) WL v F3 Burkholderia 79} Colletotrichum w5+ AFo] 73 A+

- in vitro 3% 2§ AN WYX Burkholdereia 7+ B. glumae BGR1 2 B. gladioli 189622}
8t Burkholderia 75+ Paraburkholderia sp. P397} A3 v 1A o2 WU Colletotrichum
30| C scoviller KC059 JEFS Fohe AHES 315 L.

- AAHA] FFS F2A3t7] fl8l in vivo dipping assayE Al g3t AL, AW B gladioli 18962
o} Paraburkiolderia sp. P39 &5 24 10°fu/ml S= 9] WFa e Fulale] 13(523)E 24
et HARA T, 1FEAE S dod|= HUYA Coletotrichum %] C scovilles KC055 &
g3} 5x10° conidia/mlE HF3F H, 25Tl 547 viek 3 HAS AFH(E 342, 43).
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NaOCl0.5% wash Wash DW

Dipping in MgS0, or
bacterial suspension Crack by needle
(0.0=0.8) and inject 2ul of the fungal spores (5x10° ™ 1x105)

5 daysincubationin plastic box at 25 °C

1% 3-42. scheme of in vivo dipping assay

- 219 3-43_A< in vivo dipping assay®| WA ZAI}o|l, 3-43 B= AY AHE HFHOE
g A<l

o

7}

- in vivo dipping assay
glumae= #o)7F = A S
Oﬂ?ﬂﬁb— dH A A,

T3y A, FA g Tl vls| WU Burkholderia w5 B. gladioli®} B.
2 ZH. 53, B glumaes EVLE, 717, 1139 & 71| dol & 3
HAA Colletotrichum +%3°] 9} A5 28S 53, HE A=E 71453}
CErE gl vle) F-93 Burkholderia T3 Paraburkholderia

o
} 17F Yebe. ol in vivool X Paraburkholderia sp. P392} C. scovillei KC05 A}
ZFgo] dojul= Aoz FHH.

Control BGR1 18962

P39

2

Lesion area (em’)
W

N

Control BGR1 018962 Pag

Treatment

19 3-43. Anthracnose lesion area (cm?) of green pepper (Nockwang),
inoculated with 2 0 of C scovellei KCO5 conidial suspension (5 x 10°

conidia /mL) after dipping in culture suspension of B. glumae BGR1, B.
gladioli 18962, and Paraburkholderia sp. P39. MgSO, served as negative

control for bacterial treatment

- in vitro X ¥ Foll X B gladioli 189627} 7174 &3 A0 2 JA|sl= A E YEGA

Tk, A A
in vivo dipping A}l A P397F W43 Colletotichum 3] C scovillel KC055 A|35t= A3

nAEE AT
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- in vitro A WG AHE T, AHF AR TS H=AE FQls] A&, = 2 in
vivo volatiles assay T/F3tdil, AL® B glunme BGR1, B. gladioli 18962, “1¥]il
Paraburkholderia sp. P39 @52 A v koS TSA wi Aol =23, HAA Colletotrichum &
s#o] C scovillei KCO5Z E &S] 5x10° conidia/mlE HE3 F, A2 SHFHo| X9 2& A
(system)ol| A} 25C oA 5A3F vjFetd WAS HZTHTH 3-44).

-\

NaOCl0.5% 3min Wash DW 3min Dry out
Crackby needle
and injec tzlhh fungal spores (5x10°~ 1x10%)
S ‘/\
y smearin MgS0,0r
bacterial suspension

5 days incubation in square dish at 25 °C

1% 3-44. Scheme of in vivo volatiles assay

B)

N W b O,

Lesion area (cm?2)

18962

Control BGR1 18962 P39
P39

19 3-45. Effect of volatiles produced by B glumae BGR1, B. gladioli 18962, and Paraburkholderia sp.
P39 in a small petri dish on green pepper (Nockwang) in a large square plastic plate. MgSO, served

as negative control for bacterial treatment

- 39 345 AE IF HAe 77t g dFE 22 SehaE dhxe] Fa, B
Colletotrichum %3015 HEsto] A TS W= g HAAd HA AR olH, 3-161
BE o2 AgHoz HrId A7,

[e)

—

- ZUEALE, in vitro WA Wi F AP ZAF e} viszsHAl, WA Burkholderia 7+ ©HE2 A <
3} Burkholderia 7521 P399 7%, T4 &+ vl 7% E»}’q o 2 WAA Coletotrichum =%
o|F Alojsle AL=E HATE.

- 5, P39 @57t Ailske 23k tiAE
Colletotrichum &35 AL F Att= 7S Bow

Al

o7& WA

" o
ok
=
o,
it
i)
2

Lo
k1
e
uul
2
o,
o
e
o
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2) 93t Burkholderia 5} Colletotrichum v+ AFe] W] ®l < in vitro assay
- Aol A=A AgSA 7] o] F A =2t 7hA, 22k hAREC] A HE Al
715 4737] (idiophase) Al7]2kaL 3t o] & &R137] Asl, &R 77 Burkholderia =,

P39 strain®] A2)eHH EAS ga) 4F THe SASAL(TH 3-46).

The growth curve of P39 under aerobic condition

Optical density 600nm

O0H 2H 4H 6H 8H 10H 12H 14H 16H 18H 20H 22H 24H 26H 28H
Time (hr)

1% 3-46. The growth curves of Paraburkholderia sp. P39 under aerobic growth
conditions. The doubling time (DT) of the bacteria was calculated from the growth
curves. All values provided are the averages of the results from three independent

experiments. The error bars indicate the standard deviations

- 23 BAREE S Asbele AAY)E 20413 o T2 SRIHUT, A AN A4
4

- in vitro A S APsr] ffal, - PG R AEHTA|(H735.00 x E°]
&3t C. scovellei KC05 -& V8 agar®} P39 & tryptic soybean agarg V|| &
HI3t R 3L, C scovellei KC05$} Paraburkholderia sp. P39E idiophase”|Zts X3t A Al Fd &
AEst] 797 MigS FE3HY, GC-MS 45 T3S (LH 3-47).
- GC-MS 4 27| A automated thermal deorption(ATD) 712 trap 2% -30T, desorb
flow 40ml/min, desorb &% 300C, desorb time 8min, trap: Tenax TASZ A3l
GC/MSD =x=71& column HP-5 (30m x 0.25mm x 0.25um), flow 1.0 m¢{/min (He), Oven:
Oven35C(5min) — 5C/min 100C(10min) — 10C/min 150C(5min) — 20C/min 250C
(5min), MS Temperature 230 C, Transfer Temperature 280 C,Acquisition mode: Scan mode,

Mass range: 30 - 550 m/z &2 33135
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Gas gathering & GC-MS analysis

7 daysincubation atRT

1% 3-47. Overview of the bacterial volatile compounds analysis method applied in
this study

A)
B) Fs e
TEFD
20000 N .
o Benzoic acid
100000
0000
TO000-
B000
0000
40000
30000
20000
V00001
S v Fin [ [ P 37 3 5 N 1 AN T

9 3-48. GC-MS chromatogram of volatile organic compounds

- in vitro WA G A, 1Y 348 A= APl AR
Paraburkholderia sp. P39 17} C scovellet KC05 55
Z Yehvs 2oz g9,

- XSS B3 2R gasE GC-MSHA] A3, Paraburkholderia sp. P399} C scovellei KC05
TF7F A4S o] & o, o8 EZ2E5°] el Ao] old benzoic acid7} §o]H o2 1}
gus Aow IAHA(TH 3-48_B).

bo rit
11
o
By
o
=
Y
By
o
Jhw
ul
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-

- o]& T3, EYHeE EHH AN HAH SR Paraburkholderia sp. P39 w71 A4+t
O] X}Fth AFLFE benzoic acid®] AL &2 C scoveller KC05 52 A A o] AAH+= S 39l
gt

- Gao, Haiyan(2018)%] <Al wW=2WH, B subtilis WMIFAS o]&3t  Colletotrichum
gloeasporiodes & 3E 331, Botrytis cinerea, Penicillium expansum, Monilinia fructicola, and
Alternaria alternata, fungal pathogen®] 874S AAst= A= SAH.

- T3k Yoon, Mi-Young(2012)8] Aol W=, B subtilis GDYA-194 &7 ¥ benzoic acid7}
IF 9HE dodle= FFo| (M ayzaeR. solani S. sclerotiorum P. capsica) & W3S =
benzoic acid 7} &%} F o7 AL AAst= AL =E 3H1H.

- ol &S EUE, GC-MS 45 F3l 7§ Burkholderia 75 Paraburkholderia sp. P39
7} o] RPN AMAFE Q] benzoic acidS A4Sl 7]1A] JEl 2 C. scovellei KC05 w5l HH A<
FEFs 71AH FFo S JAste AR AHEE.

O Burkholderia ATt 3} Colletotrichum &% °] Ato] AALA £4 & UM EHA 75
1) Burkholderia A1t} Colletotrichum & 3°19] WA in vitro AAHA 4 53

- 2= N A E WAA Fusariumd 5 ol 7HE A3 @8-S UEhd AE HdA
Burkholderia T+ B. gladioli 189627+] 735280l #3F HAA £4& FheA 5.

215 WU Burkholderia 752} 21 & WA Colletotrichum = 3°]9) 35 2-&ol #3 Y EH
3 75 98 A% BYA B gladioli 189629} A% WAA C scovillei® in vitro A A E4&
A 8S+A1L, B gladioli 189628} C scoville’s PDA ¥ Ao A thx] vl @ wjFS 7h7) 59

A7V A in vitro assayg T F(LH 3-49).
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Fungal sole culture Dual culture Bacterial sole culture
& days incubation in PDA at 25 °C

RNA isolation RMNA isolation RNA isolation

1% 3-49. scheme of
RNA-seq between

fungi and bacteria

 — i —
El— I —
El— [ —
il — i ——
Transcriptomic analysis

Filtering (low quality, adaptor. rRNA, and short reads)

Genome mapping & filtering
{fungi and bacteria)

Gene expression profiling

- C scovellei KC059] 35285 F4317] 934 C scovellel KCO5 sole culture Al 5.9} o %] ]
& Al B gladioli 189629} 3 & 2t-8-31= C scovellel KCO5 culture A5 ZF-F total RNAE F&
St B gladioli 189629] 743528 &£45 HslA A%t B2 WHO=E B gladioli 18962 sole
culture A5 ¢} thX]u]F Al C. scovellei KC05%} & 283l B gladioli 18962 culture Al 5=
FH total RNA A|5E& FZ3A 5.

- FZ3% total RNAZFE RNAseq gto]H g (transcriptome raw data)S AJA3taL,
Trimmomatic ZZ 133 &-&3}o] adaptor A EE AASHL, trimmed datag ©]-&-3}<
read data®] QCE<SlS X33l read datas genomic DNA referenceol| 933}

-G vl 29 2 gke) log2 fold changedt & 287 HF HIRE 58 &9 p-value
£ volcano plot(L# 3-50)2.2 e (X-axis: log2 fold change, Y-axis: -logl0 p-value).

- Differentially expressed gene (DEGs, 2H'8-f32) &4 913} original raw datax™ HTseq<
Tl @& 71EY EER FAAe] B RPKMAts o2 3t al, oy dxe] % QCH
Aol A low qualityE 7FA= AL filtering ¥, quantile normalizationS 3§ 3} 3 .

- $A &4 fold change, independent T-testE ©]&3tod, o3t A= [FCl >=2,
independent T-test raw p-value<0.05 £ So.=2 A¥3

- C scovellei KC05 ©.2ZX-¥ B gladioli 18962 7 & 28 Z3} HluAAM £4& 53| IFCl
>=2, p<0.059] F 22127) DEGsE ¥53}%3, ©] F up-regulated DEGs 1,0817),
down-regulated DEGs 1,13170E SA83tA(LH 3-50). ©|& T3l C scovellad KCO57F B
gladioli 189629} 73528 271 stollA ME & 32 TA& Faf vkt dsS gelst

o] o
=
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Volcano plot between

= o g B UP, DOWN regulated count
BT _vs_BC (1FC|>=2)
[aw
1,107 = oo
BT/BC
1,207
E] 8 zos ans s80 see 1088 1288 1468
=
{5 Count of genes
a
=
Fod UP, DOWN regulated count
= {IFC|>=2 & raw.p<8.05)
2
' o w
1,081 Bk i
BT/BC
1,131
v T T T T T T 1
8 a 200 48 608 sag 1808 1200 1400

5 5 tount of genes

log, fold change

2% 3-50. Volcano plot and analysis of DEGs in B. gladioli 18962 (BC; B. gladioli sole

culture, BT; B. gladioli co-culture with C. scovellel)

- o3k DEGs g|2=Eo| tisle] 7} Al59] fFaxE &E Fh(normalized value)S ©]-§3te]
d A&7 A A8 FXAE hierarchical clustering analysis (Euclidean Distance,
Complete Linkaage)E &3t Z1&F3tstd YW AS(LH 3-51).

using Z-score for normalized value (log2 hased
(2,212 genes satisfying with fc2 & raw.p)

Color Key

os
58

Rou z-Score

19 3-51. Heat map

of one-way

Hierarchical
Clustering in B.
gladioli 18962 (BC; B.
gladiioli sole culture,
BT, B. gladioli
co-culture with C.

scovellei)

g g ] g 8 z
g g g & & g

E3

- DEGs data® 7|WFo.2 XA 982 DEGsE F42=E Gene Ontology (GO) 41
Biological process, Cellular Component, Molecular Function®l| tht 275 AU (T 3-52).
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‘Blokoptcal Fracess

GO Analysis Result
m Q
Colular Component MelecutrFunclion

«

1% 3-52. Gene Ontology analysis of B gladioli 18962

- C scovellei KC059} 73 5 2+-8-331 B gladioli 189629} 735 2+ 3}A] &2 B gladioli 189622]
GO &4 Ay}, 982 DEG % 33.04%7} Biological processol Z3lal 13.33%, 36.27%7} 2t
Cellular component2} Molecular Functionol] & 33} %=
- Total DEGs % Biological process ] category=A] metabolic process, biological regulation,
localization, cellular process, response to stimulus & °] =73}
- Cellular component®] 7-F-, cell part2} membrane®] 3| 3sl= FEo] /M =& HIEZ 24
stal S+
- Molecular Function GO 4] A3}, total DEGs®l|A] catalytic activity®ll X35+ DEGs”} 7}
B3 Yol transporter activity®} transcription regulator activity, structural molecule
activity, signal transducer activity 5°] X3 .
2) AAHA 24 23E B3 HEAD 75

2 2 KEGG pathway &4 33k, 7 A=A A= 20709 pathway

B
- Total DEGsE =4l

metaboric pachways [0 [

e ing Biosynthesis of secondary metabolites

icrobial metabolism in diverse environments
Biosynthesis of antibiotics

5L p-yalue carbon metabolism

i

P0.85 Biosynthesis of amino acids |
Glycolysis / Gluconeogenesis

Pyruvate metabolism

oxidative phosphorylation

Purine metabolism

Glycine, serine and threonine metabolism |
Ribosome

Aminoacyl-tRNA biosynthesis

ABC transporters

Two-component system

Quorum sensing

Flagellar assembly

Bacterial secretion system
Cysteine and methionine metabolism
Phenylalanine, tyrosine and tryptophan blosynthesis -

1% 3-53. Gene-set KEGG enrichment analysis in B gladioli 18962 (p-value top 20)
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- Top 20 pathway®, metabilic pathway, Biosynthesis of secondary metabolites, microbial
metabolism in diverse environments, Biosynthesis of antibiotics, Carbon metabolism,
Biosynthesis of amino acids, Glycolysis/ Gluconeogenesis, Pyruvate metabolism, Oxidative
phosphorylation, Purine metabolism, Glycine, serine and threonine metabolism, Ribosome,
Aminoacyl-tRNA biosynthesis, ABC transporters, Two-component system, Quorum sensing,
Flagella assembly, Bacterial secretion system, cysteine and methionine metabolism,
Phenylalanine, tyrosine and tryptophan biosynthesis®] &7 %¥.
- C scovellel KC059} 735 248-3= B. gladioli 189622] VI AALA &4 A=, §-9ol3HA 2ot
+ ABC transports, Two-componet system¥} -2 environmental processing®] €/JS 2 B
g[acﬁo]z 189627} C. scovellei KC059} & 2H-8-8 o %715 3tM, flagellar assembly ] &A1& &
&l B gladioli 18962%] +FAE F&28o ZHE+= FHO=E o /F3lH, bacterial secretion
system® GFaFo] AL 7Fsdol A (T H 3-54).
- 53], oxidative phosphorylation?} #& % o], A EA ok ¥@H F-type ATPase®] 3% =
HE DEGsZ Q3] HAHGd EdFS o|Fof(" 3-54.A), °F syl sl
two-component system % potassium transport % oxidative stress®} ¥# KdpE®} 1 3}
regulon®] 43 ZHH DEGsE &< & 4 AR (L 3-54_B), glutathione ¥ A7} A
& 2HE e FFE AT o]= C oscovellei®} ”13}3—0}‘“ B. gladioli7} A ZW 2Ed 2
T AlE | AbshA 2EH 2T 40 AA9F two-component system¥}
glutathione WA} &F& o] Fo] ks3] 2Ef2E 2013‘4” Fds A2 E 3-54.Q).

B) Two-compeonent system

11
K limitation O—» r:r:pr_':__—*ﬂb*r:-ijf._ |

C} Glutathione metabolism
Glutathione(GSH)

=)

o >
NADPH Gl -6-
cysteine r-glutamylcysteine *\\ ucose-o-p
ROS-D \
— /
NADP

— down

Glutathione disulfide{G5SG)

19 3-54. Up/down-regulated DEGs related to oxidative stress in B. galdioli 18962
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O

NI A BAE B9 397 454e 17 4

1) In vitro A A Hl AL #A4

- Burkfolderia 759} Fusarium 35 Abe] 3328, 12|l Burkholderia 759t Colletotrichum

T Abo] 45 ZH& in vitro FAMA A#E ¥l 45 B, §RE SolF 34 1585

B oS Ve w QYRS UESY £4S FIT

- WEFS =29 Bojol B3 AS vl ls W, C scovilled KC05 59k 75 2881 A

B. gladioli 18962 W]l 3,4-Dihydroxybenzoate (protocatechuate) 7} 52 5= 5 o] o]

o2 votg(ad 3-55).

- &3}, C scovellei KC05 w9} 243 2831 A down-regulated DEGsoll &5 A5 o= B

glacbob 18962+ F. fujikuroi B20 5%} ¢ & 280 A adhesion ¥ attachmentol] A3@7do] U=
, C scovillei KC05 T3¢} A5 2goA Hutzlog vro g2io] Jel'd (¥ 3-56).

AN

Degradation of aromatic compounds pathway in 8, gladioli 18962

v F fyikuroiB2) v5 . seonilbiCO5 Flagellar assembly in B. gladioli 18962
N _ o . - . vs F. fujikuroiB20 vs C. scovillei KCO5
Benzote Catachol Muconolzctane Benoate Caechol Mucorolactane:

C———C——0———C ——aC————0——C
fluorobenzoate LHluoreatechal 3Fluerobenzone 4Hluoracatechal

——0——0 o—0—0
4fluorabenzoate Lfyorocatechol LFluorotenzoae 4Foracatechal

: o0 o

“Meyleaechal 4 Methyeetechol
o—0—3C C——0—0

pethybenzozte ifethylcaechel phetyloenzoate HHethyzatechol

o—0—0 O——0—0
olfetybenzcste  Melrycatechel oMehjberzode  Ielhgeatechol

00 O
rMeiyfbste  FHethylcachel Methbenzte  MMelhcatechol

C——0—0 O0——0—0
ot Huonstd Vool Mot

o—0 -

—
[

19 3-55. Comparative transcriptomic analysis

of degradation of aromatic compounds 19 3-56. Comparative transcriptomic analysis

pathway in B gladioli 18962 of flagellar assembly in B. gladioli 18962

- B. galdioli 18962°] VL ZHALA| FA Ao X, B gladioli 189622] secretion system®| 73-%-, F.
fujikuroi B20 52} %Liz}%é}?ﬂ_*i Az cs dFS FA &= Aoz 52 F AJAAR
C scovillei KC05 759} 73 & 28] )] bacterial secretion system¢] A== HgFo =z o

F= T o= %—é%(l%‘ 3-57).
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Bacterial secretion system in B. gladioli 18962

vs F. fujikuroiB20

Type Tope Tpe W1
et -:_* b | e ‘_u-}:_ o Seeeted s I
BEF | Ol Ve | Y | Y
wer | ok Wi W S gy cur
o (i g
* 1 - 1haurs r::i'rll:u;u l:* * * : KT Pais i ! , T
AT i L aguslory P | TJ_-U\_ el _. Fi;_\._
Lewdrmpeytudaen Caps | ATTem

AT e wacrmied
(R

Serr. SUF
IMF
a9 3-57.
ATHam :
St stz | Sorb] | Comparative

FFF mevgacd Al Chasge ) .
IR 1 [ transcriptomic
b Lo E ol ol 0 a2 ok el .

analysis of bacterial

secretion system in

vs C. scovillei KCO5 B. gladioli 18962
Tipell Type 111 Trpe V1
Seerenn Mieedle .:1'.=I'F Grerewd ardwtnte

|nawer mepboame prokint™ ye ]
i :

CNP l.lai. h L 3
'Ih"F _ﬁ' Semtm | Ve jrf
H*"hﬂ : 'l'f-f*,'f.?_'-".' —— LMF?L. ;

TPt B Jl.rg£1m':r|:r.-!|=| L_ijg;i “Fral | Prek |
Leakempapidie| G Al 15V 'uH
ATy -sopa saled

R

Sw.SRP
1P 7 S 8
__"F I *’ |
KTham | 5
Secoeian |r'-rdl\:-r| M |
iRk medper b EHY
Targetng protenl” Sechl !r"_l E ]

- ol B4 AHRE EVE, FFHOE B gladioli 18962414 A Z t& kingdomel 27 Ao

2 FFES T type 6 secretion systemd| & FFE Y= AOZ YEH, v SolFo=

F. fujikuroi B20 ol X= B. gladioli 1896241 4] M W of| catechol 524 ¢S YE AL,

A #-E FHAe @& o] F718kaL, bacterial secretion systemol] WA A o2 g 3Fo] gl

o]xo] wotm X9t C. scovillei KC05 TF ]/‘\1“ B gladioli 1896214 AMXE U

3,4-Dihydroxybenzoate (protocatechuate)gl =2 FFS Yeha, 54 0] 7438 bacterial
&

secretion systemol] A= So|HS &2t

_llm H

2) In vivo AAMA| Bl F4

- Burkholderia T++2} Fusarium 75 A}°] 3% 28, 18|31 Burkholderia 75} Colletotrichum
T Abo] A5 28-S BA3H7] H8l in wvitro X“}Zﬂ EAS TR+

- F7HH o7, 715 A EA WAlA Burkholderia 759} Fusarium 753 in vivo A 24

FS AYsaL, THH SR in vitro A &4 A3} in vivo FAMA 4 23S Wl

AstEEx SRE Sold fH2 1FE WEI ol F Ve E AEAHETA UELH 4

TR

i He
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- 7} AAH] data® 71Wro. 2 g HE DEGsE $4 22 KEGG pathway 27 #4485 38
Psle], A2 AoiZ Top 207 pathwayE Hlnl #2418 W33, w23 =]

enrichment ¥4 F33H(L¥ 3-58).

A) Metabolism B) Genetic information processing

b

19 3-58. The Venn

c T3 diagram shows the

C) Environmental information processing D) Cellular processing number Of common

and unique gene

expression profiles

a: In vitro RNA-seq (B. gladioli 18962 vs F. fujikuroi B20)
b: In vitro RNA-seq (B. gladioli 18962 vs C. scovielli KCO5)
c: In vivo RNA-seq (B. gladioli 18962 vs F. fujikuroi B20)

- KEGG enrichment #4-& 433} Metabolism, genetic information processing,
environmental information processing, cellular processes, organismal systems, human disease
T 67HA RS 7IELE, 4 AAA dataol e AS EFSIAL, wAEe A=
metabolism, genetic information processing, environmental information processing, cellular
processes & 471A2 ERES U

- 71 Bo] AAEE metabolism Y H OS2, B gladioli®t F. fujikuroi A+°) in vitro ‘35 2H-8-9]
HAARA] A 3ol A metabolic pathway, microial metabolism in diverse environments,
Biosynthesis of secondary metabolites, Degradation of aromatic compounds, starch and
sucrose metabolism, Purine metabolism, Arginine biosynthesis, Pyrimidine metabolism,
Benzoate degradation, Atrazine degradation, Nicotinate and nicotinamide metabolism,
Biosynthesis of antibiotics, Porphyrin and chlorophyll metabolism, Oxidative phosphorylation
F A E EAE (2™ 3-58_A).

- B glaioli®t C scovellei Ato] in vitro 735289 AAA] Ao A metabilic pathway,
Biosynthesis of secondary metabolites, microial metabolism in diverse environments,
Biosynthesis of antibiotics, Carbon metabolism, Biosynthesis of amino acids, Glycolysis/
Gluconeogenesis, Pyruvate metabolism, Oxidative phosphorylation, Purine metabolism,
Glycine, serine and threonine metabolism, cysteine and methionine metabolism,

Phenylalanine, tyrosine and tryptophan biosynthesis & 137}A2 &1 (Z1¥ 3-58_A).
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- 7157 A=A WA B gladioli®t F. fujikurai Abel in vivo FS ARG FAALA Ao A
metabolic pathways, Flagella assembly, microial metabolism in diverse environments, ABC
transporters, Two-component system, Nicotinate and nicotinamide metabolism, phenylalanine
metabolism, Glyoxylate and dicarboxylate metabolism, Biosynthesis of secondary metabolites,
Sulfur metabolism, Bacterial chemotaxis, Pentose and glucuronate interconversions, Biotin
metabolism, Biosynthesis of cofactors, Starch and sucrose metabolism, Fructose and mannose
metabolism, Amino sugar and nucleotide sugar metabolism, Inositol phosphate metabolism,
Galactose metabolism, Carbon metabolism % 167}A|2 S1E (18 3-58_A).

- AR wFst= AL Z metabilic pathway, Biosynthesis of secondary metabolites,
microial metabolism in diverse environments 37}XE 31 Eom, E3] microial
metabolism in diverse environments®] 7%, 7} HAMA| 23H=2Z X2 & kingdomy} 52t
= olF= Aol LA 2d3ds HEh Aes HolF(2H 3-58_A).

- ol ©E2A, B gladidi®t C scovelled Abo] FEAE-o] A EA AT A genetic
information processing®l] ##HH 5-0]% 22 Ribosome, Aminoacyl-tRNA biosynthesis®} &
DEG”} enrichment ¥ Z¥Z L]-E]-‘/“(:L‘j/] 3-58_B).

- Environmental information processing W50l A, 7+ ZHALA] Ao FFZ S Z enrichment
¥l DEGE= ABC transporters, Two-component system &2 1% H, o]= A Z TE kingdom
oﬂ;q /\sz}gg—gh;ﬂ olqg ATE 9] 2| }1— ;\]/\ElﬂJ,]_ bult=s ) oxdxzo] ZH ve= A
o2 Yeyes Ao, AA| HsAol He& dBo] AS AOE o FH(H 3-58_0).

- PpA 2. 2, Cellular processes Tl A, ZF HAMA &4 AAd A FF5ZSZ flagellar
assembly ¢} #H#H DEGZ} enrichment® A& &R13H 1, ol &84S 7IX= B gladioli7t
MZ & kingdom¥ FE 28-S o] Fa oA FAdo] 7 FoF AR AEIv=
AL BoAF= A (2E 3-58_D).

(%]

- THAHOE oY AAA MEHIE 755 T, ¥ ErtEBE F =t B glaioli 77}
A2 o kingdom¥} & A8 of, ME W) AL BE7E &S] o] Folx|H, 53] AE 9]

H 2 HE /\\li;ﬂ”oﬂ 404 3l two- component systemoﬂ AHo] 1SS e Uﬂ, —,—91&\:},1_
Pz

9o 3t
t Row FAAgn, SHD* FAAE “bgla_ 1g37670” o2 BAL, ot 75 % ARges A
&3 439,
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2 | Fusarium graminearum Fusarium graminearum 19.10.16 i
. . Functional roles of hydrophobin—encoding genes in st=rlf 5|
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Functional Analyses of Genes Involved in sty 3|
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Fusarium fujikuroi on Rice
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