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Development of Screening System and Screening
of Pathogen Defense-inducing Substances for Plants
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SUMMARY

I, Title of the study
Development of  screening system and screening of  plant

defense-inducing substances

II. Objectives and imporance of the study

Researches were performed for developing a screening system for plant
pathogen defence inducing substances from natural or microorganism
origin using plant defense-related genes as a tool for monitoring
plant defense responses. Known natural products and culture filtrates
from newly isolated microorganisms were tested for their possibility
of inducing disease resistance in plants, This approach will enable

us to isolate plant defence-inducing compounds from various origin,

[II. Contents and scope of the study

- Isolation and test of plant defense-related genes for screening
system

- Develop a technology for screening plant defense-inducing
substances using Northern blot analysis

- Screening of defense-inducing substances from natural products

- Screening of defense-inducing substances from microorganisms

1

Develop transgenic plants for massive screening

Greenhouse tests

Screening and isolation of plant virus protecting substances

IV. Results and their application

- Screening system for plant activator was developed

- Transgenic plants for massive semi in vivo screening was developed

- Natural products and microorganisms were tested for application

- Some microorganisms and compounds were selected according to their
activities for inducing plant disease resistance and protecting

plant virus

- Technology will be transferred to proper industry
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By BRI W EAAESAES S8 AT AU AR HE

AL 5 FoA Hgold AEE BUHIlE AFE A= s

signalo] B¢z el glx| ¢t} (Enyedi, etl.al 1992, Ryals, et,
al. 1994), x22] ool 2sd A Ee] Pste 2 salicylic
acid(Ward, et, al. 1991) 7} A9 ZlUdGel® A Eol HFAYKES
Ueldn] W@ E S pathogenesis-related proteins =}, chitinase
A}, glucanasef- A2}, W peroxydaseFAAE2] WAL FEshs HoR
atg]=e) 7. (Chen,et, al. 1993, Rasmussen, et al. 1991, Yalpani,
et.al.1991) salicylic acid §H5 Aglo] &l E Held A EH2]7} of
B71x Halalo] cisto] 84S UEhdTka BE 9tk Gaffney, ot al,
1993, Malamy and Klessig 1992), olu|iat FEA2 Al A Fo] @33}

—

L aminobutyric acid%.(Chung, et. al. 1992, Crawford, et. al. 1994)

l

salicylic acid &} S-APSIA AlEe] WAUYHE FEdl= R ode{A
9l =) CohenE-2(1994) aminobulyric acidZ7} *|g]¥ EnEs 1gxA] 9
2 EntEo] nlajA e wAE AAs HA WSS BHL o] FA

=2
o] Ao &5 QoA A3 pathogenesis related proteino] T} &
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o2A(2talg W) Ael AN YA g we Wy Fol iz
olZelth  Erll ABTH Yolupialn MY 4 E AAste 3
FBAS AWY AHstl YU A B Yo Y el
%3 E & phytoalexin Fol o] o] &ath sty Yo7 HE 24
ARE AR WA A5te] SR ol AT Slgse] ol S

(Leguminosae)®] isoflavonoid phytoalexin ¥d 2t & dlo] o]e] §/doj
Hoydl= FAA}e] phenylalanine ammonia lyase(PAL, Hoebereder et, al
1989, Bolwell, et, al, 1985, cramer, et, al. 1989) % chalcone
synthase(CHS, Chappell and Hahlbrock, 1984, Harker, et. al. 1990,
Ryder, et. al, 1984, Ryder, et. al, 1987)7} 2@|&ol cloning =2l
B2 W phytoalexin §Hgat TAT 1 AP A 27t qlo]l AFE o]
olT)(for review Regrand, 1983, Hahlbrock and Scheel, 1989). 7}x| 2} 2]
E(Solanaceae) ojAlE 3 TS 724 isoprenoid FFAHE Fd}ol
phytoalexine] & =r] o] Fgda  FEAel  HMG  Co-A
reductase(HMGR, Choi, et. al. 1992, Choi, et., al. 1994, Choi
and Bostock 1994) -R@AAIL & AFrlel o3 cloning X414

sesquiterpene cyclase(SC)®t WHxlgt4dute] AJA I A7t A&
o] oj'l wWelxe] 2]3] AE I Al(necrosis)’} dolutau] WAool 2
Elx] ¢k ThE R} ol 7ix] Aol o] HrlH R AYEE Hi=
FHAS Hol& Ly o] & Y534 (Systemic Acquired Resistance)o|g}sl
gtoh, HEA A (SAR) ol thdt 713t 2% W AFAtEA Ful

tidol Eo] fom T o] Ay o] ApdA o] Fafshs 4
salicylic Acid W pathogenesis related protein(PR-protein) &%z} 3
#HAElo] gl2o] utsHMrH(Ward, et. al., 1991, Yalpani, et. al. 1991,
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Rasmussen, et. al. 1991, Enyedi, et. al, 1992, Chen, et. al. 1993),
HEAIY L Wz g tPEHAE & PR-proteingol A% A771 2
W) Rax]e] & 87} glucanase(Edelbaum, et. al., 1991) =
chitinase®lo] ¥}3 &} (Beerhues and Kombrink, 1994), oj@j7}x] o}al
71%50] #elglA] ¢} PR-proteinE(Brederode, et, al. 1991, Rhoads and
McZn tosh, 1993, Casa cuberta, et. al, 1991, Fleming, et. al, 1991,
Pfitzner, et. al. 1991, Simmons, et. al, 1992, Friedrish, et. al,
1991, Pfitzner and Goodman 1987)% cloning Eojgltl. HE5AaY A3
o Bojah Wt ARE Aol YARAE Urhdn BUHE SAXE

(PR-protein genes) ¢ Zxjoln} ol& 4317 HauAel A7)
3 ¢lol= 3IeHEA (salicylic acid 3= aminobutyric acid)o] &J3|M =
T Ude] FEEHA HES oA BHEFE HIds gk Ao
th WA FEEAZ AAA &t F/do] nffytil(salicylic
acid & olA¥|gl FEAE A sfPEAZE 2ol ¢S aminobutyric
acid & opui:At FEMNZ A Fo] YEse AL oA oot et &
3¢ Aibgel Pt AR A A AME EIA 2AY

ZHgeldd A AT
#Zo ol MEEANEY A7t B HHa] oiE, UF4ts}
AF71d, &4
A171H, R AF A ATaolA A E2] Wolr)Fe] A7 ciie] ¥

33t HEAETY ABARINE oA FE AES UAFLE AEY
Wolol el 2xjc)A} #el FAAH(M L] HMG CoA reductase gene, 2 E
0}E2] Phenylalanine Ammonia Lyase gene) X =ulaztadl cihw)a §-Ax}
(Pathogenesis-related protein genes)S& & 23t ZAE #=2}
$Fo] o)gsl= AFE AYskL gl nAE Ee FEFHY +EFA
AHE A go] HAAR slo] HAYY AES MEE AERR YA Q)

th AEEd 74 AP AFLY FFATE HiolgA {A
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2] ol37t Jh<&3t Ela Qlel sdEobel Mg AP At oA
FE&RAA HRE o]ojx|a o] FHALY F YA o] && A4t
U3 st e FAolth. AFZE Foke A H zfAH HE o R 2000
the] FHAPLRE A= APIFHAFAYY FAFAEE AR
F92 2902 oA} HAoF dME 4, FAAE e, W FER
ZRok AlVle EE AAEe] 20004 HHHA HEY FF5E oE AR
22 o FHrl fejvete] 8 sAUAE AY AR edo Y&EItn
olom 1994 x| 2 AR F27F $ 7.29 of Wsta o< (Agrow, 250,
pl9 1996). ¥R HIFE FHLE A&HA FoAdo] AZE AR
S0l gla ghx] A5 WolV|AE FEStY AES HIs= 2L V)
A& Zh= AERTA de] A2 Hglon o]Ro] AFJFE A of 28R
B 335 2000dc] FUA R APREES AR H AR AL
FAFY HE o8 HAYAY AT HAFY F9 oln] Ayt
FEo ol28 2 A& MELR AEY MNERZIA g o83t 2
Aldue] AL (Biochemical Pesticide)o] Al&te] M Hzlog oS
(Agrow, 236, pl5, 1995W). 2| Z-$ o] ol ¢Ijglge] %iﬂﬁ
o3 e F-Fe] 72|27t JARE ] Y] wfFo A7l BE&EHY
2At2 AAzZpEale] eBAYHHETL Jbs # ZAeR2 9AZh RE *I’z}
At Aol AMAHEA feltets] w2 olAM7AY kFH P Atgio
A R717EA] &l e FA W sHAGELR FHol WAy AH
ojc},

BHLAI oo QAEA L A FALE TiYt Tl 2

AR A AFIHA AFA Aibo] Fedt RAFY AEAE

e vl 743 ’3%’015}. TN 3 LOM% 7

rlr

A5 el 23592 Ak A2e 4
2 o ke Alge] WY A olslo] 7loiste]
- We) A%y ABREA NS sHsstA stn qdrk Ade &
o thEA 5oAR Ciba-GeigyAhe A B2 Bx1428 ¥A%Y 7]
g ol gsto] WA HAEl ohd, ABel WAYHS FESHE 7}
% ‘Plant Activator'2he AEZ JPEstd HUsY dFoln Bl

il n&l
_ﬂ_



(Agrow, 236, pl5). AME]E 7ot ofrol 23] ol2|’t A2L/EY "ot
2 AUE HeT sl B Aelt feluele] A4 B AwE o
FoA EY(EE 7laxy)ste] o&sta ddon wtey oM AgH A
HEY Jlgo] S&H AHEEC] A3 Hagul olo] tiu]g FXAAY
& A8 7R QX Zg A et
AU o BT B WAL AR A T

okoﬂ/‘i/l A7t FEEHI k. A, FIFIFAYE AuFE 9 oS
Ao ojr] EzBIIL ol ol FAte] FRY U AEY FW
R ATE B FEFAAHE, EASFTY AE, oA Eo] JA)aL 9}
£ BUU WITAGLIA 7 o o8 ATIEAVIA S0l
Aolet. = 9] 2
@, Arabidopais ) AEAl ATAL €7 B AN
o} HIZE AL O BEA(ERNE BT Hele] 871F) It ui¢
gk Aejo] Qo) EAPYESY A7y AFIeL] e B
& Aol ud fEAda HETL b en, &dEe 539
d4m FE0D Ut ARt YO olsge] AHALUH Heo] g
T g o8 A MEAF] tig Algo] FAsHA
2000dEle] B4 0 BAEA G £FE olFRLE AP,

==, EAMIESY] deE AEY W F W VL AEH Lot
ol7lHo] Wl 4 Aow WARHH o ANE o8] UAYeT 4B
4] Wol7|3g 2-Y £ e EH(AEZEA, Plant Activator)sio]
U943 AR ARAS) AAS B BAYY AN R 4 o
= Edo] A3t A Al 9} 9lori(Ciba-Geigy Co. Agrow Vol 236
HZ) gog o] FopY AFEsde] N4 AR AWk HuFo
1 Iﬂ%-"—l Ao wokal o] W7k oF 200EE LEATE B ASHE
AMUE BZHLE AT wdE& FAt AETH HUE oA
MEL 2&3 22715 %9 (Sustainable Agmculture) 2 %8s ]Ea}
oglen of#F ciAy|ge] JUEE ANAAY YPHES YA
A "gAog Awdch

2> Hr



MERe] ARG hgolls BARE FAA Wl dd KA
Holsteol, BAYE KA EUAY ¥ AE A=kt AEsto] A7)
(e}

olck  wpaba] el dy RAA} (Ao HE o]

o] PERUAE) £ Bold] A4 A2 2E UOHAE Tl

£ 0 gw e BuoN FEH S SA8E KA Aok J8E

w, o] Ex}o]zZ vlo]3A (Tobacco Mosaic Virus: TMV)ol tiit =3}

P& N fAAtehe A¥AE fEAY EAY o w sbestz, o

(Phytophthora sp.)oll ti¥ AAd& AFAYY FHz7} E4Y of
L]

ZbFssiel. il ol& F1e] Adold WUA iy AedgS
ol WHEE FAAES FYU F3A ( EE Jlso]l AR {32

2
So] wAEn Y thE3 ABolAE $HYY W B [l ol

& 238%= 23 £ I L tgdE 7RI Qdvka B3 ol
whetr, & AFoME ofn] T ARl 3| olu] HHE] Y

WA SFAUEL Al down streamollA] WA S TE= 8 wolud $Rx} (

Lol AL W) vl nAdE Ex AERHY A

F Eelstal Woldd {ALE o] &dte BAYE FEEHE

M) A EEZA gl o] & 4 EF kg nidshe o] HAo
©

th olel gk MO R vhed L WS ol&staz} ¥l



A 24 A 3 ¥

1. cDNA library "4 2] EA&: ofMAIEQl N glulinasa 2] ™A 8t
o] F-=¥ cDNA library= olu| A|ZtEle] ¢lom o] libraryE o]&3}o]
MEol  WAYY WS Hdul Bo|yog Udel FulE:
PR-protein(pathogenesis-related protein)® A&l PR-1-GA2}
Clucanase frA2}7} 4F3 o2 F2Y F ol oA EY HWiolnyd &
AAlz o] FAALYE Foto oy FIUyer 22y dv, 3y
RS LY AEAEE: 15 9 §ilE dXHQ BAAAR st 7t
‘= frAatEo] A He tfE EF & HelH 8 U iy, e,
T =S 23S 7122 AlEd ©@ulgt 255 ol &shn v}
W Z1El P Aelciet 2 AAEL A3 Y-S W) Exjo]a u}
ojglAg} Hu] W EnlEE RYEsto] AFed,

4

iO

O ok
a2
> o

2. WolAd FAAY 2 ANl oy Wolo AHH fAA
d 3171 #sle] differential screening I} subtraction
hybridization & ¥3}, differential screeningg $¢|3}o] #AAATtA o)
TEH oA EA oA F23 mRNALE HAEQ opMM Exjo] A eyl
mRNAE probe® A&3}lo] olm| A 2}E]o]9lE cDNA libraryS ApH A2 Y
sto] WA g UES Edulyt BolHog wHEE fAxE Awiich
12} At S8 52 o452 34E& AX RNA  blot hybridizationg
oto] HolF WP RE HUsiL AU W-EA] HolFoz wHE=
fr A2 Sanger?] didioxy sequencing®‘oll wiz} @rlMde ZAA gl
Differential screeninge] 7}x|1 gle EAML HYUste] z|3pdute =
ol {HAE %&A7)7] $)8}e] subtractive hybridization(Cook, et.
al., 1995, Wang, et, al. 1991, Milner, et.al, 1995, Schweinfest, et,
al. 1990, Sive and Jhon, 1988)2 3l&ttt ojn] )28 induced-cDNA
library & H2}¢]& in vivo excisiond}o] ssDNA(negative strand)E&
3 ol & }8ke] (10x, positive strand mRNA) biotinz} Z %% un-induced
mRNAS} hybridizationd}o] Avidina} WFEA|A H&L 0|43t RNA/DNA
hybridg HAZCL ¥ ojud {FAA7L 55 £YLS PRE o] &3}o)
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YR IIANEA VRN

FEAIGL S HEE 23] A&ste] AYHA AEI AFGUEE Hol
= A& ﬂ%;‘—”!-‘?-i EA e FAAE AL F YolUd {FAHAE
w%35to] plasmid vectoro] FE3te] TR I8 HIINIAE AX3}

3 tolel wo]Aell R3] Al FA2L AFE HFFH.

3. A0Y §AA] T2 W BAAT; 919 WS Foke) vl
wlol el GAALE Rl QY W7IHAE AHSIL data baseo]
23)5k0] AF4AA RS YA AFHol B AL AN o
ANGE AT SAx Sold Z2HE sl genomic DA
southern blotg Halo] Faxe) Awiold 4o 128 d3sin AE
WAl e slele] AT f4Al YPARLE RNA blotg Fa}o]
gelslaat gheh myE Aol TIY SAANE %LH W ZHSse] &
Qo 1 HAAE o] 8T AALES WAABA ol o] &),

L ll i)
F9 AP ‘ﬁﬁgﬂ-(l’hytophthor‘a capsici) ‘:,Ll Ik o i
(Colletotricum spp. ), B2l Z$ v Exlo]a ujo]g|A(TMV)E o]
sto] Al R -ﬁ-’ﬂzl'—"—l A Es “}C}*’a}ﬁoﬂ"]?’} X WAPEY FIHE
AR @AATE 93t Agrobacteriumd-F % T-DNA construct HIE
Z1El] BAY AHEe] AEE FEIR AEANE ded o)8E 4 drh

B gaAA ¥y 1 5 A Y AFE
0 Yol B FAAE olgstol ThIY A iU HHA
= HE ARE AT AHed AERA A A RAE Fel3}
of | lot Hybridization& E3lo] WAL FE=EZA Exjo{F-E
RGBS FH £+ EANT A ABALAA BB FEob
S8 Felgh ghw, ojn] WAYY FEQYSE e BHUR ¢

M2 salicylic acid, aspirin, W aminobutyric acid 5& 1% marker®

olgslm ol £ A=A Ex AR AdE, de L

z
)
=
£
>
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screeningdte] A|Z22 WAYY FEEAS AUl
6. AYY FEERY Fe, FA U FxdF: +ddH HEo]
U oBEe ZE713E 21" FaxiY] wd 9 AEL 2xAES
o] &3] 3t HIEAY A gdryel EejyAe e ulel &
1& £, FAsta o F2E AR HELE EIFRE i
screening ¥H= FHEZ o83l n|FEY H¢ 2 n]PES EF, 5
of MEE NAAESE AWshs JRE o83
7. 349945 232d W@ A

Aetd A Hx

8.3AAR EA W YAYY A=EdY 4EAY:

DERES e
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A3 A AE W woAd HA% 2WBD |
M ow gAY $E2Y SAAA dTS A A
Zeo) v wol@ad A} Ty

ok
2
o
ok
do
frt
[
sy
o
2
2
X
lo
i)
ot
o
)
ol
>
1o
E
ok
L
o)
4

7t a4 U-&

B Aol A= Ay FHAE JMA L sl el AEA HUA
of tha] Liehuhs WAEA ule] Fejet A Z
B4 YAAAE 3%"‘]5}7] st} WAYY U %
T Bo] whl @ sixlz} AE {AAE HRIIEeH Frre] ¥AUAY
wHHelE was] B o4 ok owl EfFsta e PR B
-1, 3-glucanase, metallolthonein-like gene, proteinase inhibitor, ZFx}
2] HMG-CoA reductase o]2]o) @] chitinase, phenylalanine ammonia
lyase, peroxidase 2} 159} Eu}¥Ee] chitinase, phenylalanine ammonia
lyase® PCR 7|H& o]&slol Z2Y 3siolch =Y BAYE FEE8RS
271913 olm oyt HFE Y AT U IY=EEU probenazole,
8 -aminobytyric acid, KC, copperes& A4 |HAE AUz Sle=
ol A elgl ¥ AlEAoa] A NAE Ze|ste] B H¥gFHAAA PR,
B-1,3-glucanase?] S5 Alzhd FHA AU S ZABIREN FAPA
SEEY @S 4T AA Hyg skt st

v AdAs 9w ogy

1) cDNA library W AlEx)&: ofAdAl &< N glutinosa 2} BA%}
o] =¥ cDVA librarys o)u] #|2jxle} 9Qlom o] library& ©]§3lo
Bol Ay wegd R Fo]FezE  wyel JFUHEE
-protein(pathogenesis-related protein)8 ¥F< PR-1{-#x} ol

oX

4>

P
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AcrHYun et al. 1999, J. Plant
#

RARE of §UALYL B
-3

a8 g 4
He 2 B 2E QEH&!% T oy, T, ¥ABA
2P 73 AE et a1E o] &3 ulejE A Ul JlEL MU el
e #449 dAEd AfAed2 @l 2xleld wie|gjAst ) 9 Enpe
g RARs] A2

2) 8 o AY [FAAY S22 YA it oo HHY F-A
pa= ai‘a‘ 7]  #]8}o] differential screening 3} subtraction
hybridization & 38%} differential screening $|3lo] A A3l o]

FEH oA SAM FejT miNA2L B oM EAloN Feg
mRNAS probe® A}&3}o] o|m] A ZtEo]gl cDNA libraryE xpE A=Y
3l WA PG WSS Kooyt SolHog UHEe {ixE Auiich
1} Mutsl 8 52 o428 HHE& AH RNA blot hybridization&

Toted 5old wUHARE st WAy g Boj¥eg wise
/- R} Sanger?] didioxy sequencing®iiol wiel dAr7iM & 7R gc)
Differential screeningo] 7}x|3 Qle EA|EHE& HAdte] A 8lgdutg E
o]l3d HFAAE HFHA]7]7] $3}le] subtractive hybridization(Cook, et.
al., 1995, Wang, et, al, 1991, Milner, et,al, 1995, Schweinfest, et,
al, 1990, Sive and Jhon, 1988)& 33t olu] A|2t¥  induced-cDNA
library & F3¢]E in vivo excisiond}e] ssDNA(negative strand)S &
3 o]l& zeke) (10x, positive strand mRNA) biotin®t ZA%¥ un-induced
nRNA®} hybridizationd}to] Avidin} RIZA]A H|&E o]&3tod RNA/DNA
hybridg AAZch W3 golud {327 558 Y2 PRE o] &3t
FHAIIAL 22 A& 28] ALsto] AU AEt AgYNES Kol
= AE FBHLR Ex)sles fFAAE AAGIL

.
[}
i=223}od plasmid vectore] & 3}01 Faele Rl AriMEE At
1 tlolel wlo] Aol RFFt] AlF {FEHA AF-E WS 5]
Al ge] HAYAE whgAl %°|312§ ddE s ddd oA fH12)

A01B/10/46 10 46— B X B g/ uE Y
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2] olZ9l pathogenesis-related protein-1(Yun et al. 1999, J. Plant
Physiol, =2Z%})3} Beta-1,3-glucanase(Yun et al., 1996, Molecules
and Cells =& &3 RAAE AAASLS Hol= ofdF

(Nicotiana glutinosa)olls] E2Y 3t 2 FAA} U7 LE 493t
[e]
=

1), uwhebd, A Ee] Wolad {Ax Uwd =8
2]9] 27) fAAE =mERE5 1 3 & oA E3HA AEY o

A= e
-aminobutyric acid, CuSOs % NaHPO; 52| 3}3tEo9]
2E U A20E el st (2% 1. Yun et al. 1996, Molecules

and Cells =% &3}),

A: Probed with PR-1
Time(hr)

o a s 9 12 24
Salicylic acig L - * ’

B: probed with glucanase
Time(hr) = 4] 3 [ a9 12 24 I

e
RNA gel 1 '

2l 1, Differential expression of two pathogenesis-related protein

genes after treatment with copper sulfate and salicylic acid. Tobacco
plants were sprayed with 2 mM SA. CuSO; and leaf tissues were taken
at the indicated times and hybridized with #p labeled PR-1 of B

-1, 3-glucanase cDNAs,



2. NEHAYY A4AT L AYLBA A% T2
HARY )AATE ALE ABLEA AU AT e 2

d f$ 23 S st Al B drES AEe] HAY Ve
—E—X}ﬁ‘——éﬁ]/‘i TABIL I AAE AMER T L o] &317] 25t

Aeg wbg Hold wUdfdx HE F I WAz AFE 8 3t
drk 8 AYY 5ol UERIA FEYS ¢t ™MV o EhlE 2
2 A gAY 9™ A FA AFY HESE FETF o474 Eelgt nRNAE

o|-83to] cDNA library & A|Z}8la o] libraryd WA EolA et
2}e¥e] mRNAS} subtraction hybridization oo WA8}A Wl22L RHoj=
NEAY Foldeg U FAE E2Y StAch dAe] dr¢
Bt B 1 3 @2 MEL HAYY A KA R ¥AY

g3 olE AL LPRAN HARH WS o4 oF FAA

ok Mu

&

¥ 1. Subtraction hybridization Wyl &3] HRHE A2 & Yol
2=},

" Clone # Name of gene Size(bp)
i KC-3 Pathogenes1s -related protein-1 500
"t KC-9 Metal lothionein 521
KC-10 Trypsin Inhibitor Protein 500
, KC-19 Catalase 1620
i KC-26 Beta-1, 3-glucanase 800
| kc-27 SAR 8.2 400
© KC-37 Dlphenol Ox1dase 450
o] ¥ metallothionein FAAH= 2|52 WAYY WHgFo] =08 FHE
AMEL Ado] #elxo] FAAFH ¢ £UF oy, A& AX A2EHA

WP Ao o3t P ‘i‘l%l}“é o Ud 5o WEd =% &t
(Choi, et al., 1996, Plant Physiology),
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3. PR 7|92 ol8T AN FBolNel WAPY KA% T2 W
o

1) A @ Py

71 A W AleF A3 E A9} T4-ligase, Taq DNA polymerase:=
Boehringer Mannheim®. 2 KB F¢sle] dARZoloA Al&3teiom,
PCRE <)% ol igonucleotidel= Blo] QLo ()2 RE T3}adc} RNAE
2] 2} Northern bolt hybridizationa ¢33t AlY5-& $£ = Signa U 5324
or S 1Q)Ele] AFRElATE DNA E8)9} probe FA|E $)3 kit QIAGENA]
E& AMEslen, 224 veclors Novagene?] T-vector& ARE3}gitt
Probe labelling & $1% a-"P-dCTP Amershamof| ] LQ)3to] A}&31%d

t}.

}) EASdx 2EZ2 1 ZFY : Tenplate® YL F Nicotiana
tabacum cv, Samsun NN(@8}), Capsicum annuum cv. K7 (ZLF),
Lycopersicon esculentum (EDIE) genomic DNA= Witham et al. (1994)¢
wtg}  H-e)stglet.  Oligonucleotide A|2F2 9] M<EZE] chitinase,
phenylalanine ammonia lyase, peroxidase®] %7]4 Q& Gene bank 2]
data based ¥ 8-&3dle] B|ZEAMIEEN AT 18] homology?t Q&
FEE Azl g3t o] FEA S
ChitF  5'-ATG GGC AAC AGC ACC AGA TGG-3'

ChitR  5'-CCA AGC CAC CAT TGA TGA TG-3'
PALF  5’-CGA GTT GCA GCC TAA GGA-3'
PALR  5’-AGT CCA AGC TTG GAT TCC-3'
APOD 5'-CAG GTG CAC ACA CAT TTG-3°

APOD 5'-CAT CCT TAT TGG AAT TGC C-3'

PCRE 7}7} 100 ng genomic DNAE template® 3}3 100 pmole primer,
100 M dNTP, 1.5 mM MgCl2, 5U/u€ Taq DNA polymeraseE 0.5U 7} E=FH




N
21-‘_|
10
]
0K
1o

AR F 23 Ye zAsolM Alfslglt. 95CollA 52 (precycle):
95°Coll Al 302, 52TColAl 30&, 72ColA 18 (30cycle) i 72°ColA 72
(last cycle)oltt, ZZ¥ DNAE sPCR purification kitZ AA|RE Fof
T-vectoro] S243tolct.  Fluorescentd  ©]-&%  Dye-terminator
sequencing & ©|-&3lel @7IMYE 4% Fof NCBI Blast search® 7}
zto] §AM=}E Wy A} gule] peroxidase, chitinase, PAL, 3158}
EulE e chitinase, PAL -F3AI7} S2YEU2S Falstaict

t}) Algel A el¢} harvest : Probe® ARH zZfz}e] fFHA}7E TMVA
gl Lowdle] cfdlo] mRNA level®] expression, suppression,
resistanceo] ojm3r ¥MI}r} QliEA] ot 7] $)5te] Nicotiana tabacum
cv, Samsun NNof 0.5%&] TMV ZE (0.5g severely infected dry tissue
per 100 ml water)2.2 A E3lsith AEAE 32TolA 30A1 7 A=A
T,CcE LxnE Fqon, #4470, 3, 6, 9, 12, 18, 24, 30A]7tq}
t} @u)3l& harvest 3lgich BIZAIEAE & A siglon, ¢ #2

Zol3l A} harvest 3}9iT}

2}) Total RNA Z@]2} Northern bolt hybridization : Total RNA=
Parish®} Kirby (1966)o] wlg} harvest® Qo @XHE] £|slgict Total
RNA =58 2autcAg gakgh £ 20 pge] RNAE formaldehydes} 3Z ¥
% 1% agarose gelo| A7)|¥ 5319121 nytran membrane 2 E transferd}ol
t}. el PR-1, AB-1,3-glucanase, metallothionein-like gene,
proteinase inhibitor, ZF2}2] HMG-CoA Reductase 37} A Ro] FZWH
v 2] chitinase, PAL, peroxidase?] DNAS 32P& landom prime labelling
(Ausubel et al,, 1987)%F ¥ 50% formamideZ} 3LFFH 5X SSCollA]
hybridization3}eit}, ©]%¥, membrane washing2 5X SSC&} criterion®.&
washing dlolom filme2 Xx&AZ] Th2 developer?} fixerZ #A}5}S)
om k8] RNAV} loading®E A=A eolrr] 215te] 0.04% nmethylene

blue7} Z3HH 0.5M sodium acetate B-Yojx o A5}t

nh) HAYY FEEF 9 ZAddA BEe HM ¢ AdAd
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probenazoleX} KC& 10% acetonel® Ho|il A|Fd znhEe A
-aminobutyric acide E2 =9 C}. Nicotiana tabacum cv. Samsun NNoj|
HEY F 24TolA] 24A1ZF ASAIZ]L v}  harvestdle] RNA blot
hybridization 3}91.0m, probe2= W AstAs FEx|-GAx}Y PR-1L
o]-&35}2lt}t, Total RNA 2&]2} Northern blot hybridization method: ¢

o] w3} R,

2) a5 43

7}) €l chitinase, PAL, peroxidase®} I3, En}ES] chitinase,
PALS] E&2 Y
Nicotiana tabacum cv. Samsun NN genomic DNAS templat® 3}31 |2IH
primer ChitF&} ChitR, PALF2} PALR, APODF&} APODRS ©]-&3}of PCRE 4
aslodct, FEH 500 bpe] DNA fragmentE agarose gel & B £2|3}e
T-vectoro] Z&Y%t & fluorescentd ©]L3t dye-terminator
sequencing 2.8 4§-A]5lo] NCBl Blast search data base® -§-AZ}E #els}
ol

W sl W e B fAse w
Nicotiana tabacum cv, Samsun NNoj| 0.5% TMV inoculum® & &3t £ 3
2ColA 3AZF FA18 F 24T E A AZPHE harvest 3¢l3 Northern
blol hybridizationg} 2} PR-1, PAL, HMGR3, chitinase= 9A1Zt By &
ZhEl WelE SLelo} Beta-1,3-glucanase WlW AP} H xlol& B
o]z] okalu}, APODS} metallothionein-like gene2 control Bt} TMV Z+ed
elolA oalsi Welg war),

g A SEEY W REUARAe Uy
Abg-Alel probenazolez} KC, AlZFo] %

ghilofl 2}zF 5, 50, 200 ppmo® Ae|t ¥ A|BEHE QAL 23}
Northern blot hybridization 3t A3} Z}2} 12 A)ZME¥] PR-1 geneo] Ud
g ol glaojr}, Positive control 8 AREH 0, 2mM BTHREF 2uM SAo] 23]
M 22 gadel PR-1 A HEEE Fdstlch

ttof| 2] &= Beta-aminobutyric acid&

—~19 =



4, BAYY A=EAY HY

1) s W ““ﬂ

) #F AE R RE B 43 FX B Mok 3% A
#3t 1352 THo|2 51 A Zo] W ABAS LMY w] SEEE AR

d
E marker® 3lo] WAYH REEAS Aatte FE AEsilch A
S

o

4

ok,

A

1/10 %] nutrient broth, 28ColA 293 eyt ¥ Fare] Ethyl
acetate 2 2&3lolr). {Ae] 3nlo] 3|Esls FEUE 20% Acetone ol
Lof ] o o] HIEE 24 A% ¥ sampling 3}lo} marker gene
induction (PR-1a protein)& ZA}stadt}. Z@o| PD broth, 26TCollA 5
Uzb mgy T gt B A A F VAL A FFE AEsHA
t}, MWy FFEE= 20% glycerol ¥z} E¥dle] -70TC freezer off Rys}
o A 3ol o]&3}airt

2 ¥} 1 500 ml Erlenmeyer flaskel] 50 ml2) Wiz & ¥iu
g = ujx] 1 L & Y& 5L baffled flaskol] 2.5% (v/v) &
£8}3L rotary shaker (150 rpm)& ©]-&3}o] 28°CollA Mg-& 2¢7h

ol 5UZt Bt B AE FEEYS el o]&starh

2) A¥ #3

7h) AEUWAAMEY ¥R W 1x 232
Auburn thi}e] Kloepper R Z25E HPUd HEUAAMFE (endophytic
bacteria) & WjoFslel W Aud REEY Pk FE 1A P sHsch
317) @3 wgee] 2B A3YY Fzt 16718 5 wgdel B A
gy B B4 %Xﬁ}"l PR-1 §-Ax}e] WA g 714071 o] &A
& B stgr) (2y 2). o) £l FF (M8, JMI9)E AU F A
ANY G Boo] i‘”/‘él“ﬂ FAA] WEE FUMA7IE BEAY EA
= Zﬂif‘elff}‘iiﬁnl. H Ay FEE

sjo chapulastalt.

e,

o Felg #lste] g FFE MY
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JM 2 5 11 121317 1819 23 24 28 29 30 31 SA CK

Treatment (JM) SA CK 2 8 19 28 29 30

PR-1

2% 2, Endophytic bactyeriaZ} AAlsle W A3d R=E3Y 1
A} 272,

: 500m! Erlenmeyer flasko] 50ml 2] Nutrient Broth& Y11,
28“C°“*1 2] 7t u“oh‘;_} o ato] oﬂgo}kﬂenolgi Té'é‘]-oﬂ &) 3pl A}
o] {1 8mMEE Bstols Az8lR, 20% acetone -B-of Ho| ZH7he
NEE Tulel siel wel 2433 ¢ AEBUsislch 22 wilges
B total RNAZS E2)3}o northern blot hybridization® & tﬁZ—]*“‘*‘ 3

¢ LA xle] WE S zAElltt.  CK: control, 20% acetone &Y
) oM 8 #F7E Aakshe ¥ AR FEEY
Al IM #8 wjeral o Bel BAEE

A& Eelsl7] giste] WEAS od oA
HOlER 28] £2% ¥, 97180158 BUSIN 55 AZst 1.04g0)
oily material-& @t} o] B2 & silica gel column chromatography&
3slo) 772 oz —,—2]6‘}01 —‘[:— active ractions (!, V-VI)& €&
Qlalr) o 71A e S HQ I fractiond mEEo] & F mEhg

¢
¢

2 cluent@ A}&3}o] Sephadex LH-20 chromatographydtgic)., /g wt
2%} ol HPLC (YMC-Pack CI8 SH-243-5, 250X21.2mm, 100% CHICN
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4ml, UV 205nm)3}o] 47012] fractions& & £2|ste] P L Hole &4
EHUES 98 4 g}, V-VI fractions2 HERSS] 0] C180] F2} A)
7 10% H|h2-90% & &AM T 100% HRtE7I] &elsle] ¥4 &
A& 2t (2g 3)

LWholc Broth (9,6L) [

|
! Oily meterial (1.04g) I

|

[ Si0, column chromatography(CHCI ,~NeOH) ]

B 1] 1t 11 v i
‘7100% | | 97-3 ' |-951-i—| [QO-IOJ |80—2€| ISO-SO
Sephadex LH-20 l

v'I1

[ ]

| HPLC (100% CH ,CN) | |1()-20 30-40) 150“60‘ @ EJQ] 100% NeQH
i A Aw

Aw  Aw

23 3, JM 48 227} AASH= W A8}
Yo MEEHAA

o%

FE=EA H2)2}3 9 Prep-TLC
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u) o] o3 (#223, #301, #425)7} Aakslh= B Ay FEEA
A S ke Fwo] FoA H AP §& UEte 245
g AWy Fouadogie ¥ NYY FRELS Eelsts] fs 42
4.8L A2 WUF NS filtration (Whatman paper #2)3}o] w22} njefe] o
2 U F fURuR &) 4 f71801%2 At 55, A
preparative Thin Layer Chromatographyd 3§&te] @ 7o) o=

F 3ARY R BEE 2R 4, 5, 6).

T

(1) 4223 F27} AAsHE 3§ AYY =S 2ol

[ Whole Broth w223y |

Fitratey | l Cell Cake |

Extracted with MDAc Extructed with Acetone
Cancenteated in Vacuo Re=Extructed with E1OA¢
Concentraled in Vacuo

| Prep-TLC | Prep-TLC I
NEEEEEEE (o o
. A

[HpLC o cracn) |
( Peskﬂ | | peanwz || Peak#.s |

._23 —



1

Filtrates Cell Cake CK

2 3 4

5 6 7 8 1 2 3 4561 23

a9 4. #223 2FERE 3

5o 4BYHAA
A

Active fraction

AerA =B ez % Prep-TLC &
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(2) # 301 437} Batst= 3 A3ty S B2 By

Whole Broth (#301)

Fitrates Cell Cake
Extracted with EtOAc Extracted with Acelone
Concentrated in Vacuo Re-Extracted with ElOAc
Concentrated in Vacuo

Prep-TLC [?ep-TLC ‘
l
| [ |
E’@ CF1 CFZ‘@_”CM“CFB @
A

A Aw

Treatments F1 2 3 4 5 6 CF12 3 4 5 6 X

- -

IR 5 #301FFTE AdsHs WAYd fEEae Henmz
Prep-TLC =¥ 2] B8 23

A @ Major active fraction, Aw : Weak active fraction



(3) # 425 F-F7} A BHe ¥ Aty $2E2 ] Ha

l Whole Broth (#425) [

|
| '
| r__l_.1

Fitrates J Cell Cake

Extracted with EtOAc Extracted with Acetone
C‘oncentrated o — Re-Extracted with EtOAc

Concentrated in Vacuo

Prep-TLC Prep-TLC

9
GEEE

CF1 || CF2 || CF3 || CF4 || CF5 || CFG
Aw A Aw

I Filtrates Cell Cake

1 2 3 4 5 1 2 3 4 5 6 CK 2

i'& " o .|

1% 6. #425 -7 Aardte BAYY AEEF F2l3F Y Prep-TLC
oy HEHEEA. A Major active fraction, Aw : Weak active
fraction



5. 2x} A g-53(IM-8)2¢l Bacillus polymixa Y& W& 3}y

4o Aazd W weldy

dEE, 249 72 24 97
ol "asirt oyt & o

a

4% AR L Py
1) M-8 F7] WARY FEEA AN 24 AE
[e]

A1HEE M-8 (Mot) & Z3o] F

o5y Folslel 7

53
o] g3lo] Al ZAL ZARSHALY,

et

% M-8 FREH
A

lo o

2)Plackett-Burman Method

Ete] Ao
I HE.st| Tlﬁ}oﬂ

23 BAE Yol ANNES B HAURZAS FEUC,

BAYY BERAA UEE FIMI = REEDS
=
2

ABHOE AgF AL WYL, ?111 & e AAE

w,

g AAES A Axe} AP 24T F
4-& Vel wighg dxb A A g qg_x} HAH =

ARt s 2o R AQPEste 7oAt sHY HEY

A StA "ok ol WYL F A dxtd Ffolles Aw

7b wotd At o) ¥ + e A¥ V17 5 HEFEY AL
}7

Joll ui-%- oA Hch uwhetd, €%t A=

AR 7

f=

o 7t

194
& BAA ol whel seidt uixo] whel zygste) BF

o] Aatelu} Fhdel e R FedxE s s
plackett-burman *guj &, Uxh @ ofe] 24L& HEs|opskes Hyl 9l
of ullg- HAsiria AR o)A of Whow M-8 FFo EA duzdS
Axstaat stoloh,
ot (AR fedde] A4 24 HE
24

Endophytic bacteriao] H#H F&of <EH x|
o].ﬂ.}] 31 0)l=

T 1_.

=
1ZSDIHE 0I2EENEE RS2 M L ASESH He /s

#7h AlBuol4 Eelsddtks Hol s
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NEEH

7d

0
L]

PUAE

%e s

=& 43¢
matrixZolA] 12Q1A}o) = A

ko)
s

2
AE

Aol ¥ 23} Uehd uieh ol Zb2te] alalel thalA e
Plackett-Burman o
Aeysioiet, (& 3

o] &F oA =

X 2. Factors(Ingredients) selected for Plackett-Burman method

igh ()
jlow (-)

Ingredi-- Corn
em‘.s\

Conc., ‘\ star‘ch
. __.\

24

NN

0

Glycerol

2%

Basal Media :

o
0o
o
0%
2

]

-4 =

s el

Yeast

NaCl
iExtract
0 %! 0 5% jif

Cornsteep

|
0,5% _
0

Malt extract

MgS04 «7H20
FeS04 -« 7H20

MnS04

S2SH N /=

I powder i

.i 0

Pharmamedi

a
Ve

5%
0

0.5%

| 3days

]
Culture

time

2days

0.05%
10mg/L
10mg/L
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X 3, Plackett-Burman design for 12 trials

Yeast| Corn Phar |Cult
rial Corn  |Dummy |G lyce | Dummy NeCl Dutmy extral stesp Dummy name | ure 43k
starch| | rol 2 3 ot |owden 4 dia | tine (at 3day)
1 ’ + - + + + v - - + - 19.8
mé_. . - R — . : = = —
3 | - v il = <1 s I + - = | = 2.4
9 O N + o N - = 2.6
5 = + + . M= + + + - 10.7
6_ - 5 sl S (e - - - - - - .
2 I R R (e i ' = bowo | 31
o [ B« ] = el =T+ . e e | - | 145
ol =+ L+ +M=T=0=0 +« T=Il+1=+1 ss
n.. pramify =0 |f e - - - - ” - -
HiZ- I - -] - - - - - - 0.5

Zyzbe} Triato] spute] wiz|7} =& 7o, 12708 wjx|7} of g &
HMEZ} "ch Dummy QA= AAZ wjz] el ol A= H7ME s Zo] opy
AL, ARl @ AHE Aatstr] 1% ¢lzpott.
2t A (1 -12) o) M U2 FEZEE 74 AR (+), (H)oll " &%
Ue.x ?‘ﬂil I, e ARl BE (+)e 'H% St S84 BolA
EE (-)o) sigsts S35 B W o] 2 Axprt &3kl njxle
agle] "k ofvjolM FHYL 49 ¥, A 5 ol Z oA
ol &Y 4 & o Aol AL ¢glom, o] AHHEdMe
Northern-Blot analysis& 383} X-ray film& densitometer@ ¢1-& Alc)3
A EFBUL 4 dAL AE RAlshe ol &3t A E84g)
d %, opluAgtd 5 gloen, g2 3 T YA £L& S
F1 e RoE SN 4 Qlrt

R 3ollM 2 2t wiAlR IM-8ET-E FF ol IxHA HF3t 24, 3¢
of ztz} & adte] 52| Ethyl acetate® F&3lo w&¥ F, gy
Smiof 3t 2SS 0.5m12] 20% acetonef-of] o whifglo)] Ho
2 HIESL, 2430 Fof F3te] AA| RNAE Relste] ®¥AUY BE f
AR}l PR-1a cDNAE probe® 3}o] Northern-Blot analysis& 3¥3}¢lt},

p
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[[1 23456780101 IZIansI

| 1
' ! 2days | ' ‘

72! 7. Northern-Blot analysis (LB: Luria Bertani medium,

CK: Control, 20% acetone£9§, BTH: 0.2mM Benzothiadiazole)

7t Trialel si@els izl SRS 7 BAA el wet ALt
g Axhe b3 Zrh
) { T 1
| Corn ‘ ! Yeast iCorn steep| Pharma | Culture
i Glyceral! NaCl ! ) .

i i starch I | extract powder l -media time
. = | . | . S B
Effect 18.03 -20.44 | -10.46 | | -13.16 | 18 -3.33 16.26
— ——— _!_ | — = ‘_ | = _[

t(t : i
1.14 -1.3 -0.66 -0.83 1.14 -0.21 1.03
test) | 1 1 | M N I
Effect = the difference between the average of the + and -
responses

ty = Effect of each factor/standard error

SE(standard error) =V Veff, Verr= Y(Ed)?/n, Ed: dummy effect, n: 78

A~
T

Plackett-Burman ¥ el &
factors®} bad factors& l}%ﬁﬁ}
shute] wiA & FAgste A%
2302 A A AT HHZ HEE Foprte Zdd], o H¥
oAM= glycerol 3} yeast extract7} IM-8@F7} BAUY FEEHE A
Arel=g Qo] £2| 4L QAR UIERI, corn starch, corn steep
powder, culture timeo] ¥]m ] £ ¢lx}2 FTHEEF Yt

Z28t)) Plackett-Burman designs .2 BHEolzl 12708] trial FoflA #8712



2% ojn Aoz EFrim wAN HEWOE WAL oF1 T, #7
He] Ao #82] wjz|o) bad factor® LIEY yeast extract®t not
good factors® AZtE]= NaCl 2} PharmamediaS &3t Qlolz, T2 7
oA 3Y=je] Northern-blot analysisZ}= IHE A5 U BAE U
ERE olol, #73 Ble] Wix2 wlopAZo] WE WHYH ATE
AAES Z APl corn steep powder?] A 7+ EFo] Z&o]Lo] =z
M=ol = wiA]dEo| B8 EDTAE H7Iste] F&ol22] iz 3

E7 BARY =S Aatol nA e d¥E ZASAL

w
oX ok 1o

R

== _ #7 §7 1 EDTA L
Atiture: time 00571 23 4 5 00512 3485 CCCCuwnl
wday)

' . . ' ' '
: = LB 48 H8+EDTA
Gultyre time 051 23 45 00512 34500512 3 45
{day)

A SRRt

J |

7% 8. Northern-Blot analysis
(LB: Luria Bertani medium, C: control, 20% acetone& ¥
BTH: Benzothiadiazole)
Ztzkel SR AlZtel HaH wgddE H3Fe ethyl acetate®

[e]
FE35t] &5 F g splof IHIE THES 20%
acetone§- Mol =o] Thulgle] HIZ 3 24412 F z]—',‘—z‘s}o:]

HARNAE E2]stod A3 Had fFd21 PR-1a
probe® 3}od northern blot hybridization& 6‘}9111},

% 8o R wiel ol uix AAIAE HAYHHA GRS A
< frEshs Bl e Zle® uehdg, 7 wix] 4 HEI A
corn steep powder?} yeast extract®] FFAFo] AL ulE H or}



2,4-D (250 ppm) ++(?)
Indole butyric acid (250 ppm) +++(7?)
iElhephon {250 ppm) +t
ITriadimefon (250 ppm) 4+

XAD-7 column chromatography@ £¥& L}%92 dos A f%
Holz] ¢b= Zo2 Hot 9 7ia] HEY 5 AU AZE oAt
E4E Fashy] sl 2o N-8dF2 HAE =
g A2 ol &E Ad LBejA] = 4dafo] o] BAHE o 7]EY
Wrloll vlgfarg Hastdl Hol R HUEES VT

o] wf]oll vla] HAF] v S Ho] Plackett-Burman gofx whd
H good factors, bad factorsZ} F&jAdo] Q12L& &Eelslelxr, EDTA A7}
Al #8 wix)o] B HaBAYE Holx AZto] 3 N

"ol ¢ %O}Zl% AE o et

6. 7142 HABY YN FTU FAYH FEIAAY
ool 28 d2sle 3 ‘
o HYTZE o
AEZ Y 4 9 rstaot goleps] ol ol A T4
(B472%, 5448 5)& S5 £8% 4 Atk e E 4= 2
5 Boto] APY 71X)9) HFBAY 2| AEo|n Ztze] HYZe] Ak
S4B A7 YWY ANE EA shaloh

NE(5E) | PRI R UE 3 A

Salicylic acid (2 mM)

CuSO4 (10 mM) | 4
EBeta—aminobutyric acid (50 ppm) | ++
BTH (0.2 mM) ! +t
‘Chitosan (500 ppm) :' +

IScopoletin (250 ppm) ! ++(?)
"Aesculetin (250 ppm) =

Lmbeliferone (250 ppm) | =
|4-Methylesculetin (250 ppm) -




7h. AdAls W e

) Ao &4 9 MEA A : Atz st HPEY ARE
ol B =Tl o8 FH) HAste] 2F 30% ofMEo] HA AR
Z1]31 nj&g Bg ol&3tol ¥ sl I 5T Fuidel w2
Al ¥ 24A)ZHFo] Y Ssampling sto] AA|A Lo F&3] F2ste] RN
AR e A B2 AMESIGITE TR EHM 1% DMSO(nagative control)3} Salycili
¢ acid 2uM(positive control )& X &|3}sit}.

lzl mlm

2) Northern blot ®4-& B3t A=ddEA HY ¢ 2 AEE whild
HEE ThE 24A17F Foll $Esle] HAYY g FolF udd AR
PR-1g EX|-§HALE slo] Awslelr). Total RNAE Parish #}Kirby(1966
o whel g whulolM £2|3tdtt Total R FEE 3B EAZ A
3t & 20ug2] RNAE formaldehyde”} ¥H-R-¥ 1% agarose geldll 7|4 %3
. nytran membrane, ol transferA]Ztl. i PR-1 DNAE 32P-dCTP
2} landom priming kit& ©]-&3}o] labelling¥t¥ 50% formamideZ} ¥+

Th

$ 5xSSCOlA] hybridizationd}glt}. Membrane low stringency washing
buffer®} criterion washing solution® 2 washing 3}l X-ray filmoj
12713 FAI5Eo) pathogenesis-related protein-1 -F3Ape] WL n}
FEstol Ae3 AREL FARLE F32 o FE FAYY FEEI} F

T8 4% ek

IEEM  REIEIYUS 0SS HHELH RS2 SM X ASESH HE /87



X 5. Scopoleting] A]E4¥ A3 ZAFIH A &=}

i Treatment Days Control efficacy(%) against disease
Treatment Before e et R GRS
| Tnoculation | RLB | RSB 7 TLE | CGM | BRM

1 0 0 38 0 13

| BTH (0.2 nM) 4 38 | a4 |14 | o | 25

7|4 |13 2 | 0 | 50

| \ s 1 6 0 16 0 0

| Scopoletin |

4 15 33 1+ 30 ! 0 0

| (20 pem) 7 19 | 6 ] ol o | 2

[ oo o cvesan L A i § = [ =z L 49

RLB: Rice Leaf Blast(® %™ ), RSB: Rice Sheath Blight(n] §-3.),
TLB: Tomato Late Blight(Enl% &™), COM: Cucumber Grey Mold({ Qo] Ayl aut
o]¥), BPM: Barley Powdery Mildew (K.2] Z7}5H)

MNEEXN:  RESSIIHE 0SS NS R=Z 8M &

Jz
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U, a3

I3 3. "HrRR] i e g WAZFo &8t PR-1, Glucanase-8-#
2] RNA blot hybridization 2z}

PR-1
Ethephon IBA Triadimef SA

CK 10 50 CK 10 50 CK 250 CK 2mM

—— -

PR-1 Glucanase
PP-46 SA 2,4-D SA

CK 250 CK 2mM CK 100 CK 2mM

aEh gy - - oy

CKi Tz, IBA: indole butyric acid, Triadimefon, SAiSalicylic acid, PP-46: 413}

@7

(A= 3wy =x)



HO

) G 0 i a 0 o -
T T m
H\ e J = Gle-0 #

. Ho
0 L,
Seopoletin
4-Methylesculetin Scopollin
s J A
Umbelliterone Coumann Aeseuletn
H OCH,COOH
N Cl
Gl—CH,CH,—H,PO, 7
CH,CH,CH,COOH
Cl
Ethepon 1BA 2,4-D
C =
| C: © EHCOC(CHa)a Triadimefon
¢ N
N—/

a7 9, BEAlYo] o] &8} Scopoletin =X W 7|E} HYEESL
TR,
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A4d §AYE FEEEY EeE AT 0
AEAL L] +4, B4R L EA7HE o &3
==d HAAA A

(o]
HAYHE F

1. d-5%
el BAYY AT E AL HERLEA AU A% el
ged vle T o i gk & dFelds AEY BAYA

N

~

5 R 7oA EdY] 2L 2t REEY YANE HUEN AEY
HEHAT A o A YES ALY AAE stz o)
. HREY PAyd whEReold UU-{FHAF  Pathogenesis-related

protein 1 & A& s} 1x} Mulsh=t)] o]&3tax} stAct

2. Ayvg 2 A5
7}. Endophytic bacteria?] @]
1) AgAs o “o“ﬁ

7h Az 0 AEY BAYEE fUste A8 AE (A EUEA
& ' endophytic bacteria)d Aluls}r] $3t0e], A= 5/|AQE FAo0E
Aad A3l AEAEeE ddAd 9 cid e 2ES v Rt 3

70% dFol 1023 HF A7 PEFS BW3] AFAch, EHATA
A& thA] 32} BEESHFTE 33 AHsie 4828 93] AAXNNE
4%t Homogenizer& o]-&38le] Al& 0.2g2} 3% HIdF4 SwlE &
gsto] A upAAlY thE, ADUeR] (1710722 MYP uljz])ol| =wlkd}o]

ol



28CH Wil MFAA Tl FR2UE
AL thrl o gatel] Ac)ste g)staict.

ol 57| 2 ABUARMTE 205 glycerol 2} Este] 70T
freezeroll RUstH A Yol Al&3}oic,

=elstdlch,. 2T Aaud

AAH
T

A A=
T

2) 434z
AEURNTE ¥R 0 A2 sz e AEUANTFS 99
A d chdale] ZE o gxg Hy Halsiglen, 1710 72z MYPu)x|

oA 14 °lLH°ﬂ AL S v e g Feshdct AEURAAMTEY &
2le o] WL olgslaln, el AHd-E 205 glycerol B2} &
§3}o] -70°Col R#sralnt
71 1} =1
A EAE A () T3 ME e +F
I B TATE o
I g, Ex - Ay W cpdA 2E g 60 o+
R 3
23 7 A&
dard, 5= |- ddd o chdA 2 g 120 2%
= e = o
12 7 A&
FHAE A Y - ddA o chdA FZE g 80 w3
zp 2
| 3 #e ¥F - 1 260 3=
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W) 28 3

| AmAY B | AR ANE S | RARF 4 ) 31
(%) = 4, H
FPLE(FF P 5 .
of W g dv
(2] AN,
SBHR= (2l 65 160
A, AR )
dehd H=(9%, | )
%, ', 7 13 30
5) S -
Al 102 245

Al AEI FIHAPY FFe 5009 FFE AUstoleon, wARY
A Fead YAAAE o] &3t 1A A32]YE UAIsta glen, 671%]

1=

Alg dstol tld BRI T ARALE AAISHAITEH

L}. Endophytic bacteria ‘d#L 2] invo screening (3}3}dF4
oA 4=38)
1) d3u-g
2 QoM AEL] Woldd {3 Hd AEEY W AdAdAAE
ELA)E}7] 9] %E in vivo AP o2 oA Eelgt AEUWRATY v o
A AERE Z3E A5 $iste 5712 AE A8l thsted 1
b AAEE & AAskct
2) A= 9 3y
b R En] ¢ oM Fegt AEAATY wgE #l5t
250m Erlenmeyer flaskol] wjx] 50ml& Y3l 30C, shaking
incubatror(150 rpm)o A 48A17F wiAlZiThE, wigel & e st
cell & AAY FFNE o] g3tal

uh) ol AEE AR fE B BAE st 23890 At

3 t!

NF-& W= F(Pyricularia oryzae, RCB), wW ¢ Fx|n}

L.

%,
'

“
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Pl

x

0d

EvlH(Rhizoctonia solani, RSB), ol Zxo| s (Botrytis
cinerea,COM), En}E o8 F(Phytophthora infestans, TLB), WH{-Z='8 4
(Puccinia recondita, WLR) % X 2|3 71FHF(Erysiphe graminis f. sp,
hordei, BPM)-& o]-£3}%ict,

th 1z} A=32]Y e wEdWE WU Pyricularia oryzae
KJ301 #FE %A TEuwfx|(Rice Polish 20g, Dextrose 10g, Agar 15g,
ZF4 1 Lol HE3to] 25°C wfgrlo A 257 wforsiich o] =t
g} wx]E Rubber Polishman® & Wix|EHE Zo] 71F FEAIE A Ast,
Hgso] AZ ANH25~28°C)o N 48417 Fob EAE PPz A
Fe BAEAE AFEFLE o8l dABEe  EAEEd(10°
conidia/ml )& THEH oAl Aeld HEH(EY 2~3%7])ol Feuid %
22 83 EFslddch AEH ve FANAM Qe 24X FolE

Holl HiFE 80% oldelw 27t 26°CQ F2FFAHelA 5UL WAl

A F e zasisich
WA R ohE Y (RSB) & AR 4o WrEE 1 L ujdel ¥ 4
T8F ¥ AEF 257 ujed7)ol

a8l Rhizoctonia solani AG-14-F&
A 74z wigstolnh. HAFS v Aol E HetAl A wi
stol ARH W 3~49719 YL ARt o] n2A FFol F4
3(25°C) ol A 1zt ﬁﬂ‘”—‘}’- TEE 80% °l*o‘° F2HEAdM 4942 W

Aulgdol 2 Wl el Botrytis cineread LA u|R|o] 3 &3t

(GAED) oA 7d3 Wi shgof 124]7H4] & axishd
A TiAl 79 Bt wiegstel ExLE FAAIZE EHEE viAle] M
X2}E Potato dextrose brothZ 43l HILAE A1L3ly Tz
10° conidia/ml & RHE ¥ GAA Y 20]RR(1G7]) el &7 FstAich
FEH 0| FEE 20°C FAMMUFE 95% ool Yol 5T UHS
FEAIZ F a3 & 2P}

3

EpnEYWYLE WSl Phytophthora infestans KA2 o3& V-8 juice
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agardl| 2] o] 3] F3led 20°C 271 (Atel)ollA 74 %?l ufj oI 3hE
Foll 164124 z=AMSIHA ThA] 7U ot wigste REAIEES B8
th HFIEL ¥EE TGS AEEFRFE U sYsia 2
Ho)Astoll N YIAR ZASEE RARlY 10° sporangia/ml&—] A E
Jg wEol 13CAA 2,542 B AeAsle ARG KB ¥
QAN ErhE HE(4 2-397)0] BEYBAAG. HTe ABT =
BIE SRE 20 SN BAT AT F 20°C FLYHA (A
4% 950l AN &7 YT WEADT AWAAE S ZAbstoirh

WE-2&5 (WLR)2 WYl Puccinia reconditas %gﬂ)ﬁ:ﬂ-ol‘:’i
ARl B Y AvhYstas DERel YIB HEAE
Qow apgsialtl FRe SLEZAE Hstel YHE FE(H7 : 6.5)
of sU WEAHEE ZH)E Mol SAolA 8UT AR A7)
WaRe] dAHEE st 1Y 5¢ IAAIF EAFE (XA} 0.67
L& BRAENATL. UFH WARE 2008wl 197 HUA
U ol ATIGESL ToNel 20°Ce) WEHHAE $AN WHE FEslL
AEUA] 79 Fof YA A &S 2SI

Ra|E el (BPM) S W FQ) Erysiphe graminis f. sp. hordeis &
ENRdolBER, Ay RelfEE AjujeistaA He|aRel B4
H xAE FEHLE AMgolglel. Qe 438 XE(HZ ¢ 6.50m)
of 5y e] Be|gEAHES FRe|)E 2FEste] el 8UZH Anuiigt Al
7] RelfREol dAE IS 1Y ¢ FUAINF AR Helof
g ZAE Wol FEstalvl HFE HeRR: 20~23°C, BrEE
506 FEo yEYPFAel Fol 792 WPAAF HYAHES A

>
33

=4

ch.

gh) oA 24 W Ael: gl el 4FF AL Tween-20 &4 (250ppm)
of B|Asle] 50ml& Fu|gTh  AHele Z o8 2pots¥ ¥ 12potsE
turn table$]o] %3 3] AA|7|HA spray gun(lkg/cn’) 22 A EA] A7}
T A7} PR EE ARYCES A A HES BAES T2
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3) a4z

12} 2]t F5F 95FF& Al yslel 6712 AEEAT JHANE 2
Ab stk AEBUAME-E 250m!  Erlenmeyer flaskol] ujz] 50mlg @31
30°C. shaking incubatror(150 rpm)ollA 48212k wjokr1ZIThS, wjokoiel s
AHEelsto] cellg AAT 5AS Tween-20 82(250 ppm)ol| 3] 4] 3}o]
Zh Mgl E5 AelT ¥ 4847 5o B A0F HLE L FH3ho
4 A= E 63} 2},

A 5% 167] F5F7F v f S RIFNE Holon, Hi] AW
TR #E AAsE ol FASHA FHel=|olct 167 FF% 3MFFI)
A Y o %ﬁzm PR-1 & fr=stoich E3 PR-1 {AXE GE3)

8 8 EnE el ciste] AxENE B

ed

rr
>,
(it
=
oZ
X
4
ofn
-1
P s
|
o

(o]

o,
fr
an
¥
ki
a
>
b
o
Kul
b
ksl

-4 -



= 6. ABUAAIZE) wlogoi ool chat A EY oJxz3t 2H

No. of Control wvalue(%)

(e il Remark
isolates| RcR F RSB I COM TLB WLR BPM
P30 fo1s 77 |5 [ 13 [ 8
P-4 | 0 10 41 5 36 0
PP5 | 0 S0 89 29 63 8
| PD-6 0 | 15 _ 61 5 77 0
PP-8 =0, 10 | 80 17 27 16
P9 0| 15 83 17 63 16
PPT0 | o T s0 el |4y | ve [ oan
PP-11 0 0 83 17 36 50
PP-12 | 0 | 5 83 17 54 0
PP-13 | 0 0 48 5 45 0
PP-14 o | o0 77 11 81 33
PP-15 | 0 | 0 48 5 86 71
PP-16 | 0 | 0 | 61 5 72 33
PP-17 0 0 83 | 1w | 77 | 38 |
PP-18 0 0 88 17 81 41
PP-21 90 75 96 76 97 91
PP-22 | 83 90 96 90 100 95
PP-23 95 | 90 | 94 | 89 100 91
PP-24 | 0 | 0 | 67 5 68 16
PP-25 (0 | 15 41 o 72 0
PP-26 | 95 | 8 | 97 89 99 94
PP 27 o . 5 7 g% .72 4.8 )
Pp-28 O 0 8 17 81 8
JPP=29 f 7L [ 90 ) 94 85 100 95
PP-3L 0 20 41 0 77 0
PP-32 | 8 | 90 | 9 90 100 94
PP-33 0 20 89 0 72 0
PP-34 0 Lo o220 63 0 i
PP-35 0 5 3 | o | .5 | O |
PP-36 | 75 | 55 | 93 73 | 98 96
. bp-37 20 8 | 0 63 0

0
¥ RCB : ] Eowid, RSB @ QYA FolEHF, oM : Ao

TLB : En}E o o, WLR : W=y BPM : KHiE| #UEHI

JdE 0I2st GHEd R-=22 BM A ANSESH N /S8R



HU
ik
1
o
(]
i

.?’L_I

No. of Control value(%)
e ——— PN s I . ) Remark
isolates| RcB RSB CoM TLB WLR BPM
P38 | 0 | 5 | 9 | o [ 3% | O | |
(P39 0y 0 8 0 | 40 | 0 |
' 0 10 41 0 72 0
o | 3 | & | o ;o7 | o |
0 10 9 b0 72 0 |
o 10 2 | o oo 0 :
25 0 9 23 81 0 |
16 90 %2 | 23 97 97
0 5 3 | 5 86 8 -
0 | 40 89 5 | 719 | 76 | B
0 0 67 5 90 41 :
0 25 22 5 54 | 0 T
o | o | a | 5 | @ | o |
o [0 | m | 1w || |
0 0 | 3 58 | 18 , 8 )
0 g0 8 e 77 | 2 |
0 0 29 35 63 | o |
0 o | ™ | 2 | 17 | 8
o ;o v [ 2 |1 [0
6 | o w7l oo
A ! 5 | 44 o |
0 | 5 | 7 23 | 17 | 16
10 58 17 3 16
80 5| 90 58 94 16
86 90 97 52 96 T
N 0 | 2 o | 3 [ o |
0 3 ;. 2 L S — —
16 0 7 | 1 58 41 !
0 o | & | 5 | 58 0 )
L0 0 58 5 51 | o0 |
M A T N
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No. of Control value(%)
LE Remark

lisolates| RcB RSB CGM TLB WLR BPM
PP-72 0 0 | 29 11 13 0

PP-73 o | 5 | 7 5 41 0
P74 | 0 | 0 | 85 17 37 0
PP-75 | 0 0 64 29 24 0

PP-76 0 5 | 89 41 37 0
A T N AT T U

PP-78 0 0 60 | 17 | 17 | o |
PP-79 | 0 5 g2 | 3 | 0 ]
P80 | 0 | 0 52 41 48 33
P8l | 0 0 | 8 5 65 | 0
P82 | 71 | 20 “ | 5 | 9 | n
P83 | 0 0 64 | 17 3 0
PP-84 8 o | s | 5 | 3 | o
PP-85 0 17 5 3 0
PP-86 | 0 | 0 82 17 10 16
PP-87 | 0 | 20 0 | 5 | 58 25
PP-88 | 50 75 % | 52 86

| PP-89 o | o 52 58 3

P9l 0 |0 | s | 5 | 3 | 16
PP-92 | 0 0 17 | 5 | 41 0
P93 | 0 | 10 | 64 0 10

91 |0 | o | 2 17 6 16
o5 |0 |0 | o | s 3 0
P96 | 0 | 0 23 | o | 3

P97 | 8 | 5 | 76 | 5 | 10 | o0
PP-98 | 0 | 15 | 17 29 | 3 |

PP-99 0 0 58 | 11 51 16
PP-100 | 0 | o | a1 52 0 0
pp-101 | 0 | o 85 11 0 8
« | o | o 5 | 1w | 44 | o0 |
JIYE 0IBE UHEH SESE SN QU ASHSH HY/ 528



PNE=E=-PS e

t}. Northern blot hybridizationg g WA3Y S UHEA
2]

1) 943 j&
B AR HAE f2 U AAA9AELY sSNA HYS ¢
slo] olm] HRH WAIAH T FAAE o| &3l AER HE et
wi

A B ) A M (Endophytic bacteria)g Al&o] ¥WAHHS Ueld uwf %
1&

%= Pathogenesis-related protein 1& marker® 3}o] 1x} A wsh=d] o]

& stalr.
) AEAE 2 P
) B, 22 W ABA A 0 Y4 efRen AR L

broth, MYP brothell %3} th&, 28TC2 rotary ahdker(150 rpm)& ©]-§
sto] 48417 wiFEr ¥ k8] Ehyl acetate® F&ETH Qe Sulof
ANHE S FEES 1% S0olse cthE, wul ol WIEAL 24X 2HFo]
sampling et thREH 1% DMSO(nagative CK)3} Salycilic acid(SA)
i Aelstn it EHAATE BUD PP T NPT Thg HE
Aol Ae|ste] Aot vlaLssict

L}) Northern blot #4& B3 REUPUEY ¥ =3
ghfloll H}E chd 24417 Foll $¥sle] WA W HolF wWyd {A
291 PR-1& HEA|§AHAZE o] Austelct. Total RNAE Parish &}
Kirby(1966)of wia} 43} chufjolla] H-2]3}oict Total RNA 5
SAE Ay 5 20uge] RNAE- formaldehyde”} 5% 1% agarose gelo
A719 %% t}&, nytran memb, o} transferA]ZiTH  ©u]e] PR-1 DNAS

_12:,
N
e
n}b[l
2

kn
]
s
o
by

32P2  landom prime labellingZt¥ 50% formamide”} 73 5xSSCollA]
hybridizationd}git}, Membrane2 low stringency washing buffer2}
criterion washing solution2 ¥ washing 3}91.2 ™ X-ray filmo] =&A]7]

F datsto] Ao RE Halste] Adsirh

_..46_
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et AEe BAYE K5 EF gHE 98l L
broth(Tryptone 10g, yeast ext. 5g, NaCl 10g, pH 6.8, water 1L) Fx=
MYP broth(Glucose bg, Beef ext, 5g, NaCl 1g, Yeast ext, 1lg, KsHPO,
0.5g, Poly peptone 5g, MgS0s 7H.0 0.2g, pH 6.8, water 1L)¥}Z] 5mlo
%3] 30C, shaking incubatior(150 rpm)ollA] 247t wjorAzict, wj
FAE F71-8u2 F&3171913 0] T Ethyl acetated MAANF &
F3 §71800502 FE3o] AZAAL. 718015 FBES ol
slol WAYY DA AEBY PUGIRE WA 50048 1% NSO §ol

R,

o
-1

of FEEE = vk, wuldlol Aesiadct, Ae|F 24A| afo] gl
& £Y3d}o] total RNAS %-2]8) ¥ PR-1 probed *PZ labellingdt %

Northern blot hybridization 3}git}, ZAz}e 27l 113 Zcl, & 260

oA FEF ABUAAT 8977, YU HBYLAF 1278 thR2T2olE

lo

stgdom, ]z o2 salicylic acid 2M & X a5ttt 897) AR A
w5 20d-F7F SAX 2|A] REEE signalloh ZStAL Bl Eol A
F=¥ ot 28 AMdE cfHE Bacillus spp(Bs)., Pseudomonas
spp. (Pa, Pf)o]¢leof, Xanthomonas, Agrobacteriums T}¥ZF M|d-E-olAf
FEF et FHaAl, 14 AUE ST S 2 2 AYS
5ol alul.

EY ORTE o] Nt AEEAMT Sl FdFol FEHAUL

™, 1% Agrobacterium tumefuciens (AT)®} Xanthomonas compestris pv.,

compestris (Xc)/} FEH PR, Umz] 5 2o AEHYAHFNE FEH
=) ekokel,
—47 -



304 05 607 8 9 10 1L (2 13 113 16 17 1819 20 CK SA

ekl 5ok B UK

e e & B

23 20 25 26 27 28 2% X ML 42 33 34 35 06 37

38 32D Q0 AL CK sA

36 37 58 CK SA

50 G0 GLO2 63 634 6566 67 6RGY 70 7172 73 7+ 757677 7879 CK SA

R0 81 82 ¥3 84 85 KRG B7 88 89 At B3s Uir [Ic Pa PI Xc CK SA
22 11, RNA blot hybridizationg o]&3t HA3d =&
2|d Azt

—
e
as;
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AMEANZF AR FHA L A H A Y el s Fbe] HT Eo] £ W

it ojojjute} vhe=2] WAIAY 2} A St} WA st LA Yo U
AF EelEl2 2 B W Jlsel #EEA et 23Ale ol E A
2 AP whgoll Aol & AxAeol £H" A4 3} Know-HowE o] &
st} 2Ee] WAYEYE dHH LR FET 4 e AERILAE, AE
I HZEAGSAL e vdE, FUE £ ou] d¥A e HYEL ¥
AL e AAE e o|F ol &3t AM2E 7182 HERIAE
A shaiz} siolrt,

o o
°r_>«Ll:1rL

7t WAYY FEEA Bol AYHAL AR in vitro GANA
& An YaABAY A%

L a4 ue 2 4zt

1) dUE

MEe] FAYY 7FATE A2 HEREA UE AT el
He vl Fa 9 3t ot & AR AlES WAYY 7]
S EAbEEA S 2 RS AEE AERIA N o]§51]
g8t AR g Foly UA-FIUAU PR-19] promotort HIH
Glucuronidase reporter geneS AlEALfoll AR 3lglom, o] &F o &
sto] WA & UeRd of Rk AAE o] &3l W ARE g
2 A3t mpE Ao 14 AAEY g Qe
Al A gd FEEH0] Bolydog Aid o] UHEEE FAAR A E)
GHEE A =2sidc).

) ARAE 9@ Py

7}) PR-1a X8 RE|e] E2Y : Nicotiana tabacum cv. Samsun NN{ &

al)e]  genomic DNAE template® o]&3}o] PCRE 3s}sit],
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Oligonucleotide A Z}2 PR-1a2] 7|4 ¥-& Gene bank?| data base®
B &%ty ulz8M3t] primers A 2Bigict  PCRuMGS] AL
primer< PR-1a$] upstream regiongl -1532 ~ -1510 F-4|& 5'wthe
Hindlll sited ¥ 5'-GGAAGCTTGGACTAAGATATACGAGGATGTC-3' ¢} +7 ~ +31
2ol ARAY dAriMEe] stk BamHl  site§ W2
5'-0GGGATCCGACTATAGGATAAATGTTGTATCT-3' €  A&sigdct, 95C 1%
(denaturation), 60°C 30%(annealing), 72°C 1+%-(polymerization) Xz &
2 30 cycle2 ZE3lolr). $E% DNA:= PCR pruification kitZ F=|%H
I T-vectoro] Z2Y3& ¥ sequencingdle] Eidlgic).

L) A EYAASE e Azt AEFARY e pBl12lE 7|2
3to] pBl121 28 B CaMv 355 T RE £E& Hindlll/BamHl 22 Axigt
ThE A A 2FRE PR-1aZ 2 RE| 2} aLA|3te] | 2s}3ict,

3) a7 2
7h NEggEe Me 42

4

Ncotiana tabacum cv, Samsun NN(EMI)2| genomic DNAE template®
o] &3} PCRE 488}9itt. Oligonucleotide A Z}& PR-l1ad] 971X Yg &
Gene bank?] data base® ¥E| F&5}o] v|alEA st primerd A 2+E1e]
t}, PCR ®¥F&-& 95C 1&(denaturation), 60°C 30%&(annealing), 72C 1
- (polymerization) RALCRE 30 cycle® ZE3lort, ZEH DNAE= PCR
pruification kit® AAg F T-vectoro] FZY3 ¥ sequencingdle] &
ol3lodth(data not shown), A]E3AAE el pBll21S J|RE 359
pBI1212 & FB] CaMV 35S ZERE F&& Hindlll/BanHl &2 HTHY thg
oA A 2R PR-1aZ 2 RE 9} TA5te] A 23 T} Hindll/BamHI 0.2 A
thste] PR-la TEEH 7 AYHASE HAshach

) gAA%
QtA] || 2}3} PR-1a/GUS fusion veter (1§ 12)& elctropolationg o]-&

§tod Agrobacterium tumefaciens LBA4404o] E¢lstgitt  PR-1a/GUSE 7}

INE=X--PSIMESRS el

Ul
o
0o
o
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0o

e RS2 BM A AZESH N /s8R



% Agrobacteria& N, tabacum cv. Samsun NN &] Q13} 27°CollA] 24X 7t &
Fulorslal WE-Fr8 3% Ao Agrobacteriumd A A3t kanamycin2}
carbenicillino] Z}Z} 200ug/ml W 500ug/mle] 58 X3 H callus &
Bufx]of] x]A}5to] callus& F=38FAch

Hindlll BamH|
Sacl EcoRlI
RB LB
NOS-| | NPTII( | [INOS- PR-1a Glucuronidase( NOS-
pro ] KanR) ter promoter GUS) ter

a9 12, ABWEE ol4Y $NY HEEY tusa YA A
WE A% AEA SBARE 9

o 3AYY REEE o] UBAEL AW in vitro BAAA
2 f% YA AEA Az
R
AEAZL 2ROA AAD A HUA oizlHo] HT Sof tige
ol ols) Yalx 2 stk olof whe) thiel ¥ ARy WAkl wa
she A Yoz faAvt FeHD 1 B4 W Jlwel ¥R odr

=
~Ofr

F
T AEL] AP At MEE HEREA LS ST EPLE
e vl FRY JEE Sta gk & dFelAe HEY BARY 7
= W zgdgAEde] g U2 | FHEE o] & &Y
AANY, FAmg g4 € ASE nAEDY, vlolgAUY A

A& 3 staict,

=4
>

2. A5 g 2 A3t
1) ARAR @ P

7h AEag U xe) o E Ao o]&8t Nicotiana tobacum cv,
Samsun NN(&H)])-& 16 AlZH2)/1d sdo] ZAIEE 25-30CY 24ojA 10

20IH/10/16 1040 S W /Y



F2b At obg, ¥4 713ks AR o] gst
Al g A Eo) A PR-1 -3}
Al817] 218te  plant

13t & northern blot

2
e
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il
ek
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o
=
H
0 o
Jo
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o
e
ek
2o
e
mlm
B

W 7lEl AQAtel HE
activator Q) salicylic acid 2} CuS04
hybridization ©4& 3}it}.

1_].) E’ﬂZlZ-]E]- H“E-i;z-“k']- =] B“—]ZJ L‘L Al ___,S_iﬂ 6‘:‘/\-‘ : /‘:_}%3‘12473% 2]

o
2
[\

Elel pBI121& 7|XE 3}lo] pBlI121oZXE CaMV 355 ZTERE HEZ
HindI11/BapHI 22 Axtgh ChE & AfAolA] A 3%E PR-1a TERE] Y

AAste] A &tstItHFigure 13). oj9kzto] A&E PR-1ai:GUS fusion
veterE& elctropolation ©|R3}o] Agrobacterium tumefaciens 1.BA44040]
EQ3 & PR-la::GUSE 72 Agrobacteria® N tabacum cv, Samsun NN
o Azt 27Celd 24417 FHulgsln WIEEFEER 33 Ao
Agrobacteriumg A A8}3., kanamycin} carbenicilline] Z}Z} 100 wg/ml
U 500 wg/nle] HEF XEFTH callus -FERU)A| Y shoot -F-E-8 uljz]oj
x| %gste] frE3}3ict,

Construction of PR-GUS reporter system

Xbal | GUS full-length ORF__| Sacl

RB ' ) I.B
_I‘{ NPT I Hbl{ | promotor W
e
Xbal  BamHI Smial Kpnl  Sacl

pMBP -II(PR-GUS)

Km-r

Figure 13. Construction of PR-GUS reporter system for screening plant

disease resistance-inducing substances,
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bl

1

A
s
0

th) WFME §7] : MSID (MS medium, 1mg/1L 2,4-D ) Zx|ui=]ojA]
7198 callus278 MSID A=l BEprE Fstalrt. o 25 nl
g A7t o 9l 250 ml 47 Fehade] WA 5 g FFsa 2
6°C, 80 rpme] shaking incubatorojlA] X|<&3Ql & ZAISIHAM FAAH
AEY A2g Jehfgsidch (IR F). =Y FAJF HA] o2 =i
o 24& ¢he] WHMY FYHA callus§ FET v YAARNNYG Al
Zth olet o] Wik eiMREE 7URAHLE ArishAA Ao o &
slolct.

2}) RNA @] 9 Nothern blot hybridization : Truj& Efuf ok Lo
salicylic acids =58 F A 2|3 F 12217k 2|2 CuSOE 100 pME
At ThE AZPEE FEANEE Y total RNAE Eelstolch F, H
IS et & vacumm pumps ©]&3lo] wiR|HES AAT F gAY
7 HE S oiagt F Total RNA B E& SHHEAZ AL F,
20/%] RNAEZ formalehyde’} 79 1% agarose gelo] A71PF3t c}g,
nytran memb, o) transfer A]Zit}. whje] PR-1 W Z]E} Aol ¥
L A z1e] cDNAE *PZ landom prime labellingdt ¥ 50% formamide’} ¥t
€% b5x SSColA] hybridizationd}9it}. Membrane> low stringency
washing buffer®} criterion washing solution 22 washingd}gl.on,
Keray filno] :=BAAF WAstel UBoIFE FATAT

oD ASHEAE AW ¢ WEE PAEe] 100 he] CuS0E A
2|3t ThE AMEAIEE 2AVSEI] $13}e] Evans blue stain & ©]&stal
t}h. #ehu) M 100 mg/mlE A|ZhEE =g cl2 0,05%2] Evans blue
(0.5 ml )& A|gt F 1687 A2 WX F staining T2 Y2
Alere ZE 4w 53 o]y Alojui, 50% methanlIt 1% SDSE A2 F
50°CollA] 30487t incubationdle] F&3sigith oo} o] F&I LA
spectrophotometerS ©]&-3to] 600 nmollA FHEE SATI] M EAIEA
=& &3t

vh) B4 gag 93 NEURAFuG € 8 3AYE fEEE
HEdFAold 2 A £3E st eFET Al
F& Fa) 5000] FFoln) MEAL W PUNAA ZALE 181 4964F
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& MYP broth(Glucose 5 g, Beef ext. 5 g, NaCl 1 g, Yeast ext. 1 g,
K.HP0; 0.5 g, Poly peptone 5 g, MgS0s.7H,0 0.2 g, pH 6.8, water 1L) o]
HET vhe 243 vjatsted Yol o83t BEHEALES A+
axoll A AAlstaich

2) a4+ 47
7}) PR-GUS expressiong ©]-€3F WA 3A |23 ©@MAA /g
AENGHEG o] §ste] HAYY FEEF ©AANE gt ¢

3lod GUS reporter -AxF o]Rslaict. 1y 13 35S-promotero] 2}3Y
o] ZAEE GUS f-axe] UHE-S RNA FollA EUE Y A aHA) et
PR-1 promotorol] 2]3jM Wio] ZEE CUSHHxI FAARA Y T4 U
HE X-glucg ©] &3}t activity staining?dt ZAz}ojr}). F712] FHAH
HE] S o]&sto] YAARY & 247 5r1A0d S5t FALE AF
stolom WA BHANAE 2% cell line 7pEE F3slal Qlct.

uh akeld At Aol o3 A Enjal e ‘i°

ANENGHEE o] & BAYY & %Q%"-‘Pl 7HedE HA
3t7] fiste] 94 FAAHHA] L Y] wGHEE Apdeiden o
oM 3o UlZE PR-1-EAAE A FEEAY "JEI'.‘%’* Aelof o
sto] o] F7t HeA] of 5 Hel dgich. 28 149 23 250 uMAl?]
A Ak Z2lA] 122 Zolulofl PR-1 xR0l it ©HE HAY 4= A
th o]ol ulste] 500 uMe]Ad Ei= 100 uMolstell A& PR-1 X} UAZ
7b7k ml] stodcth o] Azbe WGAME o M= Ae]dAr Aol 2lste
PR-1 R-32te] Uo] Flsta o] & ulAR WARY FEEH HHo] 7}
FURAYE AlAshe ZAzfolrt,
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35S promotor-GUS

ctCc2 1 2 4 6 7 8 1 [

e

Probe; GUS ¢cDNA 35SCaMV GUS PREP GUs

358CaMV::GUS-8 35SCaMV::GUS-10

PR1aPro::GUS-1 PR1aPro::GUS-5 PRIaPro::GUS-6 PR1aPro::GUS-7

Figure 13. Transgenic expression of GUS reporter gene in tobacco.

Al expression of GUS gene in selected transgenic plant. RNA samples
were isolated from transgenic line without any treatment and
hybridized with GUS cDNA probe,

B expression of GUS enzyme in transgenic tobacco. Gus activities
were stained 24hr after 1mM SA treatment,

C: Expression of GUS activity in selected transgenic TI seedlings.
GUS activities were stained 24hr after 250 uM SA treatment.



SA treatment (uM)

CK 10 50 100 250 500

e .

Probe; PR-1 (12hr after treatment)

Figure 14, Expression of PR-1 gene in tobacco cell suspension culture
following treatment of salicylic acid. Tobacco cells(l g) treated
with SA were harvested 12 hr after treatment and RNA samples were

prepared for Northern blot hybridization with PR-1 cDNA probe,

C}) Oxidative burst and cell death in tobacco cell suspension

culture by copper treatment

Qurgos B HAYY NS
b

g FUste AZAEES AF ste

A ety A= AEA Bdatae @& St 21712 S R
Azt AES AR BE A2 HdE g F Agle AL EAE]
e Zo] BaFo] glrh. & d¥eMs #Est4 W PR-FAA HES
F7F AlFle Ao & Aol FHel B Felges o] st F-2|x 2o
o2 A EAEL] AbEIE S 2A stolnt ol ThA] 2YY] wEA|AY
& ot 100uMo] A7 F Qi o] FE FelEAzlo] mWE AEAHZ



imum)

Cell death (% max

0 5 10 15 20 25 30 35 40 45 50 SS
Time(hr)

Figure 15, Cell death curve of tobacco suspension culture following
treatment of CuS0,. One week-old culture were treated with CuSO4 (final 100

uM concentration) and cell death were monitored by Evans Blue staining.

gh) Sujuj ATl A gl uA A HE

Felgol Ao oJ3t nfdME APEIPE oA A eI RH FAALY
g HelF o) HE2 2ARE Aap 2ARg s8] R UAT A
o] §Ax} wddo] FUiste ZAo® T FHIArHIHY 16).

o|Z E3) phenylalanine ammonia lyase 2 22}
glutathione-S-transferase -FA=}e] wWlo] Frj2|A F7} 3t om o]
L ABujora el MEAE e 2y v mAR o RAUAE X
A2 ALY 5 S nisle 3F BAYE FEEE YA HzIH

FAA AR2 AE ShaLA} e



CK CuSO ,(100uM)

Time(hr) 0 1.5 3 9 12 24 0 L5 3 9 12 24

PAL - - —

0 1.5 3 6 9 1224 0 1.53 6 9 12 24

Chitinase
SAR 8.2
GST su@ide-
APX DA WS R D T WS - W - U
DNA COWDADEPIBGR 5 - - o o e

Figure 16. Expression of defense-related genes in tobacco cell suspension
culture following treatment of CuS04. Cells were treated with CuSQ4 solution
(final 100 uM) then 1 gram fresh weight was harvested at the indicated time
in the figure for RNA isolation and Northern blot hybridization with §

different defense-related gene probes,

ah) AP AAE] FFol g whulu) o Tl Ao Aol B
Ak R 1G]
Al szol mufo] MHA Ee uHEAES P AFS HAE s}
AHH oz WS FE 35 4712 BAoidsd FAAY] wH S =A}
stdcl. 2 Azt 33 170]4 Rojal= uiejzbo] SAR 8.2-8- A=A} whujo
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Figure 17. Expression of 4 different defense-related genes in tobacco cell
suspension culture following inoculation of plant pathogenic bacteria, P,
syringae pv. tabaci(pathogenic on tobacco), P. s. pv. phaseolicola(HR on

tobacco), X. campestris pv. glycines (no response on tobacco),

o}) Endophytic bacteriags o] &3t ¥ A3} F=53 &b

4000 #FF2] Endophyte bacteria® v A&z T Fatu}i
W OAERE B 200iEFY] vl FEES HlE o] &S] HAY
¥ Y FAA FEUHARE AR A2e 28 18, 19, 20 I g
t}. 209FFE &5 8 t}2 MYP broth (Glucose 5 g, Beef ext, 5 g,
NaCl 1 g, Yeast ext. 1 g, K2HPO4 0.5 g, Poly peptone 5 g, MgS04.7H20,
pH 6.8, water 1 L) of] HZ, 2dzZt votste] Eake] Ethyl-acetate® F
&3}ttt FEES 20% acetoned] HrhE EhjAlEo] Ae|gh F 30 A
o]l +23te] HA] RNAE Zel3te] PR-1 W PALS probeZ Stof ®={3}
A e AP WU FEE ZASISTl. Negative contorl 2= 1% DMSO
1l 20% acetoneS *2]3}%13., positive control-2 2mM SA2} 0.15mM BTHE
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T2 19). 2 & A ANEHQlsto] PR-1 A} wHel Qdato] ZBE
= 3708 isolates (PP-145, PP-242, 424)2 Xuslo] o]lE 2] wjokyy
S ol wale) Aeg ¥ x] w % ol w}a} PR-1 I PAL A} 2gle
M3E stel sheinh (29 20). T A £ RF (PP-145, PP-424)F A
steich.
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Figure 18, Expression of defense-related genes in tobacco plant following
treatment of extract of the selected endophyte-bacteria. Tobacco plants
treated extracts of 20 isolates were harvested 30 hr after treatment, RNA
isolation and Northern blot hybridization with PR-1 and PAL cDNA probes.
Lane 1: Control (1% DMSO), 2: Control (20% acetone), 3: 2.5mM SA, 4:
PP-521, 5: PP-221, 6: pp-424, 7: pp-194, 8: PP-145, 9: PP-222, 10: PP-131,
11: PP-217, 12: PP-271, 13: PP-484, 14: PP-218, 15: PP-272, 16: PP-242,
17: PP-242, 18: PP-224, 19: PP-174, 20: PP-157, 21: PP-483, 22: PP-213,
23: PP482, 24: 0.15amM BTH
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Figure 19, Expression of PR-1 gene in tobacco plant after 30 hr
treatment of extract of the selected endophytic-bacteria.

Lane 1: CK (20% acetone), 2: 0.15mM BTH, 3: PP-218, 4: PP-224, 5:
PP-213, 6: PP-145, 7: PP-242, 8: PP-157, 9: PP-174, 10: PP-424,
11: PP-271, 12: PP-131, 13: PP-221, 14: PP-194, 15: PP-483, 16:
PP-272, 17: 2mM SA

Treatments  PP-145 PP-424 BTH
Time (hr) 0 24 48 72 0 24 48 72 0 24 48 72

PR-1 B el ‘

Figure 20. Expression of PR-1 gene in tobacco plant following

treatment of extract of the selected endophytic-bacteria,
Tobacco plants treated with extracts of two isolates were
harvested at 0, 24, 48, and 72 hr after treatment and RNA
samples were prepared for Northern blot hybridization with PR-1
cDNA probe,



7}. PR-la promoter :: GUS expression system2 ©]-83F 3z A3
RERE TRPEy
197 Jg 2 43
). Agxis 9 3y
) Bz U A2

= Al¥o] o]&3} Nicotiana tobacum cv. Samsun NN ( "HH)% 164 Zt/1
e

A1

= o
AEYA AT HEe) pBl121S 712 dto] pBII2IC R HE] 355 g2
B BES AgtH A (Hindl11/BanHl) 2 HTHeh the 2 Ag Ao =2t
PR-la Z=ZRE|2} JA|3te] A 2tstgitt. olet o] A 2H PR-1a::GUS

fusion vecter& 4grobacterium tumefaciens LBA4404 straino] Z=¢i3F &,
PR-la::GLSE 7}%l Agrobacteria& N, tobacum cv. Samsun NN&| &3} 27°C
of Al 24A1 7t Fsul)elsl HEF /=2 33 Aol Agrobacteriums
31, kanamycinZ} carbenuicillino] ZFZb 100gg/ml %! 500.g/ml 2]
E3E shoot SFEL nxjof x]Aste] §=39dct Shoot7} S =¥
T AES Y Al vl 2 At A AEAE B2 v
<, southern blot hybridization &A1& 3tgict, =3t s34

F2 (T1E AFL F Ao f7)=Ee AEAE o] &3t Ao
o]-&3talrt.
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N, tobacum cv, Samsun NN (FAAY A E) 4 Xanthi nc (control)
o TMV ( tobacco mosaic virus) W AEHAMFS AEF T zpzte] A
2 el S £HEI%TE. TMVE carborandumg ©]-&-3te] HAHES
FAa, HERUATE Tl gle FAVIE o] &3t AFdyde

o

AFEsIACE 7 Aol o]-§3 AEFHAANTE JNFEDA A ©nl
S (Pseudomonas syringae pv. tabaci 11528), I} Al Eof c)3}

v 715 @Al Il 7t ¥t-& (Hypersensitive response: HR)S d27]
=~ Ps, pv. phaseolicola NPS3121, Ps. pv, syringae 61 Lg8]|3 H}7]3 3
ol P whEE dos)A| Ete F =SvuHE¥d  (Xanthomonas
campestris pv. glycines 8ra)& L broth media®A] wie¥stdct, wja®
N QEtE Ps, pv. tabaci 115282 5 X 10* cfu/mlz} W =] A|7}1R]
BUMFEL ~ X 10° cfu/ml-g BFEFo] g A2 oh, @iyl A
Aol Fahhgo] gle FAZIE ol &sto AFTHAE SYHFIACHE
1).

X orr 2 wn Ao

X 7. Materials used in this study,

Characteristic

Straing of pathogen

Tobacco mosaic virus Tobacco, Korea gencral strains
Psendomonas syringea
pv. tabaci 11528 Tobacco, wildfire disease, American type culture collection
pv. syringae 61 Wild type isolated from wheat. Bean; Nalr, HR-inducing in tobacco.

pv. phaseolicola NPS3121  Bean, Race 1; Rifr, HR-inducing in tobacco.

Xanthomonas campestris Pepper and tomato. Wild type; Rifr, Non-HR and disease in
pv. glyemes $ra tobacceo.
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Defense-related genes group

Pathogencsis-related PR-1 ¢ acidic form )
protecin gencs PR-2 { acidic form, -1,3-glucanase)
PR-3 ( acidic lorm, chitinase )
PR-4 ( hevain-like protein )
PR-5 ( osmotin-tike protein )
SARS.2

2nd metabolites-& oxidative  PAL ( phenylalanin amonia lyase )
burst- associated genes  JIMGR ( 3-hydroxy-methylglutaryl cocnzyme A reductase )
GS'T ( glutathion-S-translerase )

Cell-death related genes Ng-CDMI { Nicotiana ghitmosa-cell death marker 1)
Hini
1152031

2}) RNA 2] 2 Northern blot hybridization

N. tobacum cv. Samsun NN (3 A 2% A1E) W Xanthi nc (control) of
TMV ( tobacco mosaic virus) R AEWUMFE JFT F Azpe A2hd
2 WiLe FHB total AAE elsiadnh T Tl 93
29 A S A npg ¥ total RME &2, TXVEAR ¥
3t &, 20ug2] RNAE formaldehydeZt T-HH 1% agarose geloll A7 F &t
C}-S, nytran memb. of transfer A]Zr} & AFAo|A cloning ¥ &l
8] PR-1 o J]E} AAto] HE FAZRIL] cDNAE ¥pz random prime
labelling 8} 3 50% formamide’} 8% 5X SSCollA] hybridization ¥}4d
T}. Membrane low stringency washing buffer®} criterion washing
solution® & washingdlel e, X-ray filmo] =&A|Z]F @Asle] wUd o

& Halstaleh
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FAAR MEANE o83t BAYY B T YPARE A}
&}7] ¢]%}te] PRla promoter::GUS gened fusion A]Z1 ©hul AENEZE 3y
A7l €}, GUS reporter §-dz}e] BEAE o]L&3lgirt. 13l 21 PRla
promotere] 2]l ¥Ho] ZAEE= GUS AR FAAH A EAY TLUYH
( glucuronidase )& X-glucg ©]&35to] GUS enzyme activityS staining
sto]  ZARgE AolrH4A). EF, °]F FAIR AEAU PRla
promoter: :GUS vecter?] AIloj8E olr7] ¢5}e] GUS cDNA RAXF
probe@ &}o] southern blot hybridization®& A3t Az} PRla
promoter: :GUS A A& AFqlA1Z) 5, 63 7H FAAH1lined single copy
2 29lx)o e, negative control 4] 35S promoter::GUS fusion ¥ A
% line & multi-copy® EUH AL EIsIcHB), umixjwte g, A
AT line 7H AEE o] &3l wh) AE B"-%J_:r—"c" Pseudomonas
syringae pv. tabaci 11528 o TlAlZo] tiste] ml7)% BAoln a7
"¢ (Hypersensitive response: HR)Z «d27|= Ps. pv. syringae 61
ZEste] RNA FofA PRla FA2te] UHAFE ZARE A3, 0 heiE
AL s g4 AATHC)
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Figure 21. Transgenic expression of PR-1 and GUS reporter genes in
tobacco.

A Expression of GUS activity in selected transgenic Tl seedlings. GUS
activities were stained 24hr after 250 uM SA treatment, Bi Southern bhlot
analysis of the transgenic tobacco genomic DNA with GUS c<DNA probe. Tatal
genomic DNA ( 10 pg/lane) from N, tabacum c¢v, Samsun NN and sclected
transgenic plant was digested with Hindlll, respectively, Numbers shown in
figure indicated the molecular length standards derived from Hindlll
digested A bacteriophage DNA, Lane 1. cv, Samsun NN, 2. PRla pro::GUS #5,
3, PRla pro::GUS #6, 4. PRla pro.:GUS #7, 5. 355 CaMVpro::GUS #5,C:
Expression of PR-1 gene in selected transgenic plant (line #7 ), RNA samples
were isolated from transgenic line with two plant pathogenic bacteria, which

induced disease symptom against Ps, pv, tabaci 11528 but elicited the HR

against Ps, pv, syringae 61, and hybridized with PR-1 cDNA probe,
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) ™V 4 sl B MF Pseudomonas syringae pv. tabaci RFof &
& AMEZAbE B JFAYY PgoR FEEHE gAYelHA FAA U
AlE WA wlolalAel ™MV} HAMFQ] Pseudomonas syringae pv.
tabaci 11528 straing FHE-3lo] QH o8 WS {HAIZ T} A XAMY
 71FA Y NHEoE FEEE APl Y FAxY wWHAEE 2
Ao} (g 22). B Al¥o) o] R3} Nicotiana tobacum cv, xanthi nc
(&hvl )& TMVOl A &g REgo 2 HAHZF o 48413 Fof HR RS U
BRI, Al FEAI( 5 X 10" cfu/mi)olls  oF 48] 2¥5]of oFslA] 3
xlo] 724130l Fztste] ol YA AMEE & Hstalri(2za). o]
& ZstoA A E MM ¥t 67]9 pathogenesis-related (PR) &
Azp, 3709 2ak AR &3 W Farst e {3l Jea AEaid
2} PYsle] WHEE 3718 cDNA §AALE probe® 3} northern blot
hybridization¥t ZA3h= 19 2289 ch & MYPelA Alggt 1270 &
Al A, PR-RF-AAEE MV FA ol ol AMEAPHo] AlRtE]= AX
2 slo] AHERE EHAYN AEyEAlle YAHE A7 A4 Ao
wojct, 3Rk, ol BF NFAEA AN AH3Fgurgont zrgagut
BFolA A 7ol obzhe] Aozt ddalxInt nsgt oFAFS LR
vl 53], PR-{HAEF PR-1 FAX7F AEA7 APEEE 275 A
FR 3te] ulxil AlZiclol WHAE S HJdY 4 glgdh. ©iLo], 24 ¢
AMPE2] #3 o] BYE L phenylalanine ammonia lyase (PAL) &% =}2}
3-hydroxy-3-methylglutaryl Co-A reductase (HMGR) - Z}&] W3-& TMV
W AEGEAl Uelths AZAPEAIZI2E FARE Al Zbelol]l uEEe o
4 olalcl. 28y}, glutathion-S-transferase (GST) /3 X}= TMV’,‘;]%
(A3 WbE)Aleh Ald AF (e Hg)Alo] WifEE vlRsigdon
PHFEIE ARicle] glolA AolE Raith 17 22BolN HojxE
o} Zho] GST HAap/t Agpd Hhg& Holis ™MV HFAloll: 3 U 64]20]
of nj-g- wi2A HHEE| At} 48A] 2hfol ThA] UAEE F R wuE oAt
& Hols g, e REEE Role Mlde AFAlE 48 9 724]3xjo
2 Aol ZetA dEE ojTirt ohA] 1204 ZkRljol] ThA] R EE oA
< Rolvh ERE B AYolM MEabd = 2RIZE 2bge] BAFAAR
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AZAPE BF FAAE probeR 3lo] LAARE zAsiglct. 273
Ng-CDM1 ( Nicotiana glutinosa-cell death marker 1 )& TMV @ MNZFHE
Aloll HR W MIZAPE S} Heste] ujxyd Alziviol ZeiAl wWHEL whd
Hinl §-32}8} Hsr 203) §Azb= MV HFA| o= M xAbdoju} 2zt ¥
&l Uehuhs Atshs tied o wEA ddge RyFdol ol:
Ng-CDML -8 2k8] *gt¢do] Hinl W Hsr 203J 3=t} W]l A ZA}Ho)
U Rl Rbga fEge] g R A &9l #HA) 3A
AHH HEL2 7 line B2 FAE Y3} seed stock 0.8 R BZFo] ol
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Figure 22, Discase and cell death, and expression of defense-related genes by host
pathngen interactions, (1) Discase symptoms and cell death by Pseudomonas syringae pv,
tabact 11528 or TMV inoculation. Disease occurred 72 hr after inoculation of P. s. pv.
tabaci and lR-cell death symptom elicited 48 hr after infection of TMV, Ten-week-old
tobacco plants were inoculated with 5X104 cfu/wl bacteria cell after gently wounding
methods, and were inoculated with sap prepared from TMV-infected tobacco.

(B) Time course expression of PR genes, second wetabolites- and oxidative burst, and
cell death related genes during disease and cell death of tobacco plant after pathogen
(P. s. pv. tabaci 11528 ) and TMV inoculation, Tobacco plants were inoculated with
these bacteria (5%10" CFU/ml) in distilled water, pH 6.8, by fully injected with
needless in leaves and were inoculated with TMV in distilled water (H20), pH 6.8, by
gently rubbing the leaves with carborundum, Twenty pg of total RNA samples were
blotted on Nytran membrane and hybridized with *P-labeled cDNA probes.

PR1, pathogenesis: related protein 1: PR-2, -1,3-glucanase: PR-3, chitinase: PR-{,
hevein- like protein: PR-B, osmotin-like protein: PAL, phenylalanine ammonia lyase:
IIMGR, 3-hydroxy-3-nethylglutaryl Co-A reductase: GST, glutathlon-S-transferase,
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B REEE FHEMAEAPEY gAYl B fHA e wWH
AEol W¥dde FULRFE AE wolstel L WAYE WIS
FESHE dBog W Ay BAFEAE HH fEshe Zleg o
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(HR)& FE3IL MY 127k4] AAlgo] dARA2Le] wdS 24

3 Az} 3y 230 Hojz|&= ulg}lPo] Ps. pv. phaseolicola
NPS31219} Ps. pv. syringae 61 (1 X 10° cfu/ml)& HE3s}elS wl whuj
Adolld 12 E= 24X ool I AEAPEE  UEhIdZ
Vanthomonas campestris pv, glycines 8ra oA = o}F& MIEAIE LEIL}
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Figure 23. HR-cell death and expression of defense-related genes by
nonhost-pathogen interaction,

(4} MR-cell death of tobacco plant leaves at 20 hr after infiltration with
HR-inducing or non HR-inducing bacteria, These bacteria infiltrated with
concentration of >5x107 CFU/ml in distilled water, Control was
infiltrated with water., Pss 61, Pseudomonas syringae pv. syringae 61. Psp
NPS3121, P. s. pv. phaseolicola NPS3121: Xcg 8ra, Xanthomonas campestris pv.
glycines 8ra,

(B) Time course cxpression of defense-related genes during cell death of
tobacco plant by nonpathogens (HR-inducing bacteriai P, s. pv. syringea 61
and P, s, pv. phaseolicola NPS3121), and nonHR-inducing bacteriai X c.pv.
glycines 8ra) inoculation, Tobacco plants were inoculated with these
bacteria (5X107 CFU/ml) in distilled water, pH 6.8, by fully injected with
needless in leaves, Twenty pg of total RNA samples were blotted on nytran
membraneland hybridized with 32P-labeled cDNA probes indicated in the

figure,
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U, e Reda] gaxapdz e gt #630 promoter (i GUS fusion
expression system2 o|-83% HAAH 2 E2] ¥&

1. 3 g 9 A
1) dgAs ¢ Uy
74) AlE A8 #630-22RE 24 93 AR =S UE
7] 9|3} Nicotiana tabacum cv. Xanthi nc& o|&3slglem, AEujeral(26
L2, 16417 W/BAZ AEA)IH HES ARAY F AEAC
W) #630-ZERE 329 ¢ 4630 SR VOl 2R el Qo
A 247173 HE-g(hypersensitive response:HR)o] dojit Fote] Hol4 o
2 WeHY) MRl o] fAAY HF AUEE AFHTA Sl BHe
2, T2y YES AN glutinosal] genomic DNARY-E] E2Y 317 $%}
o] o] §A=x}&] cDNA library screeningg 3] 92 open reading
frame(ORF)2] ATtEL AE=E HIEIOE [-PCRE 3Tt N
glutinosa®] genomic DNAE $tEAZ At ¥, self-ligationA] 7|3 ORF
== AR ) 2 = gto] o ( forward primer : 5'-
GGCTCTCATTTTTCCAAAAGTTTGAAA AGCAAAAC-3’ &} reverse primer
5’ -GTATGCTATATGGGAAGAGAAAAGTCAAAAC ATTG-3')E o]-&3le] HIg3lglom,
PCR A28 pGEM-T easy vector(Promega)o] SR8l E colio] HAAH
T ol mERE FE9 AVIMES EA4sslTh
t}h) #630- =27 E|2] deletion construct®] A|Z : I[-PCRE T3l &
#630-=2RE] FES @u]Mdol 2AB 2t7) vEA YA 7 7HA

0.
2] forward Y reverse primer= ThE3} Zo] A|2}staict.

@ Forward primer

F3 : 5’-ACG AAG TTA CAT ACA GAA TAT ACT AGC-3',
F4 : 5'-ACG AAG CTT TAG TAT ATA TCC GAA CAA G-3’,
F5 : 5’-ACG AAG CTT TTT CAT CAT CAT GTG GTA C-3°,
F6 : 5'-ACG AAG CTT ATA GCG TAC TAG TAA TAG C-3°,
F7 : 5'-ACG AAG CTT TAA GCA CAA CAG ATT ATT G-3°,
F8 : 5'-ACG AAG CTT ATA AGG AAT TCA AAA CAC G-3',
F9 : 5°-ACG AAG CTT AAA AGC AAA ACT CAA AAC G-3°
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€D Reverse primer
R4 : 5'-CGA GGA TCC TTA AGG CTA TGG TTA ATA C-3’

o] &3lo] 7 71x| 8] #630-LE ¥ deletion constructE-& PCR WH 2

Qolon FUAR WS WES) s, YHE Zefoluie 5-udt
2} 3 -wel BRo) zhzh AtEA, HindlI@t BamH 18] QAIR-97}F ol
degeneratod Zifolo] & tizlelsteict

gh) FARE W] A2 0 #630-22EHA o] fAHALY HFo
AYPH 28 Hojste RZEE|YY A7IAEE £4317] #l8to], pBI10]
HElS 7|8OE 3o PCREHE dolA  #630-T2RE] deletion
construct &3} FAAY WES A zsiedct. Z2RE|Q] 7 deletion
constructE-g pBI101 WE(reporter A=}l GUS ¢of] TR RE FHo]
Sl&)el GUS FHAF ol Hindlllel BarH 1 Atelo 24z} S 2 stdct

op) FAAE wee) Az 0 FAAR e ol Uwe GUS ALY U
FRAEE Bo] ™MV B #630-Z2 28] FIolA #630 7A=te] Udo
29 A 2 L3t H7INES B S8, M Ztzbe] FAAY AEE
dgrobacterium LBA4404 F-Fof FAAH AArl tRTE YT 24
Al Heldt @F0) pBI101(negative control)z} pBI121(GUS reporter -3

bt et

2} o}of] CaMV 35S T2 RE|E 7}A]3L 9 : positive control) HEE 7}
7} A AF/AZ T}, pBI101Y pBl121 e B A5 FAARA My
o] AMEElE kanamycin(Km) 378 HAzHnptl)E 7ML 7] wjiof
&2 A8H Agrobacterium LBA4404E Kmo] E3HE wix|o| A A¥ste] Fu)
oo g3 2% wiokstach dx) AAR Qe et 2T HelE ¥
A grobacteriun?}t E-F wlQH Tul 42 Kmo] EUH A wjx|o
A A3t Fol sdrk

2. a7 23

7}) #630-2E2RE ] F2Y

gulol A MY HEA] 2RI HHE(HR)ol mhE M AL I oA FolF o
2 URHEE #630 KA1 ZE2REHE S22 95t PCRE 33
t}. Fig. lo]A B nje} o] N glutinisa®] genomic DNAE Ndel, Hind

M, Scal, 28]3 Xbal &% At & self-ligationE Al DNAE F
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HOR PCRE 433to] cfef 1.3kb 27)¢) PCR AHE-E AATHFig. 24). ©]
AEE A RSAIA FYEHA PR 4HEo] dojF & HAUstATHdata not
shown), do]Z PCR 4HE-& T-vectord] ZEY3le] H7MPE& 4310
o] FEE& ZERE EAM FYog ARSI

Fig 24. Inverse PCR of #630-promoter region using
the self-ligated N, glutinosa genomic DNA digested

by each restriction enzyme,
M : 1 kb DNA ladder(200ng), L1 : Adel, L2 : Hindill,

L3 : Sacl, L4 : Xbal

L) #630-L 2 R E]2] deletion construct
630 2428 AT woh B0 st AR 1PRE ol A
Z2TE S8 FYHOR 7 JRA| 2] constructE A R3F|ArH[Fig. 25 and
25(A)]. dx}Z o & thef 500bp ~ 1015bp Alo]i= 703bpE 4102 279
constructd WHEIL 500bpo]dt= ti2k 100bp 27)8] construct® I:]Z]-Ol'cs]-
advt e PCRE B3t 7 71A] construct®] AHE(Fig.25 (B)&} (

He . rhr] o|5L& 27} T-vectoro] FEWetalct o] DNA 27 %2

| i W
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5-whglol Hindlle} 3'-wdete] BasH1 QUAH4]E 71A]2 glo} o]& & A
2 Axh ¥, pBluescript KS WElo)] Tha| S8y 3ol AtE HEo| 3
T A7IME EMNE B3 BYY F8L AdEstddch(Fig. 26).
(A)
u B
l |
L__. .. 1(1015bp) ]
! 3
11 (703bp)
i 3
L.
I 111 (546bp)
i i]
IV (456bp)
f :
V (345bp)
Kb M ] H 3
: VI (241bp)

H B

Fig. 25, #630-promoter deletion constructs and PCR products
using forward primers, 630P-F3, F4, F5, F6, F7, F8, and F9 and
reverse primer, 630P-R4,

(A) : Scheme of #630-promoter deletion construcs

(B) :+ Ll:Fragment 1

(C) + Ll:Fragmentll, L2:FragmentIII, L3:FragmentIV,
L4:FragmentV, L5:Fragment VI, L6:Fragment VII
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ML | 23 4 5 6 7 8 9 W0 41 12 13 14 M

Fig, 26. Confirmation of #630-promoter deletion constructs
before the transformation into Agrobacterium LBA4404,
Ml : 100bp DNA ladder, M2 : 1 kb DNA ladder

th FAPH Heje [z
PCR, 84, 2]l d7AE EME& E3) AW #630-ZZRE 9
deletion constructEg& ghufo] FAAH 27|17 ¢ldle] AEL A W
H Ao o]&EE vectorel pBII0l vectord] ZRYsigct 2}
construct?] & wWebS Zhz} Hindlll#} BasH I &8 Axt ¥, pBl101 vector
GUS A3AF ¢ ZERE R8O Hindlll} Bar 1 Axt HEof Z Y3}l
FAAH A E A R3}AUTHFig 27 and 27(A)]. ARY 7} HAAY v
E2 7}7Z} E coli FRAABA|A £2]dte] Hlndll[-q' BaH 1 2.8 A%thd}o
gelslgiTHFig. 27(B)]. ¥Ad¥ HAAY WEEL r}r| Agrobacterium
LBA44040]] HAAF EdOom positive control® pBI101 vectors}
negative control® pBI121 vector& It o] 3o ztzt HAAMHA|A
Ch. pBI1013} pBI121 B Kmell thdt A3ty SA=RR] nptlI & 713 4l
7] wiZoll Km(25pg/me)o] Eo18E iAol HANHH Agrobacteriumd
A stolct.
gh) PAAH g A=
zke]  s630-ZEEEle AzY SAnE WHE  UARE
Agrobacteriumg ©W) 42  FE wjYsiedch ewls N tabacum cv,
Xanthi nc& Ar&slaler ME wigd(26£2C, 16412 3, 8x7 o4t
Ef)oiA  Eedo] 3~4%F U2 ol AlEe] od& A HFE 2%

Ot
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hyperchloride solution?} DDWE FEH Atd ¥, €432 1 F3F o 5070
2] leaf disk& RFEo] MS YAuiR|ojl A F-FujF(27h~72h)S}5L, Km(100
wg/mé) 2} BAP(Shoot-inducing media: 0.5ug/mé)Eo] Qe MS LA ujR]of A
x| 4ystel z)E3stodct, A2 FAAR A EY R
MS SLATIR] (1004g/me, Km XFHE $7) F @t
AT IR 28), Y A EAE Ajt 4 ¥ u
AlE A (2612C, 1643 3, 8AIZE PAEl) oA &3HA)
FAAH AMNBEL ¢S Z tobacco mosaic virus(TMV)] 2o &
A kg (hypersensitive response:HR)o| LIEFL}= whall Qof A 2]
B} GUS activity® EMT A #630-TZHE] Q] 2o £03%
HE& M5, olF BT o] ZEREY B E4& AG 3 Fol dch
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(A)

b =

[ (1018hp)

Ill B

| 11 (703bp)
H i

11 ($46byp)
1 B
|
1V (450hp) J
n 3
|
Y (345bp)
n 1]
VI (241bp)

Hind11 BamNl m B

Eltlﬂﬁhmi
<H"°5'""H NPT-1(Km R) HNos.mI B-Glucuronidase (GUS) HNGS-Irrq

pBI101
q—iﬂﬂ NPT-II(Km R) HNDS-!:H CnMVJSSFH B-Glucuronidase (GUS) HNOS'INM
(B) pBl121
kb Ml 1 2 M2 kb _MI 4
!
il 0.5
1 03
0.7

Fig.27, Construction of plant expression vectors for construction
of transgenic tabacco plant.(A) Construction of plant eexpression
vectors, pBI101(negative control) and pBI121(positive control). (B)
Confirmation of transformed vectors. TIn each lane, fragments were
digested with HindlIl and BasHl and then,constructs were transfoed
into Agrobacterium LBA4404 strains.

Ml : 100bp DNA ladder, M2 : 1 kb DNA ladder
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B Ap ikl : C Lavp-sakh D Blap-n Sky
[T asvo fof1 2606/10fn
(&

T
AT

Fig.28, Transgenic tobacco plants. Each line is transformed to the
pB1101 vector DNA(A) or the promoter-deletion construct of #630 gene,
each(B - H); A:pBl101 only(control), B:1 kb, C:0.7 kb, D:0.5 kb,
E:0,4 kb, F:0.3 kb, G:0.2 kb, H:0.1 kb, Each promoter-deletion
construct is cloned into the multi-cloning sites{Hindl1l/BamHl) of

pBI101 vector. Selection media contain kanamycin(50ug/ml).

_.79_..
AOIB/10/16 1113
JEE 0SS BNEd R BN Y ASESH HE /sBSF

&
......

A

21X B/ 6 0F



oz

18
Bent, A.F., Kunkel. B,N., Dahlbeck,D,,Brown, K.L,,Schmidt, R,

Giraudt, J., Leung,J., and Staskawicz, B.J.(1994). Science
265:1856-1860,

Bolwell,G,P.,Bell,J.N,, Cramer, C, L., Schuch, ¥., Lamb, C, J. , ad
Dixon, R, A, (1985), Eur. J. Biochem. 149:411-419,

Mo

Bostock, R.Al, Kuc,J,A.,and Laine, R.A.(1982).Science 212:67-69.

Brederode, F.T., Linthorst,H.J.M, ,and Bol,J.F,(1991). Plant Mol. Biol.
17:1117-1125.

Casacuberta, J.M, , Puigdomenech, P, , and Segundo,B.S. (1991). Plant Mol,
Biol, 16:527-536.

Chappell, J,, and Hahlbrock, C.(1984). Nature 311:76-78.
Chen, Z.,Silva,H., and Klessig,D.F.(1993). Science 262:1883-1886.
Choi,D.,Ward, B. L., and Bostock,R.M, (1992). The Plant Cell 4:1333-1344

Chei, D, , Bostock, R, M, , Avdiushko, S. ,and Hildbrand, D.F. (1994), Proc.
Natl, Acad., Sci. 91:2329-2333.

Choi, D, ,and Bostock,R, M. (1994), Plant Physiol. 104:1237-1244.
Chung, I.,Bown, AW, ,and Shelp, B.J, (1992). Plant Physiol, 99:659-664.
Clark, C, A, (1994). Biological Control 4:59-66,

Cohen, Y.,Gisi,U.,and Niderman, T, (1993), Phytopathology
83:1054-1062.

Cohen, Y, Niderman, T.,6Mosinger, E., and Fluhr, R, (1994). Plant
Physiol. 104:59-66.

Cohen, Y.(1994), Phytopathology 84:55-59,

Crawford, L.A.,Bown, A, W., Breitkreuz, K, E.,6 and Guinel, F.C,(1994),
Plant Physiol, 104:865-871,

Dinesh-Kumar, S,P,, Whitham,S.,Choi, D,,Hehl, R,,Corr, C.,and Baker,
B.(1995). Proc. Natl. Acad, Sci. USA 92:4175-4180,

Enyedi, 4.J.,Yalpani, N, 6Silverman, P,, and Raskin, [.(1992). Cell
70: 879-886.

Fleming, T.M. ,MaCarthy, D, A. ,White, R F, , Antoniw, J,F. , and
Mikkelson,J.D, (1991 ). Physiol, Mol, Plant Pathol. 39:147-160,

Friedrich, L. ,Moyer M., Ward, E. 6 and Ryals,J.(1991). Mol.Gen,Genet.
230:113-119.

_.80_



W
>
10
[l
O
o

Gaffney, T.,Fredrich, L. K Vernooij, B.,Negrotto, D.,Nye,G., Uknes,
S.,Ward, E.,Kessman, H.,and Ryals,J.(1993). Science 261:754-756,

Ghaouth, A.E, Arul, J., Grenier,J., Benhamou, N.,Asselin, A.,and
Belanger, R. (1994). Phytopathology 84:313-320.

Haberreder, H. , Schroder, G, ,Ebel, J, (1989). Planta 177:58-65,

Hain, R, ,Reif,H, -J. , Krause, E, , Langebartels, R, ,Kindl,H., Vornam, B, , Wiese
W, Schmelzer, E.,Schreier, P.H., Stoker,R.H., and Stenzel, K. (1993).
Nature 361:153-156,

Hahlbrock, K, ,and Scheel,D. (1989). Annu, Rev, Plant Physiol. Plant
Mol. Biol. 40:347-369.

Harker,C,L. ,Ellis,T.H.N, ,and Coen,E.S. (1990). The Plant Cell
2:185-194,

Hehl, R, and Baker,B. (1989), Mol. Gen. Genet. 217:53-59,

Ho, J, -Y., K Weide, R, ,Ma, H M., Van
Wordragen, M. F. , Lambert, K. N, ,Koornneef, M., Zabel, P, , and
Williamson, V.M. (1992). The Plant Journal, 2:971-982.

Holmes, F, 0. (1938). Phytopathology. 28:553-561.

Innes, R. W, , Bisgrove,S.R.,Smith,N. M, , Bent, A F. , Staskawicz, B, J. , and
Liu, Y. (1993). The Plant Journal,

Jones, D.A., Thomas, C.M., Hammond-Kosack, K.E., Balint-Kurti, P.J,,
and Jones, J.D.G.{1994). Science 266:789-793.

Kunkel, B, N, ,Bent, A.F. , Dahlbeck, D, , Innes,R. ¥, , and
Staskawicz, B.J. (1993), The Plant Cell 5:865-875,

Malamy, J.,and Klessig, D.(1992). The Plant Journal 2:643-654,

Martin, G, B,, Carmen de Vicente, M, ,and Tanksley,S.D, (1993). MPMI,
6:26-34.

Martin, G, B, , Bromonschenkel, S H, , Chunwongse, J. ,Frary, A, ,Ganal M, ¥, , Spi
vey,R. ,Wu, T. Earle, E.D,, and Tanksley,S.D, (1993). Science
262:1432-1436.

Maurhofer, M. Hase, P., Meuwly, P, 6 Metraux,J,-P., 6 and Defago, G,(1994).
Phytopathology 84:139-146.

\indrinos, M,, Katagri, F., Yu, G.-L., and Ausubel, F. M, (1994). Cell
78:1089-1099,

Ohme_Takagi, M., and Shinshi, H.(1990). Plant Mol. Biol. 15:941-946.

Parker, J.E., Szabo, V, , Staskawicz, B, J, ,Lister, C, , Dean, C. ,Daniels,M. J. ,a
nd Jones, J.D, G, (1993). The Plant Journal, 4:821-831.

HE 0SS GXNEE RS2 EM Y AZESH N /I sBR



Pfitzner,U. .M., and Goodman, H. ¥, (1987), Nuc,Acid Res, 15:4449-4465,

Pfitzner, A J. P, Beilman, A, , Goodman, H,. M. ,and Pfitzner, U M, (1991).
Plant Mol. Biol, 16:129-139.

Rasmussen, J. B. , Hammerschmidt, R,,and Zook, M.N, (1991). Plant Physiol.
97:1342-1347,

Regrand, M, (1983), Biochemical Plant Pathology pp367-385.
Ryals, J, lknes,S., and Ward E.(1994). Plant Physiol, 104:1109-1112,

Ryder, T.B.,Cramer,C.L.,Bell, J.N., Robbins, M. P, ,Dixon, R, A. , and
Lamb, C, J, (1984). Proc. Natl, Acad, Sci. 81:5724-5728.

Ryder,T.B.,Hedrick, S. A, ,Bell,J.N.,Liang, X.,Clouse,S.D., and
Lamb, C, J. (1987), Mol, Gen. Genet. 210:219-233.

Scholthof, K, -B. , Schol thof, H. B, ,and Jackson, A, 0, (1993). Plant Physiol.
102:7-12,

Schuch, ¥, (1989). Plant Mol. Biol, 12:367-383,

Staskawicz, B.J., Ausubel, F.M., Baker, B,J., Ellis, J.G., and Jones,
J.D.G. (1995), Science 268:661-667,

Strittmatter,G.,and Wegener,D. (1993). Z.Naturforsch 48:673-688,
Tanksley,S.D. (1992). Mol. Gen, Genet., 236:113-120.

Conrath, U.,, Chen, Z., Ricitgliano, J.R., and Klessig, D.F.(1995).
Proc, Natl, Acad, Sci, USA 92:7143-7147.

Vogeli, L., and Chappell, J, (1988), Plant Physiology 88:1291-1296.
Ward, E,R,, Uknes, S.J. Williams, S.C,,Dincher, S.S.,Wiederhold,
D.L.,Alexander, D.,Ahl-Goy,P, Metraux, J.-P.,and Ryals,J, A.(1991),
The Plant Cell 3:1085-1094,

Whitham, S,, Dinesh-Kumar, S.P., Choi, D.,Hehl, R., Corr, C., and
Baker, B, (1994). Cell 78:1101-1115,

Yalpani, N,,Silverman, P, , Wilson, T.M.A, Kleier, D.A.,and Raskin,
1.(1991). The Plant Cell 3:809-818.

_82_



1]

pnl

1

=

I
J

o
Ma

A

A aetelitad s

B RIS “SAZEYL o] &8 WAL SEa gl w4
ENTA Adel BT A7 A (MEHA HE dlolH 2y Ay
FEEA Aol uy d7")e] HFHaM2 AT

2000. 11. 15.

ZRA7789 ¢ Agogn
F2ATAYA Y 9 B

4 F 9 4%=

@ F 9 A S

S
FEQATF/ Y . APDEATY
LR DR I I

@ F A ge

d0F A g

d F oA AE S

A P A 4%

.
HE 0SS YHEY TS H4 U NSLUSH Y/ 5B






fo
12
sl

LA %
sl 2y Yy FEEY YA

. A7 53 o 584
I, 77 o8 W He

V. asigdst 9 gl izt A

- Fgol, Aid 5ol nE AYMeERE AFHlelEs AYY FEEA
T WolEAS sPysty] sl ™Mol A3 dog SR HMte PAdste o
N &2 (Xanthi-nc NN)& ©]-£3} screening systemZ AME-dto] ZAIS}oL
=

- AN oA E 285 FF F 15FTE MGALERE & PuloljEA F
go] AFE BAUst] RA} Ao o

- ol s BYE Role #F F B
strhil gintE|= F5ol cislixe chgulgst
thEe] gutolelA EAo] vlay 4eygd BYS L}E}Lﬂi’dﬁ}.

- Fgole] B AAmz) Kot AR axuiR]olA S AdAto] Tro}
Ale %”‘JOI A3, 52gdo] T nlolya EF Atz HEFEAch 2
gt ghuixoll = 17l 27id 7] o A7 zte] wfetr|zte] 2E 4
T},

- S| 2HE ulojgjA EAL RS B AL AT Wl wf
Nzro]l A3 E AAHE Yol 5§ uloleAHR JpUstrloe I AR
ol Wria Az},

- 5 Jkx] sujolglA EAY | mechanism®Z chrysospermin D&
virus®] infectiong x}xtslelsr, o] d-Foal Al2o] ¥ 3 scopoletin
2 PR protein?] W&} A%l Ay = BARZ Y zch 2y
o] FEAY RBE & shijolg|AZME ZAE3 2EHAA AEA]
S ZAe=s gkt

- M|et(Pseudomonas putida JB-1)SZHE Fe|H FI-E whifzdo]ojy

10516 104
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SUMMARY

I. Title of the study

II. Objectives and imporance of the study

Ill. Contents and scope of the study

IV. Results and their application

- Tobacco cultivar Xanthi-nc NN, a local lesion host resistant to
MV, was used as a test plant for the screening of antiviral agents
from various microbial sources including fungi and bacteria.

- A total of 285 isoltates were cultured and tested for the antiviral
activity, and 15 isolates among them showed a strong TMV-inhibitory
activity, which comprise about 5% of the total.

- Qut of the antiviral isolates, 5 isolates which produced stable and
pertinent antiviral materials in their cultures were selected and
further studied for the isolation of the active materials, The
antiviral materials produced by the isolates were relatively
hydrophilic in nature,

- In the fungal isolates, the yield of antiviral materials seemed to
be higher in solid media such as rice culture than liquid media.
Other antiviral materials that not found in liquid cultures were
also produced in the rice culture, However, it took longer time for
the fermentation of the isolates in solid media, usually 1 to 2

months,
It secms to be little efficient to develop agroviricides from fungi
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because of the long fermentation periods of time and low productivity
of the active materials

- Two antiviral materials, chrysospermin D and scopoletin which is
newly determined for their activity in our study, were examined for
the action mechanism, Chrysospermin D block the infection probably by
inhibiting uncoating of the virus particles, and scopoletin acted as
a resistance-inducing agent (inducing PR-1 gene expression),
However, they both may have low feasibility as agroviricides because
of low economic values and practical action modes,

- A bacterial isolate (Pseudomonas putida JB-1) produced heat-stable
and protenaceous antiviral materials. The peotenaceous materials may
be used more easily for the cloning of their genes, which can be
applided to develop more useful bacteria and for the development
resistant plants by the gene transformation, Also it has a potential
to be developed as a agroviricide because of the relatively short
period of time for its culturing and its easy application using the

bacterial culture per se in practice,
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A3 & A= Hio[g|2Y MY R==EY

A1d A A

g, 2%, BEntE 5 fvet 57 Fo 5& 9 doAES 7
F sl Zol o3 soict wIE Y ok 53] npolg oﬂ &%t 3
e ol YoAZE Ao & v]FE AAFa itk dE Ehuj
2] Z FAZ AxoM A EAZY " e EslE gy z}olfw}
olgA (TMV)E BT hEFgo] 7.3 %olo] LT 30-40 %8 Faksal
3} oF 50 %o] viF&EAol xAE A Aok EF 1ot EntEY FLE
™V, Zixtalolg]A Y (PVY) & wiolgls Wizt & v]E& Ax|3ta 9le
o, B3] MVe] ¢ mEje FE Auishs ol A YoM} LAY £
e Ty HalY shitoltt

vlolgl A S WAY = e woo] ofF AuEe] U WU wiFol
Hfolej A o] WAle FE FEAA Wolu Ay EF Al Y&
shal gluh & Zofls wlolg Al s ERAA Y EHFHALE AEA £
Ashe FAFY 71HS ol &8 A¥Y FF §8o] FdME 5o
= 01—?5]1 oltl,

Ao AAZE 915U FEHA AP oA B keFYolr}
717112—“101 e HRE ALY, &zlolu} FUAE PAY 7 e A/
o] EX|7} glojof 2 Al &S Juidd 4 gk e euet
o A% 448 gAY wPE2E 233 9on Zeld sgAaFot 2
AFE D 7} st HEA WA erte] BEEo] A3t
o7 ol& oyt A7} WY Awolrh EI A FFL uiolEs
of thyt Ay ek ohe}l chE o] iyt A, LY A
5 the og 7R 5ol meE ool U] wiFel ARAE B4 shrte
e AW Bgo] ofgch. 53| ulo|lglal] {fAAE o] &% AN
F8 A& o]l E BFY Ao wtE2& f34 AdelAd EHH] BH
NAE A 942 AefolM AFY FFol AEHFYetE YudS AT d
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T4tell gich

glojeia Zhd oA EUL AlEolu nAE(ES ©HAd)E e
1920 dcjpe] d-pEo] Ston}, AE wlolgAl] 744 %;}2] L3S
olgl& ztY A EMo] thsiME olf AAFLeZ A7} n A Aol
th EF AF7EA] w3 vjolalA Y g B3 ufREo] cigaAn
Az MEA o HFE o]o] E)R| o} AlE Hlo]HA WA HLo=
AL gt weld sk nlolga WAl A AMEY 4 I ¢
M WE oldol AU AEAH AREE FEL £ 9k ulolgia
2 g E-e] sipge] Wesdich olgd 232 2§ vyl Ea} #H
sto] A Ee] Aely, FATAU ALE SAEEEHH U vlol g A WA
Hel HEHHE d% "oy = g Zolrh,

2 F7A e d4E -‘i’-‘ﬂ g Hlolele] izt nlelg A 2 oA B
Ao Al F2 uAYEE o2 AAHA, 1950 o] F o
Me W FY Ao F L°]7} AfolglA g Astaci:s 2o
(Mulvania, 1926: Johnson & Hoggan, 1937)7} <al3, 1950 Gupta &
Prices 49 £2] FHo] nljot-& screeningdt A3} Polyporus arcularius
7} southern bean mosaic virus®] Z+Q& 88 % GA|dtcle Hrt 9lc),
E8F 19520 Bawden & Freemang YWA}FOoZRE nlold]A S A3 s}

polysaccharides& WZ35}9lil 1984'd Shimomura 5-& FIHA o ZH

Hiolgl 2 Z9 oA EH peptide glucand Felstlrt. 53] W
A& 14‘1«] Gutolef Lol cigt A7t go) £¥E ek 1993 Aoki &
= 1 Fo] bt wfdeie] Hulolels TS AR A} uio)y
Fagdy nxisﬂ =74 (polysaccharide)& &£2lstddr}, =4z 24dof
1= HlolglA 2 A 4 & screeningdt A3} oy 71A] wAlF3t W
At &7 ™MVE] ZHd & By o2 oA siglny,

WS GLEA E0] AEntoly Al ZAE JAHshE Edol YRt o
Tt} (Goa, 1853). it ol & 4 Edo] Eexgly, ol E49
2§ 7]zt U AT F3] dFe] AUA] dscl cEHA AEAE
© Aelg, ¥lE, Chenopodiumse] AEHN W AlZA 5d, 2 F =g
Fofl tis] A7t B ol olFoizan, ulojgA zh oA BEAL
protein (PAP)Z ¥z FU& o2 ghulole]s Fadat Hste] FARE
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gl Ho] ol Fojxz slth

AE] Ay #Este) vlolglAd 2d AAEAI e RoE ¢
2 BEAZ ZHYU AL salicylic acide} 2 SEXNE o|lE ERY %A
£ 71zto] AEHog AP Yrl.  Salicylic acidi uiolg] 2o A ¥
Z 2o npolalA Al lesiond] A7|E ZAAlF|o, ulojalAe] WE

-
[y

2 ox|s}aL, &t ubent el® bW (pathogenesis related
protein, PR protein)g FE3l= 2oz el glct Ay} Salicylic
acids= AL -53}= signalo] ofu]2} signal transductionof @ %t
Ex72 da Rt (Vernooij 5, 1994).

E AFoME AE, o], Av ¥ YT AYLENE A Eulo]g
2o] thEt gulolHA EHG screeningdlil ol &M £ FA X £
g8 Bd wE 7z EAY AL oy &S THste] gAEulole s &
Aol A} o]-88E& A+-3talcth

O



Azd Ar LYY

1. oSy, HEALLZNE vlojga 24 oA B &Y

B, A=), o AE, A & TIRY ojdE Ao R
golot Hg& AHniAE  AMgsle]  Eesiich.  Eaeld A&
acidified potato dextrose agarg AMZ3I9 3 MTY Z$= nutrient
agar HIAE ARESHAlTh  Ztze] wiAlolAl AlgE F&(colony) & &4 &
glste] Zhzke] mjzjo] FAlAlZic). Eey FHo] FFEL 27 potato
dextrose brotholl A 25CE 15 -~ 2097t wjersteict, wjeF 3 wjoroloe) &
2] ethyl acetateg§ F¢3le] E5o] & F ethyl acetate® S|y =
FEEE 5L, ] FFTE e wiAy FHOE HFIste u)
FAY T FE2 WEATEL MF ZFE nutrient brotho A 30 T
B 3-5U3 ok F FHolot npd AR ethyl acetate® EAE F&3lo
FutolelL B Rato AMESlgich AEAV MY AN B Az
AZE methanol &2 F&3}o] FFF FZ MMl 1% FE8IS A%
shedth  Ztzhe] o), AF MIGU othyl acetate 2SI A2
methanol F&E& | AlEA] (Nicotiana tabacum cv, Xanthi-nc) ¥42]
Rbgjoll Aejsta &4 Ex Ael 1d F 48 o] MV F9& FF3tal
oh T MEF 3-49 F Edo] viehd vbEe] A7)0t £F FXe] kg
W FAE AEY Rby3 vlaste] uloly A Y A xE 4 FEE
]2 8}elct,

fr ok

ofe] FulolelL Hido] 90% o[4S Uiehd To| E: M F
dwtziel B4l e ol uiel EAE Festdon 7 wiAER
H Akt o] uoleA BIE RAste] BYELE F3H3}

art. & Z%ol= PD brotholA] 1547 AldS Nutrient brotho) A 3-4
Uz, WAFLE G WiAE ALE3to] 3-4U 7 wiodstgict, Ztz) 2-4 LE )
oFstodtt, wjo} F separation funnelg AME3}O] n-hexane - water H=

— 94 —
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n-Hexane - methanol & &2]5}3, &3%0°]L} methanol&& t}A] chloroform
- wvaterE &% ClA] ethyl acetate - water, butanol - waterE 22|35}
out. 7ol & BYL st A3 acetoneolL} ethanolo] o]
(5%) zle] FE=RTE of 100] FEZ FF5H A &YE Xanthi-nc 4o
A F MVE ZE3t ™MV zZHdeA] HE 2APstolch ol 3 &
uf FaFolM AGHog B2 HYS Rola IF wiYg FEES
Diaion HP-202] & x}e], silica gel column chromatography, TLC 52 o]
{3l EAS FE BAstch £ 24 o A8 T H A 4
o] B S zAslch

3. vpolY A A oA mechanism FA}
ER MRS dlolga AEAA @ MUY FEEYY FEo 712AA A
R A& ¢5te] FujolelA Bl Tyt 2H8- mechanismE ZA}SIQITE
o] AollA Al2o] FulolglA B Eis ulolg o Uiyt AYY FE
AZ AP FH3 719 EAout o}F HA 7ol dyA]A]| (L =
AL g dlolgia WA 7|AE ZABIACE & nlolga WA 713
o2 AEgAe} FA9A Baprb dEA Sled ol uHste A
2 Ayl gt ot AA S vlasiely, AAAnFA I
¥, Ay §xel B Sto] pathogenesis-related protein gene?] W3
=& xAlsleict, AMx13n 7 3 PR protein gene WL RAPNHL F
Z el el Fstalrt.
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Al3d A+ A3 4 2%

%}%EQOWME A 43 g9 Pulolgx B 2}
1996 - 1997 o= (\ﬂ’b\ L= H—‘T'—-‘F—E'r)“ a4, gelat, AF
Hatgom o]& PDA wlz|olA 2|3 A 121
3 101 %‘— H°J°—‘.‘Bl ol YA HYS
Tt 2ol BFe] FEstT). o F 2 IF

= PD broth ¥]¥7] oAl 2} A W*Cﬂ FAE A EY oA ELS
%%01%71. HERA 5 AEA 10 71X 8} duto]®, WEF & A&EA
317k21 8] methanol FHEE ZAPSIch AT Fgo] wjFyn AEA
g RFEEY ™MV tigt utole|A BAEE F lollA el Azt o)
FHo| ¥ 101 &FF Hlad ZT gujolzjs HAYo] yehd #F7 B
T 4 FFodck Wulely A o] gt 4 FF-F 2 FFoMR AHely
ol gleoflA SEMbe] A7)t A g B ulojgla FA A
7hsAde) Al ReE *§Zfil g, agu AE FEFL Fulojgia B
of AL me W o vletytc)

1997-1998 ol = LUﬁﬁ"ﬂ*‘l HA, ke ol FeloA Aldd AR
3lo] 82%S @4 wElstalon o] && PDAo| njefsto] ngee] Futoldy
2 Y ZARRY 72} TCP-1 (90% #ujolajA F2})2} PRH-3 (98% Fnlo]
ga B3 ¢5 FFE ADUstilch B 1998-1999 WEol: FHol
57 FFE& T2 wul X EYo2RE £l o5 sy FA
FEERTE vlolalA 7Y oA AL zARY A 3 FF7} 90% o4
o] 24 oA BAHE Byl (F 2), 53| GTRIF-13 I3 wjofo{ &
ozt TMV 3 o (600u]) & EfA EA] FHE Fdo] TAE A o
GTRIF-13 #F wiotdg Az|gt gl FHEUL clzpol vlste 3
Kb 2717} ghaste] A fatet A S4HA Bt de ALE
8= ek =T CTRIF-432 njoFoi ool Aut vlolgjs 4] 94| Fprt
k=) olct,

1999-2000d Eoll= ApZd 30 AT 3038 HiYPLS RABIEeH
1 F EF%ol 1%, W Al 2 Fo] v|iF &2 YulolyA BAES KA.

PN

.
N

—-—
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E 1 @Yol 35 wiYd I NEANE 232Fe Wulolea T} 2

Bade | T m B
e n =458 A qA & (%) FA HA
A
CKN-6 85.7 +
1997 JEH-1 76.5 -
(101) CSR-70 83.4 =
cor e il seeSRORL2 80.1 +
1998 TCP-1 90.0 =
_(82) | _PRH-3 . 98.0 =
+
1999 GTRIF 13 100.0
(57) GTRIF-43 90.0 ==
GTRIFan-1 | 93.0 -
PL-10 83.3 =
2000
JB-1 93.3 +
(45)
o ~JB-2Z A 79.2 —
SEY
15 &F
(285) | "

- ’#%XH 150 Futola I37t vehA] de.

=]
T U

o SRR AA] AR M (v E3 Qe+ B EHA,
)

o 4ol A2E FHstel B W YEHC: uBH TW REYA B
3} 7h) B4 WEst 95wt We 2FE
U A 285 FE F o 5% o HIPEE 15337 w2 Yulolels ¥

4E Uehgich

screening 3+ A& o}

2. Wololsl e 54 A
H}O]&lé %)éol 70 3l 53 &3 E.%-Oﬂ Z]e,—
& FA oA 13 (REAPE 13

yetol WutolelA EAE 23t 1 AAE =
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Atstaict,

7k CKN-6 - n]53 FHo]

CKN-68 oF= A-2olx A7o] AL o]Fo]x]|2] Qio} PD broth Bjz]o]
A 459 o]} A8l ul FAke FEHQA AAre] o] FoH 1 IAuj
A (PDA W AhjA])oME A&o] T3] BasiAL Ay QAstA] Esial
th o ZL 20TollM e AR Abe] whekx] 1 aA R M= Ago] THe
stolet o] W3] uigulokel of 270Yo) 48 E )

CKN-62 ARl & &ulelala #Ado] glolem ufefeolAigt Ful
ojg& o] WHFAC (X 2). wigAS FI]Evlof] i3t Eujgos
B3 £ E A =% A3 ethyl acetate?} butanole] EArE| o] LiglL} o]
o2 Fuolels HAYEALS AYHoR §aido] W EAE mivky

r}. o] silica gel chromatographyol] 23t Az} 5 & kAte B
oli Ql&Hl (& 3), o] FF9 FulojglA BAE &3] ¢l E o
She thE el WS AMEsloF ¥ Ao AztHct

E 2. CKN-62] Eul guld utolels A =4

_#¥ A oA E (%) S
Ethyl acetate 95.5 *
Butanol 75.7 -
Water + —
Mycelial extract —_ N | o 2

e R S @A) AW WD (£ B B, — B ¢

=)
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¥ 3. Ethyl acetate ¥£¥¢] silica gel column chromatographyo 2|3t
I PR

=el e e oA B3 (%) 24 o wI”
(CHCly : Methanol) .
CHCly4 - _
9:1 * ==
8:2 + =
7:3 + -
6:4 + —
95 - I DY

-

® oo SREERbe WA ¥ wla (+: &3 g, £ &3 £
A, - 23 )

CKN-6& Diaion HP-202] F34& o]&3t EH &elE A=Y A%
FHF 50% methanol 2 §&% FEHEA #3 ¥nlolels FAjo] ity
glont, o] FHAE BHT AN = gutol L o] UAHE ¥
Hlo|g]& Eof tidt Diaion HP-208] F2tgo] A e Aoz A7H
glrh, olo] tigt FHEE &ol7] 15t ujgde] NaClE 1.6% 713t
FHA)712 E-methanol AZ &3 Azh= F 49 Zth  dnlolels &

2748} el (pass fraction)oA & gle ZAoE Ueht} Fxo] &
12 Aoz AHct BAYELYLE FAF 20% vethanol 2 thFE &
t Aoz yetyrl I8y FAGA RS Ak EYolAE BHEEA] ¢

ket

s
oﬁ'-I

Q.
i

O
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AA2EXH 7

X 4. CKN-62] Diaion HP-200f Extd3 o]&3t gulojgjr HA &

I &

Lol a9 o E3 () 24 o) B

(% methanol) -
Pass —

20 99 —

40 68 -

60 — -t
(1000 e T . T

BRG] g% ulZ,  w FEEY Aol Y MR (- &

U}, SRH-12 - g@xh

SRH-12 @3+ PD broth wj=]ejjA] 76"7]7J Wi gA] RtdA] ¥do] AEE
of MY dFYE & 4 AKMrh o] FFY “?— ujoF Atefell whel #/g
o wlo)7} AshA et S Aite] & % o2 ekt 2y
Lt x| & o] &ste] A7t (1.5 - 2 1Y) wius I"ﬁ% wf z]&Hel ¥
Hlolg & B S wHE + sdrth

SRH-122] #hifj A E Gl BuldS ol&3te] EUE Feldtal olg ¥
vlolg A AL ZARRE A ujgAY gulolgyiA BHYL FI ethyl
acetate Yo FHES x84 EI=Z AZ™ch  Silica gel
chromatographyoll A] &ull ZAJo|A] ethyl acetate : methanol = 50:10fA]
shulolgl A B Edo] FelgAdch
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3 5, SRH-122] &) 8wy dujo)zgs A RA}

=y 2 gA mak (%) 4 g4 &A™
n-Hexane - =
Chloroform = -

Ethyl acetate 93.3 +

Water 55.0

Fol G Mla (=: E3 PR)
:ERICLNENEDE EEL R )

xS
o SR

=101 -

4 RS MU ASESH Y/ s8R



X 6. SRH-122] ethyl acetate ¥£¥2] silica gel column
chromatographyol] 2]} ¥hulo|gjA HY B4 e

22| 1
(ethyl acetate : 2kl oA &3 (%) ZA JH 7"
wethanol) | L
ethyl acetate | - —
50:1 79.9 —

30:1 — -

Hauka mEo] o3 wm (—: & L)

SHR-12 T35 #huix|oll char vjoF (60 flasks)stel 23l 12] BA A
H8& B3 gulolgiA EEE Eosielct. 53 R Az} dulolya
E3 & ethyl acetate layer®} butanol layero] &% ¢lc}. (crude ethyl

acetate layer: 93.3 % ZA 2| &2}, crude butanol layer: 97.1 % 2+

A A 53),
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BEIIYS 0SS WL RESH SM Y A2

SHR-12 #tu)jo¥
l
Acetone =&
!

Evaporation

|
Filtering

!
Separation with solvents
v N
n-Hexane Water
Ve N
Chioroform Water
e N
Ethylacetate Water
e N

n-Butanol Water

2% 1. SHR-12¢] Ed&& 2

SHR-12¢] ethyl acetate #¥-& open column chromatography3} 7z} 3}
Hiolgl A HAL ethyl acetate 1, 2, 3 &3 e 15 ethyl
acetate 27} BHloldA TV} JHE 2 OB Uehgrh mY 9 A 2
¥e A shalolya HE ZARE A 1005 ZRHEAREZIE Ueh
geom, 29 ethyl acetate-1, 2, 32 A4} TLCAA] 50% ethanol & 7|
gt Az} 5708) fractione® Healg gt TLC 4o o)A methanol &
E2& &8l ZAAddARIE AR A3 A4 TLCAA REAITF &2
T bandol Blo]g A 7+ A= EAo] & e ettt (F 7). o]
% band¥= ODS (water — 10% methanol — 30% methanol — 40% methanol
-» 50% methanol — 70% methanol -—90% methanol —100% methanol A}-&)

2 232 23 A 10% 30% T 40% methanol fractiono]A] L}E}Rt:L,

- 103~

HoHg// s82

fo



Chloroform - methanol (90:1—10:1— 9:1 —7:1 — 51 — 3:1 — 2:1 —
1:1)2 open column 3te] EAL Ha|gt A3} 90:13} 10:1& o3 RE
fractionoA] TLC “dof 3ujojgia EA-o] HZEE T oy A4z &
w] SHR-122] ethyl acetate £& 2] ¥njolalA EA L Relrl ulg 7ici2
& EHE AZ%c}

H 7. SHR-12 ethylacetate $&E2] TLC ¥ ™MV Ztad oA &z}

TLC —“?_'—?4 2+l 0;]11] 3‘__.,]- (%) Z4) Q:‘;q] _—g_*}
1 - -
2 - _
3 - -
4 89.5 i
5 71.4 -

H%DH (wa 50% ethanol), -: ;91,11 °iu

SHR-122] butanol ¥ open column chromatography3l Az} &ltulo]z

A B2 chloroform @ methanol = 9 @ 16A] Ee|slgct (X 8), =3t
2] B8 TLC (chloroform:methanol = 5:12 A7)0 A band gg 230
45 zax}v} Az} TIC A28 9l ofef Hfo #1A]stATt ( . olejg

A}Z E uf SHR-122] butanol extracto] EEo] gl 6gﬁ}o]a1¢ 23
< Mgl tha HE Edojet ALEHTh
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I 8. SHR-122] butanol #¥2] open column chromatographyo] 2%t £3¥
H MY A R) 3t

'Ea]%u“ . o\
(Chloroform : methanol)l | A ol w3t ()

9:1 - 1st =

9:1 - 2nd 98.2

9: 1 - 3rd a

O O &0
Gl o W N
1

¥ 9. SHR-12 butanol %égq TLC ﬁ-zlrg ™V 2+ o) 314

TLC ¥
(chloroform: methanol = 7+ oA 73} (%)
5:1% ) I
1 88.4
2 30.7
3 .
4 -
5 -

Bo

PD brothZ A}&3}o] THo| GTRIF43 T-F& 27T, 220 rpmZE 447t
nloFstgict,  GTRIFA3 FF7F Aalshe ™V Y o4 Ed2 ™MV}
Ee A A BE AT 4y A 8-S RO olwA Al B9
A sLA otutxEle] B EFY Mol e oY Zoz eyt
(X 10). @A $2ELS ¥ 103} 72 W 2 oA "ido| gle
AOZ LEe}ulc),

r}. GTRIF-43 -

nkl

—
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X 10, GTRIF43 @3¢ ™V Ztd o4 ¥A

T ™ Ztd oAl B (%)
njj oF 01@11 e e
EyAel 89. 6
A2l 97.3
olEi A 2] 43.3
oA 3&(70% EtOH) 0

GTRIF43 &-F7} Aatsts 24 oA 53 ethyl acetate® o 3= ¢}
o1 hexane, butanol Solli= o]3E|z] ¢koir}. wizlA uforelo g HE| ]
Tele SuFEE HAlstgon BHEYS ™M 2 oA TS 2N}
of alstalch & wjeroy 3u) volumne] ethyl acetate® £nj3&sla 2t
Ued F 232 chloroformo] %o silica gel column chromatography2
AAEIAS. ANLuE chloroform®} methanol & CHCl3—95:5-+90:10~
60:40 H| &2 Atgstolon BEEHELE 95 5 SujAolA e &&E4
& BEEY2 2ol wHY ¥ preparative TLCE A AsIgict, AL
Pl CHCl3-MeOH(100:7)& AM&stslom HHEHE Rf=0. 43014 HeIF Y
ol BYEAY #HE A HPLCE AMEsto] Ax)stalct A7j&ufs 70%
T4 methanol-& A}8-3}2 3 columng Capcell Pak(Cl18)& A}-&3}oon
(\" detector (300nm)E HHEYL 7H&stadct HPEAL retention
tine 23Etioll4 FeEjEglom vlE EHE o3 Pujolgs BEAS @
st

KGTRIF43 <37} AAbsh= guloljA A 3
A 8 327) 4 B vehie] W F Aeg 35
gtk Bt 4 Tk FAE Fol AW AUA BAEUD 2T
Hl#lA 70-80 %2] Wb A7) A4AE BYom EytAe|A B
R O - L < 1=

BAE BH9EU WEHA: KCTRIFA3 FF7F Qalsles 3ujolels ¥
e FFBEE 28] A3 A HYEAL ethanolol] & F
paper disk% 50ugo] E|=& A2yt ¥ AAPF Aelsigdct. 1 Azt o

EHL Ytgd A mate}
Al 'E o

o4, |
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Y S8 AT R ZRE, FYo] Fol ¥FVALES HolA] dsich

g}, PL-10 - A

Mo R BRI e ABHA(BAIEFHAM,  Phellenus
linteus) FAAE PD brothu} Hujalef Al Z42} 27°CollA 20U 2 45 wj
ole) grlz F&slel gulelelA BAYE Zabsigivt. Y §o) &
=9 YHEEE A= 3B RAR: paper discoll MG FEF
S ESFAFA HARAZ & Bacillus subtilis @5& plating?t petri-dish
Foboll Sele AXQe A7E 2Alsianh,

BEHRY FAANG F&52 Pujolels S A A gF
W SN wjef BF water fractiono] gt A& Urhjolch 53] A
W8] water fractionZ A& VstA TMVY & xIehsigict (3
11). Water fractiono] &Itz 878 Hntolejs EHL oju Rud
Phellinus [inteus polysaccharide(PLP)®2 FAZc}t Aujx]oA = water
fraction¥wl oji]e}l ethyl acetate fractiono]A] 3}ujojgjA A o 3}

+8d& vehidr
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E 11 ZBHNA FaEe Pl W BF B

- i e o
! PD broth culture

]

E!

' Rice culture

Water fraction
—a Ethyl B
Water |Chlorofornm Ethyl
acetate i . thy Vater
fract Lon fraction| fraction acetate . '
. raction
fraction
Wakss b (%) 0.0° | 98.9 0.0 74.0 85.6
S TIER oY o Ll
(%)
BIY ~ : : . -
"3 ke g, * @RtE 7] A, YAy (v B YR, 0 &
2 )
oA B2]H ethyl acetate fraction TLC (chloroform:methanol =
5:1)2 st & uff 7 /He] 8 band® F2|E 4= Alom, Rfx

< band&, 53| baseolr & wulolelA Bzt ydBgo] LEh o
=]

3 EZ 212 water fraction®} ZAL AR E-AZ F3Hch

ut, JB-1 - Al

20004 2ol A F7HA K= "el Ao dntolalA RS bl
th 2 A3 F 57 52 BHE Jehidden 1 FolA JB-19] ¥4
o] Wi ot o] AMFo] HAtstes FutolgA BUE Festl 1 54L
ZALstojct,

o] #FZ Biolog (¥ 122} 16S rDNA sequenced o| L3} H A% Az}
Pseudomonas putida® SR E T} ,

of FF2] HA| MigE o] &3t Futelex EAL Y A, FHul
- 108 -
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olgla EULE #FHoR EFoIMN H Wit F Zze EujelA
chloroform-wateroll A= water®, water Y& CIA| ethyl acetate -
waterol Al = water®, butanol - waterolA] IE water ¥ 08 3hulojg|A
o] oj3x]o] o] FF U} Halste HulolgiA EALS 84 EAA A
2.2 Uebyr}.
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NEEX:

X 12, JB- 1-/] Biolog —‘?'—/S] 23}

[ i (R & T Nacetyrepvaceryt- [T
I a cyclo i i =i L arabin cellohi
i water dextrin [ glycogen «lween 201 lween RO -galactosa | D-glucosa adoni tol D arabitol
| dextrin ; ] . ose 0se
i . | B mine mlne
, : ) e . . i ! i . i =
L-erythri jD-fructo D-galact | gentioh a-D-gluco n Iﬂclns Iu('ullos N-manno
L-fucose m-inositol maltose | D manitol
tol se ose ose Be ¢ © sg
mono-me
A -mothy
U melblo neg| D-raffin | L-rhommo b-trehala methy thyl
I-P-glue psicose D-sorhitol | sucrose turannse | ¥yl tal succina
se ose se se pyruvate
os|de
te
D-galact -hydr
cis-asco A D-glucosa | D-glucur | @ -hydro | B -hydraxy s
acetic formle onlc | D-galoctur | D-gluconle oxybuty
- nltle |ertpic acid ninic anic | xybutyri| butyrle K
acid acld aeld | onic acld acld s
acld acid acld ¢ ncld acid
lactone acid
p-hydroxy | a-ketog| @ ketov .
ftaconic | o -ketohuty R D,L-lactic| malonic |proplonic| quinic [D-eaccha| sehacic |succini
i phenylace | lutaric | aloric
I oackd ) omie acid acid acid acid acld |rlc acid acld ¢ acid
tic acid . o | acld acld
glyeyl-
glycyl-L-a
hramoauce | succ fnam | glucuronami | alaninam | D-alanin L-alanylgl | L-asparag | 1.-aspart | | _)ytan . L-gluta
l-alanine . : spartic mic
inlc acid | i acid de 1de [ yeino {ne ic acld | le ncid
acld
acid
hydrox; -amin
L-histidi 4 Y L-ormlth il phenyl L pyroglut l.-threon [ D, L-carnit 7b N
Lepralan L-leucine L-proline D-serine |L-sering obutyri
ne Ine alanine ami¢ acld inc ine R
&t - ; g geld
h fot Dl ag
NCH ) 2
urocanic thymidin :\y:lj:m?n 2 amino |23 butan y | Iyeerol |l ucose 1 3:‘"°:“°
. g cer -6-phos
.- tnosine | uridine . putresclne| T yeerel | phasphat FHGEHHAEG |
. ¢ phate
i _ ) o
o s
X 13, Gule] Enldell whE JB-1 At E42 "olﬂ"li‘i* =
# Control value( ) Control value (%)
Chloroform-water | Water Chioroform
94,0 6.6
Control value Control value (%
Ethyl acetate - |- =727 1 ( ),. O | et e __( _)..
. Vtater Ethyl acetate
water
99,7 19.9
Contr‘ol value( ) Control value (%)
Butanol - water Water n-Butanol
99_.3 6.2

JB-18] njek7|zbel ulE ujolalA B il ik 4d o]F F7}

ol 4
sto} 54 #FEl &2 TulolE s EIE UERGTE (F 14), e} 0D
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ol &%t M-8 dEE 288 5dzjol ZAsouct otz o] S-S
AT % Frlol wol AGEHER F2 MEZL APE Y] uwtel A=)
ERo) vt oz §&FE Zo] ohdst R7Hch,

¥ 14, JB-19 aﬂ0¥7]7roﬂ m}-‘“‘-—' Srujo| P A LA L) w3}

s = ==

TR LA e

lncubat1on - Control
0. D, so0
_time (days) value
2 1,274 63.74
3 1,158 62.09
4 1.034 80. 45
5 0,933 94.12
6 0. 895 95,59

% 2 X 1,5cm & TMV @ab 2=

45 ulofoe] water fraction?] hjojgla BAle] BA& ZARY] $l3) whia
B3] 545 He2g d 3} (R 15), o] &3] o] ¢lojA iy S4E A7}
Hoh R Hofl tikt HES 2ARY A2} (& 16) autoclave Alofirt Flole
& Eido] tha Ziaslol ol 73 7Rt o]zt 4AHCt .

® 15, Proteiase K Azglof 2J3t JB-1 compounds 2] anti-MV FZ}

chllca Frotoaeo K ) Control value  JB-1 Control value
Control Control
Ldon o w Bl ) only (%)
| 25% 30 16. 67 1 35 97.14
31 34 8.83 3 29 89,67
26 28 7.14 1 30 96. 67
I 10 38 0.00 0 38 100. 00
36 40 10,00 1 40 97.50
1 29 96. 56

24 26 7.69

¥2 x 1.5cm 2] TMV =3dt 4=
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I 16. JB-1 A4l ﬁolu}o]a{/\ Zale] of th) QA 2}

== = - S - T o L N T

Temper-atur'e Tr‘eatment Control Contr‘ol valué (")_
60°C 1 I 17-3" - 9-9 4 o
80°C 1 158 99.3

boiling 1 173 99,4

Autoclaved 38 161 76.5

No treatment 0 168 100.0

%2 X 1.5cm 2] TMV ®Hb 4=,

o] Balel AREI} W SEANY AUE 27 93] U HHe] 23
& Asin o] ahulel WE FEsle Wile WAHBS RAR Aze
= 17614 RE wi} o] 5w BEe) YAEIE Hh el ghuol
Aejstole o) AYHY A3ucHe W EIE Ui ey Sy v
3 Az Az

E 17, JB1 B0} AAste gulelda 2ol AY mE AYY A=

na
Treatment Control Treatment “Control Treatment Control |
"'_:q_"_' 7 value T ;1 T value o "7 value
= o
=1 Control (%) Q} Control (%) Cmeck Co_mtr"ol )

18% 55 67.3 0 45 100.0 35 40 12,50

3 12 25.0 0 26 100,0 43 42 0,00
8 15 46,7 0 16 1000 20 23 13. 04
o 46.3 100.0 8.5

% 2 x 1,5cm 2] ™MV wal 4=

JB-10] Aibohs Ay BEHS dof ¢33 wige] de2 wig
= A3 AMesAU A& sleted @2 APEAIFIAL wfgdnts Ay o
BEWH ol A YAANE BEIIAIL g Ao 2 A7Hch EY ol
T ey E-e cDNAE cloningdtel Rt B & o3 sdolit 4
2 2 §F& T AUY EFE MUL2H vlol A WA HE
& 71X 7} sleka shzich
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3. ulolg] A 744 o)A EAe 2% mechanism ZA}
7h. utol el A AT opEAES] AAA AYY FE EZY &
™ol 2kl W& (Datura stramonium)®] F5 AL ZAIR Az
ZAA" AlEA e AdAQdoel 2 A FEste] Lleld ¥ure) 25|17} of 60%
L2 stolch Z4HE FuEolu fE AMPLE veld EUEe o2
FY9& #8310 EA & AFF5 SolsiA vehte & ER(¥FER)
< Column chromatography2} TLC B! HPLCE B3] AAst2 12X A3 F
2} scopoletin® @ FHQI¥ gt (27 2), o] EAL coumarin =N o
%2 phytoalexinojt}, o] FHL EdFofAEat ofrfet TMVel 53t
& Uehle ARY oMz waAE s JEsx 4 Addd=s
A&t EY o] B2 AEFE T ulel ARge] AR Fste
Aoz UElytcl, whelA] scopolteind =X Azt W3t Balo] gl
o7

AzkT),

A

X. 18, Datura stramoniumo A TMV Zr¢dol 2J3r A¥AH F= &3}

Rl Lt a =y

- ETHEE)

]. o,
%‘%B ‘ﬁ | (A, om) .
12} A% 0.89 100
2z} A2 0.37 41.6

T D T —

CH,0 N

HO O

718) 2. Scopoletin®] F-ZA!
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EZ scopoleting whufale] Azt A} 19 33} o] fEAMYY B
Azt BAo] A& salicylic acid®} mpx & PR ¢h)d FRzte) wad
o] ==k Lelut scopoleting] pXof wlas|stol WAYE7} w5t
of F7}5t= Zo] o]z} 500 ppmoll A WHA T} M3 Zsiaict. EEF A
=ofl ulet PR-18] WHof xfo]l& Ro| A& 4K ma} scopoletinod]
th3t utR-of xjo]7} al& Ao R ofAHr}y. deu} salicylic acid®} FA)
o] A 2|3}o] scopoletine] Th¥t salicylic acid®] @3FE& =AY Az, 2
ABdol HelE Al Iokct. ulelM scopoleting] FEA Y AW 7
& $18) Kot W a7t glojol & Aoz AzbEc),

ck sal sa2 sa3 scl sc2 sc3 scd4 scb ck

Oy 3. A¥d =B AHelo] whE PR-1 {4 wd RAL (Northern
blot analysis)
wefe] Xanthi-nc NN2] ol B2 A e]F 2447t 3= RNA Ee]3ta PR-1
probeg A}&3}o] RAMgE  ck: 30% acetone alone, sal - sa3: 1, 2
and 5 mM salicylic acid, scl-scb: 100, 250, 500, 750, and 1000 ppm
scopoltein,
. 3lo] ] A A chrysospermin D2] 28 mechanism R A}
Fulolela Aol oM KT 14T  (dpiocrea sp.) TFY
chrysospermin D& AH&3te] TMV Z¢d oA 7]2tE Attt o] B9
ol thzt AFHE ZARE A3 F 19614 B nigl Zho] 50TelAlE= A
o] o] AaHA] Aoka 60T thd ZAENID O o|4te 2:o

M gutelel A Edo] {24 A HolAle ZoE ety

~ 114 -




¥ 19, —9—E7<1 2] ol m}i 14T4 anti-TMV &3}

B T S AT SR T T

Temper‘atur‘e Control value (%)

507C . - 9_3_-53_—___-

60T 80.6

70C 54,2

80C 67.5

90T 76.0
boiling 51.5
Conrol 97. 4

x fﬂe}*l o AA) ™MV ERNE 4

o] B4 ghutolalA 2g J1ZE RALSLY] §)te] ulolgl A whalA
& ER3AI17) A Ael ERAYEAIL F RNAYY o] EHE A a3
o] &30l virus?| uncoatingoll FoASt=AE ZAlSICE dAele 50T
of 4] 107t A A5}t

o] MY A chrysospermin D& HulolgA FAHL virus YAt
1nfect10n0ﬂ W Q3 uncoatingS AlktslE= A o2 ULlelulct (¥ 20). %

g 3Rt MV &of] o] E-E 25 ppn A ]IS uwl AxWu|F Aol
LIERGE Hiolg]A QA= uranyl acetateo] @Ajo] XIstA XL ulojziA
Azxrle]l Mz &0 e B¥E Hoch Aol # FHe A2 olntz o]
Edo] nloelL Qlatel AitEle] ol7] wiFolet 7T ol FEYL
olute Eao| njole 2ot Awlol o7 W] 7o) npo)e2e)zte
uncoatings W3lste] FUPol = RNAL] MEA HYUL Welshke Aol
ol 7} AZkHTh o] UFES fsiAe Kt @2 A7} glofop & 2o

Tt
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JHE 0|2t B HEd RS2 BM A AEE

X 20, nloldlA dAe] AF chrysospermin D *gjo] m}E sjulola|A &

8 Wi

L L . PR S EE EEES
2 + A .
*“ }"”“"‘“’* AN gpujoletadt el | ama
TIE.
86. 0. i .
o) 5 b s __-_i)_ R .89 é. o
"3 WhE A, % chrysospermin 50 ppn A 2|

1% 4, Chrysospermin D& * 2]%} ¥ negative staining ¥ TMV 912} (A)
of RAe) i QHB)) AAEnIZ A Aeld upolels Are o @
A dMo] HI HiolglA Ax}JF ME g ol Hdo| glrh
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Taol, Mlak e nAE AR EE AgulolgA AYY #EIZE
= EHE st Slsh Mol Ao FRENE B E |

EE Yol
v} &% (Xanthi-nc NN)& ©]|&3} screening system® ARE3le] ZAISHA

]
ghatolglx S Hols FF F ¥4l £ ¥EEHe| nlady 4%
= therjestel 2 BAE A =33ich

<t =
Tl -e] gutolels Edol Hlad ALPA 54 UEhigich E%o]

SHR-128] A§ oAl Wulolels Baol A YA ok
% n-butanol $Hol A7 Bgo] Letuitrl e A% n-butanol o]
Wab ohu] g} ethyl acetate THOIME &2 utolzls A UEhIS]
t}, e} AhRjol A= 1ldolA 2ETR Y BT wjdr]Zte] 2
Zsiglel,  EY Rl FHo] F58 ¥ulolga FH BAYS
of-¢- & Ao et/ gicl,

To|2RE FulolglA EAY AU EAY S 9 FHolY )
o}7|7to] Z3 X AT ulo} & Hlo|AAE PUSIloe I AR
Aol yletz AlAHrt, B dFolx xajEgdEoe] 1 2L mechanism A}
virus®] infectiong X}etstes Wy @ BAof) o] I F Fofof she
BAZ ZAA o)A Relx, E FERE ZAAD FE YA AL
o doy|=us &3yt gojd Zolr} Scopoletino]il salicylic acid
o} Zo] AP L frEsts EAL AEARL] FEFEI ouy 2 FE8A0]
sich, wheba] ulolgla BHL O AAE $UOE o] &3prlRTi: ¥t
ol A B A HAH [FAAE YAt AEAE FAABAI =

A7 o "Westt} szl

Q
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M (Pseudomonas putida JB-1)02¥€ £e¥H BEFL Ed2 whid
golojal o] TALE o] FAA cloningo] Hrl BolstAl o]FoiA
4 glom, Hrt $45 F5 /g, o A fraxte] FHAR T °
29 4 9l Aotk BT A wigrzo] B, dxujeFeE HEA
of Y MEY 4 JOEE & FulolP2AZE £ET etk HA
Ay Aol wule] el EFL o8 Al Hiolga WAE X
248 BolZ glojA, o] FFE 08T A E wielels WAl vidEe o
&o] AEEojof & ZRojr},
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1. HA3tY =24 dF(mlecules which induce disease resistance)
HA Y FEEA B A3 LAY A=Y HHYSE ol
WAEY WS B 4 i ¥SAYE @Al < ¥ ©
S @A tiaol Hol Kot ofAZAE o]y AL viehle 1A
signalo] Folelz]= delA Qx| Qt}(see review Enyedi, et.al. 1992,
Ryals, et, al, 1994), 2|22 Aol o3t AFo] stk Y
salicylic acid(Ward, et. al. 1991)7} H{A 7| Qlol= A& Y&
289 g UERd uw] WEPEE pathogenesis related proteins -3 A},
chitinase ‘8- %}, glucanase &2}, 4 peroxydase FAZ} 5o W&
Ledle= Aod d#x 913 (Chen, et., al.1993, Rasmussen, et.al. 1991,
Yalpani, et.al.1991), salicylic acid &t A 2ol &M= AHe|H MNE
Bzl ofg] skx] Aol ciste] A¥AEE uehde] K oigitt
(Gaffney,et.al. 1993, Malamy and Klessig., 1992). olnjxAl S =XZ &
Al AlE-o] 814 3}= aminobutyric acid=(Chung, et, al. 1992, Crawford,
et. al. 1994) salicylic acid®} FA}SIA AEY HYAYAHEE FE3t=
o2 o#x 9liu)] Cohen5-2(1994) aminobutyric acid7} 7‘:13 EnlE
Sgx b EubEo] WA odel WHE WA A v W
slelal o] EXe] Aelo] YA Yo AFH pathogenesis related
proteino] Tl &3 =8 K39t} Ghaouth ©2(1994) chitosan
o] PN4E Bl o] AEx0) FFEAUL ) Pythium of &3+ ey
o] AA3) EolED Y AXRNF FHoA HEY W J|Fe] RE

¥ Rastgch W, Apgalb 9 Apgadfe] EYME A E2] Yol

ki

fr
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2hg FEs= Zlo] RuEglr), #at §Pdat At JEagee o
W 4 (Phytophthora infestans)®] M Xuo] t}& £2§3l= arachidonic
acid X¥¥X eicosapentaenoic acid7} ¥l JYglel #HFEAQ
phytoalexin& 3] & - %3}:L(Bostock,et.al. 1981) phytoalexin ¥t’goll &
o= &AQl HMG-CoA reductase -B-A2}E ZA3}od(Choi, et.al,1992)
oAb Q] Edat Adeld FHolM EAYE Y FUY HEE Kelo
}

—_—

R aEojolt}t, Jasmonic acid = methyl-jasmonates= A1E8] X

on:
d
=3

linolenic acidollA] #-e|¥ EAZ Cohen 5(1993)0] 2] Z#} W EntE
& 9o RHE RBIHE £ s Ao FPEHULL WAYEE FEY
T e 532 dEA e E e olEAM = soluble silicono®
Cherif%(1994)0] 218t o]l Aalo] &5 Qo|at A Fo|A chitinase,
peroxidase®} polyphencloxidase ¥o] FEE 2 ¥EZ silicon Ae|H
Mg FHEC] Pythiund] FHE JAste 222 Hastoict njgdEod
ey Alge Y5AYYel frEHE Z-¢E RiEe Sled Maurhofer
F(1994)e o]t whufe] pelojA Pk HAYMTEQ] Pseudomonas
fluorescens®l &]3] Wl A&7} Tobacco Necrosis Virusol tiz)] =|&t/g

o] XTIy ¢} ole} Zo] MAE ®:= 2 HUNo ¥ fE
84 & cross protection o]t YO R HAWE 1 glon TMVl T,
Fusarium lateritium®} 31tn}(Clark 1994) 2lo]E olg] 7}x] A EFolAM &
HA4 ook HAEe] o3 A Ee] WAYY FEIAE ol &ste] A9A

o] v}z HoF|Alel NovartisAle Salicylic acid 7]%-& mimic3t 3§}

&) Isonicotinic acid & BTHE s|vsle} Alg3siglon o= 71E4)
Al 2= $143] o2 g el AERIZIARE I J)so] Adolnt a3
55

&ol ohd zFo] ARIIA AL Qs A Ve 23k
=

AR 7)&E2 AbFAH e} st Plant Activatorglil Ad|A]1 gl
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0

Sowing Harvest
Risk through disease attack
e -
[ 3
Disease Activation of Disease
avoidance plant health control
Cultural method Fungicide

- plant density Plant activator

- N quantities
- Cultivar selection

Fig. 1 The concept of plant activator

Plant activatoris HUgol the A3 w@x8o] g7 wlioe] =
oAl Az AMgE o= AMEShE Al7171 g FRsich EAeA Y
plant activator®] A 2] A|7]7} KolAA o] WAL Fof A& jicpd
T WA ZAE &+ slch ¥o] AR Fof plant activatorE
AREEET] QJBlM = 718 ArdAete] ZY MElE Zesor gt ulehA
5371 93 =X plant activatorg AUICII FtoiE Al XA A]
AR uf o Atsldd EIE EI] $iM s ol ARE A oig A
F7b g ojof Y},

ol ¥t AMEe AERZHE MFL FHEIZ JF-HUANY
B Agol Tkl XAl A EA S fF A Yol7] 5 EAREYRS o))
Fo2N s WS HYY 4 dod 2478 sdel HEH 2L
AEY MERIAZAN F43] #id ALz achch
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2. Al EAe Aol W 8- A 2x}H L (Defense-related genes)

MBS ol 77 Tt o ARe R W ook WY
& golshen] 1R A, 7z ¥ BHOEA WAT BY
El He e WY AEH] ligning} 2e BAE 5o

A& Wallste W, HAH MEAANE Fo HE22A (2RI )
|2l “'é'%!}ﬂ-?l FALE 42 WY Fol vz o)Zlejrt. Exle A

A A&S AAs= HUELE AW 53

Slo] WHFo Hig W o g ZIYPH H9jo] %3 5= phytoalexin
Tol o] ol &yt olet 22 AEH Wo 7|22 e AHE ME
o WAYAY 713y shuE  wel dxFHded He FIME
(Leguminosae)?] isoflavonoid phytoalexin ¥A3} #edI o]y Aol
Bojdt= F22Q) phenylalanine ammonia lyase(PAL, Hoebereder et. al
1989, Bolwell, et. al. 1985, cramer, et. al. 1989) 9 chalcone
synthase(CHS, Chappell and Hahlbrock, 1984, Harker, et, al, 1990,
Ryder, et, al. 1984, Ryder, et. al. 1987)7} Lz} o] cloning %31,
WA YA W phytoalexin Azt HAY T Y A2 wol dAFE
9ltHfor review Regrand, 1983, Hahlbrock and Scheel, 1989), ¥+ 7}z
2} AlE(Solanaceae)of A= AH TvE ZE¢) isoprenoid UL L E3}o]
phytoalexino] ¥tdE]=n o] UdHH H4Q HMG Co-A reductase
(HMGR, Choi, et. al. 1992, Choi, et. al. 1994, Choi and Bostock
1994) R-A=}7} cloning ¥ 1L sesquiterpene cyclase(SC)$&t = 2 8)Ad 2}
o TEWAZL AFEHArh MEo] ofF EuA o dF i}
(necrosis)7} oWt HedAo] ZAEx] b2 t}E K27t o71A]
Bl sl Ao oz AFPYE He & HolFedy ol Y5A
3/d (Systemic Acquired Resistance)o]g}il 3T}, H 5234 (SAR)o] cf &t
7132 2R W AFAEAA Fulel tige] FHol gon T o]
Aol d@e] ARdAY  EAsle - salicylic Acid 9
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pathogencsis related protein(PR-protein) &2z} HE o] glgo] 43
#HrH(Vard, et. al., 1991, Yalpani, et. al. 1991, Rasmussen, et. al,
1991, Enyedi, et, al, 1992, Chen, et. al, 1993), X3} oo} & Y&
Aapde] wa) o] the AT PR-proteinGo] Y AT} Wt
5 28Fo] 1% Y7l glucanase(Edelbaum, et. al. 1991)
chitinaseglo] s Brl(Beerhues and Kombrink, 1994). EZF ofg71x] of
A 7)%o0] ¥R ¢}2 PR-proteing(Brederode, et. al. 1991, Rhoads
and McZn tosh, 1993, Casa cuberta, et, al, 1991, Fleming, et., al,
1991, Pfitzner, et, al. 1991, Simmons, et. al. 1992, Friedrish, et.
al. 1991, Pfitzner and Goodman, 1987)% cloning Eoiglctt, o]g¥ f-=
A8t & salicylic acdl} aminobutric acid &} Zt2 of 3iM = U o]
GEFo e AEHOoRHE RIE g £ rHs AMde] &l gle
Novatris = CGA 2457042 Agricultural GlycosystemA}= AGI 02-105F

22

Jste) g abEE AYA7Ia ek

Ui
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23 a3 g8 Ug 9 adx
1. BARBE w52 &4 234

7h Alg J g

AEe] Yojad F34 e fFEE8d 9 ZEGAHAE €] s}
of ZHolA in vivo 2389 FHIIATE HEA volM MAlshe 4
=WBAEE & Zeisle I7 T F, ABWAAFY g o)
A MERT HIE 6 7MY Fo% ME A@gol ozt WA Azps

A7 st

—

1) dEe &yl ¢ kA Zelg AEUAMTe] wiokg $l3te] 250m!
Erlenmeyer flasko] n®ljz] 50mlS Y3l 30C& shaking incubatror(150
rpm)oll A 48AJZE wj ATl ThE, il WM EeEle] celld AH|A
35S AFEEY FAl g3t

2) tid AEW: ¥ AYY FE B €S 5t AdeYo] &%
w(Pyricularia oryzae, RCB), v QX Fy|n}E=F
(Rhizoctonia so]anl, RSB), ol Lol m A (Botrytis cinerea, CGM),
EulESHJ(Phytophthora infestans, TLB), WE-Su I (Puccinia
recondita, WLR) W Re|H7}ZYHF(Erysiphe graminis f. sp. hordei,
BPM)& o]-&3tdc).

) 1XF 238 Wy HELEE WU Pyricularia oryzae KJ301 &
8 4A AR (Rice Polish 20g, Dextrose 10g, Agar 15g, ZH2 |
L)ell ZFsto] 25°C wig7lolA 252 whoFstelch. ol #iat wixl &
Rubber Polishman® 2 ®jAEHE Zo] 712 FAE A A3, s#YSo]
AZ AH(25~28°C)oll A 48A1ZF B¢t EIE PAAACE WHEL B4
2L MIEFFTE ol8std  dAwzel  mAEe(2 x  10°
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conidia/ml )& RS oAl Aeld GEW(E9 2~397))el F=ud &
SHGTH AEH ve FAOA SRR AT golE
ojifelrm =7} 26°CA F2UFANM 540 A

T-IHE WG9 Rhizoctonia solani AG-1d-55 A E3HLE 25°C wjek7)ol
A 79 M gsisiTh WASS GH FAEolelE APsA A uiy
sto] oA eld 3~4%37]e] ezt 2 REo] 12A HEs FA
AF(25°C)ol M 17 vl F AdTlFE 80% of4bel - HAlolA] 497 0
e AW F A g Y YA &S ZABIA .

A G2 YUF Botrytis cineread ZAITrAuA]of HFslo
25°CH2 7 (el ol A 7 Wi FE ShRe] 12417 kg mAlEtd
A TR 7 Fot wledetel EAME YAAIZICE HHEL wizle] ¥AHHE
TZF Potato dextrose broth® £¥ste] HRLAE MRSl EAMEE
2 x 10° conidia/ml2 HE F M| Qo FE(1Y7])] EEH2s}
gl HFH 2R 20°C A (LUBE 95% o]At)o] Yol 343
A& FEAD F 3y &S At

Wl #¢l Phytophthora infestans KA2 F3E V-8

agarull R]o] FFstol 20°C F&I|(Lel) oA 7d B el F Pg 3}

Foll 16417 ZAlSHHA thA] 7d F& wierste] fEaby
Y

th BEFAES YHE ARG HTEFEE Aot S¥eln e

o
ot
ok
>
-

) mlm

EOtE fFEE 200 gAAelA 48212 S Ay ¥ 20C ey

(TlFE 95401 )2 FA 44 WA F BdH &S 2T
UE25(WR)S HH¥F Puccinia reconditatr GE7|AFCIER,

QUG Bl Y ALl HEA BT B TE
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Yo7 Algstgdrt, o GARAE 3te] U¥E FE(HF ¢ 6.5cm)
of 5] HEAFEF: ZH)E TE3Io] Aol 8Y3 A YY)
dREe GAAE stz 1Y §¢ FAANNF EAEYY(EAL 0.67
g/L)& EFFEsdch FFE WREE 200 FAGNA 147 F4A
2|3 Foll AuiSEr}t 70%Q 20°CS) H2YFHE KAA WS FE3AL
HEHA) 7 Fof PAHEE RAlstolc

R A2 (BPM) L WY Erysiphe graminis f. sp, hordei= &
ENAdolng, AyMoly HeRRE AcvjujelstEs HelfRe A
H ZAE FEUSE ARgtodnh a2l Y¥E XE(HF ¢ 6.5cm)
of 53 o] K FAHEF:FRe])E uFstol 4ol 8zt aufgt Al
d7] He|fRo IHE ARSI 1Y 5 FAANLF dAAe|d Helo
AR ZALE gol AEslolrl FFY Helflis 20~23%C, HAug=
50% Fe] Y[ Fol 7z HANF WA EE RASIGL
c},
4) FAe] z=A "l Azl wigede] FFdE Tween-20 -8 (250ppm)oi]
FA3te] 50ml& Ewjch  Azle ZF ¥ 715 AEANE 2pots¥
Zu]8le) % 12potsE turn tableflo] 3 HAAIHA  spray
gun(lkg/en’) 02 A EA AA7 TaF dAHJ PAHES AEY b
ofA] AMeElH AEE 48AITHEL AN FAAZ F HUAE FEUc)

L < s A
dz) 2y 2FF 2ATEFE ADUs 6712 A Egddel dHMENE

ZA} stodct, ABEWAMFE 250ml Erlenmeyer flasko] wjA] 50ml& €2
30°C2] shaking incubatror(150 rpm)ollA] 48A17F vlekA] ]l T}, ujjoe] el
& HABe]8t cell& AAZ 4FAE Tween-20 -824(250 ppm)of 34

slo] 7} AlENo] BB 2|3t F 4847 Bt EAA = HaFe AF
3to] B Azte Ei1 et
Ae FFF 167] 2571 off $3 REEHE Byon, B3 Ay
-132-



ol FE HAste so| WASA FA= L) 167 F5F 3AHEF7}

EZL PR-1 §AAE &5}

FE3harcl.

NEUAZE AlFPoly L EotE ool ciste] oAz}

ole IFE rhg HAU= T

zO

=L

.
fvy
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PRIMARY SCREENING RESULT

’[_KSC lChemlcal Ref. I((:SSE) RCB ' RSB | COM | TLB | WLR | BPM
24884 . BSID712-1 %h_ﬂ 80 5 , 47 ' 6L | 0 ! 57
24885 | Bsip713 | Ciaq 10 15| 7 | o 1
24886 | BSID718-1 T s [ 5 [0 | 0|1
24887 BSID718-2 (16 [ o |7l o 93096
s womes | o [0 s o o |
24889  BSID7I84 - 95 - 0 26 23 | 88 | 92
24890 BSLD718-5 0 0,00 00
| 24891 | BSID7I8-6 | o | o | 15 | 0o | 25
24892 | BSID7I&7 | | 0 | 10 | 15 | 23 | o | 72
24893 |  BSID718-8 16 | 0 | 5 0o | 25
124894 | BSID718-9 0 10 0 o 37
24895  BSID718-10 98 82 , 89 | 30 | 9 | 97
24896, BSID718-11 0 5 2 | 23| 0 | 70
124897 | BSID718-12 0 | 5| 0| o0 | o2
'24898' Bsio7i8-13 . | o | o |26 | 0o | o | 65
]248991_ BSID718-14 J; o2 o] 7|02
24900[ BSID718-15 l RS
24901 | BSID718-19 | a0l o !3 | o | 8 | 9
|24sg(_)2_[ BSID7I8-20 . | 0 | 15| 5 | 0o | 0 |8
24903 | 5510720 | |0 | 5_[ 15 0 ] 0 | 45
. 24904 |  BSID723 0 | 5 o | o | 57
ot BT R S I I SO Ik
24906 s | | e | o[ o[ o | 0|0
24007| k32 | || o | s | 7 [0 |12
2908 | uss9 | [ 33| 5 |15 o0 | o
24909 JSS26 0 |16 3 [3 |0l o
e T TE w0 | 0| %
|24911 KCCM11809 0 27 |41 40 | 0 | 20 |
24912 Kkcouglo | o L |48 oo 0 1o
24913 | KCCM12094 | _! __p_j-' 1 12 710 0 0 ][
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PRIMARY SCREENING RESULT

Chemical Ref; ‘{ggﬁ) RCB | RSB | coM | TLB | WLR | BPM

Kse |
No,

24914|  SYK43934
24915  BSIS001
24916 BSIS002
24917|  BSIS005
24918| _BS1S006_
24919|  BSIS007
24920] BSIS007-2
24921|  BSIS007-3
24922  BSIS008 |
24923|  BSIS009-1 |
24924|  BSIS009-2
24925 BSIS010-1 _
24926|  BSIS010-2
24927|  BSISOLL
24928  BSISO12
24930| BSISO13-2
24931| BSISO013-3
24932 BSISOl4 |

1O
=N
=N
['-N
—
w
(]
o
<

|
i
1

i
|
|
|
1
i

(=
&N
[\
QI || |oiIc | O

Ol |Q|oiCc|lo|c|lo|jlojlo|o|c|loC
—
(el

SO

—
[o2
o
oo |o|Io
Pt
(o2}
o

I eloloo|lojcolo|cicloic ojo|o|oclo|o
i
—
o
—

5

0
24933|  BSISO15 | 22 | 54 16 | 40
25992| SB96-01 [ 5000 | 16 | 0 | 3 | 18 | 0 | 0
25993  SBY6-02 5000 | O | 5 | 31 | 27 | 0 | 0
25994| SB96-03 | 5000 | 0 | o | 51 | 27 | 0 | 33
25995  SB96-04 500 | 0 | 0 [ 10 | 18 | 0 | 16
25996 ~ SB96-05 | 5000 | 0 | 10 | 0 | 18 | 0 | O
25997 ~ SB96-06 | 5000 f O | 5 | 87 | 9 | O | O
25998| SB96-07 [ 5000 | 0 | 5 | 51 | 36 | 0 | 16
25999| sB96-08 [ 5000 | 0 | 10 | o [ 18 | 0 | 0
26000|  SB96-09 5000 | 33 | 0 | 0 | 18] 0 | 0
26001'  SB96-10 500 | 0 | 10 | 24 | 9 | o | 16
26002{  SB96-11 | 5000 | O | 5 | 68 | 18 | 0 | 16
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PRIMARY SCREENING RESULT

e e
v , Chenical Ref, lf;;;)l Rc?{ RSB | CGM | TLB. 1} VLR | BPY
26003 SB96-12 | 5000 | 0 | 0 |91 [ 18 | 0 | ©
26004|  SB96-13 | 5000 | 0 | 5 | 51 | 36 | O | 0 |
26005|  sm96-14 | 5000 | O | 10 | 44 | 18 | 0 | O
26006]  S96-15 | 5000 | O | 5 | 24 | 45 | 0 | O
26007 ses6-16_ | 5000 | 0 | 21 | 17 | 54 | 0 | 16
26008 soe-17_ | 5000 | 16 |21 | o [ 45 | 0 |8
26003 spee-18 | 5000 | 0 | 1 |44 |45 |0 | 0
26010  SB96-19 | 5000 | 16 | 5 | 0 [ 27 [ 0 [ O |
26011 smo620 | 5000 | 33 | 0 |10 | 45| 0 | 0
26012 smos21 | 5000 [ 0 [ 15 | 10 |0 | 0 | 0
26013~ “sees22 | 5000 | 0 |10 | 44 | 54 |0 [0 |
26014 5p96-23 | 5000 | 16 | 5 | 3 [ 45 | 0 | 0 |
26015| SB96-24 | 5000 | 0 | 26 | 3 | 45 | 0 | O
26016]  SB96-25 | 5000 | 0 | 10 | 10 | 54 | 0 | 16
26017 S898-26 | 5000 | 0 | 10 | 87 |88 | 0 | B
26018'  sp96-27 | 5000 | 16 | 5 | 37 150 | 0 | O
26019] 89628 | 5000 | 16 | 5 |17 | 54 | 0 | 0
26020| SB96-29 | 5000 | 16 | 10 | 0 | 45 | 0 | O
26021|  SB96-30 | 5000 | 16 | 26 | 24 | 36 | 0 | 0
26022| sB96-31 | 5000 | 0 | 31 | 68 | 27 | 0 | O
26023 seos-3z_ | 5000 | 16 | 0 | 44 | 27 | 0 | 0
26024 _SB96-33 5000 | O | 10 [ 62 | 63 | 0 | B
26025 ~ SB96-35 | 5000 : O . O + 75 : 45 | 0 | O
l26oz6|  SB96-37 | 5000 | 0 | 31 | 37 | 36 | 0 | 33
26027|  SB96-38 | 5000 | 0 | 15 | 17 | 27 | o | 0O
26028 o641 _ | 5000 | 0 | 5 | 51 | 59 | 0 [ 0
26029| SB96-42 | 5000 | 16 | 15 | 62 | 72 | 0 | 16
26030  HWRI 5000 | 0% | 47 | 10 | 77x [ 43 | 0
26031 WRz | 5000 | O | 68 | 17w | 81x | 10 [ 50
i26032]  WwR3_ | 5000 | o | 7ew | 10s | &7 ) 16 | 8
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PRIMARY SCREENING RESULT

J "SC I(‘hemlcal Ref. l?grm)l RCB—[ Rse | coM | B | wiR | M
26033  HWR4 [ 5000 | Ox | 68x | O | 84x | 13 | 46
26034(  HWRS 5000 | o0 | 52« | 17 [ 72 | 23 [ 41
26035 CSP4 5000 | Ox | 73% | 3% | 81 | 0 | 16
26036|  CSP13 5000 | 0% | 57x | 37x [ 81x | 36 | 16
26037|  SH9308 | 5000 | 41 | 26 | 0 | 45 | 0 | 0
26618 Jss-1 | 50 [ o [ o | 3 [ 7 | 0 | 16
26619  JSS-2 50 | o [ 5 | 3 [ 7 | o |2
26620( _JS5-3 50 | 0 | 0 |27 ] 0 ] 0 ] O
26621 Jss-4 | 80 [ 0 | 0 | 3 [ 141 0 | 0|
266221 Jss5 | 50 | o | o [ 9 | 7 | 0 | 4
26623] _ JSS-6 0.4 0 8.0 | 0.0 14 1.0 1.0
26624 JSS-7 50 | 0 |3 | 3 |14 ] 0| o0
26625|  JSS-8 50 | o |55 [ 15| 7 | o | o0
26626|  JSS-14 0 | 0 | 0 |38 ] 010} 0
26627|  JSS-26 50 [ o | o 3] 7 0| 0]
26628] JSS-28 | 50 | 0 | 0 | 0 | 0 | 0 | 16
26629  JSS-33A | S0 | O | 0 | 3 |2 | O | 16
26630  JSS-33C 50 | o | 5 [ 9 | 7 [0 |0
26631 Jss-330 | 50 | o [0 | 9 [3 [ 0 | 0
26632| Jss-41 | [ o [10 ] 0o [ 3] 0 |0
26633  Jss-42 o [ 5 [ o [3 [ o]0
26634|  JSS-49 0 [ o [ 43 [55 [ 0 [ 0
26635  JSS-50 0 | 5 [ 56 | 44 | 0 | 0
26636]  JSS-51 0 | 5 |75 | 44| 0o | 0
26637)  _JSS-52 0 | 5 |5 |4 | 0 | 0
266381 JSS-54 0l oo [22]o0o]o0
|26639]  Jss-57 o [0 6 [ o [0
26640|  SM-6 Lo | o] o |22 o016
26641 sz [ [ 0 | 5 ] 0 | 44100
26642|  SB96-44 Lol s |nfs]olo
- 137 -
2OIR/10/ 18 TRD- G
HE 0|2 YHNSL RESE SN Y ASHST N/ sYR

/{l\

B RrE



PRIMARY SCREENING RESULT

NoC | Chemical Ref. | (0% | Re | Rsp CGM | TLB | VLR | BPM
26643|  SB96-45 0 20 0 | 22| 0 | 0
26644 SB9646 | | 0 | 5 | 31 [ 55 | 16 | 0
26645/ SB96-47 0o |10 |25 | 3| 0o |16
26646  SB96-48 0 | 5 [ 182 0|0
26647|  SB96-50 o | 0o [ o |44 | 0] 0
26648  SB96-51 0o | o |12 |4 [ o | o0
26649  SB96-52 0 | 5 [ o |4 | 0o | o0
26650|  SB96-53 o | o |62 | 33 | 16 | 58
26651|  SB96-54 o | o |2 [ 2] o | o
26652 ~ SB96-56 | | O | 10 | 37 | 33 | 18 | 16
26653|  SB96-57 ol o | 6 |6 | 0 | 0o
26654 SB96-58 | | 0 | 10 | O | 44 | 0 | 0 |
26655|  SB96-60 .0 15 0 166 | 0 [0
26656]  SB96-61 o | 15| 6 |3 | 0|0
26657|  SB96-63 0o | 5 [ 0o |50 [ o[ o
26658|  SB96-64 0 [ 101 0 | 44 | O | O
26850 SP96-65 .y 0. 0 418 A w0 1L 0.
26660,  sB96-66 | | 0 | 5 | 31 | 50 | 0 | 16
26661 SB9E-67 AL N T - L
26662]  smos-68 | | o [ o |43 es | o | 0
27074|  SB96-34 16 | 5 | 37 | 0o |2 | o
27075 SB96-39 33 ] o |25 0o o | o
27076|  SB9E-40 0 | o438 0] o
27077|  SB96-49 6 | o |25 3| o | o
27078|  SB96-55 | . _[.33 1 0 | 6] 0 } 0 | 0
27079]  SB96-59 | | 71 | 0 | 3 | 0o | 0 | 16
27080  SB96-62 | | o [ 37| 8 | 0| 0
270811  SB96-72 ) | O | O | 50 | O | O | O
27082| ~ SB96-80 1 | 0 1 0 | 43 | 25 | O | 16
2083 " sws-s2 | | o [ o |43 o [0 [0
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PRIMARY SCREENING RESULT

| lﬁic Chenical Ref_ | %SBE) RCB | RSB | CGM | TLB | WLR | BPM
|27084|  SB96-89 o ] o |43 |16 ] 0 | 0
27085]  SB96-96 16 | 0 |2 [ 8 | 0 | o0
27086|  SB96-97 16 | 15 | 56 ] 0 { 0 [ O
27087|  SB96-98 0 (0 [25 [ 25 | 0 | 0
27088 ~s96-99 | [ 16 | 0 [ 12 [ 25 | 0 | 0
27089|  SB96-100 16 | 35 | 12 [ 25 [ 33 [ 0
27090|  SB96-101 33 [ 0 [12 25| 0o | 0
27091  SB96-102 0o [ o | s [ 8 | 0|0
27092|  SB96-103 o | o128 [0 o0
27093  SB96-104 o [ o [43] 0o | oo
27094|  SB96-109 o | o] o |16 0] o0
27095  SB96-111 o [ o [25 ][ 0o ] o |0
27096|  SB96-115 16 [ 0o [ 37 ] 0o | oo
27097/ sB96-116 | | 41 [ 10 [ 31 [ 0 | 0o | 0
27098  SB96-117 | 33 [ 20 [ 62| 0o | 0o | 0
27099 sBg6-118 | | 16 | 0o | 0 |16 | 0 | 0
27100/ sB96-119 | [ 75 | o | 25 |3 | 0 | 0
27101| sp9s-121 | | 41 {15 ] 0 | 0 | 0 | 0
27102| SB96-123 | o [ s [ o[ 0o [0 0o
27103|  SB96-128 | 16 | 0 |68 | 8 | 0 | 16
27104|  SB96-135 16 | 0o |25 0o | o |16
27105 SB96-139 | 16 | 0o |3 16| 0 | 0
27106|  SB96-140 13 [ o |56 | 0| o] o
27107|  SB96-141 |16 |10 |3 [ 0o | 0o | o0
27108 2480 |16 15|55 [ 0o | o | o
27109 2642 16 [ 5 |50 |16 0 | 0
27110 9076 | 0 | 0o [37 | 0 | 0 o0
27111| 9557 B 0 | 15 | 56 0o | 16
30859 48 | 0 [ 40 | 89 | 5 | 79 | 76
380 49 | | o | o [ 67 | 5 | 90 | 4
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PRIMARY SCREENING RESULT

r'jzc Chenical Ref. ‘{3;';;) RCB | RSB C_GMI-T_LIL VLR | B
130861 50 "To s lee 5 284 | 0
130862 51 o[ o e s Ter ol
30853T. sz | lo o |4 |17 |72 1 16
sosea 531 | o [0 Ta [ se |l 8
‘30865, 54 | | 0 | 0 | 8 | 84 | 77 | 25
30866 B 0 | 0 | 29,3 6|0
37918°  PP-123_ | | 0 | O | 7 j 0 [ O |33
37919 PP-131 L0 0 7o 0 00
37920 . FRIA5 o veore® 00 T OO | 0
37921} PP-157 | 0 0 7 | 0 } O | O
37e22|  PP-194 | 0 [ 0 o {0 {0 | HQ.j
37923| Pp-206 | | 0 [ O | 7 | O 0 | 0
37924|  PP-213 - 0 | 0 7 0 0 0
37925!  PP-217 20 | 0 7 0 0 0
37926 pP-218 | | 0 [ O p 7 f O | O |0
37927 ~_Pp-221 | 20 | © 14 0 | 0 | 16
arees. pp2zz L 120 . 0 | 7 1 0, 0 | 0
37929  PP242 0 0 "0 .14 0 0 0
37930 PP-243 | B S W 0 L % 0o 1 0 | 0
37931 PP-253 6, 0 | 14 | 0 0 0
37932|  PP-271 _‘ 0 0 7 0 0 | 25
l7933]  pP206 | | 0 | O | 14 | O 0 0
37034 Pr-32d | a0 [0 |0 oo [ o
37935i  PP-35%5 L6 0 140 0 | 0
37936, PP-372 | ’k,_z_o._..i__P A T L
37937|  PP-381 ) 20 [ o |7 oo |o
37938|  PP-395 0 o | 7 ] o 0 0
37939:  PP-424 46 | 0 | 14 | 0 0 | 16 |
37940, PP-428 53 0 00 | 0| 0|
37941 PP-432 60 | 0 0o | o | o | 0o
— 140 -
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NEEX: RN

PRIMARY SCREENING RESULT

Chemical Ref. ?g;;) RCB | RSB | CGM | TLB | WLR | BPM
| P o . - ; :
0 7 0 0 0
20 3 0 0 0
0 (0 [ 14| 0 |0 0
0 14 0 0 0
0 0 0 0 0
0 [ 0 0 0 0
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2. BAYHE RESHE By £x19) ©

AEollA ol ozt APYE fUste 22 n]PERY ohz
71&8 EME2E AM2A, NEYYREA, chitosan Fo| YA Ut 2
oM = olefdt chgdh &zl ciste] BAAYY fE 5H & AYsln

2b skt

7t A gl thidt MxA)e] AHF¥E4 U Piperophosg] HEQ@W WA &3}

FANLSE 95t dWIHoE 4y WS ¥io] Floju /&
2 HUES HIAA A HLES Y93 pe too HhyolT) o] WY
< A AEAE AUe AMEE T2 IES AUsirls oygAn,
Bejggol deidl AYES HPAA B YU AASH] wjRo] w2
Aol T&AHo2 NP HUYEL S £ Y& AHE A2 Qr) Y
&2 AdA Folle AxAL 72 AL YR FEAE st A
L oA Eol dejA vk wAdIAEY LAY Fo ol BAHS
Kol pencycuron} metalaxyl2 phenylurea$} acylalanines] |z 2%
B FEME FAdste] AUt dFHolti(s, 15). AzxA#atoh]al 7)&
o ThE &= HUEC] AFAHEAMY YL Hol: o= glth 4B
A ARz AA 2 M) BAE Kot l-naphthaleneacetic acid= En}lEo
N HARRE SESI AELWE SUSHs Fusarium oxysporum f. sp,
lycopersicig WAH|FTI HiiF o] olth(2), ghef 7]&of Algsta gl
o] A A2AE FAIS dadAzAe] ¥4 AR AATcpd, A
TARAME 7H54dE AW HYEY Ado] shssteletn Aztgict,

2 AdgdelMs A 2E ZAe AE HPES ©HAsH] 95}
71&Y AZAES A3 Q5HATL 177] AQe 4570 H2HE M st
6 7119 FaT AlEHo] i3] WA &g zAlEen, 1 FofA
HEdgol chstel 23t AIE Hole piperophosE 21wdte] 2g &
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1) Az % Y

A HAF: WEGWE(Pyricularia gricea), WANAEHL
(Rhizoctonia solani), Qo)A mato| ¥ f(Botrytis cinerea)+=
PDA(potato dextrose agar, Difco &) Ab#ujz|o] uiorsted 4TColA K
wstgit). En}E S HF(Phytophthora infestans) V-8 juice agar Wj3|
of nloslo] Aol Rusigch BUAY KAE 91t ¥ do T W
® zhzhe) 7| A Bol HFsta ANEe)ste) APl Abgstalct doir
24 B8/ #(Erysiphae graminis) i} &= (Puccinia
recondita)= SHelel utdold 1 FU AR Arhulsty Aol
A-g-stict,

obAle] A W Ael: FAZ BE AR acetoned] ¥ ThE
250 g/mbe] tween 20 LML o]&3}o] 500 wug/mee] wE 2 ZAFACE
o] mw] acetone?] HF HEE 105E ZASIHTH vEdPol tiyt oA Y
oo @ A BEE ZABE) M, HAFE FEe] 1d A HET
19 Zof Fu|gr 20 n12] ofe)g WE 42 3 /Y XEe 212A FAA
g5lgdr}, o] uw) AFRF ¥ EFL JdEoln, ¢ XE 9 332 FAE
upEstel 2AlofA Austent, TR Aite HLEE HAFS| 1d
Ao AN wxo] g Eoko] 5 mla] #FH e ste] BIE ZASHA
v}, W3} 125 ug/mb3} 250 wg/mee] piperophosE ol ZgAelsta 1Y,
32, 54 Fo WUAFS S, gAlEte] A&PE Aot

Wlde FE: vEIHT Zal A4S Sdstel LA (EA 200
g, dextrose 20 g, agar 20 g)5 A}&stalch. 25T A wiA|oA 104
7t njokyt SR FY FEFAIE AATL TS 293 APt Xz}
2 H4A AT 250 ug/mee] tween 20 FEYLT EAE FHIIL 472
cheese cloth@ oiT}ete] FA} 272+ AAsIACh ZASEE 1.0 x 10°
Aml 2 2As 2~34718 Wl EFHFsIsic 250011*1 197 &4

At ¥ ubgg fEsy] dsld Y 2= ¥Y¥sA(EUsE
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EiD90%) 2 &AM 545 Auistach FAL kA Faks ofA FA
gltet oA Xel7o] o ww HAS Rapstn FAe]el cjyt @ist
§ &St Pt HAYEEE S uRT UnA] 5 TRy AE¥He
s e A T4 AT whdel £8to] AAstATHL).

HEdyde] Xz} odol W Al AR AAFIL MF FHRFE 0%
st 5.0 x  10°70/mle]  ExpgErelg  #£u]skgdch. Dimethyl
sul foxide(DMSO)oll ¢] piperophos& Xz} fetolo] Agjste] Y32 5
=2 zstolch o] uf DMS0Y HFwsZw 1wt HA HAsHch Hole
slide glasso] Zx} WElWE 0,2 niA BAY F petri dishel] Yol 25T
o] qbdelol M 197t ujrstodtt, Petri disholli= 2%2) o2& 7, 5
nle] M FHFE Fol FEE FASHAch X2} Wohs FYn|Fo
HHET 1007)8] ZALE RABIGoH, RE Aele 4oz alasigdc)
Piperophos®] A% A Az WA YL AMgstel =apsioich
PDA W] & petri disholl £7] Hol DMSOo| Q1 piperphosS wix]of M7}
sto] oA FEE FAY BEE ZABPATE Eapdol AY mie} s}
Al DMS0S] X E BTl 1%E w3t PDA viX|ojA] 5U 7 wjokd wx
B dAF Aol A A F 5 md FAL 274G wlojuo] oA wjxjo]
F3slch 25CollA 547 wjortt F F52 FAZ L Al oA =S
Arastalrt

Abscisic acid(ABA)2] X e|& 3} 250 ug/wle] piperophosE 2~3%7)
o] wglol FaAelstdet. HAFE piperophosE Aeldtn 19 Fof o
oel FU oz FHEslelrl ABAME|7} piperophose] HbA & 7)ol
oAl GBS R st BHTFE HES] 4412 Aol 100 pg/uwl

o] ABAE ol Helsla EAAc)
2)d

H2A ] At HA: 500 wg/mee] A e|o)A piperophosi= W =3}
el dSHol, bialaphost= EoLE o], linurond W4 of
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lo] 90% o]Ate] AlHF¥EAE& X tHTable 2). Butachlor2}l bialaphos+=

N

A Tgo| ol vlsto] omolde] BdE Balch Tl o & A
ZAEE 671x2] AlEWel ciste] 70mo|ste] W& WAHENE Rich
Piperophos, bialaphos, linuron?] Xg] S E7} So}x|® Table 304 X
€ kel o] WA F st AT
Piperophos®] =@ A& I}, Piperophosi= B =Pl thste] He|s
Zof ulg AR HolAwt, XNEEaet FFo|BEE vl wn)
stoitHFig. 2). 250 ug/me?] piperophost bAxe] 19 3ol 92,5%8]
WA FatE: Rdom, 59 Folx WA RN 60 A &HE AAcHFig. 3).
125 ug/me] Al 80%W WAEIL 65U Fol 40% njvo g HolA
250 ug/mee] He]FRT wEA F 7 a5t

Piperophos®| WEdw o] tizt 2854 HEGHLE EAl= 50
1g/ml2] piperophos A @] LolA 100% Wolw ] ¢igitt Hd TojAel
WA AAE2s 40%oll 23 THFig. 4). Piperophosi Ezpdo} o
T3 A A LR Z5igict. 250 wg/mee] piperophosE A g
g owo] HUFE FFs] Aol 100 pg/med] ABAE FA 2|3tz

piperophos®] W at#] f3tE ZHA3tA] QtcH(Fig. 5).

2.0]

3) 2 #

Z-A1E A 2R Fo|A piperophos, bialaphos, linuron 5& WE
Hat HAHdEY, BuE o, UHEI5Y 5ol 90% o] HdEEE
BotTable 2). TFME piperophosts ¥e] thste] AF s Fi
IAE temA Fxol uwiel &2 dWAEHE UEMAI] wiZo
piperophos?] =@ ol titt 2§55 & ZAtsiolct

Piperophos¥= organophosphorous(OP)Ald&] A ZAo|tl, Piperophos
o 22 0PAlY] 3FEL Qe AFE Ad-AF-AXAR A=l A
) 9rh(3)., wEdw A A% organophosphorus Al el &3t=

iprobenfos, edifenphos, isoprothiolane Zo] glth(7, 8, 9, 10, 14).
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19704 QoA 7RUH iprobenfos= T FY X2} o} oA #ntoh]
gb FAb A A EAIL gom, Al EA|AolMY clgRapEtobl el X
2o} HRol¥ ANUE & A2F EIFe| orh e 249 FEA
HollA piperophost= SIWEE A3 A& U HFo|Y FHprt AR
A ekoket. o] piperphos7t Zxplol A B} &7 wjZel oA}
7t & WHol, FANA JA I yold, oo AEA AR F
A A Folle AZRIAIL nn)EAd S Ao Ay
e A& AEAe el S 2¥ske $YE /A2 At
AEA7L BdFo] diste] AYLE vehle 73R AEe TEEI
< Ay dgdo] Zdof, AE ZEEH A5 AP A BY
K37t who] o] k4, 6, 13), B3] abscisic acid (ABA):= Al 82 A
PPz BEH B4 BYE A wfdel] WS FJA¥ctn 4
9th(11, 12). Piperophos7} M &A|e] WA 3 F=of H&e] e A
o o5& wgsts] flslA ABAE Ae|sta @A & ZastexE
ZAVsIAAIRY,  ABA AElo] A% FyAEzte] a4k ¢ldoh A=
piperophosi= W E@y o] Xz} wWolg HAYHOE sl HEdH S
R
+ AgolAM piperophost= HEGH thsiA £ AdgAo] S
ol FalEgtt Teut g Ay W Fro|Pae| ¥ FO2 piperophos
B50% RaEe) PAGHE AL g Aolth a2 A
& WEATIAU, ThE ooty EfAe] F Aol iyt AL
A7t AUk NE2E Pefo] =@ YA GAHEM ] AMEE JHestE
3 AAZge ER 2 Age TR ERgu AREA $EE du
MEEL2AN 22 5oy Yo o8 +5 dorleln A4 2
ATE 7|22 AA oM 2] piperophos®] AHg whHe] A ALH
o FrEAe gAado) o) Fojzlrhd =olAe] dlA #E wiae} tlEe]
E=dHE FAl WAY 5 dle WA AMEE AEAL gl sHss)

gleta B3t
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Table 2. Controlling effect of herbicides on several plant diseases

Chemical
classes

Amide
Carbamate

Dinitroaniline

Diphenylether

Diazine

Halo acctamide

Nitrile
Phenol

Phanaxy

IPhosphorous

Pyridazin

Pyridine

Sul fonylurca

Compounds

Plant diseases®

(ng/mt)

L RCB RSB CGM TLB  WLR  BPM
Mefenacet 500 0° 31 12 77 0 12
Propani | 500 33 5 36 65 73 0
LPTC 500 58 5 0 0 0 0
Molinate 500 63 5 44 0 0 0
Thiobencarb 500 8 15 12 0 0 25
Nitralin 500 0 12 - 56 33 0
Pendimethalin 500 41 30 55 38 0 16
Trifluralin 500 8 6 37 0 0 0
Bifenox 500 16 30 20 17 0 -
Chlormethoxynil 500 58 25 37 - - -
Chlornitrofen 500 0 20 12 10 - -
Nitrofen 500 0 18 50 0 - -
Oxyfluorofen 500 16 50 43 - - -
Bentazone 500 25 20 36 24 0 62
Oxadiazon 500 8 30 30 0 - -
Pyrazoxyfen 500 0 20 28 3 0 0
Pyrazolate 500 25 30 60 31 53 0
Butachlor 500 0 20 84 3 16 0
Metolachlor 500 50 10 0 0 0 0
Pretilachlor 500 8 5 28 10 16 0
Dichlobenil 500 0 15 50 0 0 33
[Ninoseb 500 11 70 - - - -
Fenoxaprop ethyl 500 0 15 40 0 0 -
Fluazifop buthyl 500 58 30 52 10 - -
MCPA 500 0 12 - 62 - 25
Napropanid 500 0 18 37 - 46 0
Naproani |l ide 500 33 6 - - 50 37
Bialaphos 500 - - 85 95 - -
Glyphosate 500 41 5 12 0 - 12
Piperophos 500 g5 93 36 17 - -
Credazine 500 0 25 10 23 0 8
Norf lurazon 500 0 15 73 0 ~ -
Picloran 500 0 18 - - 43 25
Bensul furon methyl 500 16 31 56 43 0 -
Pyrazosul furon ethyl 500 33 18 25 28 50 62

— 147 -
ZOIB/10/16 18- e X
et RS2 8 A ANSESH I /=88R




(Continued)

) Conc, Plant diseases”
Chemical . . i
classes SRR “lg) RCB RSB CGM TLB WLR BPM
Triazine o . o
Metribuzin 500 0" 31 31 25 @ -° .
Prometryne 500 0 37 25 26 66 -
Carbamate Simetryne 500 0 37 50 50 - -
Terbumeton 500 0 10 30 0 - -
Lracil
Bromaci | 500 0 20 20 61 = -
Lrea
Dymron 500 0 18 62 12 0 25
Linuron 500 16 35 72 0 99 -
Metabenth]azuron 500 0 15 65 0 66 -
Miscel |aneous
Perfluidon 500 33 31 62 52 70 -
Quinclorac 500 0 18 12 - 26 0

“Abbreviations were indicated as follows, RCB: rice blast, RSB: rice
sheath blight, CGM: cucumber gray mold, TLB: tomato late blight, WLR:
wheat leaf rust, BPM: barley powdery mildew

"Figures are indicated as the control value(%).

‘The controlling effect of herbicides was not evaluated because of
the phytotoxicity in plants applied them.
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Table 3. Preventive effect of three herbicides treated by leaf spray
one day before inoculation at low applicated concentrations

T A, o 2, ez mr T

Chemical Cancentration (ug/ml)
Compounds  Plant Diseases”
classes 50 100
Phosphorous
Bialaphos TLB 0" 0
Piperophos RCB 8.9 81
RSB 0 40
Urea

Linuron WLR 0 93

"Abbreviations were indicated as follows, RCB: rice blast, RSB: rice
sheath blight, TLB: tomato late blight, WLR: wheat leaf rust
hFigures are indicated as the control value(%),
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U, AEAgzade] =93 Bz

Mol A el ozt Aol WY mie WA HHgde
Axpel el Fol &V tE A EA ] BaHgo] WA
T}, Ethyleneq] WAl lipoxigenase?] A Ztf, phytoalexin®] &3z}
Z7}, HAYAY VYW A (peroxidase, polyphenol oxidase, phenylalanin
amylase )& B8 F7} 52 A EAoA ol thst Aatdo] USH o
LBl e 8408 ojn] wW At 23 Hiixle] glrt, E A&
7HA AL E FEYUCIAL Hago A AddAs A EA 73?:1?‘*13]6}7]
Hrle B #EAestag o 2 iyt A% Foiskidch &
P2 AEA oA wHoll tigt Aabdo] wdd uwi AeHA ¥
Fukge] Aeksto], A& A%} Aelof] S vA= FARIAE
Wste] Eofol] FFEA st WA ANRE 2SIl B HEA e
oA P4t WAHAEIUE Kol HIES ol AMelste] HAYE {3

Zke] §71& Helshach

i Hdo

l

) A& W ouby
o MERYRAEA

Auxin¥ A A :2, 4-Dichlorophenoxyaceticacid(2,4-D),
Indolbutyricacid(IBA)

AuxinEd A2 : Triiodobenzoic acid(TIBA)

GA A A : Gibelleric acid(GA3)

GA A AA4] : [nabenfide

Cytokinin A A : BA, Kinetin

Ethylene ¥WA3A] : Ethephon

7] €} : Abccisic acid(ABA)

L

s o] tis) Hedd HEHE AHF 4.5 cnf] UL EE
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3 mESlaL, 2AeA 4 - 5 G7|7tA] Ajulste] Ao AME-stgict.
. BB Az

TG A EAYZEAE acetone AMEBte] &3AZ ThE, 250
ppm2] Tween 20-8- O 2 35|43} 500 ug/mle] S22 XASIPT), o] u)
ol HFeEE 1053t 0] P2 A YL Y £EY 5 aly
Y Ex= EY dFEAe|stddch
o WY HE Wy

HIES At 39 Fof HHFE BFHEstach 250 ppoe
Tween 205 ©|-§8to] AAuIx|oA FHY Wedy e EALE ¥},
Eagetee] el 9 x 107012 25yt FE2E W 26ToA 1Y
b FAA AL YAEFU(RLE: 2611T, FEID8%)E FAM U
frEstalch FF3tn 79 Fof MEAY HWHALEE Ralsl AAE
F3}4iTt,
o AWE MEAERAAS] FEHILY

- MAZAA 0 2,4-D, 1BA, TIBA, Ethephon

- A A w2 Y W BEHFAe

500, 250, 125 pg/ml (EEY 5 ml® Ag))

o AN Eol A o] A E 2}

- ARZAA : Indolbutyric acid(IBA)

- A W x 0 EQBFA e (2,56, 0.51 kg/10 a)

- JIFAE ¢ 39718 YEHE 1/5,000a IR ES] oA sl 4

Q7] AA7bA] 2t F Hyol| AME-shaAc)

2) 4

o Ux A3E)Y Az}

- EoF UFH ]S Fslo] 2,4-D, IBA, TIBA:= 98.9%, 97.8% 88.9%2] #
g Rk v 2,4-D9 AP Wl A osiE Rustdct
Ethephon} ABA+= 58.9%2] &IE B3, Umz] 3PEL G 20%
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o]t Azt

B A elollM e ozt WAt 2 4-Do} Ethephon®] A elollAl 92, 2%}
58.9+2] IE Hvh 4BAL] AelofMe FA T tjRFHTIE 43}
A g stk

STE Bl Ag Fy

BUES A std e ul 2,4-DF A% Uoix]e) Zzhe njn)dig
th 2,4-D8] ZfE= & AHoM e} FdsiA Y} B #FAel
EE sxolA ozt YAt

A UES Eof BREA s [BAY AMest dBlE Holx] ¢jghe
o, WAERE gotvh FPH Puie AAEHA] o= Ay e U

Ebict,

S A AY A

oFsf, ¥arol nlx

Fi

1BAS] AefolM 63.9%2] Hpr} AAFE YT 2Lt 1B1g] Hof ikt

g 5& AEH o8 HEslojof &l

rir
o%

126

100 — B8 oeil- drenching
' WLoal- spray

o 1
==
-
—

4-D
IBA
GA3

Control Value(“.)
1
~N
o

Inabenfide
Kmeli
Ethepnon

- 50

100

g. 6 Controlling effect of several plant growth regulators on rice
blast
- 152 -
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12 |0 ua/ml
125 ug/mi
0250 ug/ml —

8 [J 500 ug/m)

Disease severity {%

Untreated 2,4-D IBA TIBA Ethephon
control

Disease severity (%

N

Untreated 2,4-D 1BA TIBA Ethephon
conlrot

Fig. 7 Confirmatory test of the activity of several plant growth
regulators on rice blast by leaf spray(up) and soil drenching(down) 3
days before inoculation,

Table 4 Systemic effect of indolbutyric acid and triiodobenzoic acid

on rice blast by soil drenching into the adult of rice
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th FIEAF Aelof o3 wjS Faupyge] WA &zt

Disease severity Control value

s A 2

Indolbutyric acid 2.56 kg/10 a 6.5 63.9
0.51 kg/10 a 215 0

Triiodobenzoic acid 2.56 kg/10 a 95 472
0.51 kg/10 a 215 0

Untreated control 18.0

U8 sofol B} ARl Yy A wlEol] Abgo] W A won
g Aol et B3t ol §=I golzt Arh oly¥ AAE Fof
A 7IRS REAEAM A, A ZE A4FY Fo 4R TEARS
o WS AL el Hu AL AZE Al=7} ol foi2 AL glrt, 7]

oA Adfra thEeR SR FHAY 295 BUS
a

2

%
A Bl ol 94 YU FHoRL 0] &E ANME WS A
=7t BateiAx gleh. B3] Mg g izt oyt a7t Aegsa
alch, Enlg ol B wWAHY  Fusarium  oxysporum  f.sp.
radicis-lycopersiciol ti¥l st A @ Fx} yjHo) 2% ¥ 1A oz
73}, Q0]2] 7 A Alofl WAIS= Pythium apanithermatumof Tjgt 22
gl Fepgel iy c¥Al & "l AR Fol Uk Botrytis
cinerea®} Rhizopus stolonifero] 2]3t Ry Wiz Zo] R IA¥|o] Qlr]
JRAe AE SUTol UY LFBHWL ozt phytoalexina}
chitinase?| elicitorg] &3, g|1WlFle] &2, AlE2] 8 Auldo] #Hd

&} chitinase, £-1,3-glucanase®} Z+& F.4¢ GzoE HTCIE B
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rd

5ol alch,

Y WA= F1EA ] FAF A golu, B Ael&2Z AME
g3 gloh 2 A= +83=Tt thE JEANS Ao X A
2p3t2) A 50 £23 EQHOE FAVT Bl gl wvid FEA abg g of
oA Age $8stac
1) A8 9y
o 7} TAES &y 2 EYEY HE

W Aate] uiF Auiz|ofA FatuiHol A i R E £
A3t -70Co] Rusin HEUoE Algsiolr), U EE(AA 5 cn)
of Qg AEE @ 739 ¥F FAE NIstYTh AFAL SANA
Al gk F Qo] FAZ 3T WA thE FEe AAsAch Hddy
AES e AR 7184t g EY HF A3t 3d Fo A
Fele @RS EE 10 nl¥ Ego] FFsiych FFHULE ALY
24 el Hegde JYEMolM By 7™ wis P 98 g& FFS
of Ztolx] 2742] cheeze cloth® A A7|& of2}slo] Fu|slgc).

o F|EAte] A e

T8t ME S 3 £/ J)1EARE 1%9] lactic acid Y&
o]&ste] 2, 1, 0.5, 0.25, 0,125%8 =23 23A3Igc) ztzle] fd928
RHEOR He AR Egfelol AY EETY 30 014 BUUFE Asigich
o W g A}

BAuAEEE AT wRE SN HY $E02 EQ $EL
zAshA Belslgicl. ¥ Y FEE HATE BN T Fol E
B AAT I Welol WAY ReFe) FRF ohhd WY AF2 2

it

g A 0 e Fol WEsHA] U
1 S0l 2] Fo] U
2 Frollt FaFe] U
3 F23ah FT BFo 2 Fo] WA
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o wj2e] AEF 53

WU 7IEA Aele] dB R AL AsE 2] #isted i

o AR iy AEFE ATk RUE AAY MFY AYTE

NEAZ AN 50T dF AzslolA 48AT ARAATE A7 €3
z ¥

Az)e £27F Wojd F AzAZ wiFe FAE A stelch

2) Azt o 2%

- A%} BY] A FU pEolA vlxy EHE HIAUTHE 5).

- g2t M $stdd co] AeE AL VERA] ofdtTh

- 3%259 71BANS AME ]2 2§Po® EYst Rl AHalstalg ),
e zhgol o3t Emate] o ol & = UATHE 6).

- I EAre] EokpE AMelo] oA ulFsl ofslE ol AFFo] Hadt
= Az 44 Z3IACHE 5).

- 71BN AR A BE, AW Sol daide iy oy XE
AgolM A&H o2 Helxlojo} girl,

- Chitosane H $¢2 MEX WA L2 A F&5& UL e &
Aolt}. Chitosan 1 THEY Ao glolME A E&He] vigh WAl &
7 AAFER glon, AAPor FAF 4SS AAFIIE {h
w3 4F xo] MloA AEA uoMd AYPEE FErE Tk
B Ao ME Fuold HtA EA7l B de Fabagel ot
A Zebzh 2 APE Fote] g3 ct o] A ndEE 183l
o] AEAM AYHE FEIL EQEE WAstA U o MEE
whe] 42) F& Aol ANAHEZAN AMBHAH £ AE Ve
A F-3ict
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X5 71BN B

WA )8 g o] A & (%) AE

27 Aol &% i TAIY YA

¥ **JQI 'f WF L EE (%) A
’ X = 101
20 k4 1.06
L0 o 1.10
05 - 0.97
0.125 @ ool
0.0625 1 e
) o 78 0.94
20 B 0.95
N o 0.91
- o 0.94
0.125 7 o
0.0625 0 .
(: N y 0.92
20 e 091
05 5 o
0.25 9 i
0.125 15 o
0065 2 -
- 157
SOIBS YHNSN QESH SM U ASESH HE /=2



E 6 71Exte] THA o ¥ U 2}

g 7| EAY FL Al 23 (%)

1% A+ 1% A 81

1% A + 1% B 61

1% A + 1% C 80

1% B + 1% B 89

1% B + 1% C 37

1% C + 1% C 7
05% A + 05% A 70
05% A +05% B 78
05% A + 05% C 48
05% B + 05% B 67
05% B + 05% C 19
05% C + 05% C 4
025% A + 0.25% A 35
0.25% A + 0.26% B 33
025% A + 0.26% C 19
0.25% B + 0.25% B 46
025% B + 0.25% C 22
025% C + 0.25% C 7
0.13% A + 0.13% A 7
0.13% A + 013% B 0
0.13% A + 0.13% C 11
0.13% B + 0.13% B 15
0.13% B + 0.13% C 13

__013%C+0I13%C 28
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3. FAbutag

ALY

Axpstal zHEel Aokl mElE fEsta vk el
Plasmodiopors brassicael= E9 Zo]A FH XEx}E2 A3ty 7 - 84
AL o FE2Y 4 g7 wje] ¥ W AEH EGE ABSIIRE vfe
ojgtt, EF FAmpAel izt WA dHEE dEodM U™
fruazinam®} flusulfamide o Q7] wi&ol 71 Z L&A 333 Y&
Fsl7)dE W og o] Atk BEQ FolMY Aitx FFAE F3he
o] Folx| 7] uwjF-oll mbE A7k U] W& WHo] Y g0l oM, E
okoll ofH|E Aelslor 37| wlEell Hel Fol= W Aete] alth

Ao FU we wiE, F oAl Aol & o] dAsta ey
g WAz} AgEle] 9lx] x, AYY FFY &% Y & HES
B2 a7 wlEo] WAt o AlE@olth. olAF 1993d4E uje
Qx| oA Azgt EAE zest e Faloiage] oy A3Y
g gyletal, ot AlEA2RE Zelyl endophytedE A elste Ww

Apstedeh.

N

A #atel njFe] Bl WA e TNE

7h A 9 g
o FEYL B YW &y
P. brassicas HAu¥E7AFo]7] wlio] dFuia] oo wigz
Bito) Brhmsich £ Ayielde g e A¥z} Uz A 29y
oA oy AEo Walo} Tk A3 Fted WAl M APE AR
L ~70Col| BastdA Aye] ARgstalch
o|g}stel L Ao P brassica® AEA oA ugstHA Aol
o] 8% 4 gl WS YY) $3te] FHFEL wjoste wjFol HUEE
AEsim HAN L ZABIUAT thge] X2 HAPEA] Repalen, ¥

|
B ol B Pe
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FE Ez} a] J)1FAEA ] thste] HUde] HoelHth A EFolA
A9 AEY Rl E AR st WERHAshE Wyol 1 EAI Qe A
o2 waA gloh 28U 19 3709 o] YEEWE shH WdAo] Ho
27] Wl L EAFAT AEA 23 4% 7|nict A2 214
el & Ayt LA s AHg-ct,

Aol " Bzl 20gS 500 mle] atbuffer(pH 7.0)of @i
1-287 EARicl 4738 AR AN AERAY A7 F& AASL
fzz10 =22 1 x 10/0l8 R2FsAC)

o o8] xA

71E8 AFAE BT FASt 7 AddAL A ZE daHos
st BE AbdAls DMSOo| B-3fA]# Tween 20 (250 ppm)-8-YoilA]
B3 22 3Tl B @5 Ayt dxl L3 dolA B3
7b AFEE Al A SEE YNeid WAANE zAlSIolTh £
A& Faln}zwe]l WA ekA 2 A}RE]E PONB, chlorothaloni1(TPN),
trichlanided FAIslo] 43 418 A8E $usialn)

o NBAL FH), oA W P
!

T FF UL At E 7P FFel riste] WU A

2 gl viste] g Apdoldien FRY ¥l B
o], AR E A9 Aol SR stoirt (1Y 8).
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Disease severity (%)

2% 8 FApeprgo] oig wig 5 8 ¥Y8 AW

Fetat] Xio] F5 HFEE WA FES Edo] HE FEE Ugdl
Arl. FHIY FFHE ZEYW 5 ¥ Eo] BFAATE £WT A
TAle B PR sl XE | 30 nl¥] FA S oA
Ae F XEY 6 - 74 BIFE wFIlo] 22 - 26T, A= 1243, F
E 506F = AR $AA UEE FESHUCH
o W zA}

uESII 40 Fo XEoA ujFEE ol EX I Mo FULE He
8] el g T3t AL Rabe oY 22 U A4E AHEd
of Y EE St IS AxlstArt

0 : SelFdo] s A=A U2 A
1o &) die] FelEHxy

2 1 Haz2t F2o dFol el HAAY
3 HEA] He|FAA

2
T
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Wl E pEsia 304 Fo Hddel 4T Y FEE iy PRE R
2A ZApshglch. ® 7olA R ube} o] ZI&Y TiE AIAY Bie
ool steict, Thet, captafol 2} nuarimol®] X elolAl 73 g/10az} 46 g/10a
9] ICse) EAE Byl

dx} A3 Bt 5 FH2 & AFAE Adste] Faolyel
th gt W E e zApstelth, FlusulfamideE 0.18 kg/ml B A 2|319& 73
Qo= W dalo] 100% AAEl Y L4 WA ZIE Bch
Trichlamide, ferimzone 5& 0.7 kg/ml&] A e|o|A] 80% o]Ate] HEIHE K.
gtk (1" 9).

BAuANe A& GAE AT ARAY 4AE APAAE o
Ag Aelsla] ook FAe)FolME 78 642 Po| Ao, Felrt
Lo At FUstA uitfdgste] FRY WA Hol Frh AFF
ME Kol W xolE KArh PCNB, chlorothalonil{TPN),
trichlamide?] 2.0 g a.i./m’2] A g|Fo]rL 95 3%, 76.8% 88.2%2] &3}
2 HYHE 8). 2Lt 1.0 g a.i./m® He|2e FHIH= 51,.7% 65, 4%,
33, 0% ZrAsliTh
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7 JIE ADAY FAlui

A &zt

Chemical class Chemical ICy, (g/10a)
Anilide Flutolanil 553
Antibiotics Blasticidin-S >2800
Polyoxin B >2800
Validamycin >2800
Azole Flusilazole >2800
Imazalil 1271
Prochloraz >2800
Triflumizole >2800
Triforine >2800
Benzimidazole Thiophanate-methyl 238
Carbamate Diethofencarb 1203
Carboximide Mepronil >2800
Dicarboximide Iprodione >2800
Procymidone >2800
Dithiocarbamate Mancozcb 298
Propineb 822
Phenylamide Metalaxyl >2800
Pthalide Folpet 241
Phthalimide Captafol 73
Pyrimidine Nuarimol 46
N-Trihalomethylthio Dichlofluanid >2800
Captan >2800
Urca Pencycuron >2800
Others Chlorothalonil 372
Dimethomorph >2800
Ferimzone >2800
Fosetyl-Al >2800
Isoprothiolane >2800
Pthalide >2800
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Control value (%)
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28 Famiagel e s EAel YA

Chemical Application Disease Control
m
ermicas (g ai/m®)  severity (%) value (%)
Pentachloronitrobenzene(PCNB) 20 3.7 95.3
1.0 380 51.7
05 66.7 15.1
Chlorothalonli(TPN) 20 182 76.8
1.0 272 65.4
05 69.7 1.3
Trichlamide 20 9.3 88.2
1.0 527 330
05 69.0 120
Untreated control - 786

o] W MAYLE FUstA £XY AAHNAHES] FLY BT
29) shuolth. B3] dRolNe AFHo HA griasid, 2zt
A gEa el chiAstel ¥elzt A FaE e Adelolth 28
L} Hha]okx| & PCNB(pentachloronitrobenzene) 7} 2121 3105} (50kg/10a)
o Apg3slEs PONB 2] E3)AHE<Ql PCA(pentachloroaniline)] th#f
of % BFEAT} o] BA7E Qo) 2uizh Abgol FAIH Aele}
3 g} HE AR ESel AuEid e Aol SAAUIL el HT
o] #E7)7} 10-20d 224 100847 Brhssietaich olHY AR
& 815ty $l8) ol petel e A EA ] AF-AelA PCNBE] Z3]Fo]
g elg ASsia glem, # Phoma glomerate No. 3240iA] 2| #

HEAQ epoxidoned WG om, o HYEFL tiE FFo| N
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A4S VEhlA] ¢k Falolypgol cisiMut ey og wAgE Rol
3 odcisl girh o] AL epoxidoneo] A EAFo|A AuxinBAH L AABIE
2N PEE gAY ol Folth, el &ste] Hlwe AEAe He
oM auxing] EH[7} X Eo] NERHC] o|HH 2R /%ol wet &
ol FdHrl wetd U2 ozt FTaeN AAFLL gl A3} Zo)
auxin Aol tiy AP E Folste A= WAL 3 J1x] Hefolety £
th BT BEY SollAe HAo] ozt FHEALE HAEEN 10
d ool A + & Belg wyich A4dAE EgAe s dalde
of WddS YAstActy gxzlze ¢ A YASAY EQoaE 10d o
3 AG WY TFed e AU Q7] diEel A4 WA Aol W)
oh EY FHEAN ol A8E AAY £ dE AlF AFAY AUE
255k

FAtopH ol thdt waj= Hefsgolrtn F3 WAz} ¢gl= Zo
A AFolch. mield & o izt A3glY whHE Hysia A F An
¢+ ole AES BN PAEE AR YNY £
GAE NPTt o2 U AFAHE o]8" o sjrjHch

= o

fr

+ Endophyte?] Aol wvbz| A38ly
% 68l0] AAAN 34770e] nABY Falmbay SALAE zabstelnh
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