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IR B Fusarium oxysporum Schlecht f. sp. lilii Imle Fir5 | #E.2 F & HkEE Z M S Hai & E &
RESH E BRGNA - 2 — o — B E H S Z= 8099 R (F. oxysporum f. sp. lilii) 2753 »
& S R LU FE R AR ZE A T SRR LA BRSECRL AN ~ ok v Fo JESAR S SR ALAORE AR il - BHUHER B
EHEPRAR & 132 - FIIF] FL& AL (pentachloronitrobenzene, PCNB) SEFEEVERT FIL/HE - 15 FEIHAR
B B Ry 2 Fusarium spp. #SHITZRE b2 88 7€ 15 F. oxysporum %15 LUEERE 5 & 00 5 2XHE & H
Sl > DUERRRR 731555 . oxysporum f. sp. lilii o b5l Z iR MERIE Tk R ROEMUE DL F - #EH %
W » dASE e 3 I FH 25 1l 388 5 I (polymerase chain reaction, PCR) $3: i LAGH#E —sd ~ /5 {8 H.1#E
TR IR B AR V73 o B SR Eiaal] ~ i L R B S v & R FH - A oS AR B+ S R AR » LU PCNB
SEFRPERTEEL T o RO RE IR E R ILIKNEE F. oxysporum ZEIE 74 Bk o 151 74 {EHGEAE R DL B2
PrE 5 MO IR BURE - 6l SR 30 RGN MRS & BURIEME - 55 44 RRANES < SZBHL 3 PRI R PERE
(FO16 ~ F025 ~ GO16) 82 6 PRIESHFE: B (FO32 ~ FO36 ~ FO38 ~ FO40 ~F140 ~F141) » FI|HFER M
2 B 431 (random amplified polymorphic DNA, RAPD) » LL100 {55 10 ([ £%H ik
(nucleotides) ZAZEEH | T TERE o LUETEHHRESE OPAT-04 (5-TTGCCTCGCC-3') 27| T » FriEig
B L RIA S FALNE L% (DNA) Fr ERRE IS IR PR B E o [V BRI - ASEISOt BB 1 2 DNA Fy
R INLURR » di3%a B — AR 5 | 1 %1 Fusal-5 (5'-GCTTTCGGCCGCCTCTCATAG-3') Eil Fusal-6
(5'-TTGCCTCGCCGATAGTGGAT-3") o DU S—VEELIE 5 | 15 FIFH PCR SRR [0 Rk < BLRIE8
K4l (genomic DNA) ][5 K/]VF% 386 bp Y DNA JrE% © FI|/H Fusal-5 B Fusal-6 S—4:5 | %] &2 PCR 4§
e 7 ZOHIEA SR AT 7015 2 74 (BB > 45 5R B DUBERE 77 il € i S s SRAHTT & - FHIEIRY 30 #RE
SR IR TR AT I HH U 386 bp BL—PEDNA FrER » T 44 PREEREIERRAIAT - B LU 386 bp DNA
FrEGEATEE TS ROE A RIS IR o AL — MRS |- EREUE S & IR &R (Rhizoctonia
solani ~ Pythium aphanidermatum ~ Phytophthora parasitica ~ J Sclerotium rolfsii 5%) ~ TE 0 & _F o0
F{Y Fusarium J&EEIN F. solani % F. moniliforme 5§ ~ BI{EARFIVEWIAIAEIN ~ B ~ SA ~ 915 ~ $E &
I~ #N s FE ~ FEEH S LZF oxysporum 73U » F5HVESMER 386 bp BL—: DNA R B¢ E - #E
AL L DNA B AT eSS 1 & B AIWIRTERT . oxysporum . sp. lilii & 3 RESEZ I e A2 A4 -
KT E 3% 2 B | -1 Fusal-5 B Fusal-6 AR E L8R /7 BiERS 2 2 B E 55 F. oxysporum f. sp.
lilii © tE5 > FIFILE RS | F3HE T PCR HWERF » HAURE A5 200 pg/ ] Z BEIRHE LRI IREL -

BB © & ~ EAMAEZE R  REEEE - REEREREE ~ R A S E - FE R IR 2 U PR3 #r

o= Ao T R SRS IR » 0 b ARG SRR - 1L
WEET O (Lilinm spp.) FUBEF RO AT ) Tppy BOCHRE LD EURGPERO) 1 - T R 8
ERFTARAOIE P AT S - R RAERAESIEZ RS T A0 B @ 0 » R 2R Fusarium



oxysporum Schlecht f. sp. lilii Imle "*"® ~ Rhizoctonia solani

Kiihn "% ~ Pythium spinosum Sawada

~ Phytophothora
parasitica Dastur. ""® Kz Sclerotium rolfsii Sacc. " % » H
S LLF. oxysporum f. sp. lilii 5| 2.2 B & SRFEER Z 0800 B
FemEEE » (H A5 & PR ZE N R B S RER DU U AEE
FERT KRR - © F. oxysporum f. sp. lilii = ZEGEEAL
TEfEE B8 (basal plate) » ATLL X2 B FEER (basal rot
disease of lily) &7 o ¥ ¢ Sif0IEE 2208 i3 R AL 2 )2 e
FAEIR IR AN RFTEEL > [EE] 1942 4 Imle A TERE 5 &k

fOE Z IR RIRE F. oxysporum f. sp. lilii NILLRAR iy

o MEEIH B A EEEREME © o HRIRE RS E
FEAEAEER A A EL A By ACHER - T RERS ALY ik
Fro~ S R 15 T BRI RURE IS5 CIEA o PR ey
TEEREGB 15 L HUEIEBCR IR > B IREUEE B E 3R
HEER o B SR T RE SEEREER SR © o F. oxysporum f.
sp. lilii F EHS IR ERE - SO A SRR ~ T
B~ il s AR & A 0 B R E AR TRy
TR T o SRR 53 LA 8 R B SR A e
S 95 A AR A A BT A B L SR R ORI L S R R
(pentachloronitrobenzene, PCNB) ZEfE R & 5L O oy - oy
it S Fusarium spp. f8HIZEE E 2 € O fEEBIR F
oxysporum 1% > B 1% F. oxysporum BE(E B8 fE5E A 08
B B Ns I E L (& 1% dextrose Z potato
dextrose agar ; JBFE PDA) » 558 14 K% 57 B LR K446
FUET o BB FHE A 108 {E5 4 fEFIIRRIRIR » 15
i BRIZ S AR R R0 PR 5 ) SR AR
BRI W+ BERE PR EHE KR 5 HERE
TR A N R ZE A B Sl S BT S5 sl > DAL e 5 =X A
BERE E S ZIWRYE o LURER PR 3 15 Z IR R B B F.
oxysporum f. sp. lilii ~ HI> TERESE & T S A8Ea e s 2 BiR
SRENE - BN bR R MERR PR IR TR RN = 22 P S DL
b o TRT B DU N HEREEMEE: T R 58S F. oxysporum f.
sp. lilii o A3 H HILE 56 F1) A BE B 0 ek 1 22 1% o5 i
(random amplified polymorphic DNA, RAPD) /7= » #iiiZE
HIEGEWENEZ Foxysporum f. sp. lilii BIIERIFEE.Z F.
oxysporum W74 5K #8E%1# (genomic DNA) HAN[R]HY B4
FrE& - B A ek ERREs B — & - BORREHPERITE
HRZIE Fr B (RIS e P 1% 3% B — PRI S | 7% > A5 FIIH
&l ESA S (polymerase chain reaction, PCR) R HIME H
KELERE R ME - R 3%ET 2B M| + FE A S ) F.
oxysporum f. sp. lilii » BARE fayRIvs i b 8 7 K] E B [
WE FEIRERY AT#E - FEFH AR 1 & S I 2289 I IR Y
HEAE o MIREAEAREE b B PR e 2 BRI (E A -

E G SRR Z N E 2 FE 113

RS EYARES

9 i 2k T R

B e R VR A i~ 3 B ORYRTH e R S A
EFEAEEE T - PREM AR JE (root rot) ~ £ & (basal rot) ~ ¥
{LZ20 (wilt) JREI B SRR - LL1% (viv) KREESH
UREK 75% WG THNE R » 0 M 72 K% o 1%
e (JEEAR (root) ~ ERACELAZ (basal plate) ~ figh v
(scale) Fe¥< (stem) %) BRERFHARACTRBEUI T » MUA 2%
(wiv) KIENEES#5L K PCNB SEFEPEESEEL » TS (Hy 25
C) TLAHEEIR RS E - SRS GR R - YJHL
B SQUmt% AJBNE PDA %2 - RS ELAE RS E TR
BE PDA RHHIGAE P > HRERS 22-25°C EilR AR IR RS 2
(B H IO 12 /NRY) - i kRS & 2 R DA fw % - DA Ez
fif Jeitla A o (AR AR A 2 3 DU £60 55 e 5 =X ks
= DIMERF A RAREF A8 (wild type) Flk o SiRfEETE 2
P B MIEATE F (macroconidia) ~ /MEF (microconidia) 2
RE Je ) &A1 TP Bl A e 7E A1 J2[E 1 (chlamydospores)
e GILID e B IR E 1% - B A B AR RS
RIS F. oxysporum f. sp. lilii » LA TR0 B fa 5 A
BEERER > B/ AR E R ENE PDA | 14 KA
B RLL B AT VR T oSl T aa 10° (@ k
FiF (10° cfu/ml) FIRRIRHE © 5 LU1% (vIv) GBI 1R 2
MER: 1 708 - A LUREE /KERDE#E 2 B & Casa Blanca i
T P BK 302 AR RS R 0 5 o stk IR
BRE M - FEAE FA 115 N8 3.5 ISb% A I 8 B (121 °C,
1.5 1b/in®, 20 5348) SEATHYE 2 1 ke B2 5 [AlEE
JIENH g P BRI e K P U IR R o A S A
IR - FEE4 2 BINR=ED - BHEK K K5
% BEEECER BN T2 (5 A REIRZE VA R ok SR I8 0
B o 5 R S8R 2 IRERR HOAR ~ BRECELES ~ By K
L ERATASOREAR e - 7 B [ A R AR BE A B S [ —
JEHE PDA ZFfy b » 25°C HEDERSE - #9 2 B3 Kk - (KH
HIETERE ~ AR ~ BA LU FI FHRATS SR S oK 1
HITZRESE N LALL T © 018 R B i At (] - RII5E plh] 28 I
{EHI| (Koch's Postulates) » fif @ HIRIRM:  15HE TRIR 2
BRI E 24 A B A HE B R o

I FH B B 1 il %5 18U 175 3 BT (RAPD) i B R% 18 5|

Fusarium spp. HY55# BLELRIGERLIR < X » B S0t
R 2 AT IRVRNE I 250 ml S8 R v Atk 2 Fas
] MERZEUR (potato dextrose broth, PDB) H1 » #5215
2] I S AT RORSE R A BB 2 L (1EAK 9 25)
i FE 12 ml > B2 24°C BEEFEh IR ET Kk »
HFEE BRI SR LARD AT 2 BRAY IS EEURUERR - A TR Rt
PRHZ BRARTE S -20°C UKFE DR o B 1 g 1Bl 92180 TRk
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B > HIAGE SRR ZURF R AR - B AR
LB DA 15 ml BYZEAGEEEK (Extraction buffer @ A
& 100 mM Tris-HCI pH 8.0 5 50 mM EDTA ; 100 mM -
mercaptoethonal ; 1% (w/v) SDS ] » B2 60°C 7K 20 47
$# o B 7.5 ml BBEEREF (potassium acetate) » UK 20 47
1% 0 30 4388 (10000 xg, 4°C) » B _EJEHMIA 8 ml Y52
i (isopropanol) 2 2.5 ml 10 M Y f#5% (ammonium
acetate) » FHE A N SCE —/NRFREE L 30 778 (10000
xg, 4°C) o Byl LL1.5 ml &% (Buffer : 50 mM Tris-
HCI pH 8.0 : 10 mM EDTA) fILL#Ef# > fil A RNase (50
mg/ml) » & F 37°C T X FE— /NI A #8151
phenol/chloroform/isoamyl alcohol (25:24: 1) {B&H » BfL
30 4388 (10000 xg, 4 °C) 20 FyEWR » B —X 1% I EJER
JOA 2 ml isopropanol LU 0.2 ml # 3 M &% $4 (sodium
acetate) HHE S -20°C Hh—/ ]\ » JEEEEC (10000 xg, 4°C)
30 BRI TEY) » LL 1.2 ml B9 TE #21EK (TE buffer :
10 mM Tris-HCI pH 8.0 ; 1 mM EDTA) A2 IR1FA -20°C
DIHE 48 S BERE (DNA) M7 o 53 81 TR ik
SIFELE - ERRRT— LR L Z AL R 73 OO BEE
(spectrophotometer) JHI & 1E & 260 nm 5z 280 nm AR
i - HHSALIR ZUREE - P SRR AR LA FE 22 40 1g/ml BJI
% PCR s Z 15l (template) DNA JRJE o £ H 100 #H
A[EIE 4% 1% 5 | 7 (Operon Technologies 7\ R4 & » fwhk
Kit AT ~ Kit AU ~ Kit AV ~ Kit AW -~ Kit AX ZREH#ES|
T#H) B PCR $ffir » LI GEARE H /- HEE T S 2R MR
F. oxysporum > RAPD [ JEFRTE PPEIEZIRAF40 T = 10 X #&
B (100 mM Tris-HCI pH 8.8 : 15 mM MgCl, : 500 mM
KCI : 1% Triton X-100) 2.5 11 ; ANTP (2.5 mM) 2.5 1 ; &
B DNA 1.0 £ 15 5] F (5 «M) 1.0 15 ProZymell
(PROtechnology Ent. Co., Ltd.) 0.3 x1 5 ddH,O 17.7 11 5 #&
WEAERS 25 1l o PCR RAFANES « (1) 94°C Sy » 1 A
(cycle) 5 (2) 94°C 30 # » 40°C 30 # » 72°C 1 434 » $£ 40
M5 (3)72°C 2 70§ - 1 [BlE - & FDE RAPD #EY)LLLS
x 10 cm?® kN2 1.5% ¥305 (agarose) [&20.5 X [ TAE &1
% (TAE Buffer : 0.02 M Tris-base » 0.02 M acetate » 0.0005
M EDTA) H1LL 100 V EERAMEEX T ETT 2 I8 NRFEE VK » A5 2R
% LIV L Z.8F (ethidium bromide) Yuft » 7E4EY I Fige
A LIFANL 1S (Polaroid MP4+) $HIRIRTE ©

BT DNA Fr B 338 i B % Fy>

B DNA Fr BR[|l » DLRITCBEAR &8 H
SERIVE 25| T8 FO16 k.2 R IR B8R FL3 61T PCR »
FER) LIBEUK Y AT » 15 AT RZ 55— 1 DNA & LU ] §)
T B EEEOE T DA 3 fFHERE.Z Nal 1A » L
55°Ckin ERIIE A% » A S 11 EZ-GLASSMILK ¥
5 (GENECLEANY III Kit, BIO 101 A F]) A=A FiRE

e E S 4y 88 o LL 10000 xg B0 5 BV §E (i BZ-
GLASSMILK ™ flIDNA Ui &40 - F3FIFH NEW Wash
EWETGETUR Y 3 R » B RAEH K250 1] » BARBR T 7%
AR EE R T 2SRRI Y o B LR Y SR 2
Elution Solution (GENECLEAN® III Kit, Bio 101 22 H]) #§H:
Wi > B0 30 70 0 EIGURENEAKEZ DNA FER © 3%
{8 Invitrogen Z3F].Z TOPO TA Cloning E 45t 1 73351 &1
B > J7EE40 R THSEECE TOPO™ Cloning S ER » 15T
BRI 2 BT DNA FrERAN 2 ] I 4 o] HERR S+
KEZ1 11 pCR®-TOPO™ vector A9 51% » B S 5
SR IMA 1 11 6X TOPO®™ #1110 FO8d 418 vk
F o JuH—%& competent cell (E. coli strain TOP10F') 27K
FfEE o SEINA 2 11 2 0.5M B-mercaptoethanol {E&
Z) s MIA2 ] TSR &2 TOPO™ Cloning 5 iR &5
CHERERUK |30 775 - FEE 42°C K 30 7 (R ATEER) o
BEENE AU 2 438% » A 250 11 SOC 1585 (2% Bacto
tryptone ; 0.5% yeast extract ; 10 mM NaCl ; 2.5 mM KCI ;
20 mM glucose ; 10 mM MgCl,) FHERR 37°C KB /KT ES
1 /NRE > DU W W UM SO 8 100 21 392) ¥ 8615 LB
B R PR (N 50 wg/ml kanamycin, X-Gal 2 IPTG) » (&
2 37°C fEMAE FhEEE - 12 /R BIEP A (ABUR R B
v £ LB WA - B2 37°C AR g 80
Br oo B N ARE —1E DNA JrERAVEm » H¢ (1) B
(plasmid) HJHHEY » HIBirnboim and Doly” K Ish-Horowicz
and Burke® 2 /7B R » HAlAL F5iB40 T AFaT— 5 B
W2 E. coli LIKRE LB J5#EH: (% 50 vg/ml kanamycin) >
37°C K524 /MRS HY 1.5 ml B23835 L 12000 xg 4°C T O
30%) » 2% PR bIERE A Bz - I A 100 p] FTHim 2
Solution I (50 mM glucose 5 25 mM Tris HCI (pH 8.0) 5 100
mM EDTA (pH 8.0) ] Wi R EH RSP E > FIIA
200 #1 Solution II (0.2 N NaOH ; 1% SDS) IR &% Bk
> EDIATEA Z Solution III (5 M potassium acetate 60
ml ; glacial acetic acid 11.5ml ; H,O 28.5ml) 150 11 &5
BERE G Z)%EN UK ES 738 o LL12000 xg 4°C 5k
0S5 oy BRI A S8 Fi5.Z phenol : chloroform {E&
WRERIR A% LL 12000 xg 4°C B0 2 708800 FEhik - 7
HOA 2 {5HatE 2 ZEH RS E IR NERE 2 778 (5 DNA U
Fef > L 12000 xg 4°C Bt/ 5 788 ERR F Ik Huzlg
HIA 1T ml 70% Z ZBE Vet bR b g 0 5 ik ¥z
1 BARNMIA 50 11 TE fRERFITBR YIS RER? Hd > &
% -20°C RIFHE R AEABE A - (2) DL Eco RI PRI %
(restriction enzyme) UJHUEHE DNA HIEK » HL200 41 (o Ht
IDE AR Z 817K 16.3 1] ~ BRAIEEZE N FERR BRI 2
x1 ~ Acetylated BSA (10 ug/x1) 0.2 ;] ~ BB (1 BE
BZ) » ARMIAO.S 1l Eco R FRHIAER » #ERSFERS20 il -
B 37°C 7Kg 4 /NRHREUH » LL1.5% 35 100 V ERAMG
TF T 1T 2 /NRF Fvk - BIZATISE] .2 DNA EY) Ve



EARGENE < H—VE DNA R ERAV/IN—3 - (3) LLAIEH 2%
| F-or M B Ak Z I #E DNA » PCR & Ptk
I : 10 X buffer (100 mM Tris-HCI pH 8.8 ; 15 mM MgCl, 3
500 mM KCI ;5 1% Triton X-100) 2.5 x1 ; ANTP (2.5 mM)
2.5 p] 5 SEBEEE IR ZE RS DNA 1.0 w1 5 primer OPAT-04 (5 ;M)
1.0 «1 5 ProZymell (PROtechnology Ent. Co., Ltd.) 0.3 x1 ;3
ddH,0 17.7 w1 s #EHEFERS 25 11 ° PCR &FFFS < (1) 94°C 5
Sy > 1 [\l 5 (2)94°C 30 ¥ 2 40°C 30 ¥ » 72°C 1 4y »
40 [E# 5 (3)72°C 2 438 > 1B  Fuf% % RAPD EY)
PA1.5% 15 100 V EEEAMGECE T 3T 2 /NRFEE VK - S LIRAE
LSRG IR SRIME T S LD B A B 2 ] — 1k
DNA B AR/ N—8 » (4) E—EDNA ZfiftFe - 5 FmiEEhag
Thiz B 8 FF 2 B B AR AL R DL B B AL IR E P
(ABI 373 automatic sequencer, Perkingedma, USA) fif2H It 55
— Fr Bz DNA Feall - f 8@ [[IIRFR] 3 2R Fr se bL#
1SRN F Bz e BRI 7 4| -

B —1ER% I 5 | 1 Bt G B

PR 581 2 8 — k% I e 21| DL RS Lasergene
(DNAstar Inc., Madison, WI) /7t afsE g —45 | F%f » i
RIS E] Z %8S | 1 958 B IR BRI H BR A Bl &
Ji o Wi ER —VERXIE S | -3 B iR PREE RIS AL A »
Al == SRS MIEPT & R 2 AL R | -2 45 v LU A1
A A B R P EfE ] Z Bk DNA B » DUER E%
8 A 2 HE 1T o IRk P 0GR PO B PR (R R &
FO16 ~ F025 ~ FOL001 ~ FOL002 “$H &% &5 & B mIRE 2
Mk o K& F032 ~F036 ~ F038 ~ F040 Z:HEE B H & MR
2 F. oxysporum BERRAIEE KIS AL o MRHELIGRFATT :
10 X buffer (100 mM Tris-HC1 pH 8.8 ; 15 mM MgCl, ; 500
mM KCl 3 1% Triton X-100) 2.5 1 : ANTP (2.5 mM) 0.4 1 :
F54 DNA (50ng/ 11) 1.0 x1 ; primer Fusal-5 (5 M) 1.0 z1 3
primer Fusal-6 (5 ©M) 1.0 «1 ;s DyNazyme II (Finnzymes Oy
Inc., Finland) (2U /1) 0.3 x1 5 ddH,O 18.8 11 ; fAREFEE
25 11 ° PCR #1453 : (1)94°C 5 438 - 1 A4 5 (2) 94°C 30
s 55°C 30 F)»72°C 1 434 » 35 A& 5 (3)72°C 5 47
B 0 1 [\ o Fi% P PCR EY)LL1.8% M5 120 V &G
T NHEIT 1 /NRFERYK » SRR LIRIL L85 1 » (RIS
NSRS R L R A A A FEER g DNA Bt > DURG2
SAIETERRZ DNA FrEREYES: -

P 3 E 5 I I

7% 1 WEE 2 Rk DNA FIFEL—PE5 | 7 %1 & PCR Ak
AASEE YK 3T P52 Bk Fr R A HER IS Pk (FO16
1) DNA @& EENRE - At AR #5751 Sois
HENTR IR TR P HOK HH AR AR B B S e e
% NEBIlot ™ Phototope™ (NEW ENGLAND BioLabs "™ Inc.,

HEHEEZWE 2 E 115

MA, USA) 1 TAS0E » Bl iR BT (prob) pFO16 © JEHY
1.5 1 BIKEH DNA DI KB KBRS HREES 34 11 &
TRURoKA 5 3RS Bk FinAl S 088 o IIA 10 11 25X
labeling solution ( % random biotinylated octamers) ¢ 5 11 2%
FAINER A = R BEEE (ANTP mixture : 1 mM dCTP ; 1 mM
dGTP ; 1 mM dTTP : 1 mM dATP/Biotin-14-dATP) Ei 1 xl
(5 unit/ #1) .Z Klenow Fragment FEZEIRE 515242 37°C
TEF 6 /INRFLLE o FEIIAS #1.20.2M EDTA (pH 8.0) #2 1
HFERE S -20°C PRAFIM A o 82251 TRZER FlE & ST
(hybridization) » j& PCR Hg#EY) DL 1.5% BINGEEE UK 77
Wik > IFEHZER 0.2 N HCl iR h #8885 7088 » 5EpkiZs
545 (depunine) » FLLSHEEF/KEE bE — RIRII A AR
(denature solution : 0.5M NaOH ; 1.5 M NaCl) #&{8#%52 30
gy e o DLEHEE FOKIEGE R &I A A RIS K
(neutrailization solution : 1 M Tris-HCI pH 7.5 ; 1.5 M NaCl)
FRISHE % 20 oy PR EgME - 2R IR SUE A LL 2
X SSC #B7#1% (0.3 M NaCl ; 0.03 M sodium citrate) A
HMEA R (Zeta-Probe® Blotting Membranes, BIO-RAD, CA)
> {#/ MilliBlot-V vaccum transfer system (American
Bionetics, Inc., USA) {78 {5 1 /N » {UEEEH) DNA
PR EHES R b o S ISEH E F> Whatman™ 3 mM 8
#E BB §27% 0 & 2 UVC-515 Ultraviolet Crosslinker
(ULTRA-LuM, Inc., USA) N » L1254 nm I RATEEIFE 240
millijoules/cm? S TH#E (cross-linking) - HEHEAIE B
JELS > B 78 758 o3 0 A RiTHE & 5 UR (prehybridization
solution : 6 X SCC ; 5 X Denhardte's reagent 3 0.5% SDS

100 .g/ml salmon sprtm DNA) /% 68°C 31 THITHES S FEL /]
K5 > B A ST R 2 8 pFO16 » LLh K= 5 3 #8145
SRIE UK E S 7res - BLRTHES BRI R SR E T 68
C TR S 12 8/ NEF  BUHFES IR LIS £ 0.1% SDS
f90.1 X SSC V&R TRUE 2 KRB R 20 73 - 25 H
Phototope@\—Star Detection Kit (NEW ENGLAND BioLabs
% Inc., MA, USA) SEFT{EM » 15605 blocking solution (5%
SDS : phosphate pH 7.2 ; 125 mM NaCl) /I A & i fELS
s BTN HES RS 0.1 ml FOVAUR - IR N ARFIHE
B S 48 - AT EI I A 0.05 ml/em® 54 blocking
solution » JIAJREL 1 wg/ml Y streptavidin 7E I F 28 5
Sy BIHAWE BN A 0.5 ml/cm?® & fJ wash solution I
(0.5% SDS : phosphate pH 7.2 ; 12.5mM NaCl) 5t 2K »

K557 84 - 2 A8 F ILES I A 0.05 ml/em’ &Y
blocking solution * I AR EEES 0.5 ng/ml HY biotinylated
alkaline phosphatase » Wil Faft e 2= N ES 7
i > P LYAAEN Y DL blocking solution 0.5 ml/cm® {3206 —
2K o A wash solution II (10 mM Tris-HCI ; 10 mM
NaCl ; 1 mM MgCl, pH 9.5) EEpk 2% » BER S 435 o ik
SEI IS ELAEI G 100 X CDP-Star™ Z& L 1 X CDP-Star
assay buffer ME1THiEE 100-500 {5 » SAHDIAGE & S FELE
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F— ~ HtE 0 BEE T &N 2 Fusarium oxysporum B RF Z 5P ~ R IS4 SR 8 DI — 1 5|7 S 1T A i 58 S 5 2R

Table 1. The origins, pathogenicity and the results of polymerase chain reaction of Fusarium oxysporum isolates isolated from
the diseased lilies

Isolates Isolated region Origin Pathogenicity test ' PCR product >
FO013, FO14, FO15, FO16, F024, basal plate, root, scale, stem Hsi-hu + +

F025, F028, F044, FO46

FO031, FO32, FO33, FO34, FO35, basal plate, root, scale, stem Hsi-hu — —

F036, F038, F039, F040, F041,

F057, FO58

F101, F109, F111, F133, F135, basal plate, root, scale, stem Feng-yuan + +

F139, F145, F149, F155, F156,
F160, F165, F166, F169

F137 root Feng-yuan — —
P3SS, P3SSc, PFOL001~2 basal plate, root, scale, stem Pu-li + +
PS2S, PS3S, PA2 basal plate, root, scale, stem Pu-li — —
SPL7, SPL21 rhizosphere Pu-li + +
SPL1~6, SPL8~9, SPL11~20, rhizosphere Pu-li — —
SPL22~26

FOL67 basal plate Tainan + +

' The sandy loam soil collected from Hsi-hu were sterilized (121°C, 1.5 1b/in® for 20 min), then put in the plastic pots (5 in. in height by
3.5 in. in diam.). Bulbs were dipped in the spore suspension (10° cfu/ml) for 5 min, and the check was dipped in the sterilized water. The
inoculated bulbs were then planted in the plastic pots, and pots were put in greenhouse for 5 wks, and were watering once daily during
the experiment periods. +: pathogenicity, wilt, basal rot, or root rot symptoms; —: non-pathogenicity, symptomless.

* The 386 bp DNA product of PCR with specific primers Fusal-5/ Fusal-6 and genomic DNA of the different F. oxysporum isolates. =+:
the 386 bp DNA product display; —: no 386 bp DNA product.
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Fig. 1. Amplified DNA polymorphisms of genomic DNA from different Fusarium isolates. The pathogenic isolates are FO16,
F025 and G016, and the non-pathogenic isolates are FO36, FO38, F039, FO40, F140 and F141. The results show a specific DNA
fragment at 630 bp was present in the PCR product when genomic DNA of pathogenic isolates were used.
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Table 2. Nucleotide sequence of DNA fragment specific to the Fusarium oxysporum f. sp. lilii. The
codes underlined are complementary sequence of primer OPAT-04. The bold codes are selected specific
primers.

5-TTGCCTCGCCATATCCCATACAATGCGATACCTAAGCACATCATCATGCAATATTACTATCCA
GCAATGAATCATGCTTACCATCATTCATCCTAACAACAGCCCATCCCAGAATCCACGCGAATTG
CTGGTAGGTCCTCCTTATCACCTGTGTCTGCAGCCTAGAGTTTAATCCTTGTGGCCAGCAAGT
ACTGACGTCCCTGGTGGGTTCGGCGATGTGTCATTCTTCCGACAACCCCGCTTTCGGCCGC
CTCTCATAGTGGCCGAGATAGCCACTTTCGGTACAGCAATTGTTCATACCAACGAAAGACTTC
ACTCTGTGACGCACTTCGGACCCAGTCAGCATTGATTATATCAAGACGCTCTGGAGCCTGGT
GACCTCTTCCACTTGGCCCTTCCGGCTAACTCGGCTATGCTTTATTATCTCTCGCCAACTTCC
GTAGAATAAAGTTTTCCCCATAAGCAAATCAGTGATTCCTTTCCCCCCCTTGGCGTCAATAGAT
CCTTGTCTTAACGGTAAATCATATGCTCCTACTAATAAAATCCTCTCTTGCTTGAACCTTGGCTT

CAGTCCCGGAGGGAGCAGCTGATTCCTCAGTTTAAACATCCACTATCGGCGAGGCAA-3’
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Wi o

Fig. 2. DNA products of PCR with specific primers Fusal-
5/Fusal-6 and genomic DNA of different Fusarium isolates
F016, F025, FOL001, FOL002, F032, FO36, FO38, FO40. The
expected 386 bp specific DNA fragments are produced when
genomic DNA of pathogenic Fusarium isolates was used for
PCR.
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Fig. 3. Electrophoresis result of PCR products of genomic DNA from Fusarium oxysporum f. sp. lilii with primers Fusal-5 and
Fusal-6 (A); Southern hybridization result using biotin labeled 386-bp PCR product as probe (B). Marker-1 is Gen-100 DNA
Ladder, and Marker-2 is a mixture of Hind III digested Lambda DNA and Hae III digested ¢#x 174 DNA.
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B - &% | T-%f Fusal-5/Fusal-6 €1 F024 ~ FO46 ~ F32 ~F101 ~F133 ~ F149 ~ F155 ~ F160 ~ F137 ~PA2 ~F165 ~
F166 ~ SPL18 ~P3SSc ~ PS3S ~ SPL7EI Z FE KIS RL M 1 T4 S esi S » 5 SLRE Horb FO24 ~ FO46 ~ F101 ~F133 ~
F149 ~ F155 ~F160 ~F165 ~F166 ~ P3SSc ~ k& SPL7 [l 386 bp Ml A HIFH o

Fig. 4. DNA products of PCR with specific primers Fusal-5/Fusal-6 and genomic DNA of different Fusarium isolates, F024,
F046, F32, F101, F133, F149, F155, F160, F137, PA2, F165, F166, SPL18, P3SSc, PS3S, and SPL7. The expected 386 bp
specific DNA fragment is produced when genomic DNA of the pathogenic Fusarium isolates was present.
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Table 3. List of the isolates which are the pathogens common in lily, and some different formae speciales isolates of F.

oxysporum, and the result of polymerase chain reaction

o2

FE iR 25 R R o2 0 -1

f

Isolates Species Host PCR product '
FO16 Fusarium oxysporum f. sp. lilii Lily +
P448 , P483 Pythium aphanidermatum Lily -
P453, P459 Pythium splendens Lily -
P482 Pythium myriotylum Lily -
gi(l);i, gﬁgg’ Sr136, Sclerotium rolfsii Lily —
F001, FOO8 Fusarium solani Lily -
F066 Fusarium moniliforme Lily -
Rs-11 Rhizoctonia solani Lily -
P451, P485 Phytopathora parasitica Lily -
P452 Pythium ultimum Lily -
Folu-118 Fusarium oxysporum f. sp. luffae Loofah -
GF04 Fusarium oxysporum Ginger -
Foc-100 Fusarium oxysporum f. sp. cucumerinum Cucumber —
Fot-81 Fusarium oxysporum f. sp. tracheiphilum Cowpea -
Fom-111 Fusarium oxysporum f. sp. melonis Melon -
Fomo-102 Fusarium oxysporum f.sp. monodricae Balsam pear -
BF026 Fusarium oxysporum f.sp. cubense Banana -
Fog001 Fusarium oxysporum f.sp. gladioli Gladilolus —

! The 386 bp DNA product of PCR with specific primers Fusal-5/ Fusal-6 and genomic DNA of the different isolates. +: the 386 bp DNA

product display; —: no 386 bp DNA product.
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ABSTRACT

Kao, W. T.', Shih, Y. Y'', and Hsieh, W. H. "% 2002. Detection of Fusarium oxysporum f. sp. lilii by PCR.
Plant Pathol. Bull. 11:112-122. (" Department of Plant Pathology, National Chung Hsing University,
Taichung 402, Taiwan, R.O.C. ; * Corresponding author, E-mail: whhsieh@dragon.nchu.edu.tw, Fax No:

+886-4-22859009.)

The basal rot, root rot and wilt of lilies caused by Fusarium oxysporum f. sp. lilii are the most
destructive disease during its growing period in Taiwan. F. oxysporum f.sp. lilii is difficult to identify
because of the various morphological characteristics and virulence. For the reason using the molecular
techniques to provide a fast and precise method in identification of F. oxysporum f. sp. lilii is needed. Total
74 F. oxysporum isolates isolated from the diseased bulbs, plants, and the soil in the field of Hsi-hu, Feng-
yuan, and Pu-li were used in the experiment. For the pathogenicity tests, bulbs were dipped in the spore
suspension (10° cfu/ml) of each isolate then planted in the sterilized sandy loam soil. The pathogenicity tests
revealed that 30 isolates of F. oxysporum were pathogenic on lily and the other 44 isolates were non-
pathogenic. Random amplified polymorphic DNA (RAPD) was used to screen 100 random primers with
genomic DNA of 3 pathogenic F. oxysporum isolates (FO16, FO25, and GO16) and 6 non-pathogenic F.
oxysporum isolates (F032, F036, F038, FO40, F140, and F141). The primer OPAT-4 (5'-TTGCCTCGCC-3")
was found to amplify a specific DNA fragment only in the genomic DNA of the pathogenic isolates. The
amplified specific DNA fragment was recovered, cloned, and sequenced. And the specific primers set Fusal-
5 (5'-GCTTTCGGCCGCCTCTCATAG-3") and Fusal-6 (5'-TTGCCTCGCCGATAGTGGAT-3") were
designed from the nucleotide sequence of the above specific DNA fragment for polymerase chain reaction
(PCR). As expected, a 386-bp specific DNA fragment was produced in PCR. Using the specific primers to
detect the 74 F. oxysporum isolates, the same results were obtained as the pathogenicity test forementioned.
The specific DNA fragment was not amplified in the genomic DNA of the common pathogens Rhizoctonia
solani, Pythium aphanidermatum, Phytophothora parasitica, Sclerotium rolfsii, and F. moniliforme found on
lily, and some different formae speciales isolates of F. oxysporum, tesed i.e. F. oxysporum f. sp. luffae, F.
oxysporum f. sp. cucumerinum, F. oxysporum f. sp. tracheiphilum, F. oxysporum f. sp. melonis, F.

oxysporum f. sp. monodricae, F. oxysporum f. sp. cubense, and F. oxysporum f. sp. gladioli. The results
showed that the specific primer set developed can successfully detect F. oxysporum f. sp. lilii from other
fungal pathogens when the genomic DNA of the cultured mycelia was used for PCR. And the minimal DNA

concentration could be detected is about 200 pg/ 1.

Key words: Lily, Fusarium oxysporum f. sp. lilii, detection, polymerase chain reaction, probe, random

amplified polymorphic DNA



