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FIIFH Patriot ~ Costa Rica No. 4 & Banchu Red Fire %5 — fifij= =i {5 LSRRI SR 2 11
18] i ZE A TR R AR A A2 B N > 5 SRR I F AR A BB TR S > W% LFO 11-13 55 8 [
B R s A Ml —5E (race 1) 5 BHAHER —F#k LFO 32-14 ~ LFO 106-1 Jz LFO 106-3 HIlfiF %
S AR /M o SR - AREE H AN Ko 28 RIS 22 TR AL Z i L 2R race 1| I9E—75 |1

BEET

il > ANEEE 11 (S EEREIPE o Hot - W3 30 (E R s B i 2

JARAHURIRTE CIE » RS SR 5 (B TR ) BT RS GRE) ~ B DR i R ORREIR o 8
FEYUR SR (RS 0-20%) » TIEISE ~ RIHE ~ FLCTEAEE (Indian lettuce) S5 HIJE 46 Y i

it (FESFE 1% 80-100%) ©

BRG] : GEE ~ AEZE RN ~ AN~ PURSEE ~ 0 FIE ~ R R E

th a

HE (Lactuca sativa L.) BRRHE (Compositae) »
M EE (Lactuca) 280 EAEBRZR o AEH ERTESS
AR H T /N H % AtH » 3 28 A 6 MR T
WE ~ TR R b > ALK o 5 R > B
AR B EEIER \LEAR ~ BREE A RE ki AL AR
o HAFI MR M NS EK R TE o RIT
A IEEB R E SRR > KSR RN S
{8 T TR v Y B R Rz — T e

e L ZE A A TETT 1955 4F-AE H AR B
FH#E B > SlfiF{Motohashi FCAE 2235 ) 8L i TR i
Fusarium sp. F5[#E o fE1% Matuo B Motohashi g [ "
N IR IR B 8 12 1% Fusarium oxysporum f. sp. lactucae ° [T
TEAE s AE SEB NN f e RS FH L B B i =R Y
#7: > Hubbard B Gerik WYX JREELIRAIRIE RG] 45
F. oxysporum f. sp. lactucum ; M F5 & B F Fm & 8¢
P - (T H A5E Matuo Eil Motohashi Ffrg THY

B2 12 o BEIRVEIT 2002 FEFEFAF]® » 2003 HETEER
nn SR 0 th PR R BRI AE - PEIT 1996

S EAK BRI RER KK 2 5% hEsk 25 o B i
B HIE T > SRR fRERE Ak 523 Rk T 738 5
b HIBUEAL ~ MEE R a5 - Z0 BRI TE R &
B E R R SRR .

FFE AT s F8 H AN BB S5 A () ot A s A 2
WA AREA R > RIAFAE AR AR HE [V & o 5 s
0o SR 15 A i = 22 0 e LA SRR R s T Re
B AR FIE S A A BRI IMEIFTE o AR
B e R e 2 R BB RS ] 2 38 4L
RIRE 25 s ER v o KL » AWF5ery+ EEHTE
AR AN (] e e PR SRl 7 o 18 v 1 285 A T )
AR NRE » WE LA HA Shimazu 25 K0 K #FHAF]
Pasquali 5£ [ "7 FRBH 3 2 55 TRl iy » X1 TiEh 8
TE o SAL o R R A s O R A U T
& > HrH B AR G G R B B B TR 2
% °
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RS VOYSEER

PEARE PR AR IR
PUIT 2003 4F[H > HE MR EREE - & R E
BB~ JrE SRR AN R LRI AT M > ER1S IR L i
EHE PR - DU B K o RERR R TR TR 1% - G2 880
KT WREZ » B LA B /N ] YRR EE B 1580 #E
ERGHA » LL1% (vIv) REBESNERGET T RIEE 75 177
B o PR EOK TR UE= K o 5 1E 7 @R fHAR S 2%
(w/v) KIGNEEEE L (water agar; WA, Difco™) B2 &
FOEFVERT AL (PCNB) ™ _E » fFR % » 1E
JCERREDA SR T 0 UV wholn - B AEE S En ) b
H39f5 (potato dextrose agar; PDA, Difco™) Z Mg
b B FIAE T A R R - ROE =
BT - 5 BISEE 1o JEME Al o % B ARA PR EE MR Az IRF
Mlanze— o fot - A ba iy & S HEAE IR Fusarium
oxysporum f. sp. lactucae LFO 11-13 J LFO 32-14
PR > FREZECH E PR R PGSR SR e L Mot o i e 15
» Sl PRATE R S A SRR SR S B £ 909 T A BT 5

= o
PEAE PR Z PR A7 S5k

15 {8 2 M v 2SR TR IR 73 IS A 1L {E s
EZRMIREER () - KSR Rk RS 2
PERR » PRAFS B = RARAI D L Bk (10% bt »
1% ¥fI5 » BEEVK 1 L) - fEABRIIR] st se LFO11-
13 Ed LFO32-14 bk #8428 Ko e fy HLEFA M (wild
type) - & WaPY 2 11 E 1T HE B S 22 PDA R
F BHAAT 12 /NREIR (R H s 2 32 40w HE
J&#1 2000 ~ 3000 Lux) - yREEHERFAE 22-25°C -

F— ~ A IR & 2R R A B R

e B

#5% LFO 11-13 58 11 {ER KA IR o Al A
et v R B SR R S Bhrh s - B
Sy R 7 e i (R R = 3 0 ) BaiRE
DA B A —{E A1 - DL 128 H (mesh) HIAHE Eiifidi
i Bk o 1 BAEREE Y 2R BHEH LA
PCNB 7l sl ie - -Rvpis B R 1 fF
AR 2% -

o 22 R BRI A2 B R

HY Patriot ~ Costa Rica No. 4 J Banchu Red Fire 5§
— I A o (F R 8 E AR BV 2 HE AT
(indicator cultivars)“ o JHHEEFERARE T » 77 BIRERLES &
A LFO 11-13 %8 11 Wk (F—) #9E 1 (10° cfu/g soil)
Hho Rl A TUEE A - RREE A ARERR - FERREE
AR 28 ok P > {fB5 Fujinaga FCSE S48/ [\
TR 735 Y FAAERERR R IRTETE - MORFRRIE I 43 5Py
ISR © 0 fh=HE(TRE (no symptom) ~ 1 FR=FEE R
HIR#AL (vascular discoloration) ~ 2 #l= a1l o
1t (plant stunting and yellowing) ~ 3 #=HEFEIET (plant
death) © SR1% AU 41 2% ZXHURL 3 5 S A A AP Fi B
(Disease severity index) ° Disease severity index = (n, X
0+n, X141, X2+n,X3) / N o Hr s> n-n, = LR IIME
PRES : N = FERERREL -

-

PR BRI 2K

{&6fi Dellaporta [C5E? ZAHY)Y NERLEE (DNA) #Y
fifi i > F — HAUA 0F 9% & A B bR 2 TR AR
DNA" o g SeFFIRZ 1 RR 1.0 g > & AR - I
R T8 VT PR B ARy AE BRRR BIDIE KBRS » DDA TNE

Table 1. Isolates of Fusarium oxysporum f. sp. lactucae collected from different locations of Taiwan in this study

Isolate Location Sampling time Colony morphology
LFO 11-13 Shiluo township, Yunlin county Jun., 1996 Al
LFO 32-14 Shiluo township, Yunlin county Jun., 1996 B’
LFO 102-3 Tzguan shiang, Kaohsiung county Sep., 2003 B
LFO 103-5 Shinyuan shiang, Pingtung county Sep., 2003 B
LFO 103-6 Shinyuan shiang, Pingtung county Sep., 2003 B
LFO 103-7 Shinyuan shiang, Pingtung county Sep., 2003 B
LFO 104-1 Pitou shiang, Changhua county Oct., 2003 B
LFO 105-1 Pitou shiang, Changhua county Oct., 2003 A
LFO 106-1 Shiluo township, Yunlin county Dec., 2003 A
LFO 106-2 Shiluo township, Yunlin county Dec., 2003 A
LFO 106-3 Shiluo township, Yunlin county Dec., 2003 B

' White to blue-purple colony with buff-yellow sporodochia on PDA.

* Peach-purple colony with orange sporodochia on PDA.



buffer 15 mL (100 mM Tris-HCI, pH 8.0; 50 mM
Na,EDTA, pH 8.0; 50 mM NaCl; and 8§ « M S -
mercaptoethanol) F1 2 mL #J 10% SDS #iffJ& = i
1k o HERHAE B 8] AR HE 50 mL .z Oak Ridge tube
HR B 65°C KR 10 oy o RERE 1-2 SrEHHH
RgE] o 21N A 5 mL B 5 M Potassium acetate
(KOAc) 1RAIHIRES » HR Bk & 20 778 o LA
10,000 Xg 7E 4°C THEfEL 20 58 > 8 EIEUEAHTHY
Oak Ridge tube H o fIIA B2 _FE g SEHEFE (K9 10 mL) .
THI (-20 °C) @Y FEAEE (isopropanol) YA 2] »

1E-20°C fRi& 20 73f# : B35 1L 10,000 Xg 71 4°C Tt
030 4rdE o BB B3ETE o L1 mL BHECH) 75% (BT
Yet% - ST R 1.5 mL BEOA > S LL10,000 X g
1E4°C THfEL 2 778 - FLL75% WHRSTEYE » M58
REWREZ o LA 400 p L ROMER /KVAf#E DNA > FEZ
A1 L #4910 mg/mL RNase » i* 37°C i 30 47$# o

DA S #EFE (X9 400 «L) #Y phenol-chloroform-
isoamyl alcohol (25:24:1, v/v/v) » IRFNEGHERE L
2 PR RS - LL 10,000 X g {E 4°C T 20 Fyd
#% s /IVODIRENE S DNA Z FERFEA S —#) 1.5 mL
BEOE s RRFIASERE RS (K9 400 «L) #Y chloroform-
isoamyl alcohol (24:1, v/v) - {BFHERTZ] 1 58&E » LA
10,000 Xg 7£ 4°C NHEE-L 15 4388 o s —28/ [ VOIRE -
TR FREA S —#H 1.5 mL BEOE > ShIA 1/10 #Y
HEFE (#9940 «L) Z 3 M Sodium acetate trihydrate
(NaOAc, pH 5.2) » il F2521972] + FEIRNIA 2 {588tE
HIREENPAS > 292088 Rtk s AF -20°C fii&E 20 i o LA
10,000 Xg 7 4°C T 5 o o ElP 3G > LR
HJ 75% kS 1 mL {GEVEITRY) 2R > EEZ RS > A
400 L #90.1 XTE &K » 1-F DNA 2 &8 > Ml
O.D. {E i HEITE YK » T DNA SR - 1
LLor HHEEET (GeneQuant pro RNA/DNA Calculator,
Amersham Pharmacia Biotech, Cambridge, England) {I7%E
#85 DNA ZIRHAE T LAE R ©

RO IEZ 7 B

1% 50 ng ZEFHHEE DNA S TR OIS EE N IE
(PCR) » FiLL 1.5% 2 ¥305E IEREEIK /A7 A5 5 - FIH
Shimazu FCEFEEH 0 gk iy —fHE—PES 7%« (D
FLAOOO1F (5'-GGCCG ACTTGGCACTTTCC-3") / R (5'-
TAGTATGGGACAACAACGATTG-3") (] #illHHFTa Y
1 22 899 RIDNA 2 5| T #1) ~ (2) FLAO10LF (5'-
CTTATACCCCTGCTAGTTCC-3') /R (5'-
ATCGAGAACCAATCCAGCTG-3") (A i 43 i s 250
race 1 FPk DNA Z7| F#f) & (3) FLAO201F (5'-

ey [ ZE RS LR 1 A T VR S 8 B URS LAR A 235

TATCCACCGCTCCTAAGCAG-3')/ R (5'-
TATCCACCGCTCGTTGTGAC - 3') (0[5 47 fish E Z5 9
race 2 [k DNA Z5|F%f) 5 Bd Pasquali [K5F"” Ay
#£3% Hani3' (5'-CCCTCCAACATTCAACAACTG-3") /
Hanilatt3rev (5'-ATTCACTGTACACCAA CCTTTT-3")
(AJ [ 4  E ZEE% I race | AUk DNA 28| 7% »

3 DAL PUH S5 | - o S8 E G i S S0 N
B Z K DNA JE{T PCR o £ [ Z IR A1 22 R
S kP et > S AR P M S SR A (PTC-200, MJ
research, Inc., Watertown, MA, USA) 31T PCR °

AN [R] 3 5 R 8 1 28 R R Z DU P

AHFTERR (s A /Y 30 FEANE] AR i B R ETHA
SR 17 (AR B ) S AT S - DU R
[z ] BaA B oy PR st AR 1t o U SR E IR s
BT 2 L1 % (VIV) REPESNERERINER 1 708
HEME R KER DE 3 2R > PR 28 — K% - FEEN % HE
A& LFO 11-13 J LFO 32-14 ZJiE 1 (R 10"
cfu/g soil) H1 > BEEIEHIUER > FEEF S K
B> E 28 R RS DO T o e BRUAT el A2 B
RERAY 773 W o) W Sl » IR A1 A E B AN R o A
(HEZHERIE (Disease severity) ® o Disease severity
(%)=[(n, X0+n, X 1+n, X2+n,X3) / (N X3)] X100 - H
HR o ng-n,= 24 BRI Y REIRES > N=FBRERRER  JEERN L
2 0-20% ZTFSPUR (Resistant) Saff » 21-49% F s
%% (Moderately susceptible) [hf&# » 50-79 % J& >R
(Susceptible) & » T 80-100% J& > /S5 (Highly
susceptible) fhfi

I S

SRR Z F%E I &

T S5 SR IR e R o AR G A
T E 5 AR IR IR PETR - 555 PDA AL » AR
IR B ERE » nllE sy sl o Horp s LFO 11-13 ~
LFO 105-1 ~ LFO 106-1 J LFO 106-2 % 4 {#&kSH
tREROE - BA7LSEGOMTHE - 7 LFO 32-14 ~
LFO 102-3 ~LFO 103-5 ~ LFO 103-6 ~ LFO 103-7 ~ LFO
104-1 J2 LFO 106-3 %5 7 {EEMk - EysHIEET > HE
At A HE (B -

o P 25 O R 2R BV DR 2 B

FIJH Patriot ~ Banchu Red Fire 5z Costa Rica No.4
A LA S EE R E A A N - SR
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Patriot i Banchu Red Fire ¥} LFO 11-13 ~ LFO 102-3 ~
LFO 103-5 ~LFO 103-6 ~ LFO 103-7 ~ LFO 104-1 ~LFO
105-1 2 LFO 106-2 % 8 {EE PR EARYRME (FRRTEE
KK 1.0) 5 1 Costa Rica No.4 A2 8 HEMREFHT
T (HERTEEU VA 1.0) » HOTRRY LSS REE & SR
SR 8 (EFPRERE A/ N 58 (race 1) o S

- ﬁ
. I
A

el — ~ 5 1A M ST ) i 1 S R R R R W R B
JERE - (A) vt BER D L FHEPLE (L 5 (B)
it BAE O o

Fig.1. Two colonial morphologies were observed among
isolates of Fusarium oxysporum f. sp. lactucae collected
from Taiwan. (A) White to blue-purple colony with buff-
yellow sporodochia; (B) Peach-purple colony with orange
sporodochia.

2K~ PR R AR A1) e 1 25 R e g A P VA

LFO 32-14 ~ LFO 106-1 J LFO 106-3 5 3 Bk
R > {08 Patriot &uf#EESN > M Banchu Red Fire i
Costa Rica No. 4 WmfERIEF/IURME (D) » Z{@EE
MRS EBFOFAE Fujinaga [C5E @ FERA0 = (4 /|l
ZA e

EEZ R EZEE Z PCR 7T

FIIA Shimazu G55 3§ 3KHY FLAOOOIF/R %
FLAOI01F/R Wiffi & — L5 F %5817 PCR 3 :
FLAOOOIF/R 5|+ ¥ Fr 47 & HY 0.6 kb %k Jr Bz
(FLAO0O1,,,) fiff B HIBATE HERAAL 1K feh 5 25 ) I ER A e
R (B —A) o ERFIH AR IS — sy ds e 2=
JEMRH race 1 EPRHY FLAOIOIF/R 5|¥¥134T PCR 4>
B > il AT HEEART 11 Bk G0 e 250 R R AL IR R o
rho B RHENE YRR 1.6 kb K%l B¥ (FLAO101 )
([ —B) 5 B2 o [ P e AR A 7 R A 3 M
HIE PR AL » tWRT/EH: PCR AW B FLAO101 o, £4%
&R o 53HT FLAO201F/R 5] 1%ff HEWEHY 2.9 kb #%
& B¢ (FLA0201,,,,) » (8 &£ 2KH HA (Dr. Masashi
Fujinaga f2{it) #YJ race 2 BMIZER fRaLHIER (FR5% 3A-
A > HA Nagano Vegetable and Ornamental Crops
Experiment Station, Omuro, Nagano 381-1211, Japan
2) ([~ C) » tkot » FIFHFEKF] Pasquali [LEFEEE )
P53 AT A i AR R race 1 BIRRAYS]FRH
Hani3' / Hanilatt3rev $1¥1EE00 11 PR B 2SR IE X
1T PCR 70#7 » S5 IREBERHEEARY 11 8 SR AR
HhES e i H 200 bp 2 B—PERER ([ =) -

Table 2. Physiological races of Fusarium oxysporum f. sp. lactucae separated by differential indicator cultivars of lettuce,

Patriot, Costa Rica No. 4, and Banchu Red Fire

Isolates Disease severity index' Race
Patriot Costa Rica No. 4 Banchu Red Fire determination
LFO 11-13 2.3 (S) 0.3 (R) 2.0 (S) 1
LFO 102-3 3 (S 0.4 (R) 1.8 (S) 1
LFO 103-5 2.8 (S) 0.1 (R) 1.5(S) 1
LFO 103-6 1.6 (S) 0.3 (R) 1.8 (S) 1
LFO 103-7 2.8 (S) 0.1 (R) 1.8 (S) 1
LFO 104-1 2.8 (S) 0 (R) 1.6 (S) 1
LFO 105-1 2.4 (S) 0.2 (R) 1.9 (S) 1
LFO 106-2 2.6 (S) 0.1 (R) 2.4(S) 1
LFO 32-14 2.3(S) 0.3 (R) 0.5 (R) New
LFO 106-1 2.4 (S) 0.1 (R) 0.4 (R) New
LFO 106-3 2.3(S) 0.2 (R) 0.5 (R) New

' Disease severity was determined four weeks after inoculation using scores of 0 (no symptom), 1 (vascular discoloration), 2 (leaf
necrosis, plant stunting and wilt), 3 (plant death). Disease severity index=(n, X0+n, X1+n, X2+n, X3)/N, where n, is the number
of plants with a score of 1, n, is the number of plants with a score of 2, n, is the number of plants with a score of 3, and N is the

total number of plants examined.

* Plants rated higher than 1.0 were regarded as susceptibility (S) and those rated lower than 1.0 as resistance (R).
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& ~ FIFHE e ZE 08 %18 (Fola) ~ Folarace 1 J Fola race 2 4RIl 28—~ TFLAOOOIF/R | ~ TFLAO101F/R |
K¢ TFLAO201F/R J 5 —Ffi5 | -FHHEIAREBEAA 11 FPR DNA #E17PCR 734 A5 -

Fig. 2. PCR patterns of 11 isolates of Fusarium oxysporum f. sp. lactucae from Taiwan using F. oxysporum f. sp. lactucae
(Fola)-specific primer pair FLAOOO1F/R (A), Fola race 1-specific primer pair FLAO101F/R (B), and Fola race 2-specific
primer pair FLAO201F/R (C). The PCR products were separated on 1.5% agarose gel that stained with ethidium bromide
and observed under UV light. Locations of the 0.6-kb Fola-specific marker (FLA00O1,,), the 1.6-kb Fola race 1-specific
marker (FLAO101,,,), and the 2.9-kb Fola race 2-specific marker (FLA0201,,,) were indicated. The fungal isolates tested
were listed in Table 1. N was the negative control of PCR solution without any DNA template; M, Gen-100 DNA ladder
(GeneMark Technology Co., Ltd., Tainan, Taiwan).
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LFO 11-13 B LFO 32-14 BiRRIPURSHRYE » IAR% > 5%
HRETT A &L = (Asparagus lettuce cv. Cing-Jhu-Sun)
~ AT BT S (Asparagus lettuce cv. Bai-Jhu-Sun)
~ A0 Ik (Head lettuce cv. Bao-Sin-Mei) ~ A& ik s =
(Crisp head lettuce cv. Da-Lu-Mei) FEUR TR » fEREE
R 0-20% 5 B #E & E (Grand rapid lettuce cv. Lolla
Rossa) ~ —5¥2 8.0 E (Head lettuce No.1) ~ =5 &I %%
TS B (Loose-heading lettuce No.3) ~ B = B =
(Ming-Fung No.3 lettuce) ~ fLA%ESE i (Red oak-leaf
lettuce) ~ $LIBHERSEL (Red rapid lettuce cv. Klausia) &/
RS O LA o TR S 21-49% 5 K lE e E
(Boston lettuce cv. Aramir) ~ —HEENIEE E (Grand rapid
lettuce No.1) ~ B KEEH LS E (Large white pointed
lettuce) ~ —HEK| HER IS E (Loose-heading lettuce No.1)
~ THRFISERIEE (Loose-heading lettuce No.2) KHLAR
HEfHE (Red pointed-leaf lettuce) /i ahtd » HEHTEL /T
2 50-79% 5 TP LE e (Boston lettuce cv. Nanda,
Palma, Panama, Pansoma, Pentra) -~ #iERKis & (Head
lettuce cv. S1705, Calna) ~ 5RO EL (Head lettuce
No.2) ~ f[ 2% i = (Indian lettuce) ~ @2 is = (Pointed-
leaf lettuce) ~ [EH|%E & = (Round-leaf lettuce) ~ V74 & B
(Romaine lettuce cv. Romance, Padox) ¢ [ 2% e
(White pointed-leaf lettuce) 25 HI|FStR/EuH fLfE » FERIE
1M 80-100% (=) o

§~‘|‘ Y
CRN ]
TEIC 1998 4 » BiEIF L ¢ e EE s

race 1

895 FH 7 i e A b J 15 O Tl R R T B S A A [ v T2
R8> WEAR 38 B P JE AT AU R 8 A AN (R Ay A B/ NAE o
Pasquali [C 58 " Fl| ] %5 2 #8 8l FI B (Vegetative
compatibility group; VCG) HJANE] » #FZAF ~ 386 ~
HA ko5 0 B 2R 1T B > SR ERE AR
—{E R E g EE 2h o HERFAA ~ ERIR H
AT EZ MR E LS VCG0300 #F 5 TEAAIE R
I RE R G 1 = ZE AR R 1 > RIS 8 7> VCEG0300
Je VCGO301 {2 fIaE " » im0 e = 2 08
T REEfEE ANIE] © LAk - H AR d e = R A
—{E AP > {H W BT REAE R HOE o AT
FE R B o G £ D o) B 1SR e A TR AT R
B v BURE 73 B WA RE > SR » T P& T2 REAH [RIR TP - 4
LFO 106-1 B LFO 106-2 » {E#fE > = {EatE o 1%
FiEok 5432 WA {18 R PR O P E 1: A A HARE A 22 522 > DT
BN FIRY A BH VR o (K o B ¥ T REEE v i
Z IR [Ty A R RE - Al 0 B H 2% 3 RN (]
o A = L BOW TR 22 B o T B A HH [R] R 8& TE RE R R
Pk IRATREST B ANE] AL B il o

Fujinaga PGS (PR = FE AR E A i3 = 250000
B 2 BT M R H AR L OINRE o 3 v R B R
Patriot ~ Banchu Red Fire f Costa Rica No.4 % » {fi2k
SRR ~ BR kYU o Bl A B N E—5% s iR
Sl BB ~ YU R RS o BV AR BN R
T A {8 — AL A P06 22 s NGRS A2 B N — 5% -
Affgerh - HEESH O FE SR 11 [ESEZEE R
Ftk > B2 FEFS Patriot ~ Banchu Red Fire [ Costa
Rica No. 4 % = {H{EtE % - S0 GEFEITEA R IR
AR 8 {JE G RS 2 BRI ~ IR~ YU PEUE
I RTHESE 8 BB IREFEE S Fujinaga® FREFATERERYAE T

200 bp

[ = ~ FIFH S 2508054 race | BLEL—PE. 25| F4H THani3' / Hanilatt3rev | $tAHFZEMER 11 Hikk DNA 517

PCR M1 ZAGHE o

Fig. 3. PCR patterns of 11 isolates of Fusarium oxysporum f. sp. lactucae from Taiwan using F. oxysporum f. sp. lactucae
(Fola) race 1-specific primer pair Hani3' / Hanilatt3rev. The PCR products were separated on 1.5% agarose gel that stained
with ethidium bromide and observed under UV light. Location of the 200-bp Fola race 1-specific marker was indicated.
The fungal isolates tested were listed in Table 1. N was the negative control of PCR solution without any DNA template;
M, Gen-100 DNA ladder (GeneMark Technology Co., Ltd., Tainan, Taiwan).



/IR (race 1) o ERFREFIAIAEY) #152 LFO 32-
14 ~LFO 106-1 [ LFO 106-3 5 = {RBE AT TR M
J& > HII5E 22> Fujinaga K5EAT 58 209 = (# A3H/)
fif o RE7T LG = {18l e 2 RS IR R T R4 1T A2 3 /)
fifi o Horp o P PREEENNY ARH race 1 BLFT LR
/N o R AR FE o A th PR EE B R N
AR » BIIEIES race 1 o B RANEMEE AN R A4 B/ Vi
HIo> A0 » IS AR L WIRA % - vE 5 — 9 it
B o 1At > EEEHATE L > EEEEEIR I race 2
Bl race 3 WY/ L ZE TR ©

FIIF Shimazu [K5E®” K Pasquali FC5F"" g 2ny

e 1 ZE P B A A PR R B R B U AR 239

PUHS | F#H > DL PCR IR G Y 08 e = 22 0 s R 1%
Mtk % » 3880 FLAOOO1,,, PI1ER il vy i i 25 0
TR Z 57 TAEEE o M FHARIE S 3 T2 AT race 1
PRI FLAO101,,,, S LA Hani3' / Hanilatt3rev 5| -fHFTH#E
g2 200 bp B FrEE > AITEG AT 77BERY) race 1/
P2 A 3t SR £ T A VR 1 v 1 25 VR I A%
ek dh b s ] WIS - RE O H AT EEIRR 852k 9 PU AHA | #
e SHE NS 15 1 P i 2 SRR ERT I 0 B race 1 BSORT AR 3
/N o TR I AT e Dk At e ) e = 2 0
TREE A ETEREL - B B SRS I o

e R R AR HAR ~ SERDIN ~ SHF S

=~ ZAHEAN R AL T R R L DURR SR
Table 3. Response of 30 lettuce cultivars to Fusarium oxysporum f.sp lactucae isolates LFO11-13 and LFO32-14 after

inoculation for four weeks in the greenhouse

Disease severity (%)’

Susceptibility (%) Cultivar B RIRE LFO 3514
R (0 - 20) Asparagus lettuce (Bai-Jhu-Sun) 20.0 20.0
Asparagus lettuce (Cing-Jhu-Sun) 20.0 18.3
Crisp head lettuce (Da-Lu-Mei) 20.0 11.7
Head lettuce (Bao-Sin-Mei) 20.0 20.0
MS (21 - 49) Grand rapid lettuce (Lolla Rossa) 26.7 26.7
Head lettuce (No.1) 40.0 31.7
Loose-heading lettuce (No.3) 35.0 41.7
Ming-Fung No.3 lettuce 40.0 28.3
Red oak-leaf lettuce 26.7 26.7
Red rapid lettuce (Klausia) 33.3 46.7
S (50 - 79) Boston lettuce (Aramir) 60.0 53.3
Grand rapid lettuce (No.1) 50.0 33.3
Large white pointed lettuce 70.0 55.0
Loose-heading lettuce (No.1) 75.0 58.3
Loose-heading lettuce (No.2) 56.7 70.0
Red pointed leaf lettuce 66.7 50.0
HS (80 - 100) Boston lettuce (Nanda) 100.0 86.7
Boston lettuce (Palma) 100.0 93.3
Boston lettuce (Panama) 80.0 100.0
Boston lettuce (Pansoma) 100.0 100.0
Boston lettuce (Pentra) 80.0 100.0
Head lettuce (Calna) 80.0 80.0
Head lettuce (No.2) 81.7 60.0
Head lettuce (S1705) 73.3 80.0
Indian lettuce 93.3 86.7
Pointed leaf lettuce 93.3 70.0
Round leaf lettuce 100.0 93.3
Romaine lettuce (Pandox) 80.0 86.7
Romaine lettuce (Romance) 100.0 100.0
White pointed leaf lettuce 93.3 86.7

' R: resistant; MS: moderately susceptible; S: Susceptible; HS: Highly susceptible.

* Lettuce plants were grown in infested soil (10* cfu/g soil) for four weeks and rated for disease severity using scores of 0 (n,
symptom), 1 (vascular discoloration), 2 (leaf necrosis, stunting, and wilt), 3 (plant death). Disease severity (%)=[(n, X0+n, X1+n,
X2+n, X3)/(N X3)] X100, where n, is the number of plants with an index of 1; n, is the number of plants with an index of 2; n, is
the number of plants with an index of 3; and N is total number of plants examined.
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ABSTRACT

Hong, C. E."?, Chang P. F. L.', Huang, J. L."°, Wan Y. L.", and Huang, J. W."*. 2008. Identification for
Physiological Races of Fusarium oxysporum f. sp. lactucae and Screening of Lettuce Cultivars
Resistant to Fusarium Wilt. Plant Pathol. Bull. 17: 233-242. (' Department of Plant Pathology,
National Chung-Hsing University, Taichung, Taiwan, R.O.C.; *Fengshan Tropical Horticultural
Experiment Branch, Agricultural Research Institute, Council of Agriculture, Kaohsiung, Taiwan,
R.0.C.; *Kaohsiung Branch of Bureau of Animal and Plant Health Inspection and Quarantine,
Council of Agriculture, Kaohsiung, Taiwan, R.O.C. ; * Corresponding author, E-mail:
jwhuang@dragon.nchu.edu.tw; Fax : +886-4-2285-1676)

Fusarium wilt of lettuce, caused by Fusarium oxysporum f. sp. lactucae, is a serious soil-borne
disease, especially when the crop is grown under monoculture. It is one of the limiting factors for
commercial production of lettuce during summer season in Taiwan. Diseased plants showed
symptoms of leaf yellowing and wilting, plant stunting and death. In this study, three indicator
cultivars of lettuce, Costa Rica No. 4, Banchu Red Fire, and Patriot, were used to identify 11 isolates
of F. oxysporum f. sp. lactucae collected from various locations in Taiwan for physiological races.
Results showed that eight of the 11 isolates were categorized as race 1, and the other three isolates,
LFO 32-14, LFO 106-1, LFO 106-3, were designated as a new race. However, it was unable to
differentiate the 11 isolates of F. oxysporum f. sp. lactucae from Taiwan using the previously reported
molecular markers. Susceptibility of thirty lettuce cultivars to Fusarium wilt was determined. Among
the 30 cultivars of lettuce tested for resistance to F. oxysporum f. sp. lactucae isolates LFO 11-13 and
LFO 32-14, two asparagus lettuce cv. Cing-Jhu-Sun and cv. Bai-Jhu-Sun, one head lettuce cv. Bao-
Sin-Mei, and one crisp head lettuce cv. Da-Lu-Mei were resistant with the disease severity between 0-
20%. However, round-leaf lettuce, pointed-leaf lettuce and Indian lettuce, etc., were highly
susceptible with the disease severity between 80-100%.

Key words: lettuce, Lactuca sativa, Fusarium wilt, Fusarium oxysporum f. sp. lactucae,
physiological race, resistant cultivar, molecular identification, polymerase chain

reaction



