R RN RBIHTT A 143: 75-90 (2019) 75
e g . . , . e 1
L HT AL R f?]g‘_ BRI a4

ER AEENE BRI BN 2T S TS
R

f& EHH NI R SRRAE B (Fusarium  oxysporum)5 Wi A3 3(ER > 73 A& 5 [REZE &R
F. oxysporum f. sp. Cucumerinum (Foc)F15 [REAREEAZEEHAN F. oxysporum f. sp. radicis-
Cucumerinum (Forc) - Ry & 2B N Z B & B R —E o (LA AWt Etbi e EE
EHJNZE R R E R Foc BEAEREIR(ATCC16416) it ~ 27 3 i [E Mo M 48 i 2
M o GERBUNIAH LR EVAFEEIHNE > By ATCCL6416 > HErZ BEEKITEY
BRI B AR - 1537 EHEEDHESS FA5HY - &Pk FoclS1 RN ~ HEFIK
NN » {2 ATCC16416 B2 Foc100 HEERGAAT =5 » A& RPN © S5 m e
SERGEREBUR  BPE Focl00 B Foc829 71 17 F1 28°C ({4 Mg /N8 » Her= 8=
HEEEREL ATCC16416 971 28°C Ry & m/E » A 12 {E Foc #1 Fore 2 VCG 54
BRI E A\ ZE TR 2 2B A & B (vegetative compatibility group, VCG) »
S E A 1 EFERFocl00)Z@Er Foc 1 VCG 0180 Hy—EF - 55iA4# RAPD A E @ BUR
B R E M (Foc100 ~ Focl06 ~ Focl51 K Focl83)Ed ATCC16416 i AHE « it
SIS M3 2 Fore H—145 [+ ¥f(ForcF1, ForcR2) (T E » 455 Fore 1y VCG
REEAE R ISR ) 277 bp DNA {5577 » ZREEERIK - ATCC16416 f Foc 2 VCG AR
PREE AR iR B - 4ra DICNEEE R - 2B R\ 8 I E &y Fusarium

oxysporum f. sp. cucumerinum °

RARERA ¢ BANZ AN - E - BRESEH AR  EUsIT Y

il

HiJ

HHJNZE Y 1898 BB Z N E RS EA » MY 1925 F#eas B2 A Fusarium sp.
FRSIHE » Z 181 TR S bR TR B W P T A /e B e o AR 1955 SEAE L N |
FEEH B EAE "> A7 1956 EEEIH R FHAHRAEE(F. oxysporum Synd. & Hans.)¥ify 4 H43{E R
FS L - dif4 ks F. oxysporum f. sp. Cucumerinum (Foc) Owen » BELELZLPE I K B TN S SRR Y A=

' TR SR E B RN RS ﬁ:n':% 0964 55 -

P TR S B e TS S RIS - HEfEE chaowang@tdais.gov.tw
BRI LA Y R EL 2T B B /«;"agﬁfi’

C TERREZ B GICEER SN RERRAS -
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SHMEREFRER"Y « ARE B —BRENVEE FRE - TEEHINS AR > SHELERE 7
RCRRAINS REFEF s=fbZ A TEARER B4 E R ARS8 LIS - RIIEEEMIE T HAMES]
R ZRABRER R > T ERABEREE > St 2 sHIER T ZEH E 6~8
{EZEER"? » 4R Vakalounakis (K "VfE 2 H =/ NZ BRI ER  REERERSIGEE K@ bz
FEREBON TN ZE R R E R A AR B LS5 (root and stem rot) I L » HURE 5 [RE LR i i
w4k F. oxysporum f. sp. radicis-cucumerinum (Forc)Vakalounakis - Fij AWFZef5H, @ FREESN » &
A1l Foc 81 Forc 323527 T #i[E B i 3 i 8 2 7252 © DISTIRIEE Foc v 5 [RESH LA N4
Z FIEHST I EE 38~100%8 65~100% B ERE - LS MR AT EVATERANET S [HE 6~33%H #pR>);
i Fore REAILIAN BER K ~ UK 40 IVELN T BBORME > SRREINTL 50~75%2 5" - 1
IS EREHE » Foc 2 S B 29°C » Fore 7 B3 B 17°C"Y o SRLUFM ~ 27 X8 K i
HEOREE ST F. oxysporum Fis EZ MR AV B T R 2% « M & e A
E(vegetative compatibility tests)EH & f#&m4IE 2 714 DNA (random amplification of polymorphic DNA,
RAPD)A] A& HIZE BIHE F. oxysproum 2 R [E4 3853720 Katan B Primo R 8 #45 Foc
B Fore 77 B [EIHY & B2 SR F1EE (vegetative compatibility group, VCG)» H.41 Foc & VCG 0180 -
0181~ 0182 K 0183 PU{EEE - [fi] Forc HI'E VCG 0260 Eil 0261 WiEF - 55 Vakalounakis ¥ Fragkiadakis
W54 » Foc B2 Forc 2 RAPD &E 5SS B E B A FIHVERIRS 7 o ¥ Lievens (% AV E %
ST 1S TER] Foc 81 Fore BH% -

TEEEH » H E oxysporum Firs [EEAVERNZE E 1 E BLEE - TR0k RS ROESH I 2 3 22 R
T AT AHREEASE - £ Lin B Chang [ 1980 FAYBHTT @ BHRIEEGID#ER F
oxysporum f. sp. cucumerinum " > G 1% KA H A S AUMHRANTSE B o FTAREEE T HE A ST
RN - B 22 B R R SR A e — B B AR PR s EAR S B S LB 4 o
1HEEIR G MR BRI % - IR PR LZR - B 1858 » R B A TRy B AR -
LA - FRIFERIRER T Z BB - TR BR 2L ARG A7 4 > B Vakalounakis (&Y il Fy Fore
AT R BT EH R R B S R UL - Rl 5 [RE 8RN 8 2 R A » A oe HIRIBRT A
#E Foc B Froc 7 J77% » RliEEBEIGHIRE - 27 LHi#E - fE#3mRE - VCG ~ RAPD KK
ZARE M FEHE SR WEEEBERNZERE L -

MRERTTIE
— R R

E HH R ER SR R M AR AR AE 48 - S8R DM 30 DUR R /K T TR - RS ERK 1% -
B 1.5%7KIE 5 (water agar, WA)EZEEL K 7 &0 2K 2E 1 438 5 (pentachloronitrobenzene peptone
agar, PCNB)E# B R TAHAR 03t - S BEAU B 1 FR 64 ) &) fE B S (potato dextrose agar, PDA)
REEEL b AR 14 RESHE AT BER T RRREREERE 2 - AHFTATEE A
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> 7 BEEHNE AR E A 0 S E % (Foc100 ~ Focl143 ~ Focl51 ~ & Foc917) ~ 2F(Focl05 -
Foc183 ~ Foc829) iz £ B (Foc 106) S il Y MR TEL IR 43 BEES- 21 5 BEAD » ARBHZEINME F 4R NZE B
Bk Fol-529 BAE NS EPHE E PR Fom-05 {F Fy 08 7347 FH (2 —) - & BT HRFEAeE B 2 VR i 1 P
Stz Tl e B e i 1k LT 7 A B FH R A 51 22 s fl o =i 5 S5 7 O £ Lo (American Type
Culture Collection, ATCC) Foc FEXEFEMR(ATCC 16416) » LK Foc F Forc W& & el B EHEAE R
PR(VCG testers) Ry AMHTE F AL IR(ER ) - S EIR S EE T PDA AR 5 Rig VI HUH B4R mH(EL
847 0.5 cm)Y 4R > BER BN 2 A EBEAREEE(S 1% Water agar B 10%W) 1)V est B (&
12 cm » EHK 1.5 cm) N PUETTIRTE -
F— ~ RIFE 2 HER SRR E B R AR

Table 1. Sources of isolates of Fusarium oxysporum in this study

Isolate Host Symptom' Location Isolation date
Foc-100 Cucumber RSR Pu Li/Nan Tou 1998
Foc-151 Cucumber RSR Pu Li/Nan Tou 2003/7
Foc-183 Cucumber RSR Jhong Pu/ Jia Yi 2005/3
Foc-829 Cucumber RSR Wu Feng/Taichung 2005/9
Foc-143 Cucumber W Jhong Pu/Jia Yi 2003/5
Foc-917 Cucumber W Yu Chi/Nan Tou 2004/10
Foc-105 Cucumber -2 Zhu Qi/Jia Yi 1997/12
Foc-106 Cucumber — Li Gang/Bing Dong 1997/12
ATCC 16416° Cucumber — Florida —
Fol-529 Loofah — Pu Li/Nan Tou 2005
Fom-5 Melon — Taichung/Da Li 2005

'RSR = Root and stem rot of field diseased cucumber plants; W = Wilt of field diseased cucumber plants.
% No data.
31t was from American Type Culture Collection (ATCC).

=~ BRI EEEEAIE

(—) ~ HEHEYIEE

BESREPIRE T » CLREANE B AT SIOTHIT ( Cucumis sativus + B2 (Vantage) )+ S [
C. melo subsp. melo‘Cantalupensis group’ * £kZ(Autumn Favor) )~ FJL[ C. melo subsp. melo‘Conomom
group’ » gRfE(Silver Light) ) EAPE ) ( Citrullus lanatus > &8 _57(Empire No.2) ) F1-HEL A K £
TIRERB M EYR E I E R T /KR 3 (‘Whiteloofah-SWK?) | &%) I\(Luffa cylindrica)f&+-» LA
SUKRESF 12~24 hrs (IRTEVIRESAITA P2 Rl) @ FIMR R - KEEHBHERERA 5)E'ﬁdi(loeat moss,
TKS 2 Istant) fIE2 B G (perlite JEEHI(3 1> vV)AY7TEE(50 3% 60 1% > FEERK S5 cm > JFE 5 em)f H
i RRgliE R 12 f HERE -
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T BE ATCC HYEANZ AR R < e E i ic B e Ik

Table 2. Vegetative compatibility group testers of the Fusarium wilt pathogen on cucumber obtained from

ATCC

VCG tester ATCC number Phenotype' Description” Isolation’

0260 204369 NitM Forc AFu-14A/4
204370 NitM Forc AFu-15B/2

0261 204371 NitM Forc AFu-4C/8
204372 nit 1 Forc AFu-4C/9

0180 204373 NitM Foc FOCU-56L/12
204374 NitM Foc FOCU-57N/18

0181 204375 NitM Foc NETH 10782A/2
204376 NitM Foc NETH 10782A/5

0182 204377 NitM Foc ATCC 36332B/1
204378 nit 1 Foc ATCC 36332B/2

0183 204379 NitM Foc FOC-1A/1
204380 Nit M Foc FOC-1A/4

! The three phenotypic classes recovered from F. oxysporum presumably reflect mutations in a nitrate structural locus
(nit 1), a nitrate-assimilation pathway-specific regulatory locus (nit 3), and one of five loci that affect the assembly
of a molybdenum-containing cofactor necessary for nitrate reductase activity (Nit M)(compiled from Garrett and
Amy (1978) and Marzluf (1981) on the basis of analysis of mutants from Aspergillus nidulans and Neurospora
crassa).

% Forc= Fusarium oxysporum f. sp. radicis-cucumerinum; Foc=Fusarium oxysporum f. sp. cucumerinum

3 The parental isolates of VCG testers of the Fusarium wilt pathogen on cucumber.

(&)~ T

HEER UK Z BRI IAR B s E ARReZ 5% - FHREET PDA RHH 2~3 BHY 5
#R(Foc100 ~ Focl51 F ATCC16416) » DUEES 7K 7311 F € fig mirocloth 4% » FRfRAC LT
OF(1.0~5.0x10° spores/ ml) » B IEEIEMSRATHoR D - FEIRFBIETIRES 1/3~1/2 (VERE >
Frg= EH 20~30 mins - SERIETEEN(E - BEE ST RAVEMRISHER 13 cm (YRR ZE T > BNESEE
P Fi(perlite) » BFFREE 2 EH1E - FEHE 4 £ - EHIE LRSI HIRE - HERFEEHEE
TR BEZE TR o SHNEHR AR T - EEREYI SR AR S Ry AR - 0 4= SRR
B0 1 R=tNHBBE R E— R TEF(LREERHIEE © 2 =t/ CEEEER DU HIRER
=LAVETY 5 3 SR=tA/FBEER DL EHIRZE AR LS 5 4 R=TER SRR T - AR
TINA IR RIS (disease severity)

0><n0+l><n1+2><n2+3 ><Il3+4><114
Disease severity (%) = %100
N x4

ny~ny = SRFERAVEREL : N = SUERRE




EEH N BR R A (bR B 79

= REHANERARREREZRE

HEE R B RSB PDA RHH 2 2 3 818 - JIA 9 ml SEEVKPE N T - 248 2 20 ERE
AR RERE(1217C » 1.2 Kg/em?® » 20 min)ffy A7 R B T B GHARML - Bb+ 1 /K=100
100 : 20 » w/w/v)H1(Scher & Baker, 1982) - FAZEH(25~28°C) N E%&E » 12 hrs YelE » HiERHZED 1
BPEA AR (ENEESRE AR - 2 BRI AAEEASTERY HH (20 mesh, 0.840 mm 48818
T&IBNE) » AEANA10~20 ml FEEE /KGR HEDE - FIUEE 1 4818 - HUHFREZ » 1 B LU TFIR(RT-04 -
SREEIEE R - 2208 IR o8 S(E i E T EHE (PP 1 ¢ iy Ttk AR /K2 2 10 ml »
HEREEE - IRFFETT 10 S 25MRE - I REMEER | ml 355 PR a0 A& 0 s e
B b 5~7 RIBIREHRHHNEE - R Ew HRTAREE S E - IRl A RE L
R TREBMEREHEAEHANZERAREZEARALREGTS  LKEBBRER
1.0-5.0%10°(propagules/g soil) = fit3f A\ TORE T - & ittt iRie 2 A TORE TR LISER
PR R 4 2 B 3 PR BEIR T RIS 17 R 28°CHEWAE RAf - B EB 20k S -
« EEEMRMEF(VCG)ZAIE

AR Correll [ A 1987 SECMIRTSE » WANLMELETT 2 - BRIV E BBk B4
(generation of nitrate nonutilizing mutants) : & Foc100~Foc143~Foc151-Foc829-Foc917 % ATCC16416
FHGIE R AR R s i A (complete medium, CM) = » €€ 5-7 K% » LITFLESV) T ESAE(E
&7 mm)FEHE Y& E I (chlorate) 2 B $5 2 &) & T8 B5(potato dextrose agar with chlorate, PDC)ZX & &
W% fz/NE A (minimal agar with chlorate, MMO)EF &4 | - A Bt AL DAL RIE T - i
RE BRI AR RHVRRTZ E SR (sectors) » FERF HASHE I fe/NEHE 5% & B (minimal agar, MM)E CM 5%3&
B b FrSEIZ ERIE MM | - EERET B RRAEES » B R b BRAY 2 &6 ARk (nir mutants) -
MEAE CM BB B ATIAIR SR URE - BIEE s H AR -

B Y 2 R ok F2 TR LI (Nir mutant phenotypes) - i Correll (&% APy 774 »
RV R BEFEMIETEIE MM BPEEL b &8 5~7 Ri% » DUTFLERU) T HESIRER Tmm)HE i
& AfERE S Z IR E A RS L (basal medium, BM)_F > 812 (1) i& 528 A (nitrate medium=MM) -
(2)in ¥ iz L (nitrite medium=BM plus 0.5 g/L NaNO,) - (3) K = E 52 £ (hypoxanthine medium
=BM plus 0.2 g/L hypoxanthine) ~ (4)#%#55& £ (ammonium medium=BM plus 1 g/L ammonium tartrate)
FI(S) R B A (uric acid=BM plus 0.2 /L uric acid) - S HRAFE LAl - N IR AR BV PRI E SR
7Y 4 RABEHZN SR B4 AU RE - fR8E Garrett F1 Amy® Fz Marzluf'' VS 254345 R 2R ] Aspergillus
nidulans 81 Neurospora crassa 2 ¥l & @GR Bl R SRR ERVAERER - Al A (EZRER
AU o [HAHARY F. oxysporum 1% » HEEMIN = IR nit 1 ~ nit 3 ~ Nit M« R nit 1 FrRACh B
FARIVRREGAR—FE - fE B Ui E A RV AIRRI E AR AL RIAY nit 3 AR BRI E A
BRI A F AR REIRRIEME R TE M = E A FES AR 24 R ; FRIRA Nit M B
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R R B ICGRE Ee BE AL AR R RRELER ik — % 12 Bt = fi g A TR AURRIg 2B A A -

FRIMEE R (Compatibility tests) © fFALEE B ERFEFE(nir mutants) (Y E4RBEEL Fore FCRFREEAE

Hifk ATCC 204369 ~ ATCC 204370 ~ ATCC 204371 Jz ATCC 204372 DL K, Foc FC I EHEAEE R ATCC

204373 ~ ATCC 204374 ~ ATCC 204375 ~ ATCC 204376 ~ ATCC 204377 ~ ATCC 204378 ~ ATCC 204379
K ATCC 204380 3 12 FR(M R B—FE 3 BIEH VCG 0260~ VCG 0261~ VCG 0180~ VCG 0181 ~
VCG 0182 Jz VCG 0183)HEI 4B LAFTA AT AEHYEC 7 =UH IR B B (PEHE 1~3 em)fE MM BEEekk - o
TE_BA IR T REE 7~14 Ri% - U s HECH BT - RECH BRI F AR @ TP ORI R
EEAE - CURBECHAT) - #tEE N & IR ER . BB AR -
h ~ EVEIRZ 2T DNA 347

B PDA R} 2 BEAVEEER - 208 Saitoh AR 2006 41y 5 3 HIEE DNA 3
SIS AEEAE 50 ng/ul - i Punja 81 Parker"Fir (i Y5 [T (UBC 438 ~ UBC 489 K UBC 890)
#1T RAPD WY JEY) - F— R A B FERVASRGRE R 25 ul - £ 50 ng f5hKk DNA ~ 100 uM #YZ

SN E =B ES(INTPs; GeneMark Technology Co., Ltd., Tainan, Taiwan) ~ & 1 (%S IESRER

[10 mM Tris-HCI, pH 9.0; 50 mM KCI; 0.1 % (w/v) gelatin; 1.75 mM MgCl,; 0.1 % Triton X-100;
GeneMark Technology Co., Ltd., Taiwan ~ 0.4 pM A5 |7 K 1 EE{i7(unit, U)HY Gen Tag DNA &=
(GeneMark Technology Co., Ltd., Taiwan) o j>#% [ I8 iF 52 FE %48 (PTC-200, MJ research, Inc.,
Watertown, MA, USA) 1T DNA HiliE - EIEIERME: A 957C ~ 60 sec; 95°C ~30 sec > 35°C ~ 30 sec °
72°C ~ 90 sec » 3t 35 {EfEIR 5 72°C ~ 10 min o SRR A MEEY) #1775 (agarose) Bk 74T ©
7N~ B—1%5| F ¥ (ForcF1/ForcR2) A EEEA N ZE AR E

WERTIA [5] 5 T > SR R (Foc 100 ~ Foc106 ~ Focl51 ~ Foc183 K Foc829)ffc -t 77 2 HiEL
H DNA gﬂaﬁ%ﬁéﬁgﬂ&%ﬁ £ 50 ng/ul - W PCR Master Mix Kit (Genemark Technology Co., Ltd,
Taiwan)#E{T PCR K JE - K FERAHETRE 0.2uM BH—M5[T-¥f ~ 200 uM dNTP ~ 1.25 U Taq DNA
pOlymerase » 1.75mM MgCl, ~ [ZFESRENREL 1ul /Y DNA » i /K 2 4ERetE 5 25ul - FIH
Programmable Heat Block (Px2 Thermal Cycler, Thermo Electron Corporation)#£{T PCR FZJE » E & FE
AR £ 94°C ~ 2 min s 94°C ~ 45 sec > 65°C ~45sec > 72°C ~ 45 sec » 3 30 {E{E¥ > 72°C ~ 10 min >
SEEE AU S FEEY) I 1T BT A (agarose) BE VK AT

AR

B EERERHEMIGIT » S0~ POUK - B0RSEE ) AR HL e 53 HIBEHE Foc100 « FoclS1
J ATCC16416(EFE £ 1.0-5.0%10° spores/ml) » Hefi % B IS T8t 38 - G5B ROE bR
FoclS1 B ol M ~ SEER « BRLASH - th @ RPN > 608 28 Fofk » ELARRES KL 16-100%
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ZTH] ° 1 Focl00 84 ATCC16416 FPkEH{ERERZLEAN ~ FEE AN » 1321 28 Rk > HERHET
Y 9~96% 2 [ - TEPENAIA BRI - FrA Sl ErRE R LS A B FEMEGEES) -

F=~ Foc HEREEIR(ATCC 16416)8 287 i I\ 22 5 b 2 &7 L[
Table 3. Host range of isolate ATCC 16416 and the Fusarium wilt pathogen of cucumber collected from

Taiwan
Isolate Disease severity (%)
Cucumber Muskmelon Melon Watermelon Loofah
Foc-100 96 57 62 0 0
Foc-151 100 16 34 72 0
ATCC 16416 38 9 13 0 0

! Eight plants of each treatment were recorded on a scale of 0~4; where 0=Health, 1= < 1/2 cotyledon and first leaf
with yellowing symptom, 2= stunting, or> 1/2 leaves with yellowing symptom, 3=stem yellowing, vascular
discoloration, and <1/2 leaves with wilt symptom, and 4=Plant wilt and dead. Data was recorded 28 days after
inoculation.

T BEHSANERRRE SR A

YEZR 2~3 FEENGHN TEE | BENEEESERE Focl00 ~ Focl43 ~ Focl51 ~ Foc829 -
Foc917 5 ATCC16416 7 R E T CERE B 1.0~5.0x10° propagules/g soil)d » 43 RIE A 17 81 28°C
YR F - 21 Ri% > PHEERBEGER - BEREIYE NSRS AR E - I HEER 42 K > 17C
FEHT o BREE Focl00 B Foc829 Z MK » EHAHHE T HI Ky 88.9 B 45.8% 7 4 » HERERZ #5954
&Ry 0 SR 20% - TAE 28°CREEE | - BfdfTA 28 E R 2 MM3T g 8% - H38mE
38.9~100% - [fij##fE ATCC16416 ZFEMRAT 28°CIgHE T » HEHHE R 89.6% » {HAE 17°C sl M HE
FIE(ER 6.3% (F0U) -
=~ EEREEMMRER

TR R/ VEREEL 20 MREEBREPE - HFRIAI(Nit mutant phenotypes) i 2% &H 3 B (nit
I~ nit 3 e Nit M) » —f& /DA 2 Bl(nit] 81 nit3) - —HEEEERPREE 2-3 MR EI R BUHY R RS
BHE GBI EERE(VCG testers)(VCG 0260 ~ 0261 ~ 0180 ~ 0181 ~ 0182 K 0183)7F MM Hz#& L

HE(THIET - SRR SHIRIETE » @ LRI S (bheterokaryon) » £ MM BFE L IR

EEREE % - HETE MR EEEE KA Focl00 ~ Focl43 ~ Focl51 ~ Foc829 ~ Foc917 K
ATCC16416 - B[ 100M16 B VCG 0180 B % 100P01 ~ 143P14~ 143M11~151M13~ 151P15
829M02 ~ 829MO07 K 829P04 [E > VCG 018-( % & E BT A ikt VCG testers F AR HHAT » (HEH
IR Er A BERERE 917P12-917MO1 ~ 16416P04~ 16416P06 K7 16416MO5 &> VCG 018-HSI(%
EBRBEIRBLFTA 5 VCG testers SR Ef1 - HEA LRI A AN (FE ) -
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P ~ ERIEIRZ A DNA 347

AWFFEEEN 3 (EREEE LAY SRR 5 [0 )l Fy UBC 438 ~ UBC 489 Kz UBC 890 » ¥ 13 #k
Fusarium oxysporum FRFATIGIER] DNA F B K/IN7BILE 300 & 3,000 bp 2 [ - 454 UBC 438 141
) RAPD $547(300~1,000 bp f1> DNA K E&)~UBC 489 Fiigfy RAPD $54%(500~3,000 bp [5i~2 DNA
FEHLUE UBC 890 HelE(T RAPD $540(400~1,000 bp F5> DNA FEY) » Bl Jaccard’s similarity
coefficient FHHEEF I HIHYHHEIUE - ik UPGMA 12 fp 3 ERHAE - DIARNZ BRE Fol-529 B1E K
ZH T Fom-5 By RN E2 S aEtH N R B &Y 7T 73 B EE - Foc-143 B Foc-917 fy—#f> Foc-151+
Fco-183 ~ Foc-829 ~ Fco-100 ~ Foc-106 K Foc-105 B2 —EE » WiEEAE{LIE ST BIEAE 86% DL | » H
Foc-151~Fco-183 K Foc-829 =HREEMEZ AHLUE B 100% - 5348 » ATCC 204369 EiL ATCC 204371(Force
1 B R HC B R T IR 2 A LUE TR fy 100% > FNEERREL ATCC 16416(Foc BEREERR) 2 AHLE Fy
69% ° T ATCC 204369 ~ ATCC 204371 }z ATCC 16416 BiEZ=EEEH N ZE AR E B Z HELE 56%
PLE([E—) -

ATCC16416

| AT(CC204369

| AT(CC204371
Foc-100

— Foc-151

Foc-183

Foc-829

Foc-106

Foc-105

Foc-143

Foc-917

Fom-5

Fol-529

0.56 0.67 0.78 0.89 1.00
Coefficient

[l —~ HH5 [ UBC438~UBC489 £i1 UBC890 {5 |- HHH /I B B R FRFTHSIERY RAPD $540 H Jaccard’s
similarity coefficient % HH B~ FEIRIARARE > fik UPGMA 12 7 EERERHIRE -

Fig. 1. UPGMA dendrogram of RAPD similarities among isolates of the Fusarium wilt pathogen on cucumber based
on similarity index, primer UBC438, UBC489 and UBC890.
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A~ B4 F ¥ (ForcF1&ForcR2)EAIZ EE AN E RRE

DL ForcF1&ForcR2 #E{T{E M2/ & FEEH )\ 22 EJ B E #£(Foc100 ~ Foc106 ~ Focl51 ~ Focl83 J
Foc829) » Foc FEAE R ATCC16416 » F1 VCG FEAEE R (Fore : ATCC204369 ~ ATCC 204370 ~ ATCC
204371 K ATCC 204372 ; Foc : ATCC204373 ~ ATCC 204374 ~ ATCC 204375 ~ ATCC 204376 ~ ATCC
204377~ ATCC 204378 [z ATCC 204379) » 45 HFER{ESFFE ATCC204369 ~ ATCC 204370~ ATCC 204371
Fe ATCC 204372 EVURRERE HEL A INE 277 bp AYE—{5H (& —) B AV NBLE SN AH 7 - 22
TBEEGIR - ATCC16416 K Foc i) VCG FEAE I B A gy i H 5 (8 =) -

ENEETE

B SN R A e S R A A SRR E A T (B AR BB > 3 B2 Owen RIS [FEZEE 7Y
Fusarium oxysporum f. sp. cucumerinum(Foc)F1 Vakalounakis ¥ #3li 5 [REARELZL BRI F. oxysporum
f. sp. radicis-cucumerinum (Forc) - fR4% 1980 4 Lin 1 Chang W [CHYH LS5 H " > Foc K RAEKE
B STV AE 1955 R 1956 4 Owen [ s th 7545 1 FIBEAYAS S - 1] 1996 447 Vakalounakis
BB Fore RIEAFFHELROERK » BEARATTE o el Bk B aiE v R O E L
HITEAE » ARE BT » A BIESY Fore 81 Foc YIB! « A LISKE » SRR F A &
58 42 1K F8 975 Ji M (pathogenicity) I G » 177 95 S P R it 22 6% K & B (5] /Y 27 5 48 1 88 ) o A
(differential cultivars) » FEZEEF T ELBATTR 507 - Rl MRt 3L - H6E 775 S0 T8 -
Atger - ZEEMGEE FoclS1 SEREHN ~ HF K ~ T/REAPE/N 5 ] Focl00 B ATCC16416
ERRE AR BRI A TR R T 1T P8 IS B S » 1 A A e AR S 4N B R B R 1
T2 2 A SR IGET TR B L R BN - BREFR ATCC16416 4f » HEREEZE L E IR S &SR
TR B TR » e i B £ SRS ER R R T IRE AR 2SS 1R (peg) » EHIT VAR EZ B R A -
4} Appel #1 Gordon [ (K VJREEE » . oxysporum f. sp. cucumerinum 6 fH F7 f@ 40 4% % ARG ZF T -
BTy i B FE R Bl B B AR B AC e A A B - S (AR ASEZF - B BB RE 2 IO - 1SR4l
PRAEMRRTEC TIHE R SRR AR B 2 S B o P8 S R R - R R B0 2 DUR TR
TR - SRR EIEERR(L 0 & 40 REGREREA KEFHEEN) ; R IEESER
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MRS - B 4RSI 1-4 B Fore 2 VOG IR 43 5l By ATCC 204369~ ATCC 204370~ ATCC 204371

B ATCC 204372 ; 457 5-11 &y Foc 2 VCG EEAEE R 43 I By ATCC 204373~ ATCC 204374~ ATCC 204375 -

ATCC 204376 ~ ATCC 204377~ ATCC 204378 il ATCC 204379 ; 475E 12 & ATCC 204369 {E B 1F%H1E4H »
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Fig. 2. The specific primers (ForcF1&ForcR2) of Fusarium oxysporum f. sp. radicis-cucumerinum were used to

TN

detect the isolates of fusarium wilt pathogen on cucumber by using polymerase chain reaction (PCR). PCR
using primers ForcF1 and ForcR2 which amplifies a 277-bp product from genomic DNA of Forc isolates.
Numbers on the both sides (lane M) are the 100 bp DNA ladder marker (GeneMark). Lane number is
corresponded to the following isolates: lanes 1 to 4 were the VCG type strains of Forc: ATCC204369, ATCC
204370, ATCC 204371 and ATCC 204372, respectively; lanes 5 to 11 were the VCG type strains of Foc:
ATCC204373, ATCC 204374, ATCC 204375, ATCC 204376, ATCC 204377, ATCC 204378 and ATCC
204379, respectively; lanes 12 was used ATCC204369 as a positive control; lane 13 to 17 were the isolates
collected in Taiwan: Foc100, Foc106, Foc151, Foc183 and Foc 829, respectively; lane 18, ATCC 16416 was

used as a negative control; lane 19, sterile dH,O was used as a negative control.
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oxysporum Ik » M TEERSHAIEF(vegetative compatibility group, VCG)atEz 4T n] DLz F] 72 {E
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Identification of the Fusarium oxysporum
formae speciales of Cucumber in Taiwan

Chao-Jen Wang *, Min-Jing Huang’, Jen-Fang Chen®,
Wen-Hsin Chung’ and Yi-Sheng Lin”

ABSTRACT

Two formae speciales (f. sp.) of Fusarium oxysporum, F. oxysporum f. sp. cucumerinum (Foc)
and F. oxysporum f. sp. radicis-cucumerinum (Forc), were reported to trigger Fusarium wilt of
cucumber that cause root and stem rot, respectively. However, the isolates of F. oxysporum
caused Fusarium wilt of cucumber in Taiwan are not yet identified. The isolates of F. oxysporum
were collected from diseased cucumber plants in Taiwan and compared with the type strain of
Foc (ATCC16416), including symptoms, host range and optimum infection temperature. The
results showed that all Taiwan isolates could cause root and stem rot of cucumber plants by
using soil infestation inoculation method, except ATCC16416. Moreover, the Taiwan isolates
Focl151 could infect cucumber, muskmelon, melon and watermelon, but isolate ATCC16416
could only infect cucumber, muskmelon and melon. Isolates Foc100 and Foc829 could infect
cucumber at both 17°C and 28°C, the optimum infection temperature of other Taiwan isolates
and isolate ATCC16416 were at 28°C. Twelve VCG testers of Foc and Forc were used to
identify the VCG of Taiwan isolates by using the vegetative compatibility tests. The results
indicated that 100M16, the nif mutant of isolate Foc100 was VCG 0180 of Foc. The specific
primers of Forc (ForcF1&ForcR2) were used to detect the Taiwan isolates in this study. The
results showed that only VCG testers of Forc were able to amplify a DNA fragment with 277-bp.
On the contrary, the same primers were not able to amplify any PCR product from VCG testers
of Foc, ATCC16416 and all of the Taiwan isolates. Based on the results of symptoms, host range,
optimum infection temperature, VCG and PCR with specific primers of Forc indicated that the
Fusarium wilt pathogen of cucumber obtained from Taiwan was still identified as Fusarium
oxysporum f. sp. cucumerinum.

Key words: Fusarium wilt of cucumber, identification, vegetative compatibility group, specific

primers
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