
11:112-122, 2002

(Lilium spp.)

Fusarium

1 1 1,2

1. 

2. whhsieh@dragon.nchu.edu.tw 04-22859009

91 6 30

. 2002. . 11:112-122.

Fusarium oxysporum Schlecht f. sp. lilii Imle

(F. oxysporum f. sp. lilii)

(pentachloronitrobenzene, PCNB)

Fusarium spp. F. oxysporum

F. oxysporum f. sp. lilii

(polymerase chain reaction, PCR)

PCNB

F. oxysporum 74 74

30 44 3

(F016 F025 G016) 6 (F032 F036 F038 F040 F140 F141)

(random amplified polymorphic DNA, RAPD) 100 10

(nucleotides) OPAT-04 (5'-TTGCCTCGCC-3')

(DNA) DNA

Fusal-5 (5'-GCTTTCGGCCGCCTCTCATAG-3') Fusal-6

(5'-TTGCCTCGCCGATAGTGGAT-3') PCR

(genomic DNA) 386 bp DNA Fusal-5 Fusal-6 PCR

74 30

386 bp DNA 44 386 bp DNA

(Rhizoctonia

solani Pythium aphanidermatum Phytophthora parasitica Sclerotium rolfsii )

Fusarium F. solani F. moniliforme

F. oxysporum 386 bp DNA

DNA F. oxysporum f. sp. lilii

Fusal-5 Fusal-6 F. oxysporum f. sp.

lilii PCR 200 pg/ l



oxysporum Schlecht f. sp. lilii Imle (1,5,7,8) Rhizoctonia solani
(1,5,8) Pythium spinosum Sawada (1,7,8) Phytophothora

parasitica Dastur. (1,7,8) Sclerotium rolfsii Sacc. (1,7,8) 

F. oxysporum f. sp. lilii

F. oxysporum f. sp. lilii

(basal plate) (basal rot

disease of lily) (5,7)

1942 Imle

F. oxysporum f. sp. lilii
(5)

(5) F. oxysporum f.

sp. lilii

(7)

(pentachloronitrobenzene, PCNB) (9) 

Fusarium spp. (3) F.

oxysporum F. oxysporum

( 1% dextrose potato

dextrose agar ; PDA) 14

106 

5

5

F.

oxysporum f. sp. lilii

F. oxysporum f.

sp. lilii

(random amplified polymorphic DNA, RAPD)

F. oxysporum f. sp. lilii F.

oxysporum (genomic DNA)

(polymerase chain reaction, PCR)

F.

oxysporum f. sp. lilii

(root rot) (basal rot)

(wilt) 1% (v/v) 

75% 2

(root) (basal plate)

(scale) (stem) 2%

(w/v) PCNB ( 25

)

PDA

PDA 22-25

( 12 )

(wild type)

(macroconidia) (microconidia) 

(chlamydospores)
(3,11,12)

F. oxysporum f. sp. lilii

PDA 14

106 

(106 cfu/ml) 1% (v/v)

1 Casa Blanca

5

5 3.5 (121 ,

1.5 lb/in2, 20 )

5

4 5

(

)

PDA 25 2 3

(Koch's Postulates)

(RAPD)

Fusarium spp.

250 ml

(potato dextrose broth, PDB)

( 9 )

12 ml 24 7

-20 1 g

113



15 ml Extraction buffer

100 mM Tris-HCl pH 8.0 50 mM EDTA 100 mM -

mercaptoethonal 1% (w/v) SDS 60 20

7.5 ml (potassium acetate) 20

30 (10000 xg, 4 ) 8 ml

(isopropanol) 2.5 ml 10 M (ammonium

acetate) 30 (10000

xg, 4 ) 1.5 ml (Buffer 50 mM Tris-

HCl pH 8.0 10 mM EDTA) RNase (50

mg/ml) 37

phenol/chloroform/isoamyl alcohol (25 : 24 : 1) 

30 (10000 xg, 4 )

2 ml isopropanol 0.2 ml 3 M (sodium

acetate) -20 (10000 xg, 4 )

30 1.2 ml TE (TE buffer

10 mM Tris-HCl pH 8.0 1 mM EDTA) -20

(DNA)

(spectrophotometer) 260 nm 280 nm

40 g/ml

PCR (template) DNA 100

(Operon Technologies

Kit AT Kit AU Kit AV Kit AW Kit AX

) PCR

F. oxysporum RAPD 10 X

(100 mM Tris-HCl pH 8.8 15 mM MgCl2 500 mM

KCl 1% Triton X-100) 2.5 l dNTP (2.5 mM) 2.5 l

DNA 1.0 l (5 M) 1.0 l ProZymeII

(PROtechnology Ent. Co., Ltd.) 0.3 l ddH2O 17.7 l

25 l PCR 94 5 1

(cycle) 94 30 40 30 72 1 40

72 2 1 RAPD 15

x 10 cm2 1.5% (agarose) 0.5 X TAE

(TAE Buffer 0.02 M Tris-base 0.02 M acetate 0.0005

M EDTA) 100 V 2

(ethidium bromide)

(Polaroid MP4+)

DNA

DNA

F016 PCR

DNA

3 NaI

55 5 l EZ-GLASSMILK

(GENECLEAN III Kit, BIO 101 )

5 10000 xg 5 EZ-

GLASSMILK DNA NEW Wash

3 250 l

Elution Solution (GENECLEAN III Kit, Bio 101 )

30 DNA

Invitrogen TOPO TA Cloning

: TOPO Cloning

DNA 2 l 4 l

1 l pCR -TOPO vector 5

1 l 6X TOPO 10

competent cell (E. coli strain TOP10F')

2 l 0.5 M -mercaptoethanol

2 l TOPO Cloning

30 42 30 ( )

2 250 l SOC (2% Bacto

tryptone 0.5% yeast extract 10 mM NaCl 2.5 mM KCl

20 mM glucose 10 mM MgCl2) 37

1 100 l LB

( 50 g/ml kanamycin, X-Gal IPTG)

37 12

LB 37

DNA

(plasmid) Birnboim and Doly2 Ish-Horowicz

and Burke6 : 

E. coli LB ( 50 g/ml kanamycin) 

37 24 1.5 ml 12000 xg 4

30 100 l

Solution I 50 mM glucose 25 mM Tris HCl (pH 8.0) 100

mM EDTA (pH 8.0)

200 l Solution II (0.2 N NaOH 1% SDS)

Solution III (5 M potassium acetate 60

ml glacial acetic acid 11.5 ml H2O 28.5 ml) 150 l

5 12000 xg 4

5 phenol : chloroform

12000 xg 4 2

2 2 DNA

12000 xg 4 5

1 ml 70%

50 l TE

-20 Eco RI

(restriction enzyme) DNA 200 l

16.3 l 2

l Acetylated BSA (10 g / l) 0.2 l 1 l

0.5 l Eco RI 20 l

37 4 1.5% 100 V

2 DNA

11 3 2002114



DNA

DNA PCR

10 X buffer (100 mM Tris-HCl pH 8.8 15 mM MgCl2

500 mM KCl 1% Triton X-100) 2.5 l dNTP (2.5 mM)

2.5 l DNA 1.0 l primer OPAT-04 (5 M)

1.0 l ProZymeII (PROtechnology Ent. Co., Ltd.) 0.3 l

ddH2O 17.7 l 25 l PCR 94 5

1 94 30 40 30 72 1

40 72 2 1 RAPD

1.5% 100 V 2

DNA DNA

(ABI 373 automatic sequencer, Perkingedma, USA)

DNA 3

Lasergene

(DNAstar Inc., Madison, WI)

DNA

F016 F025 FOL001 FOL002

F032 F036 F038 F040

F. oxysporum

10 X buffer (100 mM Tris-HCl pH 8.8 15 mM MgCl2 500

mM KCl 1% Triton X-100) 2.5 l dNTP (2.5 mM) 0.4 l

DNA (50 ng / l) 1.0 l primer Fusal-5 (5 M) 1.0 l

primer Fusal-6 (5 M) 1.0 l DyNazyme II (Finnzymes Oy

Inc., Finland) (2U / l) 0.3 l ddH2O 18.8 l

25 l PCR 94 5 1 94 30

55 30 72 1 35 72 5

1 PCR 1.8% 120 V

1

DNA

DNA

DNA PCR

(F016

) DNA

NEBlot PhototopeTM (NEW ENGLAND BioLabs Inc.,

MA, USA) (prob) pF016

1.5 l DNA 34 l

5 5 10 l 5 X

labeling solution ( random biotinylated octamers) 5 l

(dNTP mixture 1 mM dCTP 1 mM

dGTP 1 mM dTTP 1 mM dATP/Biotin-14-dATP) 1 l

(5 unit / l) Klenow Fragment 37

6 5 l 0.2 M EDTA (pH 8.0)

-20

(hybridization) PCR 1.5%

0.2 N HCl 5

(depunine)

(denature solution 0.5 M NaOH 1.5 M NaCl) 30

(neutrailization solution 1 M Tris-HCl pH 7.5 1.5 M NaCl)

20 2

X SSC (0.3 M NaCl 0.03 M sodium citrate)

(Zeta-Probe Blotting Membranes, BIO-RAD, CA)

MilliBlot-V vaccum transfer system (American

Bionetics, Inc., USA) 1 DNA

WhatmanTM 3 mM

UVC-515 Ultraviolet Crosslinker

(ULTRA-LuM, Inc., USA) 254 nm 240

millijoules/cm2 (cross-linking) 

(prehybridization

solution 6 X SCC 5 X Denhardte's reagent 0.5% SDS

100 g/ml salmon sprtm DNA) 68 1

pF016 5

5 68

12 0.1% SDS

0.1 X SSC 2 20

Phototope Star Detection Kit (NEW ENGLAND BioLabs

Inc., MA, USA) blocking solution (5%

SDS phosphate pH 7.2 125 mM NaCl)

0.1 ml

5 0.05 ml/cm2 blocking

solution 1 g/ml streptavidin 5

0.5 ml/cm2 wash solution I

(0.5% SDS phosphate pH 7.2 12.5 mM NaCl) 

5 0.05 ml/cm2

blocking solution 0.5 g/ml biotinylated

alkaline phosphatase 5

blocking solution 0.5 ml/cm2 

wash solution II (10 mM Tris-HCl 10 mM

NaCl 1 mM MgCl2 pH 9.5) 5

100 X CDP-StarTM 1 X CDP-Star

assay buffer 100-500
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Fusarium oxysporum

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 1 PCR product 2

F013, F014, F015, F016, F024, basal plate, root, scale, stem Hsi-hu
F025, F028, F044, F046

F031, F032, F033, F034, F035, basal plate, root, scale, stem Hsi-hu
F036, F038, F039, F040, F041, 
F057, F058

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
1. The sandy loam soil collected from Hsi-hu were sterilized (121 , 1.5 lb/in2 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 (106 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.

2. 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.

OPAT-04 F016 F025 G016 F032 F036 F038 F040 F140 F141
630 bp

Fig. 1. Amplified DNA polymorphisms of genomic DNA from different Fusarium isolates. The pathogenic isolates are F016,
F025 and G016, and the non-pathogenic isolates are F036, F038, F039, F040, 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.



0.025 ml

5

X-ray (HyperfilmTM-MP, Amersham, Sweden)

1 Xray

DNA (homology) DNA

F016

100 ng / l 50 ng / l 10 ng / l 5 ng / l 1 ng / l 500

pg / l 100 pg / l 50 pg / l 10 pg / l 0 pg / l

1 l DNA

PCR

(25

l)

F.

oxysporum VIOGENE DNA

(Plant Genomic DNA Extration Miniprep System Kit)

50 ng / l

Fusal-5 Fusal-6

PCR

386 bp DNA

PCR F. oxysporum f.

sp. lilii F. oxysporum

F. oxysporum

Fusal-5 Fusal-6

PCR

Pythium aphanidermatum Pythium

splendens Pythium myriotylum Pythium ultimum

Sclerotium rolfsii Rhizoctonia solani Phytophthora

parasitica Fusarium

(F. solani F. moniliforme ) F.

oxysporum ( 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 F. oxysporum f. sp. gladioli )

F. oxysporum

(50 ng / l) 386 bp

DNA PCR F.

oxysporum f. sp. lilii F.

oxysporum

74 (F. oxysporum) ( ) 

F. oxysporum (3) 

(elliptical) (ovate) (monophialide)

(conidiophore)

(false heads) 5-12 2.2-3.5 m

3 5 27-46 3-4.5 m

(terminal) (intercalary)

74

30

( F. oxysporum f.

sp. lilii) 44

( F. oxysporum) ( )

74

(RAPD)

F016 F025 G016

F032 F036 F038 F040 F140 F141

100 RAPD

DNA

OPAT-04 (5'-

TTGCCTCGCC-3') RAPD 630 bp

DNA ( ) DNA

DNA DNA

DNA

DNA

OPAT-04 F016

RAPD 630 bp

DNA TA DNA

DNA

DNA ( )
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OPAT-04

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.

Fusa1-5/Fusa1-6 F016
F025 FOL001 FOL002 F032 F036 F038 F040

F016
F025 FOL001 FOL00 386 bp

Fig. 2. DNA products of PCR with specific primers Fusa1-
5/Fusa1-6 and genomic DNA of different Fusarium isolates
F016, F025, FOL001, FOL002, F032, F036, F038, F040. The
expected 386 bp specific DNA fragments are produced when
genomic DNA of pathogenic Fusarium isolates was used for
PCR.

DNA Lasergene

Fusal-5 ( 5'-

GCTTTCGGCCGCCTCTCATAG-3') Fusal-6 ( 5'-

TTGCCTCGCCGATAGTGGAT-3') Fusa1-5 Tm

59.8 Fusa1-6 Tm 56.8 DNA

386 bp Fusa1-

5 Fusa1-6

DNA

F016 F025 FOL001 FOL002

F032 F036 F038 F040

PCR F016 F025

FOL001 FOL002 386 bp DNA

)

F028 F046 F109 F111 F156

FOL001 FOL002 P3SS2

DNA (Fusal-5 & Fusal-

6) PCR

pF016 ( )

386 bp DNA F. oxysporum F.

oxysporum f. sp. lilii



100 ng / l 50 ng / l 10 ng / l 5 ng

/ l 1 ng / l 500 pg / l 100 pg / l 50 pg / l 10 pg /

l 0 pg / l F016 1 l

DNA PCR 100 ng / l

50 ng / l 10 ng / l 5 ng / l

5 ng / l

(5 ng / l x 1 l = 5 ng) (25 l)

200 pg / l

74 F. oxysporum

Fusal-5 Fusal-6 PCR " "

386 bp " "

30 386 bp DNA

44

PCR F. oxysporum f. sp. lilii

F. oxysporum

F. oxysporum

Pythium aphanidermatum P.

splendens P. myriotylum P. ultimum Sclerotium rolfsii

Rhizoctonia solani Phytophthora parasitica

Fusarium (F. solani F.

moniliforme ) F. oxysporum (

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 F.

oxysporum f. sp. gladioli ) Fusal-5

Fusal-6 PCR

Fusarium F. oxysporum

386 bp DNA F.

oxysporum f. sp. lilii F.

oxysporum

PCR

DNA (

) PCR DNA

RAPD

DNA

OPAT-04 PCR

DNA OLIGO

Fusal-1 (5'-

CCTAACAACAGCCCATCCCA-3') Fusal-4 (5'-

GCCAAGGTTCAAGCAAGAGA-3')

474 bp DNA

F016

DNA DNA

(Lasergene)

Fusal-5 Fusal-6

DNA

(loop)

(dimmer)

F016 PCR

386 bp DNA

F. oxysporum

Fusal-5 Fusal-6

PCR F. oxysporum f. sp.

lilii Fusarium

(F. moniliforme F. solani)

(Pythium aphanidermatum P. splendens

P. myriotylum P. ultimum Sclerotium rolfsii Rhizoctonia

solani Phytophthora parasitica ) PCR

DNA

Fusal-5 Fusal-6 F. oxysporum f. sp.

lilii

F.

oxysporum f. sp. lilii PCR

F. oxysporum f. sp. lilii

PCR

DNA

PDA PDB ( 100

mg ) F.

oxysporum f. sp. lilii

F. oxysporum f. sp. lilii

( )

Fusal-5 Fusal-6

DNA ( )

DNA PCR

DNA

F. oxysporum f.

119



11 3 2002120

Fusal-5 Fusal-6 (A) (A)
DNA pF016 (B) Marker-1 Gen-100 DNA Ladder Marker-2 Hind III digested Lambda

DNA Hae III digested x 174 DNA
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.

Fusa1-5/Fusa1-6 F024 F046 F32 F101 F133 F149 F155 F160 F137 PA2 F165
F166 SPL18 P3SSc PS3S SPL7 F024 F046 F101 F133
F149 F155 F160 F165 F166 P3SSc SPL7 386 bp
Fig. 4. DNA products of PCR with specific primers Fusa1-5/Fusa1-6 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.

A B



sp. lilii

PDA PDB DNA

PCR

F. oxysporum f. sp. lilii

DNA

DNA

DNA

DNA

DNA DNA

DNA

PCR DNA

DNA

DNA DNA

DNA F.

oxysporum f. sp. lilii 1

90

-6.3.2- -B2 (2) 91 -7.3.2- -B2

1. . 1996. .

200-211 . 

.
2. Birnboim, H. C., and Doly, J. 1979. A rapid alkaline

extraction procedure for screening recombinant plasmid
DNA. Nucl. Acids Res. 7 1513-1518.

3. Booth, C. 1971. The Genus Fusarium. C. M. I. Kew,
Surrey. England. 237 pp.

4. de Haan, L. A. M., Numansen, A., Roebroeck, E. J. A.,

121

F. oxysporum

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

Isolates Species Host PCR product 1

F016 Fusarium oxysporum f. sp. lilii Lily

P448 , P483 Pythium aphanidermatum Lily

P453, P459 Pythium splendens Lily

P482 Pythium myriotylum Lily

Sr032, Sr105, Sr136, 
Sclerotium rolfsii Lily

Sr175, Sr176

F001, F008 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
1. 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. 1, Shih, Y. Y. 1, and Hsieh, W. H. 1,2. 2002. Detection of Fusarium oxysporum f. sp. lilii by PCR.
Plant Pathol. Bull. 11:112-122. (1. Department of Plant Pathology, National Chung Hsing University,
Taichung 402, Taiwan, R.O.C. ; 2. 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 (106 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 (F016, F025, and G016) and 6 non-pathogenic F.
oxysporum isolates (F032, F036, F038, F040, 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 / l. 

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


