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ABSTRACT : To provide basic information for Verticillium spp., molecular methods were applied to analyze genetic
characteristics within Verticillium spp. including Verticillium dahliae, isolated from diseased plants in two regions
of Korea. Five Korean isolates of V. dahliae causing Verticillium wilt on chrysanthemum were analyzed, together
with six other Verficillium spp., using mitochondrial small subunit rRNA gene (rns) sequence and random-amplified
polymorphic DNA (RAPD). In a phylogenetic tree based on rns region sequences, Korean V. dahliae isolates formed
a single clade with foreign isolates, whereas the other Verticillium spp. formed separate groups. In addition to rns
sequence analysis, a dendrogram based on RAPD fragment patterns also showed clustering of all V. dahliae isolates
into one group, separate from the six different Verticillium spp., and the V. dahliae isolates formed three subgroups
which corresponded to the regions of origin, Kumi, Busan city and Canada. This indicates that high genetic vari-
ation exists between regions, although the fungus was isolated from the same host plant, chrysanthemum. These results
provide the foundation for the study of genetic diversity and relationships among V. dahliae isolates in Korea.
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Ho| B ERom, 2003~2005 Atolol] FalAulel] 7154
o] F& HETS E=YA ot FAtoNA V. dahliae7}
E = A Han et al., 2007). V. dahliae®l] 23t HHEEA|
S22 ghollA] Tt Al F718kaL e Wil v
dahliaeS X3St Verticillium?y 2] 573 et A4+
oFA & ol F53F Aol

Nazar 5(1991)Y2 Verticillium?;: WA ribosomal DNA<]
ITS 99< vw3l.2m, William 5(1990)1 <]3}e] 7l
RAPD YIR& V. dahliae®] FAAARA ] ] ARH L
Atk Okoli 5(1994)2 RFLP W2 o]&3ld V. albo-atrum
& V. dahiliae=FE 553 MG Aolg A5t
B 73}t B3 Cardere} Barbaras 93} Holw|g]7}
Z2RE EEE 452 U E RFLPS 535t theksh
MEsfElS Hol7] % Frh(1994).

B Aollxde gl EASE V. dahliaest =12 B
7Y Verticillium®s -2 ™74S 2 mitochondrial small sub-
unit rRNA gene (rms)3 % 971414 £47 RAPDEAS 72|
FySrO 2A V=2 1 dahlie d2F T2 Verticillium 5
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A7sh A ARE-skaT
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Table 1. Isolates of Verticillium dahliae and other species used
in this study

No. of Isolate Species Origin Year

V03-029  Verticillium dahlie  Kumi, Gyungbuk 2005
V05-105 ¥ dahliae Kumi, Gyungbuk 2005
V05-001 ¥ dahliae Kumi, Gyungbuk 2005
VO07-087 ¥ dahliae Busan City 2005
VO07-088 ¥ dahliae Busan City 2005

vC V. chlamydosporium  Jinju)KACC™40859) 1999

VAA V. albo-atrum England(KCTC"6055) 2004
VDE V. dahliae Canada(KCTC6561) 2003
VT V. theobromae KCTC(16926) 2000
VAN V. aranearum Begoro(KCTC16996) 2001
VB V. balanoides KCTC(16997) 2001
VL V. lecanii KCCM(11850) 2007

KWNU 2003

KWNU 2003

VT-15 V. albo-atrum

Vte-5 V. theobromae

*KACC; Korean Agricultural Culture Collection.

’KCTC; Korean Collection for Type Cultures.

‘KCCM; Korean Culture Center of Microorganism.

‘K WNU; Department of Applied Plant Science, Kangnung Wonju
National University

2. Genomic DNA £2|

7t F59] @AEERZHS potato dextrose broth(PDB)O]
HFSL 25°ColA 130 pm o2 e} U (Jeio Tech SI900R,
Korea)stth. wlFet dAR= 249 AZ=E Ae FA3L
FAAZE] oF 30~50ng¥ 1.5ml tubedl] BT} Glass
bead®} 3 HAME T3] PRAISIAL extraction buffer
[200mM Tris-HCl (pH 8.0), 200mM NaCl, 30 mM EDTA,
0.5% SDS]9} 2xCTAB solution[2% CTAB(w/v), 100 mM
Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl, 1%
PVP (Polyvinylpyrrolidone)l= 22+ 300 ut¥ 7Fsted 2047+
733l voltexing 3FATE ©]5 600 ule] Chloroform :
Isoamylacohol(24 : )= A2]g+ & 13,000 rpm, 4°'CEAL=E
2027 LA ske] oF 400 el FEHS Al tubedl] &A
ol 100% ethanolZ A3l thA] P41E2]3}10 ethanol
< AASIATE. Ethanols ¢Hd38] AZAIZ1 $of 50 ule]
IS H718k] DNA pellets =] tHA] G-spin KitS
A2 skAt. 5% DNAE 1% agarose geloll F=rH
of $HA A7|gEsted gl B FwFstatsict.
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Mitochondrial small sub-unit rRNA gene (rns) 97]
a8y

Verticillum?s W 752 frABARA AT dnbeoz
AME-%]+= mitochondrial small sub-unit rRNA gene (rns)
(Fahleson, 2004)S SZ3sle] Adol AM-E Verticillium
dahliae®] H714ES GenebankdlX 52" =9 ¥
dahliae 7+552] rnsg e F71X L34 vwsiitt. S5
DNA 50 ng, 10 mM dNTP mix 1 ul, Tag DNA polymerase
2 unit, 10xPCR buffer 5 ulell 2+ primer 200 ng®] 37151 total
reaction volume 50 pl® 2 HHEo] o]FojH T} msdY F=F
primer®] F71M &3} F3H271L a3 2 TH(Table 2, 3).

RAPD 4
Verticillium? W) L7 FATAIE Lolir] 98t

Table 2. Sequence of mitochondrial gene 7ns primers used for PCR amplification of V. dahliae

Primer Nucleotide sequence(5’-3’) Size of PCR product Reference
MS1 CAGCAGTCAAGAATATTAGTCAATG

586bp White et al.(1990)
MS2 GCGGATTATCGAATTAAATAAC

Table 3. Condition of PCR using MS primer and random primers for RAPD analysis of this study

Step cycle )
Primer Initial denaturation Final Extension
Denature Annealing Extension cycles
MS primer 94/7min 94/1min 48/1min 72/3min 35 72/10min
OPA set 94/5min 94/1min 35/1min 72/1min 40 72/5min
URP set 94/4min 94/1min 35/1min 72/2min 35 72/7min
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4712] OPA primere} 67]2] URP primerS A'Zsle] g
AHE-3FA T OPA primer = genotech Aol 2]=|3te] A
2o ARS-51AL, URP primer= Seoulin Scientific Co. Ltd.
2L Aol AME3IITE PCR SZ-& A} DNA 30 ng,
Taq DNA polymerase 0.5 units, 10xPCR buffer 3 pl, 10 mM
dNTP mix 0.6 ul, Z} primer 100ngS 37F5}4] total reaction
volumeS- 30 ul= 2H5=0] $8)3131 T}, 2t primere] SZ271S
Table 332} 7t} PCR SHAHES 1.5% agarose gelol A
27196 S F ethidium bromide= 925} polymorphism=-
Haisich

FaFA 4

RAPDe] 2]3}0] Lojz] DNA polymorphism Hi=2] F-5-
of we} 13} 022 7193k NTSYS(Numerical Taxonomy
System Using Multivariate Statistical Programs)S- A-8-3}¢4 &
AIEE B9, ©]E 7122 UPGMA (unweighted method
with arithmetic means)S ©]-8-3t%] dendrogram®.= %2
slete] FAAAE FA 8T
Similarity coefficients = 2n, /(n,+ n,).
n,, n,: Number of fragment in each strain.
N,y : Number of fragments shared by the compared strains.
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Verticillium® 2] A28 primer?] MSIMS2E
A SEE V. dahliae?) msBY H71419L Genbank
AN AFgshs =9 #FES F71LEH v A AT
Aol ARE-gH o] Hl #F =¢] ) 7475 EFRE
€ N9 V dahliaedtT52 3 U3 1502
TEEHAC B2 Verticillium sppi= Verticillium dahliae}
HElEo] 72t S At Tk FA4 Aol &

A = AAThFig. 1).

RAPD HHEQkA

msPe] A7IMBEA S B3l shte] SUg 2F o= Rl
V. dahliaeS Y153t Verticillum®: w2 FABAIE O A3
golalr] Ysted 1470 Verticillium?s 4-2 1070€] primerS
ARESl] 314 T3S BIasiGith ©]5-2 RAPD 4
SIS W Verticillium@s WA vl Thefsh = el vie}
Wth(Fig. 2). 22 V. dahliaedlX = DAHS=Z FAFSH
M= el-s JERY JAAIRE F24 6] ARS-E primere]] whehA
oF7ke] sjE|lzto] 7} AUt £3] OPAIO primerS AR5l
ZZ3 79-(Fig. 2B) =] F(lane 1~5)9} 9| o5

V05-001
V07-088
V03-029
V07-087
V05-105

Korean

VED
V. dahiae M5 (AY556031)
V. dahiliae UZI132 (AY556032),

Foreign

V. tricorpus 80 (AY556045)

V. tricorpus CBS 14 (AY495045)

V. longisporum S22 (AY495037)
V. albo-atrum V90 (AY556037)
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10
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01
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Fig. 1. Neighbor-joining tree based on the sequence of mitochondrial rns gene from V. dahliae and the relative species of
Verticillium. The sequences of Verticillium species showing accession number were referred from GenBank.
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Fig. 2. DNA polymorphisms of Ferticillium spp. isolates amplified
by primer OPA2(A), OPA10(B), OPA11(C), OPA14(D),
URPI1(E), URP2(F), URP4(G), URP8(H), URP10(I) and
URP11(J). Selected principal molecular weight markers(M)
are indicated on the left. Lane 1-5, V dahliae; lane 6, VC;
lane 7, VAA; lane 8, VDE; lane 9, VT, lane 10, VAN;
lane 11, VB; lane 12, VL; lane 13, VT-15; lane 14, Vte-5.

(lane 8)Atolell WI= 243 9] X7} Holm, Fig. 29| Cut
De| oAM= = FFE AleldME zlolE ERIT
AATE. olell whEh ) FFAbe]o] FAH 0= ThFA o]
TAlshs Ao dAdEr
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RAPD #4232 EUE UPGMA ¥4 53 455
7] 44 FABAE B8 (Fig. 3). V. dahliae 671
#F= RAPD &4 AMH tE Verticillium®s 1471
o459 FelHo] dxe 258 A 28y e
V. dahliae 15 WA= =] V. dahliaest 2] = V.
dahliae?}ol| FABA7E O 7VA JER e s #55
Abolo| M= V03-0299F V05-105, V07-0873F V07-088-2
R Aol =Tk o] F ATFES Zhzt et
akolA FeE #EEA AHARI zlolof| ofate] {314
tgo]l EATHE Yeh = Z o2 Helr).

et =3k} 2hEollA] EEld 5L 21V dahliae®)
o7 EAs= A HolW e V dahliae?t 57174
¢l Hlo|7k AlshH ol= =ujell theget 33 o] ESAlgt=
AL on|sict,
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Fig. 3. Dendrogram showing genetic relationships between
Verticillium dahliae and Verticillium spp. by RAPD using
four OPA primer sets and six URP primer sets based
on UPGMA program.
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T3l Verticillium spp. <+ V. dahliae?}] 7174 =}o]<}
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Yz} RAPD BANM % Verticillium:2) TFe FE3} Y
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