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Fusarium oxysporum f. sp. lycopersici®| Electrophoretic Karyotype
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Electrophoretic Karyotypes of Fusarium oxysporum f. sp. lycopersici
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ABSTRACT: Strains of Fusarium oxysporum f. sp. lycopersici isolated from Korea, Japan and U.S.A. were used
for electrophoretic karyotype (EK) analysis. Chromosome separations on FastLane agarose gels (FMC
BioProducts, Rockland, ME), called pulsed field gel electrophoresis (PFGE), were performed by CHEF-DRII
apparatus (Bio-Rad Laboratories, Melville, NY) using TAE as a running buffer. To obtain optimal condition for
separation of chromosome sized DNAs, variable running conditions such as field strengths, swithching intervals,
and running time were applied in CHEF gel electrophoresis. We were able to resolve 9 to 11 chromosome sized
DNAs ranging in size from 0.76 to 6.41 Mb in isolates from Korea and estimate that the total genome size was
ranging from 35.29 to 38.92 Mb. Distinct differences in length range and genome size exist among isolates from
different countries. Isolates from Japan and U.S.A. were resolved 9 to 11 chromosome sized DNAs ranging in
size from 1.24 to 6.85 Mb and estimated that the total genome size was ranging from 35.32 to 43.87 Mb. Isolates
from variable provinces in Korea had the same or similar chromosomal polymorphism and showed different
chromosomal DNA patterns compared to isolates from the other countries.

KEYWORDS: CHEF gel electrophoresis, Chromosomal polymorphism, Electrophoretic karyotype, Fusarium
oxysporum {. sp. lycopersici, Pulsed field gel electrophoresis

Fusarium oxysporum-& "% Gl 7|59 & XY gl
of AFAA o T0el%e] REHeR FEIT glov]
(Armstrong and Armstrong, 1981; Booth, 1971) 7|4 o &
8% 55 =S AE A5 e A
2 pAEWS ologich wyk AAHLR de] Rxai
FHEAR BoF Foll AE3l FAEY A teghe
Aslshe 7 Fo3 B G WURT g 494 ¢k
% EutE(Lycopersicon esculentum)el] A S5-£H-S *‘Qi
7|+ F. oxysporumo] Clayton(1923)e]] &]3)] ]-&- ozl o]
W el s Park(1958)f ojs) 22 B mw ). HA)
o] BulE A E-&H 7L Snyder$} Hansen(1940)9] £= 4
Aol wkel F. oxysporum f. sp. lycopersiciz %7]8}e] AMS-
Hv v 2ohe BE) 0 HL4S] Folo] me} rce
1, 2, 358 A|¥#3}3. ¢lth(Gerdemann and Finley, 1951;
Grattige and OBrien, 1982). T3l o}Z2] AAZ 34
(vegetative compatibility)el] o}zl oJ2] VCG(vegetative com-
patibility group)®. TE-% o] F. oxysporum f. sp. lycopersici
= VC 003 group2 2 ¥7]%m 1 <ol #A)7kx] VCG
0030, 0031, 0032, 0033 = 47§} Groupe] B.7= o] 9)r}
(Correll, 1991; Elias and Schneider, 1991; Kistler et al.,
1998; Matrlatt et al., 1996; Puhalla, 1985).
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o) 3-5-0] 2Fo] X G A= AEA el Wl Pk
nA o2 s T Ztol A&IE A o] ofFr}.
A A s 2715 2ARP] A% o2 A8
ZHel AoHS F43led dF A AT F49 A4 e
7Fealorde B2 AAANY AdT&
t}ofgl genetic markerE %= E 8 slc}. 3pA|5H
Foll el &edAl genetic markery= 53] #leFsln] &3] F.
oxysporum-2 S AN FAA3EA] ot 9 22 uhge
2 AA4A e g AFE ke AL w9 A7) weby
chromosome sized DNAE #A17]9353 4= gl pulsed field
gel electrophoresis(PFGE)7} Schwartz2} Cantor(1984)0]] o
3 2L A= e} o] F2 PFGEE |42 Q) WAL E3)
Chu £(1986)2] contour clamped homogeneous electric
field(CHEF) gel electrophoresis ¥} 2 2 7\its]o] 25
2] electrophoretic karyotype(EK)3 <17-317] &+ M=
A up o2 29 4 9lich mEhA Migheli 5-(1993)
CHEF gel electrophoresis system&- ©]-8-3}o] F. oxysporum
L 2HE 0.8~6.7Mbel| |2+ 11~1470¢] chromosome
sized DNAS 23] 37 L total genome sizex 41~51.5
Mbol-& g3l v glc). 3k 7 £33 o) gk EKV} Al
FAE]e] F. oxysporum f. sp. niveumol| 4] 0.9~4.4 Mb ¥ ¢
9] 5~107)2] chromosome sized DNAZ} £2]¥ ¢l 3 (Kim
et al., 1993) F. oxysporum f. sp. cubensedl| X% 9~147]2]
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chromosome sized DNA7} 22)%]¢] =1 total genome size7}
32.1~58.9 Mb3l& o = 31givh(Boehm et al., 1994).

H o= CHEF gel electrophoresisE E3] oA o
HAo| o] Fo]AR| ¢tslwl F. oxysporum f. sp. lycopersicidl]
B G el B4S AAskch Gk F ov
ysporum®] ¥} Z3}#]<l chromosome sized DNA ¥&] W
¥-& A X3} chromosomal polymorphism3} EKE- 9131
22} sldeh ddoixl EK ¥4 Aibe 7|2 e 7
2 WA AR Sl QA 23 F. oxysporum® F31A
wole} tlekol gk 7] 2xlel ARE AFd Aolrk &=
g ol EAAES QA by vl Ee] 44 ek ®
Al F F4 FAe] riseleizt A=

M e

BARZE VCG ¥ racer} ¥zl =9 F. oxysporum f.
. bcopersici2A] )oY FAE DA A2t
T REZQ 553 AMEslH o o= dF52 o
Eo| HHAARBREI Y v]= Floridat) &hel| 4] H#-of Bho} o]
23} H(Table 1).

SEHEA LB A 455 PDAC HE3he] 25°CollA
49) wijo} & B ZAPF wol PD brothel] AZ£a) 25°C, 125
pmAlelA] 58202k vhefskslet. 4% $ALAE 7e]
A=Z A 2,000 pmol| 4] 205-7F YA 3 2o}zl pelletS
PD brothel] AZ3} 31 125 rpmel| 4] 1047} wljekale] w3k

Table 1. Isolates of Fusarium oxysporum f. sp. Ilycopersici
used in this study

Isolate Geographic origin VCG®  Race
FL302 Chungwon-gun, Chungbuk 0034’ -
FLA402 Puyeo-gun, Chungnam 0034° -
CF 11 Puyeo-gun, Chungnam 0034° 1°
CF 20 Puyeo-gun, Chungnam 0034° -
CF 31 Puyeo-gun, Chungnam 0034° 2
CF 75 Kyongju-shi, Kyongbuk 0034° 1°
FL511 Dalsung-gun, Taegu-city 0034° -
FL602 Kimhae-shi, Kyongnam 0034° -
IFO31213¢ Japan 0031 2
JFL-No.1* Japan 0033 2
SUF119* Japan 0030 1
Tomato V* Japan 0031 1
AFL548° USA. 0030 2
AFL626° US.A. 003_ 1
AFL7400-1° US.A. 0030 3

*1t was provided from Dr. Kuninaga, Higashi Nippon Gakuen Univ-
ersity, Japan

®It was provided from Dr. J. P. Jones, University of Florida, U.S.A.

°The code follows the system of Puhalla (1985). First three numbers
refer to the forma specialis to which the isolate belongs, and the
fourth refers to the VCG within the forma specialis.

1t was based on the result of Yoo ef al. (1995), Chungnam National
University, Korea

°It was based on the result of Yoo et al. (1995), Chungnam National
University, Korea.

< AT} o] Loyt FAEES oA 7|E3 AR
AAale) o digE Tl AN F 14 M MgSO.
7H,0, 50 mM sodium citrate(pH 5.8) €< 10 miE 7}3fl &
elzlodr}. o)A} 1.2 M sorbitol, 50 mM sodium citrate(pH
5.8), Glucanex(Novo Nordisk Ferment Ltd., Switzerland) 17
mg/ml 4 3 miE st 18]al 1.2 M sorbitol, 50
mM sodium citrate(pH 5.8) 4-91-& 718 £33 20 mi= 2
Zo] el 2~447F Bt AA3| Al=pshe dFAAE
wEstadnt.

Agarose plug HZX 1324 ZdE 3,000 rpmel] 4]
10571 94 F Ao 3-f3 e LIAAEE wide-
mouth pipet tip o8 FAARA FAst] A FRZ FH
t}. wolxl #1384 A 52 0.8 M sorbitol, 100 mM NaCl, 10
mM Tris(pH 7.4) Lol Hebslm 2,000 rpmei|A 2087}
AAlste] QM 3 molAl Alg oA $]] ool A7 A
Aol Exs} 10%~10° protoplasymir} H%=E =)
CHEF #7]%3%-2 ¢]3&F agarose plug?] A|ZF+ Orbach 5
(1988)2] wilel] whghe}. A1 UHAAE 42°C2 A 5
Elgl 3 A3AA o) BFe] 157} H k] 08M
sorbitol, 50 mM EDTA, 1% low melting point agaroseZ- 7\
&) & feksly ZA) W25 sample moldef] g lEt. o] 4]
Zo]zl agarose plugE NDS buffer [0.5 M EDTA, 1% N-
lauroylsarcosine, 10 mM Tris(pH 9.5)jell =1e] 50°Celj A}
24~48A]7} incubationdt % 50 mM EDTA $-H o2 A|43}
1 2k gallof] o] 4°Col| B3I}

Contour clamped homogeneous electric field (CHEF)
HMJ|H= Chromosome sized DNAE H&]3lr] $I3)
CHEF-DRII pulsed field electrophoresis system(Bio-Rad La-
boratories, Melville, NY)3} running buffer= 1XTAE buff-
er(40 mM Tris-acetate, 1 mM EDTAYE Al-4-3}ic}. Buffer
B ANGEA AL 14CE AN Wil AReE A
g3}¢lc). Running gel2 FastLane agarose(FMC BioPro-
ducts, Rockland, ME)Z AR&-3}¢]. 2™ molecular weight
standard=  Shizosaccharomyces pombe(Bio-Rad), Sac-

charomyces cerevisiae(Bio-Rad) 12|31 Hansenula wingei
(Bio-Rad)}Z o)-&-3}git}. A7)dFo] ¥ gel ethidium
bromide(0.5 ug/ml)ell 3087F GAs}T 0] FFFol HrF
xld 22 wEkErbe 1247 $9) destainingdt ¥ UV
transilluminatorel} 4] A}%1 #e3-8- shgdot.

g 1

Chromosome sized DNA2| =& &2 = Chro-
mosome sized DNA®] 32-2]¢]] 433} CHEF A7]%3% 271
L 29z} 9% A7k W gt 18] 3 switching interval 5
o) 248 tleFsiAl uprol shel Algsieich. Switching in-
terval- 2 40~800 secZ 31313 ) 0.7+ 1.3 Mbel| s}
Lz 2x}13F¢] DNA W=Eo) & Fajzgict z1ev} 19}
re AN A7dT A7 FHIA BAE AA



114 THE KOREAN JOURNAL OF MYCOLOGY, 27(2), 1999

Ba}gke]| A3 chromosome sized DNA #l=2] Hg]of= 2
A gtalgdth(not shown data). wabx] B} & Ex)gko
chromosome sized DNAE £2]3}7] $]3l4]+= switching in-
terval®] initial timeol)A] final time-& &3] 1 A]7Hg 214
02 Zohrbe 2A0] 4 aslgtt. 0.8% agarose gel Abel|
4] switching intervald A A G%Z A7kl 72X zkel] AA
1,500e0 4] 300 sec2 4|43 M3l=S &3 2.0 Viem A9t
© 2 CHEF A7 %S AAskgdct. 2 A3} F. oxysporum
f. sp. lycopersici®] total DNAZ-¥] 0.9 Mbolj4] 5.7 Mbel|
o]Z+= DNAE°| #|= Ut (Fig. 1). 2 gel Aol
5.7 Mb &) Ex}eke] Wl = ethidium bromide 34 & 3}
24 7 7457} 7)eh oF 2 M=ol Hla AT 7 o]
£ ) o4 DNA #i=r} FAlo] EA3ts AR of
ARt webd A Bxpgrel| A3 749 chromosome
sized DNA ®l=2 £2]3l7] $)sjA& =<2l CHEF A
7199% X712 Aol A 3tgdrt. wheba] -4 kA AA
g 273} B & F #H7]9dF AP 1204708 F
7R L AT 0.9~5.7 Mbe| o] 25 s}t 3 FF
oA 97N, = FFelA T~10 2 Bej=]o] Fuj ¢ F57t
o] AL o} Z7)dl] B Ro|7}F S = AHE 7
oFgt & glodch(Fig. 2). Levt ool kA8 Fel=A] o
gt 5.7 Mb B2 3 les e FF 2F V) A
2 ¢ #EEIRE ¥ oRE 2 A0 & el vlE)
743l = 71¢] chromosome sized DNA ®i =7} o] F&3}aL
A& 7FsAel Eivh a=ste e} AW E2lE 93t
o] switching interval®] A]7F-g- Z7}A]A 3,600~1,000 sec 2.
A gk 1.5 ViemE G the % A7k 18441712
2 &8 AMA CHEF A7|9435-& AAs. 2 A7 57
Mb o]AF Z E-z}8F2] chromosome sized DNA Wl &2 5-
B 0.9 Mb o]35}e] Wl=s] o] 2717 2 EAbere] AH &
2] H $ich(Fig. 3, Fig. 4).
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Fig. 1. Separation of Fusarium oxysporum f. sp. lycopersici chro-
mosomes by CHEF gel electrophoresis. Electrophoresis
conditions: 0.8% FastLane agarose gel, switch time: 1,500
s decreasing to 300s during 72h; field strength: 2.0 V/em.
The molecular weight markers are given on the left: SP.
from Schizosaccharomyces pombe; SC. from Sac-
charomyces cerevisiae.
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Fig. 2. Separation of Fusarium oxysporum f. sp. lycopersici chro-
mosomes by CHEF gel electrophoresis. Electrophoresis
conditions: 0.8% FastLane agarose gel, switch time: 1,500
s decreasing to 300s during 120h; field strength: 2.0 V/
cm. The molecular weight markers are given on the left:
SP. from Schizosaccharomyces pombe; SC. from Sac-
charomyces cerevisiae.
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Fig. 3. Separation of Fusarium oxysporum f. sp. lycopersici chro-
mosomes by CHEF gel electrophoresis. Electrophoresis
conditions: 0.8% FastLane agarose gel, switch time: 3,600
s decreasing to 1,000s during 184h; field strength: 1.5 V/
cm. The molecular weight markers are given on the left:
SP. from Schizosaccharomyces pombe; SC. from Sac-
charomyces cerevisiae; HW. from Hansenula wingei.

Electrophoretic karyotype (EK) £4 Fig. 3 3} Fig.
48] 2 A71GF 2N ) FHE 0.76-6.41 Mb A}
olol] 9~11712] chromosome sized DNA ¥l =3 A3l v
o) FEE 1.24~6.85 Mbol] AH 9~1174¢] M=2 vJely)
o}. et CHEF 3719953 58 EK $40] 7F5alale
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Fig. 4. Separation of Fusarium oxysporum f. sp. lycopersici chro-
mosomes by CHEF gel electrophoresis. Electrophoresis
conditions: 0.8% FastLane agarose gel, switch time: 3,600
s decreasing to 1,000s during 184h; field strength: 1.5 V/
cm. The molecular weight markers are given on the left:
SP. from Schizosaccharomyces pombe; SC. from Sac-
charomyces cerevisiae; HW. from Hansenula wingei.

W o AFAE B2 72 750 Ex)=PE chromosome siz-
ed DNA #ix=9] 9| x]9} 77|& EASH o2 Table 22} %+
t}. F. oxysporum f. sp. lycopersici9] total genome sizet= 2F
35.29 Mbel|4] 43.87 Mbe]| 0|2 7o g odAR 3z
TFFE 3529 Mboll4] 3892 Mb A&l 7 o2 BA g g)
t}. & =] F. oxysporum f. sp. lycopersici 7552 2.65
MbollA] 6.41 Mb7}lA] 8712] chromosome sized DNA #1 =
4,9, 13, 17, 22, 25, 29, 349 Zo| Ealslelct. s}=|wt 0.76
Mbel|A] 2.75 Mbel| o2& wlx 33 35, 37, 39, 40, 41,
PASE I FA) 5L B B2 b ohE pbe B
Hovt moh e Sl 57 Welis VCGY} race 17|51
g Fel AeSas FRA. 9 FhEe) A4S %
W) FFRc} Wol 7l 64 theks) CHEF 4171958 4149
Q9T FF wF) B0l S98 7)) WES Bhal
= 7%= gl et wile 23,7, 9, 10, 11, 12, 13, 16,
17, 18, 19, 24, 27, 28, 29, 31, 32, 34, 36, 37HE = 3~97)
o) MES} Fool w2t A2 T4aI% 1A 1 B
= 2 T} v A 2 VG % race £3) =213t o
A& HolA] ¢dgket. &k CHEF A7]945-%& 53 EK ¥4
o Fu) B} 915 FHRE) AAAT Wo] AEE
o} 4 gledeh S0 Tl #] W 4,9, 13,17, 22, 29,
33, 34, 37, 39150] 1~374¢] &5 FFE3 U A
ZA8te] T FFTbel AR §A}EE Ex}Eke] chro-
mosome sized DNAE Z-8-3}c}. zeji} %] oj 22
W= 1,2, 3,5 6,7 8, 10, 11, 12, 14, 15, 16, 18, 19, 20,
21, 23, 24, 25, 26, 27, 28, 30, 31, 32, 35, 36, 38, 40, 41,
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a2 Fo| Iy FFztell AelE: Bof S Foooxy-
sporum f. sp. lycopersicie2 95 @59 thE Hro
chromosomal DNA pattern-& v}l

Chromosomal polymorphism 7} #3=2] A Ak Wo]
2 v}leld chromosomal polymorphism=- Table 3o viel]
) I FFES genome sizet} length rangeol A} 27k
2] wo)7} 9l%lS WolA| 4t o3t AFEL 7] AR HE
polymorphism-& Wehl] =l F5Rot o1 wo]e) Fo] g
dct. g9 Zhzke] VCG 1fell &3k w559 genome
A =271 VOGO whet viar oh2A vl & S
FE5o] A% shke] VCG 1.5L 3727 Mb=E 7]El ¢
=2 T3] VCGE H|sl = =7)7F 7B e VCG
00300] 39.14 Mb, VCG 0031c] 42.97Mb 2|2 VCG
00330} 42.56 Mb o|git}. wleka] 9= VCG 138 VCG
00305t} genome 7| W T2} 7 frAlskd oL
U]z VCG 182 40 Mb o]A}2 2 zo]7} =g o 4= 9]
gic). gk dB 34l SUF119:= WSt 5ol v]8)] =]
5} 6413 ke Bt} & SUF1193= length range”}
U 759} 71 7he- 1.48~6.41 Mbe|gl 2 total genome
size 9 A] 35.32 Mb& 1 &7/} 2 T v]5=8kgic).

]

il

F. oxysporum?®] electrophoretic karyotype(EK)  chro-
mosomal polymorphism #-41-& 15t 5-9] F-3}3] of| 4]
A% o} F. oxysporum f. sp. conglutinans$} F. oxysporum
f. sp. raphaniZ%-E 0.6~6.4 Mbel] o] 21 8~117§2] chro-
mosome sized DNA7} ]3] v} glt}(Mills2} McCluskey,
1990). =3} F. oxysporum f. sp. dianthio\ X% 7~1271¢]
chromosome sized DNA7} ##]= ¢l Z total genome
sizet 23.7~36.4 Mbo|it}(Migheli %5, 1995). F. oxy-
sporum f. sp. lycopersici®] 73-$- Migheli 5-(1993)l <]s]
1071¢] chromosome sized DNAZ} E2]¥glsl 1 total
genome sizer 42.2 Mbe|gic}. &HH To-Anun 5(1995)%=
F. oxysporum f. sp. lycopersici2%-E] total genome size7}
38.56 Mbel] &3}= 10712} chromosome sized DNAE- +-
sledct. B A& o] 2] F. oxysporum f. sp. lycopersiciZ%-
Bl °F 0.76 Mbellx] 6.85Mbol| ©]23 9~11¢] chro-
mosome sized DNA7} ¥2|¥ ¢l 7 L total genome sizet
oF 35.29~43.87 Mb2 vJeh} §] 7 Axle] &3] deizl
EKS| y7urh ohi o] Waleh 8 ) #FES
2.65~6.41 Mb7}A] E-23t =7]2] chromosome sized DNA
Z 2 on} 1 o)3) 0.76 Mbol|A] 2.08 Mbel] o} Z7]7}%]
Chk ol F viehy 23] ek ZAEe] Qe AeE
glglc). ole} e AWML =] F. oxysporum f. sp. lyco-
persiciol 1 MbS A% 2 3+ B-chromosome&o] &g 7}
AJo] )}, B-chromosome-2 AEA|2] WES 9s] Ao
Aot g asa) ot Wl s, deshaow F23 7]

-0

=8 ¥.-93} 2he JMA R Nectria haematococca(Miao,
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Table 2. Estimated size (Mb) of chromosome sized DNA molecules from Fusarium oxysporum f. sp. lycopersici isolates as deter-
mined by CHEF gel electrophoresis

FL FL FL . FL SUF AFL AFL Toma- JFL AFL IFO
302 402 511 602 119 548 74001 to V. Nol 626 31213
6.85
6.70 6.70 6.70
6.55 6.55

Band CF11 CF20 CF31 CF75

641 641 641 641 641 641 641 641 641
T 6.26
6.11
597 597 597
5.82
567 567 567 567 567 567 567 567 5.67 5.67
553 553 5.53
5.38 5.38
523 5.23
509 509 509 509 509 509 509 509 509 5.09
494

O 0 N NN R W

el e
S W NN = O

4.80
4.60 4.60
450 450 450 450 450 450 450 450 450 4.50
436 436  4.36
4.21 421
3.92 392 392

B A = e R e e
= O WO 00NN

3.62
348 348 348 348 348 348 348 348 3.48
3.50
3.33 3.33 3.33

NN
BWON

325 325 325 325 325 325 325 325

N
W,

320
3.15 3.15
3.10 310 3.10
300 300 300 300 300 300 300 3.00 3.00 3.00
295
2.90 290 290

W W NN NN
= O 0w W NN

285 285

W W
W N

275 2.75
265 265 265 265 265 265 265 265 265 2.65 2.65
2.08

W W W
[ WAV RN

1.84 1.84
1.72 172 172 1.72 1.72 1.72
1.48
1.24 124 124 124 124 124 124 1.24

£ W W W
S O 0N

1.12

1.00 1.00

42 0.76  0.76 , 0.76

Total 3892 37.77 3777 3701 3529 3529 3837 37.77 3532 4387 3822 4349 4256 4046 4245

N
—

1990), Magnaporthe grisea(Orbach, 1989) —1@lx Col- geneSo] WAE A £}, 12w} N. haematococcaol A
letotrichum gloeosporioides(Masel %, 1990)|4] & 8 31%5] WAle o}l pisatin demethylase(Pda) geneo] 1.6
o] gk}l R F7R] M. griseat} C. gloeosporioides®] B- Mbe] B-chromosomeAlel] ZA]3to] utadxl vl glei(Miao,
chromosomeA}ol| = o] AE3kA 7]35-$ 3= functional 1990).
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Table 3. The relationship between VCG, race, chromosome
number (CN), length range (LR) and genome size
(GS) in Fusarium oxysporum {. sp. lycopersici

LR GS GS Mean

Isolate VCG Race CN (Mb) (Mb) (Mb)
CF11 1 11  1.00-641 3892
CF20 - 11 076641 3777
CF31 2 11 0.76-641 37.77
CF75 1 10 1.24-641 3701
FL302 0034 9  124-641 3529 3727
FLAO2 - 1.24-6.41 3529
FL511 - 11  1.00-641 3837
FL602 - 11 076641 37.77
SUF119 1 9 148641 3532
AFI548 0030 2 11 124670 4387  39.14
AFL7400-1 3 9  1.72-6.85 3822
Tomato V 1 10 275655 43.49
IF031213 0031 2 9  3.00-6.70 4245 4297
JFL No.l 0033 2 10 1.84-6.70 4256 4256
AFL626  003_ 1 10 1.72-655 4046  40.46

ol¢} & zFFH2| chromosomal polymorphism-g- B-
chromosome ©]2]ol| %= W HAke] translocationo)v} dele-
tion 50| f1glo] Hr}. E8] G A WHoli= F. oxysporum=}
o] Fr-do] Aoyl EshdFolA AN A
e AFFRG thekstA vehvbs 54 o] 9t & Kistl-
er?} Miao(1992) 704-2edo] @471] Wol S Aeia o
2 Reshs 9% g gl ek a2eE Ao ¢l
g doud FYA ol B AlEH o g IA E 5
Sk 7 Eksict.

F. oxysporum®] chromosome sized DNA2] E2]= =)
o4 Park} Min(1995)c] A =3lgdom 7} Exjeke] A4
AAAZE o Ao R Relsi= 2> CHEF 47|49
F 2719 g7 "ol ] oEsich 2 Al F
oxysporum f. sp. lycopersici®] chromosome sized DNAZ2]
2= £8 EK A% 7158 ## CHEF A7 % =74
& 3¢ 4 99ich T2l AT EK $418 Fa) )
FEE FAARNE 51 2 G2 SH0) o FFe
WS Ak Aol g 912 oF 4 aldleh. & 9F FFE
o] JAA =1} 1 total genome size= U] TF9} FALS)
o 21} 15-9] chromosome sized DNA ¥l =.9] R-x}afo]
2} 9] F57k2] chromosomal DNA patternite]] =g}
Ae)7b Qhgol vrebydeh. wdt ofa gt o= =7
2] DNA©)A] thefit wolr} =gl o} ) #5& 1
Mb W e] ] GAA Aol Aut WolE vpehi& o). o]}
& A= Kim 5(1997)ell 213} F. oxysporum £. sp. lyco-
persici®] RFLP ¥4 ZAzlole FA}slgict. & genomic
DNAS®| RFLP patternolld = ) 7552 o= 4555

A3t Ao]& Al 2Bk Wol7} A& EAL B
20} 9= FFE2 A 27kl vhekst WolE et
2tx] 2 F. oxysporum f. sp. lycopersicis-2 -FA# 0
Wol} A3 A ZAbol FARE RO AFERHe F
ol thE BAS A3 9SS & 4 ok
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5 e

gt Q¥ |y vk SX|dA £AE Fusarium ox-
vsporum f. sp. lycopersici] electrophoretic karyotype(EK)&-
B8l 12} CHEF-DRII pulsed field gel electrophoresis
system(Bio-Rad Laboratories, Melville, NY)®. & 7 F-A| 7
2] chromosome sized DNAE- #-2]3}4it}. EK #4]¢j A3}
3} CHEF gel electrophoresis 74-& ¢17] $Js A7]3% A
7+ = A9} m18] 7 switching interval 58] F7A-& theksHA|
wpte] Zhe Agslgdct. 2 A3 S g5l 0.76~6.41
Mbol] &3l 9~11712] chromosome sized DNA7} H&]%]
912 7 total genome sizei= 35.29~38.92 Mb o]git}. =
gk QB3 | F52 HE] 1.24~6.85 Mb 412 9~117)
2] chromosome sized DNA~} %-2]%]$} 7 1 total genome
size™= 35.32~43.87 Mb o] lt}. o] elzte] olojxl 7+ A
2] EK+ chromosome sized DNA2| length range % to-
tal genome sizeol| ] = =9} &= FFAL] Ao & A
vkedslgde}, il sy #3522 chromosomal polymorphism
2 2 W7k Aol A2 FAAY A e o=
F9} F2 0| t}E chromosomal DNA pattern-g- L}ehlch.
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