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SR DIEHREFI S HEREE (Vegetative
Compatibility Group, VCG)
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Sung Joon Y0o0*, Hideki WATANABE*, Kiroku KOBAYASHI*, Akira OGOSHI* and
Fujio KopAMA** © Vegetative Compatibility Grouping of Formae Speciales
of Fusarium oxysporum Pathogenic to the Liliaceae

Abstract

Vegetative compatibility groups (VCGs) within seventy-five isolates of Fusarium oxysporum path-
ogenic to the Liliaceae, i. e. ff. sp. garlic, lilii, asparagi, cepae, allii and tulipae, were determined. The
nitrate non-utilizing mutants (xnif mutants) were recovered from F. oxysporum isolates cultured on
minimal agar amended with 1.59% potassium chlorate. Nif mutants were assigned to one of three
phenotypic classes (nitl, nit3, nitM) by their ability to utilize various nitrogen sources. Vegetative
compatibility between isolates was demonstrated with heterokaryon formation between complementary
nit mutants. Fiftyeight isolates of F. oxysporum f. sp. garlic were placed into 3 VCGs. Five isolates of F.
oxysporum f. sp. asparagi were placed into 2 VCGs and 12 isolates of F. oxysporum ff. sp. lilii, cepae, allii
and tulipae belonged to a VCG each of formae speciales. Vegetative compatibility was not detected

among isolates from different formae speciales of F. oxysporum tested.

(Received February 3, 1992)

Key words: Fusarium oxysporum, Nitrate non-utilizing mutant (ni¢ mutant), Liliaceae, Vegitative

compatibility groups (VCGs).

5

[l

Fusavium oxysporum Snyder et Hansen I3, &
T 2REEOER T L > T, ZHOHERI
ST B NTWB2E3, F oxysporum OLEIRP L —
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Table 1. Origin of isolates of Fusarium oxysporum f. sp. garlic and number of nit mutants obtained from

each isolate

Number of mutant

Isolates Origin

Number of mutant

Isolates Origin

nitl nit3 nitM nitl nit3 nitM

HF8801 Fukagawa 111 2 21 HF8920 Nayoro 12 1 22
HF8802 Fukagawa 10 5 HF8922 Nayoro 1 3 3
HF8803 Fukagawa 15 1 10 HF8932 Nayoro 3 2 5
HF8804 Fukagawa 7 3 7 HF8937 Nayoro 15 12 .5
HEF8805 Fukagawa 1 1 7 HF8938 Nayoro 3 5
HF8807 Fukagawa 1 1 1 HF8939 Nayoro 2 1 1
HEF8808 Fukagawa 2 1 12 HF8950 Nayoro 1 1 1
HF8811 Fukagawa 11 13 HF8953 Nayoro 12 11
HF8816 Fukagawa 7 10 HF8955 Nayoro 11 10
HF8818 Fukagawa 11 3 HF8960 Nayoro 10 12
HF8819 Fukagawa 12 7 HF8961 Nayoro 5 1 4
HEF8820 Fukagawa 28 1 30 HF8662 Nayoro 9 1 9
HF8825 Fukagawa 22 1 25 HF8966 Nayoro 11 2 4
HEF8827 Fukagawa 12 1 39 HF8989 Nayoro 9 1 11
HE8832 Fukagawa 11 1 22 HEF9002 Nayoro 8 20
HF8833 Fukagawa 22 1 22 HF9006 Nayoro 1 1 30
HF8843 Fukagawa 12 1 22 HEF9009 Nayoro 2 10
HEF8848 Fukagawa 15 1 23 HF9011 Nayoro 5 1 10
HEF8852 Fukagawa 22 1 12 HF9014 Nayoro 9 1 19
HE8853 Fukagawa 11 7 10 HF9017 Nayoro 9 1 20
HF8861 Fukagawa 12 3 22 HF9018 Nayoro 9 5 10
HF3864 Fukagawa 11 1 17 HF9021 Nayoro 11 1 10
HF8865 Fukagawa 15 1 22 SUF1342 Nagano 18 2 8
HF8871 Fukagawa 12 1 22 SUF1343 Nagano 12 3 54
HF8872 Fukagawa 1 1 5 SUF1344  Nagano 11 1 22
HEF8873 Fukagawa 8 1 13 HUK-I Nayoro 22 15 5
HF8909 Fukagawa 2 1 12 HUK-II Nayoro 5

HF8918 Fukagawa 4 1 13 T-2 Taiwan 12 12
HF8919 Fukagawa 2 1 5 T-5 Taiwan 11 11

F. oxysporum B DT, AN B & UHEERO
BB CAHIIAT S 1 2 FA~ 7o

MEE L UHE

HEE == 7 EEREE L 1988~1990
TEFT, B, BLUEBTRELLRBF~ =
7 OREYIE B & ORE L8 o 438k L Bk R R L
7= (Table 1, 2),

BRI FHS L URBLEY S ORFEEN S
B FEHROKBROEGHME L UEREL» S 05
~lem AO/NFEYIVED, 0.25%REERERS Y
U AT 5 SERERE L, MEKE AR T2 B L, B
HEEH 9 128 L C, 25°C 5~7 HiEREE L 7, HEREL
T &7z F. oxysporum DFE %58 U T2 ARE T3EH» &
OREE DB, R = v = 7 FRORE TI8 % iR
U 7etk, FRFAREC X > TiTo7%, T%b5 05ml
O FEATWR (1,000 £5) % 9em ~< NV MO B HESHL

LR, 25°C 3~7 AR, £F L T ELEBED
T F. oxysporum L Boh b b D e BITHEEL, 7
H RIS 2R M T CBE L, F. oxysporum TH 3 Z
LR LT,

RRUENBEHREE EFSYPIREL ==
7 REIRE ORRERE R, KEOREKEFANSIC
BAHERDOT, LOEEEAEEERE LT, Thbb,
=Y I BREFER 0.25%REIEREES NV v AT 5 SR
FREZEE, KIEfTH O ® 5°CT 2 » A% E L
L, MEROREKHW, BRFE=>=7FHKLH
UihEs b o/N8 =0 =7T, 7~10 HE THRF -F
B3 %,

WENTR—V—FKy b (EZE15cm, HE 13cm
DEFIXT0B) whROBE LRy b -2, FEF
OHY ) EN—IF 2 T4 EII2RBEODE
S, F. oxysporum faF% 13 1g 4D 10°#ic %
& O, B BIER 1 BN D 20 X 72,



Ann. Phytopath. Soc. Japan 59 (1).

February, 1993 5

Table 2. List of isolates and numbers of #it mutants of Fusarium oxysporum ff. sp. lilii, asperagi, allii, cepae

and tulipae

Number of mutants

Number of mutants

Isolates - - - Isolates -
nitl nit3 nitM nitl nit3 nitM

f. sp. Llii f. sp. asparagi
90N-1 13 IF031382 30 3
0oY-1 7 1 1 ATCC38818 2 1 9
OKF-6 24 ATCC18770 3 5
F10-4 14 4 ATCC42144 5 9 9
KF-577 7 1 R2-5 19 5 12
W3-12 17 1 f. sp. tulipae

f. sp. allii TUL 21 19 1
ALL 2 8 f. sp. cepae
F-11 5 1 10 Y-2 1 13
F-21 4 39 Y-12 2 18

REREOEREZ= Y = 7 BHFHORFEB L UEDL OEFEEHFN, MEHEREEZRE L 72,

5 RPNz,

nit mutant ORI WHEREFEF A EREZEK
(Nitrate non-utlizing mutant : »st mutant) O3 X
Puhalla®® & Correll 5% O FEEICHE > 1o BEF L L
THYER S b U w7 A %A 72 Czapek-Dox th &5 (5%
Azt 1o KCIO; % 1.5~3% % &L /o855 (ERER
BHh), H5\»ik PDA (potato dextrose agar) I
KCIO; % 15~3% % #m L lo ¥ e HER O F
oxysporum BHRFEE Wz, 3H» S 7T A TRE 2
EBER LIz 75 —DbERE, BEHEMETT
o TR EIcB L, BASEREREM EToL
BERAILU LI 2EOEELTRT 2H % nit mutant
ELUGEKE L (Fig. 1A),

nit mutant DXRBBEORFE  #nit mutant OFEIFHY
DOEE R Correll 5% DHFEIHE - T2, nit mutant @
HrEEE > ~ V7 A % 72 X Hypoxanthine % fill 2. 72
Czapek-Dox iz (FRSEEEL# & Hypoxanthine
Hpi) #FIALC, W ECRIFSEBERTE 2
nitl, TEIHEEM FCHOEE R ST E % ni3,
Hypoxanthine $5#i F CEWE# 2RI B % nitM &
L7- (Fig. 1B),

EHROEBERER FEROBG» S SBEOK
A D it mutant % 30~100 EEESEEL, 2o 2K
Dl ECHEAE IR EL 72, YD 5 nit
mutant T, BEREMESTAT oAV A v ER
BRL, BEAFOKHERE2FKT 2 (Fig. 10), ~
FTah VA4 OB RIEFBEEE nitl 5 11,
nit3 25 18K, nitM » & 2 Btk e R, ZHEORE
& U TR OB I F v T,

SHMEBAOHEBERE SHoEBcET 2EE-T

CREFERRLIZY,

BB OBMEREE BB E L e
HOHEKD S, EBEDOR nitM % 2 Btk EKL T,
nit 7 A — & Ulco MEBIRI D nit 7 A5 — %A
SHRE U TS b 2 S0 2 HEL 72,

& F

Y EERA

#7150 BBk D F. oxysporum 12D\, BREF 2 Hwiz
BREEEEITo iR, B3 EERO= v = VR RS
7z (Table 1),

nit mutant OfEH

nit mutant OHIEFRZ, KCIO; % 1.5%HML 723
FRERHT 60~80% TH D, KCIO, % 1.5%EML 7z
PDA LD 30~40% i torEdr o Tz, & 7z, HRERETH
DKCIO; DE® 2% & 3%ICHEL LBS LHEBEL
T, 1.5% D% 5 P8 nit mutant OHIFEKRITE o 72,

H3R U 72 it mutant O FRIFE O LT nit] &
nitM DIE 5 2 nit3 L D &b fzo nit mutant DR
B pET B8, % < O nit3 1IERNERE L T ORE
FNRIFEALERTTEROERE
VRO SNz, T, RIBEOIEMBIEIC L 54F
[BEThs EBbhb, £z, BHRICE> TIXEILRK
BRADAECBIEAS H o Jeo = > = 7 BBRRE 58 B
e o I U 72 it mutant OFRRB OFER R %
Table 112 /R U 72, nit] & nitM 1l 58 B Bk & X T
(1009%) >, nit3 & 44 Bkk (76%) »» & HEL 72,
—KH, 2V BHEYFE R 2R T £ sp. garlic ISV DH
DDA D 16 TR T I nit] 16 Btk (100%), nit3
OB (56%), nitM I3 13 Wk (81%) 5 & HIERL
72 (Table 2),
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Fig. 1. A: The chlorate resistant sectors of F. oxysporum
f. sp. garlic cultured on minimal medium amend-
ed with 1.59% potassium chlorate.

B: Classification of three phenotypic nitrate non-
utilizing (nit) mutants of Fusarium oxysporum f.
sp. garlic with the growth on minimal media
containing hypoxanthine and nitrite as the two
different sources of nitrogen. H : Hypoxanthine
medium, N : Nitrite medium a-h : Nit mutants
of F. oxysporum {. sp. garlic a,d,e, f,h:nitl, g
nit3, b, ¢ . nitM.

C: Heterokaryon formation between comple-
mentary nitrate non-utilizing mutants of F.
oxysporum 1. sp. garlic on minimal medium
containing nitrate as the sole source of nitrogen.

A IERRER

B 28k » 5 £ U R URBEA D nit mutant
TONTah ) A YR nitl & nitM TIXRZ W
HONTH, nit3 WWIREEAERONZ S T,
Elmer and Stephens® 1%, »it mutant f[flT~57a® Y
F BRI NIGE, EREMBS TRTER
nitl ¥ nitM EITIE <, nitl & nitl B, nitl & nit3
TR E R T B, REBRTIE, wit]l &
ntlIf THEVEENL S ASN D ~HT, Ek
(SUF1343) i &> TV R 2GR EBVWTHE
LEBRER ST, B LRAOL D S
WEOAHERTHEL A 5N,

FHR T LB LTz natl 18R, nit3 18R, nitM 2
BROVED O nit mutant % v, F—EEIC BT 3
HE oMM RN E IS, =V = JEBRFEE
sp.  garlic) TREDOFEMKAISHELRD S
(Table 3), MBI EMERED 2 — ¥ FS i Leslie*”
DOFFRWGE, 1011 » 54 T HU (Hokkaido Uni-
versity) BHFEDHREIC DT, 101IHU KEL 72D
I, &5, REEBIUEBToMIn: 23
Bk, WWR2HU W@ L0 RENmTolsni?2
Bk, %7z, 10013HU W@ L 70 &N, aFmTh
Hisnic AWBETH - 7o TR OBEBRIZ M O HERR
& FIE %R & 2w single VCG (101-HU) Th - 72
(Table3), £7z, =V RHEN CHEEE 2 RT F
oxysporum DI OFISHEREE . sp. asparagi T
28, f. sp. lilii, f. sp. allii, f.sp. cepae, f.sp. tulipae
TIEENW T 1 EPRO oM (Fig.2), ZhnD
S5 BRI DWW T BERBEHRED D R o leDTa —
FEFEFERALEh o7,

LB oI ER

BB E U HEHRP O£ EF N L WRER
nitM, 2BBk% nit 7 AY —& LTEEKL, HMEERE
TOMMBER T, £ ORE, R 25BNk
FC iR D s s oo 72 (Fig. 3)o

Z =

AR, SRR OBEFHSEC, nidt mutant % AW
AN EERNE T2 FEBRALONLTETY
%, C

nit mutant (ZB83 % 5L
Aspergillus nidulans®, Neurospora crassa®®, Fusar-

& Ustilago  maydis®®,

tum moniliforme'™*, Aspergillus flavus®®, Fusarium
solani®, Verticillium albo-atrum'V FETIThbh Tw
é o
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Table 3. Vegetative compatibility groups, representative strains, and their respective localities of Fusarium

oxysporum f. sp. garlic

\e e Tester strain Localities Strains
1011HU HF8801 Fukagawa HF8801, HF8802, HF8803, HF8804
HF8805, HF8807, HF8808, HF8820
HF8833, HF8848, HF8852, HF8853
HF8861, HF8864, HF8871
Nayoro HF8920, HF8950, HF8953, HF8962 .
HF8966, HF9006, HF9011
Nagano SUF1343
Taiwan T-2
1012HU HF8811 Fukagawa HF8811, HF8819
1013HU HF8827 Fukagawa HF8825, HF8827, HF8832
Nayoro HF8922
101-HU® HEF8816, HF8818, HF8843, HEF8865

HF8872, HF8873, HF8909, HF8918
HF8919, HF8932, HF8937, HF8938
HTF8955, HF8960, HF8961, HF8989
HF9002, HF9009, HF9014, HF9017
HF9018, HF9021, SUF1342, SUF1344
HUK-I, HUK-II, T-5

a) VCGs are numbered according to Leslie’s new numbering system?®.
b) 101-HU is an artificial group containing isolates that are single members of a VCG.

F Y R2 ATCC ATCC ATCC IFO W3 KF F10 OKF OY 90N
-11 -21 ALLJTUL| -12 -2 | -5 42144 18770 38818 31382 | -12 =577 -4 -6 -1 -1
90N-1 o o o o o o o o o o o ° o o ° o o
0Y-1 o o o o o o o o o o o ° [ ° o °
OKF-6 o o o o o o o o o o o ° o ° o
F10-4 [e} o [e] o o o [e] o o o o ° [ ] [ )
KF-577 o o o [e] o O o o o o o ® [
W3-12 o o o o o o o o o o o .
lilii
IF0O31382 (o) o o o o o o o o o o
ATCC38818 o o o o o o o o o °
ATCC18770 ] o o o o. o o o .
ATCCA2144 o o o o o o o e
R2-5 o o o o o o °
asparagi
Y-2 o o o o o o
Y-12 o o o o °
cepae —= e : Complementation
TUL (o] =] o L] O ! No complementation
tulipae
ALL ° o [
F-21 o )
F-11 o
allii

Fig. 2. Complementation of #if mutants of Fusarium oxysporum ff. sp. lilii, asparagi, cepae and tulipae.

Cove™ 13 A. nidulans DR OFIREEE ~— 4
—i2 L ¢, AR HE N, Cove DFEICH
vy, Puhalla?® i3 1985 4E F. oxysporum @ nit mutant
EREWT, EREANEM®EFEN, BEHMui %35
TEBLZE%BRL, Thbb, B 2EEVERE
&, ~NTaAVAUERRLIZEE, Ihs NS
WTh s eHRTHET, FIGHETH5EEEIR—
BB U T2 272 F. oxysporum % 4 K7D VCG a2 —

FESTHHT 2 L RBELR, )

1987 4, Klittich and Leslie'® ix F. moniliforme @
nit mutant ®EGEENOHTL T nitl, wnit3, nitM O
KA ST 2 Z L 235 Lz, Correll 59 i3z D
FECHE, F. oxysporum O nit mutant b =D DFK
B (nitl, nit3, nitM) WWHEaND I L RMEL
720 THNE TOMFE T, BHIFIEHETH 2 EHEKIZ
BEICERT, WEELEUTHS EHmEI T
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[¢]

Fusarium oxysporum ff. sp.
asparagi tulipae allii cepae garlic
f. sp. garlic o o o d e(3)
f. sp. cepae o o o ° (1)
f. sp. alli o o o(1)
{. sp. tulipae o e (1) \
f. sp. asparagi e (2) o Complementation, number in

parenthesis shows number of VCG
No complementation

Fig. 3. Vegetative compatibility grouping of formae speciales of Fusarium oxysporum pathogenic to the

Liliaceae.

zee1n) 35 RO VCG BT 2% T, {. sp.
cubense 121%, 0 DD VCG OHRIEH DOV — X DIE
FET2ZEDBTEDSNT WS, I, f.sp. niveum'®
& £ sp. melonis'® OBEWZVEDDV— A ZEEK
D VCG BIFAEL T 3, & T2, 1. sp. radicis-lycopersici
TR—>2® VCG % & 51 sub-group {2431 Tv> 2 4
bH DY, k7, fsp. asparagi DI IZRIR R &
MEEERTIEREMEOERLELT 2 I L HRE S
T3,

KR DFER 5, F. oxysporum f. sp. garlic 1=
20D VCG T shiz, 1011HU B2 8™, &%
T, RFRB I UBE THBES NI 23 K, 1012HU
FENE oS L7 2 BRk, 1013HU 33311, &%
HD2 #FACTHMSNIABEBEBE L, ZDEI K
VCG & 4yHisthisg ¥ ORI 3BEEEIZFED S ko
720 B8 WRROH T 27 Wik M O E & OFGH % R
& 72w single VCG TH - 7=z (Table 3) , Jacobson and
Gordon'? & Elmer and Stephens? %% { @ single
VCG BEET 5 Z L B1BRHL T2, Table3 &R L
7z F. oxysporum 1. sp. garlic D=>D VCG D nit 7
Ay —EHAVWBE LT, T05DVCGCET
b=y JREEERO &V EHERE 22 E B SR 2
%, L L, single VCG KRBT 3 HEkICOWTIE, =
DD nit TAY—RAVTORET S 2 L ZFAHRET
HY, EEIEE T I2LEND L, £z, JHEENE F.
oxysporum O VCG RFANRDL 2 2 X > T, REFHH
AW BIEREME F. oxysporum OERIC B SE, 2D
FEEFRT LI TEZDDEFEZ DS,

Z Ofth, ) REYZ R R 2R T F. oxysporum O
SHMEBEITIE £ sp. asparagi I DD VCG BAD 51
Jo 3, FOMD4MEEIZHITNL—D20D VCG ThH
o Tze BEA LBERROD 2 3B 2 R T &

Bl b Db B otent, & VCGIiEv: < Dholy
SAMENIEROSENTWE Z AN
7z (Fig.2), = =278 D VCG THA LNz LD
W2, VCG Lt oBE®IIED o r o7z, &
7Bz 3 LR OB T RS EEED S h
B0z,

2 ) REMCERE 25T F oxysporum O VCG
1B L T X Elmer and Stephens® O f. sp. asparagi,
Loffler and Rumine®® @ {. sp. Il BSERCHRE ST
B, $BINSDVCG L AREBRTHS L EK ST
VCG MoBfR % FHET 2 LENXH 5,

AREBEITIWCHTZ0, TEMNKEMIEFZRBIZ
BEREL, BHERERBRSALE@TR, e+
BRSSP CRK, &5 CIcdbimE R BT
EBEAIRBFr SEHEEFEL T ini, 2Kk
HEARHBMOERET 5,

1 z

2V EHEY) (v =727, AR, TARTHXA,
YA F, TvFay, Fa—) v ) EREERRT
F. oxysporum @ 6 5-LRY(fE. sp. garlic, lilii, asparagi,
cepae, allit, tulipae) 75 BEHEOEMIFZFIE M % Puhalla
(1985), Correll & (1987) D F5 1 HE W HEEEHE OF FHRE
== L THMEEAE L OSBRI DWW TH
NPz, f. sp. garlic ® 58 HWikklE, Bz < & bZOD
WlEMEUEC 2T 5N, /21 sp. asparagi T5H
BRIZ 2 BTz, o 4 540E 12 Bk T g a1t
BT L zneh—Do OEMIRNE R 2R L 1,
—7, 250 6 LA T IEMEME IR 5
nixhoiz,
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