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TNT77NT 7id, SHEEDCARRETRED
HHHEICEA, FEOEIHFHL &, BB
LYEfHTEEIE, BEEZ Tl Fhaz @z Tw
32, L L, BEEMTIE 3 ~ 4 ETHEBRNABE
Ik EMERILORLN G, ZOFELFERN—
DELT, TIT7 N7 7RAFEIH 512132020,

AROBRETHAT L7727 7ERRE
(Fusarium oxysporum f. sp. medicaginis) D IFEE
ik, E&LTREEEDCT 2REEDE (54
LAY ICHED T b, L L, BETHEERIE
WEBERAPEI T2 L 3RETH L, T2, Hik
R BREIC IS T 2 BB 2 Th ol g
by, HLOFH LRSS R) 28T 51,
Ly b, HowEhsE, EEEWOEBAT—2,
BiREL FORBEEMIC L WV RRSELGE ST
VW),

Puhalla!? & »it & ® # (nitrate-nonutilizing
mutant, HERIEFIFRERIBERK) % FHV72E5RH
&8 (Vegetative Compatibility Group: VCG) #°
Fusarium oxysporum DLE % XB]4 2 DIZHR)
HFETHLEZREL 2, TNLE, £ OWR
EZNHEERET L, VCG - bR D EICHE)
ThHbHZEEHRLTETW5E, VCGIE, HBHK
HOBEHSHRELHL2ICTEZIEP ) TS,
RIF R & IERIR AR & XA T 5 iz LIRILDEAT

H G TE TN BHI01529,

MEW ZTHI 5 FBEL 72T A7 707 7 &R
WHE MW, VCG DFEEITA~F D5 BEICHE
B 72, AENGEN 3 HUSICRELY LT, TL7 7
N7 P EAR» AR L TREL, nit ERWKEZAER
L, #bEHWR VCGIZ DWW TKRETL 72,

II. MBIV HE

i, nit ZEEHROES

BIRTIVT 707 7 ORI & ) 8 - EE
L7777 7 ERARBEI6EKEERAL
(Table 1), Z#L5HRRIZ, JLHEERNOIVEHR, HK
W], &&HoEm 3 e 85707 7 L7 7 HK
K@ LB 2L HTH B, 16 HERIC DWW
T, Puhalla'? D HHC# L T, nit ERE/RDIEL
%47 - 72, MMC (minimal medium with chlorate)
I PDC (potato dextrose medium with chlorate)
I, nit ZRERIBLNRT 529 DT, A
EBRTIT nit EEEREBRAREE LT, MMCH
i&3,15,17,24) %ﬁ};ﬁ L f:o

PSA (potato sucrose agar) #tHisH T 25C, 4
HEs2 L 2 B A EROE#EY A (B2 ~ 3mm) 40
%, ~2h)ILc4EL 72 MMC 85z iE =, 25T
TEFELZ, T~10HHICEBL CEHEEL
PSA #HEEHIC BRI L 72, 156 LBk S LR EY
K% MM (minimal medium) “FEARE#718 (2 E R
(25C, 4 BHRE) L, HEEEIEMEDE A HE LK
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Table 1 Location of wild type strains, and frequency L7 L D% nut BRWHKE L2, nit ZREHRDK
and phenotype of their nit-mutant recover- 151213 PSA SHEEEH 2 F 72,
ed from MMC medium.
Nit Phenotypes of nit-mutant 2. nit TEEMOFREOER
Wild type strains ~ Location recovery(%) mit1 wit 3 NitM nit SRR AN, BASERE, b KXY F
iz Yoo s 311 L T L, KROS5 WO RFEEAMIE
YKB22 20 1 4 3 2k ) 3MOKRBAR (nit 1, wnit 3, NitM) K5
;Ttg ;8 é ; i L7299, Zhs 5O (~ ) M) 2 nit &
- Shimim " . ; : REHOBEFEYVF EENT3I~4 HiRIcZh FND
SME31 25 10 9 5 M EToOEBELRAEL, MWBESILFHTE LW
SNAILZ 1 4 2 1 Lok nit 1, WEEIR & BAHEIE X FIHCE 0w Y
Soont be s s % it 3, WERMEY £ KXV S ERATEL
STA22 45 9 3 6 WwynE NitM & L 7z,
NAE?1 Nayoro 17.5 3 2 2
i (I 5. mrmass
NHYC11 2.5 - - 1 E—D Bk (FFERR) H 5185 172 nit ZREK
NKBL 25 b - - [+ % MM EAR S BT 2 ~ 3 cm B L T x5

Table 2 Complementary pairing strains of »if mutants used in this study.

Strains Location Complementary Pairing Strains (phenotype) Maker of nit mutants
F. oxysporum f.sp medicagenes  Yakumo
YKA23 YKA23-11 (NitM), YKA23-23 (nit 1), YKA23-33 (nit 3) Masuda
YKA24 YKA24-38 (nit 3), YKA24-8 (NitM), YKA24-9 (nit 1)
YKB22 YKB22-3 (NitM), YKB22-5 (NitM), YKB22-21 (it 1), YKB22-14 (nit 3)
YTC11 YTCI11-6 (NitM), YTC11-20 (nit 3), YTCI1-21 (mit I)
YTC21 YTC21-8 (nit 3), YTC21-22 (it 1), YTC21-33 (NitM), YTC21-34 (NitM)
SMCz21 Shimizu SMC21-13 (NitM), SMC21-35 (nit 3), SMC21-36 (nit 3), SMC21-38 (it 3)
SME3L SME3I-1 (NitM), SME31-15 (NitM), SME31-23 (nit 3), SME31-40 (nit 1)
SNB21 SNB21-16 (NitM), SNB21-25 (NitM), SNB21-34 (nit 1)
STA22 STA22-10 (NitM), STA22-11 (NitM), STA22-17 (NitM)
NAE21 Nayoro NAE21-6 (NitM), NAE21-20 (nit I), NAE21-31 (NitM)
NHD21 NHD21-14 (it 3), NHD21-21 (nit 1), NHD21-36 (NitM)
NHE22 NHE?22a-34 (NitM), NHE22a-35 (NitM)
NHYC11 NHYC11-20 (NitM)
NKBI1 NKB11-40 (nit 1)
C-2-1 Ebetsu C-2-1-3 (mit 3), C-2-1-4 (NitM), C-2-1-13 (NitM), C-2-1-A (nit 1) Matsushima
D-1-2 D-1-2-6 (it 1), D-1-2-7 (nit 3)
D-6-2 D-6-2-1 (nit 3), D-6-2-2 (nit 1), D-6-2-15 (NitM)
E-4-2 E-4-2-4 (nit 1),E-4-2-15 (nit 3),E-4-2-16 (NitM), E-4-2-C1 (NitM)
F-4-2 F-4-2-1 (nit 3), F-4-2-6 (nit 1), F-4-2-12 (NitM), F-4-2-15 (nit I)
P-1-1 P-1-1-7 (nit 3), P-1-1-11 (NitM), P-1-1-14 (nit 1)
18 Chitose 18-2 (NitM), 18-3 (nit 1), 18-12 (nit 3), 18-19 (nit 1)
ATCC 46587 USA (North Carolina) 24 (NitM), 25 (NitM), 26 (nif 1)
ATCC 52168 USA (Minnesota) 28 (NltM), 13 (mit 1), 32 (nit 3)
ATCC 52169 USA (Pennsylvania) 7 (NitM), 6 (NitM), 19 (Nit3), 23 (nit 3)
F. oxysporum f. sp. batatas Ba-N1 (nit 1), Ba-N13 (NitM) Takehara
F. oxysporum f. sp. cucumerinum Cu-N9 (nit 3), Cu-N11 (NitM), CU-N14 (NitM)
F. oxysporum {. sp. lagenariae La-N11 (NitM), La-N13 (NitM)
F. oxysporum f. sp. lycopersici (race 1) L1-N29 (wit 1), L1-N30 (NitM)
F. oxysporum f. sp. lycopersici (race 2) L2-N10 (nit D), L2-N11 (NitM)
F. oxysporum f. sp. niveum Ni-N5 (nit 1), Ni-N9 (nit 1), Ni-N4 (NitM)
F. oxysporum {. sp. raphani Ra-N14 (NitM), Ra-N24 (NitM)
F. oxysporum f. sp. radicis-lycopersici RL-N9 (NitM), RL-N11 (nit 1), RL-N14 (NitM), RL-N16 (nit 1)
F. oxysporum f. sp. spinaciae Sp-N2 (nit 1), Sp-N3 (NitM), Sp-N5 (nit 3)
F. oxysporum S-52 (non-pathogenic strain) nit 1, nit 3




TNT 7T 7 ERREOBEATAEHC L 285 35

FY 5T Ik ) MHRNEE R, R0 ERE &
whr~Tun) Aty (BEEAKR) OFEIL 25CT
WH 7 ~10 HREEEFET 2FB/IC L VBRI L5372,
L2L, BHRICE-TIZ3AMZET IHAYDH
519 20, AREBRTIIRFEYM 48R E L, 22
DU DHefh L 72 BT THERS 2 B R AR E (RlSEROG)
DB B nit ZREM DM A A b2 RIRL 72,
DWT, b nit ZEREE, ROTLRI T BERR

6 ¥k, ATCC HiEZMbk . 38, strain 18 (KK

EAEMRBRY BHEBEXRINSTE), F. oxyspo-

rum f. sp. batatus (V=4 EDLEKH), F.
oxysporum f. sp. cucumerinum (% = 77) 2 5 EIK
), F. oxysporum f.sp. lagenariae (2777425
HRH), F. oxysporum f. sp. lycopersici (= b FE
JRH) v—R 1, F. oxysporum f. sp. lycopersici
v—2 2, F. oxysporum f. sp. niveum (A A 7
LEEE), F. oxysporum f. sp. raphani (¥4 2>~
EHWINHE), F. oxysporum f. sp. radicis-lycopersici
(b= R G % W% &), F oxysporum f. sp.
spinaciae (K7 Vv >V 7 ERIKE), FEWELEF.
oxysporum S-52 7> b F N AR E 172 nit 2R
Btk & DM THARNARBREZI T (Table2). 7
VT 7T P RFREICB W THITERIED /6 e
A, b 0B ER L VCG & L 72, fisEGs
RonZewBailz, B%5 VCG L7,

. BREIUER

I. nit ZEEKOIEH

SRR L 7242 TOBKRT nit ZREHRIEL S
72 (Tablel), L2 L, nit ZRERDOHBIRIZE
BRiCE ) B - 72, MMC 55t % 72 it ZERH
FRADZE BRI 16 Wdk, 4 ERICBW TR
12.5~45.0% CTH D, BB IHEHT 5 Z &5 TE 72,
LAaL, & Ts 5480 72 NHYC11, NKBI1 i
BWTIZ2.5%TH -7z,

2. nit EEBAKRORIAE DL

YEH & 72§ XT D nit ZERERE (165 WER) D9
Lot 1, nit 3, NtMO Z L Z o HBLE T
61.2%, 17.6%, 21.2% T & -7z (Table 1).
NHYC11, NKBI11 # < §XTOWKT 3FEFHD

FHAHR SNz, Jic Correll 5213, F. oxyspo-

rum DFER DFACTL D WD & B & 72 nit 22
BEHOEZL T nit 1 THo2EHEL TV 555
AWFZRIC BT H R LRERI RS N7z,

SNA12# XY, nit 1, nit 3, NitM DWTND
TR LA L %\ nit ZEREM SNA 12-18 (28

Fig. 1 Strong heterokaryon formed by vegetative
compatibility between two strains (right).
Heterokaryon was not formed by vegetative
compatibility (left).

HFHE L TCT > E=7 LBOBMENI2EEHTOA
HEOEFTORLNR) »MEHE NIz,

3. BRAEMEER

F—#kkH 515 5 N7z 3 ORIV THRH
LERBEATo LA, BRI L) HEL 22
SNA 12 & SOC 11 LIshiz, WiE#E oL 2284 T
WAEEL AL sBWEEGE R L 72 (Fig 1.
78, SNA12, SOC1licBWTi3, R—Htkd b
B N7 nit ZREKRELTLRHECS BN W
B OAHEHD Otk TH - 72,

ASEERL 72T N7 707 7 ZIRRE D nit R
Bk FAETL D F. oxysporum & BARBET 5
RPN DS, B 250EL D nit ZERER & I3HH
SERIGERE eh - 72 (Table 3),

TINT7 7T P BEAREICBWT, RisBkE
KD nit ERERB CTOHEARMARBE 21T 72,
NAE 21-6(NitM), NAE 21-31(NitM), YKA 23-
23 (nit 1), YKA 23-33 (nit 3) #*P-1-1-11 (NitM)
LERIEERL 72, YKA 23-11(NitM) °P-1-1-
7 (nit 3), P-1-1-14 (nit 1) *WERIGZRL 72,
NAE 21- 6 (NitM) & YKA 23-11 (NitM), YKA-
23-23 (nit 1), YKA 23-33 (nit 3) oOMic, &
" NAE 21-20 (nit 1) & YKA 23-11 (NitM) &
McrsERId Ao N7z, U EnfERy S, AHFH
H3k NAE 21 & AVERTHKD YKA 23 13, 25
OE#HT B5VCG-FIcBL 72,

SMC 21-35 (nit 3), SMC 21-36 (nit 3), SMC
21-38 (nit 3) & NHE 22 a-34 (NitM) & iz,
F 72, SMC 21-13 (NitM) & NHE 22 a-35 (NitM)
LOMICHERIG R Sz, T b DFER» 5,
WHAKHETH %D SMC21 & & HiH¥Kk D NHE 22 a
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Table 3 Vegetative compatibility tests between nit mutants of each forma specialis of F. oxysporum based on

complementation reaction.

Fom Fob Fo.c Fola Fol./racel Fo l(race2d F.oon. F.or. For-l F.os FoS52

F. 0. medicaginis + - - -
F. o. batatas - + -

F. o. cucumerinum - - + -
F. o. lagenariae - - - +
F. 0. lycopersici (race 1) - - - -
F. 0. lycopersici (race 2) - - -

F. 0. niveum - - - -
F. o. vaphani — - - -
F. 0. radicis-lycopersici — — — -
F. 0. spinaciae - - - -
F. oxysporum S-52

|
|
|
|

+ . Strong complementation —: No complementation

#VCG-H & L7, 72, NKB 11-40(nit 1) & YKB
22-3 (NitM), YKB 22-5(NitM), YKB 22-14 (%t
3) EDREICHERIET RN, 26 DR
&, NERTHERD YKB 22 & &% HH%ko NKB 11
2VCG-GE L7, L&L, 20flid YKA 24,
YTC11, YTC?21, SME 31, SNB21, STA 22,
NHD 21, NHYC 11 & L EH & 1172 nit ZEREHKRIZ
WD it ERERE QHTEREERE Lo
72 ZZT, INLDHKREENENRL H5 VCG &
Lz IEDOKEL LEANMAHLEEL -ob
Table 4 TH 5,

BANAHED het £ 7213 vic & v ) EEOBEETF
FEIZ L > THEENTE D, ZODWEKDEIEETFH
FTRCD vic BIETE TR—DBED A RNEMH
¥, F. moniliform T3 10 D vic &5 T
EILNTEY, B b s 219 VCG
PHET LI LISk 39, HRBEOHEATEIR Z Ok

Table 4 Vegetative compatibilily groups of F.
oxysporum f. sp medicaginis.

VCGsY Strains

A ATCC46587, ATCC52168, ATCC52169
18, E-4-2

C-2-1

D-1-2

D-6-2, F-4-2

P-1-1, NAE21, YKA23
YKB22, NKB11
SMC21, NHE22a
YKA24

YTC11

YTC21

SME31

SNB21

STA22

NHD21

NHYC11

OZECCrR——=~IQOTMIDIOW®

1) Vegetative compatibilily groups; Alphabetical letters
denote a VCG designated in this study.

I LBETFOMNLBIETIC L D REENL 2D,
nit EREKEZH W72 VCGIZ L 2R EM R RE 0B
AL, IR FEEDEBAA D RO L WBERIETH B,
AP LEIR L — 2 BRI SRR R R IR 5
{EDBRIZHENTH Y, REDTEEDF LR L ~
NETOREBADIGH, WL BRI FEA~DE
B ERA LTV 51529,

F. oxysporum O &5t L—2 L VCG & D
BRI —EHRE (£ sp. api)?, 7 ZER
B (f. sp. vasinfectum)®, 74 3 FWEHEE (f. sp.
raphani)¥?, A A 71225 EWRHE (f. sp. niveum) >V,
H—F—3 a3 >HBRARE (£ sp. dianthi)® DL i
=DV =12 1E—D, HBVIFEVnEWETED
Bz VCGERAHDLnE, = FYERRE
(f.sp. pisi)®, A DhERE (f. sp. melonis)?,
NFFFERERE (f. sp. cubense)'®, b= FIHRE
(f. sp. lycopersici) ), T AZ2%7 % ZAMAIHEE (£. sp.
asparagi)? DL HIZ—2NDL — A2 EH D VCG %
oMM VCG R ZH YL 00 h 5 Z L v
INTn3,

S EDEEIC BT, ATCC #Riz R L 72 BARH
KOEHREIZRL B VCGIZBL 72, 72, B
DFENZHEDLSTRL VCG 2R T 5 L Oh
LB, RLEBL YV Z00chEn
B VCG 2K LI-ZEn6, VCG L ED
BLEIIEZD b NL -T2, T R8T 7 ZSARE®,
T XX ERRE (. sp. adzukicola) @ i2 B W T Y
VCG & Hilk & DRLEIZRRD SN WEIREIN
Twad, REDVCG L, MEDREN A~F iz
Zy i G~PAamb D I6HICHEHIN SN
(Table 4) BAEED & ZHL —ZADHLERBESNT
WWhY, TS DRERY L ARBIZEE D VCG At
FET L ER L BEFREELROBETHLZ LW
[0 N A A
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v, & £ §)

e =g OVER], FKAT, &FH) 0%
WTNTFNT 7ol -RELLZTL7 7L
7 7% BIRE (Fusarium oxysporum f. sp.
medicaginis) 16 Bitkh LIERMBIE* U ER LT
TR R RE R BBk (ndt ZRBHK) DR Z
AT, FORE, AL 2L TOWEKL S nit R
BRI & 172, 155 172 nit R RIS RHRIE,
HikEsE, B ERXYCFL, TrEoTLE, B
UREED 5 BOERIGHHREIC L D nit 1, nit 3,
NitM O FRBIC S S L7z, nit ZTEREMH O BB
ERAEFHMOHBARIIERICI VB 572, &
o nit BRERIZOW TR B L UIERIR
W nit ZRER & g (MM i) BT
DXL & ) EARNAEERANTER, fxEX
RO LN -7z, MM, S8 S iz
nit ERERFHE THEHANERBRZ T2 2
5, TNT7 7T 7 EFEREIL 16 OBRTIGHICE
BN, REGEHLEEEBELZFOIEIHEDL
hiZ -7z,
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Summary

Nitrate-nonutilizing mutants (nit mutants) of 16 strains of Fusarium oxysporum f. sp. medicaginis (F. o.
medicaginis) were isolated from wilt-infested alfalfa in three geographical regions of Hokkaido: Yakumo,
Shimizu, and Nayoro. The #if mutants were formed on media containing chlorate and assigned to one of
three phenotypic classes, i. e., nit 1, nit 3 and NitM, on the basis of their growth on media containing one
of five nitrogen sources: nitrate, nitrite, hypoxanthine, ammonium and uric acid. Frequency of the nit
mutations and their distribution by phenotype depended on the strain of F. o. medicaginis from which they
had been isolated. Vegetative compatibility was tested by complementation reaction between the it
mutants on minimal medium.Results showed that each strain of F. o. medicaginis belongs to a vegetative
compatibility group (VCG) different from that of eight formae speciales and a non-pathogenic strain. In
addition, the isolates of F. o. medicaginis were found to belong to 16 different VCGs. These results show
that a wide range of VCGs are represented by the F. o. medicaginis in Hokkaido, thus leading us to suspect
that F. o. medicaginis throughout Japan would be dispersed among numerous vegetative compatibility
groups.
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