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Table 1. Sources of the isolates used in this study.

Isolate Host cultivar Locality cgﬂ‘fﬁ&ﬁfn
Adzuki bean isolate of Phialophora gregata (Type A)
Al3 Takara-shozu Memuro (Tokachi)® 1970
A54-13 Asyoro (do.) 1979
Ab4-24 Hayate-shozu Makubetsu (do.) do.
A54-25 Takara-shozu do. (do.) do.
A54Ka Asahikawa (Kamikawa) do.
AB4W Kotobuki-shozu Wassamu (do.) do.
A56-25 Takara-shozu Makubetsu (Tokachi) 1981
A57T22 Shimizu (do.) 1982
A57T24 Erimo-shozu Memuro (do.) do.
A58H Hayate-shozu Sapporo (Ishikari) 1983
A59K Kenbuchi (Kamikawa) 1984
A59M Maruba No.1 Sapporo (Ishikari) do.
A59To Hatsune-shozu do. (do.) do.
A60K68 Maruba (Kari No. 68) do. (do.) 1985
A60N1 Asahikawa (Kamikawa) do.
A60To Hatsune-shozu Sapporo (Ishikari) do.
A60W1-1 Wassamu (Kamikawa) do.
Ab1Ta Takara-shozu Sapporo (Ishikari) 1986
A62A-2 Akamame do. (do.) 1987
A62A-10 do. do. (do.) do.
AB2A-16 do. do. (do.) do.
A62B2-2 Erimo-shozu Biei (Kamikawa) do.
A62B3-1 do. do. (do.) do.
A62H1-6 Higashikawa (do.) do.
A62H3-3 do. (do.) do.
A62K68-3 Maruba (Kari No. 68) Sapporo (Ishikari) do.
A62S Erimo-shozu Shibetsu (Kamikawa) do.
A62Ta-1 Takara-shozu Sapporo (Ishikari) do.
A62To-2 Hatsune-shozu do. (do.) do.
A63Ha-2 Hayate-shozu do. (do.) 1988
A63Hi Hikari-shozu do. (do.) do.
A63K1E-1 Erimo-shozu Kenbuchi (Kamikawa) do.
A63K1H-2 Hatsune-shozu do. (do.) do.
A63K63-1 Maruba (Kari No. 63) Sapporo (Ishikari) do.
A63Ko-5 Kotobuki-shozu do. (do.) do.
A63Sa-2 Sakae-shozu do. (do.) do.
A63Ta-1 Takara-shozu do. (do.) do.
A63To-1 Hatsune-shozu do. (do.) do.
A63W-3 Erimo-shozu Wassamu (Kamikawa) do.
APl Atsuma (Iburi) do.
AP2 do. (do.) do.
HH Memuro (Tokachi) 1990
Soybean isolate of P. gregata
58001 Suzuhime do. (do.) 1980
S57Ko Kosodefuri Sapporo (Ishikari) 1982
S570 Oakland do. (do.) do.
S58W Wasemidori do. (do.) 1983
S8301 Suzuhime Obihiro (Tokachi) do.
58302 do. do. (do.) do.
S60KS Kitamishiro Sapporo (Ishikari) 1985
S60S Sapporomidori do. (do.) do.
S62Ha-3 Harosoy do. (do.) 1987
R-3 Okushirone Nishisenboku (Akita Prefecture) do.
St-4 do. do. (do.) do.
AK-89-12 Suzuyutaka do. (do.) 1989
Avirulent strain of adzuki bean isolate (Type B)
B57T14 Honbetsu (Tokachi) 1982
Mutant from Type A isolates (Type A"
A’31-2 Kun-neppu (Abashiri) 1978
A’54Ka Asahikawa (Kamikawa) 1979
A’56-31 Takara-shozu Ikeda (Tokachi) 1981
A’59Ta do. Sapporo (Ishikari) 1984
Cephalosporium gramineum
W56Kit Kun-neppu (Abashiri) 1981

2 District in Hokkaido unless otherwise indicated.
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Table 2.

Pathogenicity of adzuki bean and soybean isolates of Phiglophora gregata.

Plant species

Adzuki bean isolate

Soybean isolate

- Control
and cultivar ASi-24  A61Ta AGIB2-2 A62K68-3 S8301 S60KS S62Ha3 Stda
Adzuki bean
Hikari-shozu 16/17® 20/21 15/17 10/19 0/21 0/18 0/20 0/18 0/17
(+++2 (++4) (+++) ++) (=) (= (= =
Kotobuki-shozu 13/16 15/15 16/16 15/16 0/15 0/19 0/15 0/16 0/13
(+++) (+++) (+++) (++ = = () (= (=
Sakae-shozu 11/16 16/17 15/16 16/17 0/16 0/19 0/17 0/16 0/17
(++) (+++) (+++) (++ (=) (= (= (= (=
Takara-shozu 17/18 19/20 17/17 15/17 0/17 0/18 0/17 0/18 0/15
(+++) +++) (+++) ++) (= (- = (- )
Soybean
Harosoy 0/16 0/16 1/16 0/18 9/15  14/17 16/16 10/16 0/15
(= - (= (=) =) ) +++H (= (=)
Kitamishiro 0/14 0/17 0/14 0/14 10/16  12/17 15/17 11/18 0/14
(= (= (= (=) (=) (=) (+) (=) (=)
Komamusume 0/14 1/16 0/15 0/15 6/17 12/17 16/19 10/22 0/11
(= (= (= (= (= + ++) (B (=)
Tsurukogane 0/14 0/14 0/13 0/11 12/17  12/15 16/18 9/19 0/12
(= = (= (=) + ++ () -
Mung bean
Green mappe 12/14 3/12 8/12 4/12 12/14  4/13 6/13 4/13  0/12
+) (=) (+) (=) +) (=) +) (=) (=)
Ryokuto moyashi /7 ND@ 5/7 2/7 6/6 ND 1/7 5/7 0/7
+ + (=) - (- (=) (=)
Kidney bean
Kintoki saito 0/6 ND 0/6 0/6 0/6 ND 0/6 0/6 0/5
(=) (= (- (- (= (=) (=
Cowpea
0/6 ND 0/5 0/6 0/6 ND 0/6 0/6 0/7
(= (=) (= (- (=) (=) =
Pea
Sanjunichi 0/6 ND 0/5 0/6 0/6 ND 0/6 0/6 0/7
kinusaya endo (=> (- (= (= (=) (= (=

@ Number of diseased plants/number of inoculated plants.

® External symptom, —:

no external symptom, =+ : wilting of a part of leaves, ++ : wilting of about half

of leaves, ++ + : wilting of most of leaves and defoliation.

9 Not done.

Pote, ZENBWORBILT A+ BLERBELEE L
TRAFOFEFLERLY, TeHEBEFLZBEL
foo Fho, £ 4 XBERERY a7 b 7 ERL,
B OBELCTAEZ LS EEL T, L
L, #4 XEEFREF L7 X+ EfTROEEGETE
ELREMERI -7 (Fig 1A), R, &
A RABEREYERE LA vy Y, 9y, =V F
YThHEROFMIBRINT, BeEFT
BT

b. PXFEHEREORRMEOEKTER

| EBERZTable 3 RLA EBITH B, 7X

FHIERE (Type A) ORAFT R Type A4H
BRifihoRBra L Thidd A SHEEE RS
Drote, —77, Type A TEBC X » TREHIE
WHED b, SRS E THREL TV
BEDERE I 20 THHID, EFREHN20 L
ThHhotktEXroRBHNUKRESEEYETHLAR
Lickz b, BEMECHTARIEADIDDFA
Fiehhhic, 1 2RRBZHGEOF/NEORKE
FExmTdoc, #R 1L« Type A22 8D 5
HLITEHHENR DL A T THotz, ENEORRKRE
1221 (AI3#R) 25 100 (AS4W #E /2 &) ¥ CHEB
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Fig. 1. Wilt symptoms on adzuki beans and on soybeans after inoculation with adzuki bean and soybean
isolates of Phialophora gregata. (A) Left to right; adzuki beans (cultivar Kotobuki-shozu) showing
wilting after inoculation with adzuki bean isoclate (A61Ta), showing no symptoms after inoculation
with soybean isolate (562Ha-3) and healthy control plants. (B) Left to right; soybeans (cultivar
Harosoy) showing no symptoms after inoculation with adzuki bean isolate (A54-24), showing wilt-
ing after inoculation with soybean isolate (S62Ha-3) and healthy control plants.

Lo TkhkE Eirole, 220DD 214 T IENE &
BREMEOAECH LREEEZR LIS DT, 4
Bk (A62A-2, A63Ha-2, A63Hi, A63K63-1) A%
Bl7, 5121, EIFLEMONE ~v
FvavAOIRBITHEMED L O T A62K68-3
BOZNRNZD2 AT THoTe, RETHRAL 2
Type A DRIMOERRIZR L THIEBUMETH - oo
BEnXdw, 7XAFHERBIIL Type A 5

DIRBEHND 4 DODE A TSI NTDT, FhFEF
N Y REBGREECEREREEZHE L& Z
A, Type A B BN EI 5 7300, Lo
Type A OBFEEESL 3 217 L EREE B
FBIZR W E g » e (Tabled),

z =

7 R FHEFRIERRE, »ol- iR
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Table 3. Disease severity indices observed in host
cultivars inoculated with adzuki bean iso-
lates of Phialophora gregata (Type A)

Table 4. Mycelial growth (mm) of adzuki bean

isolates of Phialophora gregata (Type A)
and their mutants (Type A’) on soybean

and their mutants (Type A”). stem agar.
Host cultivar Isolate Incubation period at 24°C
Isolate Takara- Hatsune- 2 weeks 4 weeks 6 weeks
shozu Maruba shozu Akamame Type A’

Type A’ A:31—2 25.3 o) )
A731_2 Oa) 0 0 0 T;t)esgga 23.9 oo [ee]
A'54Ka 6 0 0 0 A54-24 11.3 22.6 30.9
A56-31 0 5 0 0 A60To 13.5 28.5 37.3
A'59Ta 0 0 6 0 A62A-16 12.2 27.3 35.8

Type A A62B2-2 13.2 29.2 35.3
Al3 2 0 0 0 2623-2 13.1 27.3 32.3

63Hi 13.0 28, 37.3
-24
}\54vv 86 0 0 0 A63K63-1 13.2 29.5 36.6
At 100 0 1 0 A62K68-3 13.9 29.4 36.0
AG0K68 75 6 8 0  More than 13
A60To 100 0 4 0 '
A62A-10 100 3 6 0 BHHNIIHEMOBEILEL TELRN, TR
A62A-16 80 0 0 0 B BT - - EERBRCTHBE RO 1
A62B2-2 91 5 0 0 AUERXTELL, 2hit, BRARRI VEHOLE
A62Ta-1 7 0 0 0 BIREEAR D B < T hotedd, SBREOREN
AezToz 80 4 0 0 RS b DEEX BRI, 5T, LEXEL
ABIKIE-1 69 7 4 0 . P s -
AGKIH2 27 0 0 o TEEARET BRI, #EER - HERORE
S (AR 212 N 22 22)
A63Ko-5 7 0 0 0 X AFEENREL TS EBbh S, T#? 12
A63Sa-2 56 0 0 0 7 R+ BIEFRBEREORERERIZATOBRED
A63Ta-1 33 0 0 0 EREEOZCIHHOLLTEHD, i, MEN.
A63To-1 72 6 4 4 GISTU and GRAU® & ¥ 4 XBLERCABOKE
AB3W-3 3 0 14 0 28, EHEOFMEIERNBREOEBEE ICL 5T
A62A-2 89 36 0 0 BAEYSTH D LHEL TV b,
g 2 8B v 7 ARG & 7 A XU O ERE 2 b
J;&l i 6: g g BLIL L%, ChETOREENT 0 bRS
AG2KES-3 % 52 56 o hickkh, 7XAFBEERBEITAFEIVY a7

® Disease severity indices were calculated as described
in the text.

ZENREETHBLEEN, FAXVA LRV F 2T
(Heterodera glycines Ichinohe) & DEGHEEE D
Habh TV 5H, BHE Tl » AU EoHEE
PRETH - 7%, FREF I CRRBEE 38
BUACABcBERRBD SN0 bbb
¥, THEOCEB/RALNLDEXLhH 20AE
FETHH I LBBEEIh TR, KFOLR
&7 X ¥ 0l L OICEERBIRY S 5 D Tidisy
HEHEIR T B,

AEF TR MRREEGEIEE T, EER

FU, FA4RABEREILSALBIVDYa sy
R LUTRESRRL, 1vy Y, #3945, =V I
DIZEIERERETH - Thodb, HEE7T X+
E XA Rt AREEABLNCR - TED,
HREAR—BTH D LD, Ripsakilic
HYTrdbnsE2bM5,

Fi, T XFBEERFHSM, £ 4 XBER
B 08199100129 2 F I s U TR L < v TR
HrEuiabhb Z LAREEI RT3, —7,
FHg 13, 7 AFEZERBEAEIRER L O
TR, WEREOGLERETZ L3P ELT
B,

Type A’ 13, AEBIEEVWTHHhoRECK
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LThBEALERERERE Lot T,
Type A D% OEBITER MO 3 MiBIBRERERE
T, BNECOLHEEROBE LTI ER LA,
TORBOEBEIHEECI s TRKE{ Birst, =
#i3, PHILLIPS® 2348 4 X B ERE IC B8\ TR
LT3 hERNOBEFNLERTHBEEL
bhte, ZOMBD 5 WIS RREIC L IRESES
AL, 4BEBREAIER, 1EEREAEL Y x>
TRACHMEROBERF I ER L, #FFH
L9 DFEL L AK-11 i+ 53 0 & Bibh
%, LoL, 5 LicRERoER D Tt
REEOHCEHRIZS LT, REEOME
Type I 2385\> Type 11 X b $ £ HEEEIE & T
L84 AEERBETORED L3 -1,
PEnz iy, i 37 X+BIERELEKE
I O RENERREDEZ ERRL T, Bk
MENDSBEINCEESLT LD ZORBIIN L
TREMZRT LR ST (B, FmEh 650
Thic AB2A-16 Bk &, ~v R a o XL
SN AB2To-2 ki &, AEMDLSEI LI
A60K68 #, Table3ZR), MEHOREE Y S
B, V—-ADRELSWTHRESCRNEYET S
DEE LD,

III. $gEsiME

TAFEERE L 1 ABEFRE MR E—
o0 T, HEBHRELSKHE B2, L
L, ARECEERBSENEL <, B s
BT MDY, MREOEENRBEICFAILADERSR
WEERNEEECAESRBIATEL L THEVA L
ENRTES,

ARETE, HEREOS bREOKIR, EA4EF
EEE - pH 0BIFR 72 b e F BT iz o T,
TRAFHREREE XA RBERBOHB 2T - 2,

HEBLUFE
a. EEOMER

SSA, PDA, V-8A 3 X D2 — v I — A BEREM
(CMA) ET 280, 23CTEELLEEOMRSE
L7,

b. BELBEROLEE
SSA gz b 3EM, FTEDRECTEEL, W

HOERERREE L,
c. BEHO pH CEHANET

FraED pH B8 Ui &£ 1 XERH KRS & 2
EREORER™ ORAR (1: 1) 0 2%FKEH
LT3BHE ABTHBCEREL, AEEYHEL
7o
d. BRERm

o Xswl Tt/ =vBREEHREYAVT
pH4.0 KB L EHMICFTEDBE L kD Lo
WESSA X N 2 -85 E© 30 HE, 4B HETEE
L, BAROAERERHIEL T,

BRESLUEBE

a. EEOMIR

PDA LT 7 XF+HERE, F1ABEREE
LEBTREL, BBIFAMOE =y MROBEHE
ThHhote Fig.2A) T LT, WERKDOOL 24
U, BEMMARL 50V W BEERC L
7o BB RHAREEZEOFNETNECEHALSD -
Too BROBIHILLHET, X LD
AurFEowrs 2 —HE L, V-BA LTOE#EIL
PDA LCoFhieflTinies’, BvShHEA%4E
LHZEREhot, T, £ XKEREIZT X
FHEIERE L D REREFEYTIRL, BKHEHROOK
BEE Tk o, ¥, 7AFEIEFREH IR T
EFLXEILEL, BENNIWVWIERSEhot, —
J5, CMA % SSA ETul i s & HBNEE N E
<, B, BHCHOAROEEZR LI Fig
2B),

DX 5, BECHEBIHEN CEE IR
BED bRt h, PDA, V-8A L TOE
=y FOBIRLT, Thbh, ZhbORH,
HIZV-8A L7 A2 BEREIFBRE, HEHE
LB ASL DR L, &4 ABERE ISR
HENOHEBEIE S\, R KA
THEELLEEZLELIL, ZOER~<Y 0@
DB ITEFNHCEE T, BEUHMAEL kb k
7 AFEHERBCIIRAl, F1 XEERE TR
KiganbRBElT5 2 A LIELIERD, BHIL
Ll K Temtre Fto, 7AFEHEREITLCMA LB
WTLHRBFRBICRBZENBD M, ZDXH
R ECIEAEFT I I, EERNE o
Too MK, V-8A ETHHEENPNEVEEREY
FREDESEHERGEENITD - 7,

7XFEEFRBEOWRBOETICOVTIX, HH
5% 3 PDA FHEZE CHEEN L T REIRFABEI
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(A)

(m

Fig. 2. Colonies of adzuki bean and soybean iso-
lates of Phialophora gregata on (A) potato
dextrose agar and (B) soybean stem agar.
Upper, adzuki bean isolates (left, A54-13;
right, A61Ta) ; Lower, soybean isolates
(left, S62Ha-3; right, R-3).

HEUBHZE, F— b 3 - VEREM ECLIEIE
RBITELBI ENE T EREL T 5, Fusar
fum BB T, BEHMCHENT 50BN, L-
TAASFEVOEMEBRE LD, ERBERLD
BRI B AEEBO T PEREENE L hZ &4
HBN TR AR Th I hBELEED
L e BREBESEY BT IR 5T, BHED
BRI 5MEOHBINL b A b D s Eb
ns,
b. BELEROEET

BE LBEADEFTICOWT, &4 ABERETH

FEERTCAERM ERETH L, £2FHRIT
22~24Cofiz, ¥FEBTRSEEZ30~32CK
BrEELLNS, —FH, 7TAXHEREOLEH
B 1124~25C, REEE X24~5C, ZEREER
BMCFETH B Z EAHEETHTV55,
REEBOMER (Tabled), £FHRILT X FHE
FRENL A ABEEREYL D L 2~3CHEL, £h*
h24~26C, 22~23CTHH T LRI i, &
NIV AEEH TR 7 A+ BERFCLENF 1 XE
EREOAFTIEZCMZ Shic, FEETD 3B
MOBEADEREE (BIU4EFTHEBECOLERE LS
THHEE) 1k, 7XFHEERE, &1 ABEFRE
Zh F h28CT30.0~44.0mm (0.71~0.90),
14.5~32.0 mm (0.31~0.65), 30CT17.0~27.0
mm (0.40~0.59), 2.0~10.0mm (0.04~0.23)
Thol, BT, 2CTL A XABEREITES
BB Lo e, 7 AFBIERE TP o /nnl
SHEBHRIED b, —7, é*ﬁﬁib%ﬁﬁﬂ
TOMEOEBTIREIZBEALEDLRT, &£F
EREEIHEE LS SCUTEb2 EE LB,
ULEOHERMS, 7TAFHEEFRBERF 1K
EREICERPCHERETHIBLELDLR D,
KoBavasHI and Ur® 124 F L BE OBERIZD W
THEETKELRECARDOhLVELTHLS
25, FEHORLIERC S RERTHELNER,
FTIbhB 2BCHUETRL 4 AEEFREOEENT
RAFEEFRE LN 5 L0 5 HiasgED
b,
c. MM pH S EARDET

7T AXBIERE, £ RBEFELL, VB
= REEEE CHRE LS ETcpH2.6 TL A&
BT 2E#H R DON, pHO LR LFwdEEEN
WL, pH3.6kWwL 4.1 CTHEKERD, %@%
pHoOEH L ERENMET LA (Table6), -
Wtﬁ—”&@ﬁ(ﬁ%ﬁw&ﬂ:ﬁiﬁfuyv
KEELF Y v AHEEH (pPH8.4~10.7) THREL
7oEEHTE, WEE S pH O LR It EEENE
Plic, Rz &b, MHEOEALETORE
HixdfhEed s d o & Bbhi,

b OB TV EER S pH I X - THER
O DEIENETHDT, 5 LicHENZEA
EE\NEEZDND 7 = vIBERER ARV CRE
pH i (pH3.4~4.4) TOAFTEFHL A,
BRI X HERPBD LR, 7AFFERED
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Table 5. Mycelial growth of adzuki bean and soybean isolates of Phialophora gregata at
various temperatures on soybean stem agar.

Temperature (C)

Isolate -
5 10 15 20 22 23 24 25 26 28 30 32
Adzuki bean isolate
Al3 2.8 8.5 16.0 19.3 193 19.5 20.0® 19.3 18.3 16.8 10.0 1.0
Ab54-13 2.5 4.5 6.3 11.0 19.5 20.0 22.4 22.5 22.8 19.8 13.5 1.0
AS4W 2.5 6.5 13.0 16.3 17.5 185 19.3 19.3 18.3 15.0 9.0 1.0
A59To 2.4 7.9 155 21.8 225 235 24.5 248 245 22.0 12.0 1.3
A61Ta 2.3 2.8 6.8 12.0 16.4 20.5 225 23.9 21.3 17.5 11.5 1.3
A62A-16 2.0 7.5 13.5 17.8 18.0 20.8 21.0 20.0 17.0 15.8 8.5 1.0
A62B2-2 1.2 6.0 12.4 17.8 18.5 19.2 19.8 20.0 19.3 18.1 9.4 1.0
A62K68-3 2.5 7.5 13.5 17.0 18.0 20.5 21.0 20.0 16.8 15.0 11.8 1.0
Soybean isolate
58001 2.0 8.8 15.8 20.0 21.3 21.8 21.2 20.3 19.0 12.5 25 0
58301 1.0 6.8 15.0 20.0 20.0 20.9 19.4 18.2 14.8 10.5 25 0
58302 2.2 9.4 17.5 21.8 23.3 23.0 22.8 20.8 18.8 14.2 2.7 0
S60KS 2.8 7.0 10.5 17.8 21.0 22,0 21.5 20.9 18.8 14.0 3.8 0
S62Ha-3 3.3 8.3 15.2 20.7 224 23.3 23.0 22.8 19.8 7.3 1.0 0
R-3 1.5 9.1 165 20.8 22.0 22.2 21.2 20.5 18.8 11.0 5.0 O
St-4 2.8 9.2 16.7 228 243 248 245 233 20.8 160 25 0
AKB89-12 1.0 6.0 11.0 16.5 17.0 18.3 16.3 15.0 10.8 8.5 1.8 0
2 mm/three weeks.
® Numbers in bold show maximum growth.
Table 6. Mycelial growth of adzuki bean and soybean isolates of Phialophora gregata at
, various pHs on soybean stem agar.
Buffer used and pH of medium®
Isolate Citrate-phosphate buffer Citrate buffer
2.6 3.1 3.6 4.1 45 50 6.1 7.0 8.0 3.4 3.6 3.8 4.0 4.2 4.4
Adzuki bean isolate
Al3 0 1.5 10.3 10.5° 7.3 5.5 4.5 3.5 3.0 7.5 10.3 10.8 10.3 8.8 8.0
A54W <1.0 3.8 13.8 11.0 9.5 83 7.0 4.0 3.3 13.0 14.8 13.9 12.8 11.0 9.8
A59To <1.0 5.5 19.5 20.7 14.8 3.3 15 1.3 1.0 150 19.0 20.5 21.3 20.0 17.3
A62A-16 0 2.5 9.512.0 10.8 9.3 85 6.0 5.5 8.0 9.8 11.0 12.5 12.3 12.0
A62B2-2 <1.0 4.8 16.3 15.3 11.0 9.0 6.0 4.0 2.0 13.3 16.8 18.3 18.3 15.3 11.8
A62K68-3 0 2.2 9.5 12,0 10.5 9.5 85 6.3 5.5 7.8 9.5 11.0 12.5 12.3 12.0
Soybean isolate ‘
58301 <1.0 5.5 13.3 15.0 11.5 8.3 5.8 4.0 3.3 11.5 15.0 17.0 16.0 15.0 12.3
58302 <1.0 6.8 12.0 13.0 8.3 6.5 5.8 5.3 5.0 11.2 13.7 14.0 14.0 11.8 11.3
S60KS 0 5.5 13.0 15.3 12.0 9.3 4.8 4.8 4.5 9.0 12.5 17.3 17.5 15.3 13.5
S62Ha-3 0 5.0 14.3 14.0 7.0 4.8 4.5 3.5 3.0 9.5 12.3 13.0 14.8 14.5 9.8
St-4 <1.0 5.5 11.5 10.8 5.3 3.3 3.0 3.0 3.0 10.0 11.0 11.3 10.8 9.4 6.8
AK89-12 <1.0 5.0 8.0 83 50 45 4.0 3.5 2.5 7.5 7.5 9.0 8.8 80 8.0

® Methods used to prepare the media are described in the text.

% mm/three weeks.

¢ Numbers in bold show maximum growth on each medium.



68 EEAZBFARIICE H19% H17

BEpH 23.6~4.0dh, FAXEKERBEOL
hil38~4.0 B A ENB LM E ot
(Table6), =Dz Lab, WEOLEE K#EpH I
RBEMRREEZ LRI,

d.  EERSEm

FERERET7 X EEREOLEXHET
BEIR TS, TE, &1 ABREREORR
SRS LSRR TH S Z EARE IR,
BRI CHRMAMI EIc 223D 5 & L MR X I te,

AREEDOFER (Table?), 7 A +HIERE, # 4
RBERBE L 1,000 pg/ml ¥ THBR L X5
RWEBT R LT, L ARERIAI RN hic iy
LoFBPEREESRRGCHELRD SR, 5,000,
10,000 ug/ml TRHE & b E EABHRRD BN
o fohd, AEE CHIEHO pH 2329 L TFET
L, ThiEBREBSCHEEL 330 EE260
Teo FIMIZL B, 7 XXHEERE, 51 ABERE
LGB0 REEFAERE 31,000 gg/ml 1A
ek, HEORBHERG CERLELLR
feo Ehe, 7 RXFFHEREOBIRG B LHRBEA D
FIRPEDTHBEE L bR,

DEDXdr, 7XAXBEREL & 1 ABERHE
BRELCIEERED > bEACEE LREOBRF
REEOREM FTOBEEOBES IR D T L
bLankieh, BELBIAEELLFIATESH0

Table 7.

tE2bhi, THLIZ bR, HEIVEEEYS
LAEHE, RERVAIAVTERBREL VB L %R
LT&bh, AR, 7AFBEREL &L 1 XBER
B% P gregata DERFE L T 52 2 )7 % H
T5L0THHEREbID,

IV. SFRIEZHEEM

By, HRREOSBEIMBRECE SR
MBS EE LT, ShEbFh 5\ s bEn
FRIZIDBOLNLERTHEL T 500K T
BB, BEYOLESFECITRMAREERRS, Mk
PlsREEE, v VIRE, ¥/ vic X OMIFERER SR
ZRRBES s EOREDR LT Dh, BgRIEC
I ARAERS OB EBfTbh T3 D
#5588,

EhK, TRCETH5TEMFEORZIFTER
B%, HTHAFSEOFFRELML, #Ehol
TR BERERESFOVIAVTHRET S &%
THE L, PFBEZLEB L LcaHkL LT
FZEVRIBEDAIEROERKE 5~V
DNA oA L LTI OMRM, HIREREY
FE%% (RFLP), X6 KB OEER OB
EAoBEERE R ENRD T Hbh, EEOSESR
5, RHREBROBERLICHEIR T, ¥
o, BFEMFEOFERIEYEFOECHER Y #

Mycelial growth of adzuki bean and soybean isolates of Phialophora gregata at

various concentrations of CuSO, on soybean stem agar.

Concentration of CuSO, (uzg/mlD

Isolate 0 1 5 10 50 100 500 1,000 5,000 10,000
. ¢ @D @D ¢ @D 3% G99 2.9 26
Adzuki bean isolate
A54-13 27.3»  27.3 27.8 30.0 28.8 29.0 27.0 25.8 0 0
AS4W 19.3 19.5 19.5 19.8 20.3 19.8 20.0 20.3 0 0
A59To 28.5 29.3 32.3 32.0 31.0 31.5 29.8 30.3 0 0
A61Ta 27.3 32.0 32.0 32.3 32.0 31.8 27.8 27.0 0 0
A62B2-2 21.3 22.0 22.0 22.3 24.0 23.3 23.3 23.5 0 0
Soybean isolate
S8001 20.0 19.8 20.0 20.0 20.0 18.8 18.3 18.0 0 0
58302 23.3 22.8 22.3 22.0 22.0 23.3 23.0 23.0 0 0
S60KS 26.8 26.3 25.5 25.3 27.0 26.8 27.0 26.3 0 0
S62Ha-3 18.0 18.5 20.3 20.0 20.3 19.5 19.5 20.0 0 0
R-3 21.3 20.8 20.3 20.5 20.5 20.8 21.0 21.0 0 0
St-4 15.8 16.3 15.8 15.8 16.3 16.3 16.5 16.3 0 0

@ pH of the medium after adding CuSQ,, which was prepared as described in the text.

» mm/30 days.
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VAU B, BBy SATHENB T ERTRREE L,
Z DD, LRBEHEOTERGHMELLSF T~
EBY, 2y EEE R, BETWERELP 27
BLIEBRENREL ADAB I L TET,
KET, FFREFHNFELHCCT X+%E
L & 1 XABEREOBGHERNE YR, £
VAPBUVSALTREGE A7 BOBRKE
B—=VETA VAL LWY, T, BBL AT
1 DNA OEEMHR L IEEARS| OMEME, I h=2v
F 97 (mt) DNADRFLP 3 &L 0" = A& 4 (ds)
RNA @2\ Ui,

A, BRS N8BS L UBIFRBROEIAE/
y—>

gV A7 BRBRERY 7  VBEFIELTEL
EotbDTHY, 2V sBREETHC &0k
DNA o0& LoBEE»HET 5z ticikcd, BR
BENE R v~ BOBEOHMMLERYBRHTE
50T, MR X CEBMENELL TTHE]
PEELREEHOBIICAYTHE EFE LN, M
B, BRY I CHHEYBEFERREOSHE - REOH
REHIGAIN, TOFAKESBEDSR TV 5,
FIC, RMTRT A+ BIERE & £ 1 XHER
BEOBEs v A7 BR L VEFEAEZE OB KE
2—vEREKRL, KB I AHEORT - AEDT
BEME A RET 5 L R ICEENERE oV THEL
o

1. By N\ BOBIUKEN Y —

e L U

23°CT1HM, v+ ¥ =R RS TREL
TR HEER L, Fek-FER B THERL 1,
BEiths v 2 BOME T DALE 529 O FEEICEL,
BS vkE X LAEMMLI® © £ (SDS-PAGE) i
X te, #kEE, # % Coomassie Brilliant Blue
THREL o,

- R

WIRBEREESED £ v < 7 B % 12.5%SDS-
PAGE TtH#H LAk =5, KEH L $#10~100
kDaicv ¥ B@» bht (Fig.3A), #RAL L
7 AFBERE, £ 1 AEERBELThTh 6 Bk
Ricoi, MEILSBEINTLDOTHELL, B

BEITAY F RS2 -Vt B L ALERRBED LR
P, MEOFMBEAENE 2 vy BERLE
WhDEE z bhis, —F, 7AFHERBEOFR
FEHRME L THE IR Type Blioh &£

BAVIEAR-VERL, MBEEE2 V2
DR P. gregata XA LM RIEBL D EE
zbhic,

SMifas v 7B 0%y TEKEKEI L L
5, HEKELH200kDa LT o v ¥
BEUIH, 7AFEERE L &1 AHEHRE M
IRESTHEES BRI, BRI 502 — v OfE
BEALBEDLRIE) - (Fig 3B), ME Z42M
Bz v 7 BRBOCTLHEERER IV LDLE
z2bhitz, Type Bizgefilas v 7BBV T
P gregata £ 3B LT REBKEHRTH - T2,

% =

ZhET, ZLORKRETHES v 27 HOESR
BB 2 -V EREEINTE, £0OBH, F—
"o L OIBELNL kBB ERTIenb, —RiIC
BREIOBHINETH L EE L LR TSN, K&
FENEY AV OBCRAY TR E IR T
39,

FoT, 7TAXHERBEL £ 1 AEFEREORT
MISE BN v <27 B U2l s v 7 BO
KEMRICERNRD bR ool &1L, TEAAI
BTRR{A—@ETHHILEERLTVDHEELD
h, WRRRCESEHEYR —EE LA
REXFTEIOTHDB, T LTCHEIL ZhETO
FRREeBT5HERRBS LT, Rhzoctonia
solani © B 5 B & B9 2 Puccinia B 8 © 71k
s Aymillaria mellea complex © &4 FE™ 1%
ERBEMSILL Tl 53, Phytophthora fragar-
iae @ physiologic race®”, P. vignae''” % Fusar-
ium BEE O FLE® D X 5 BRI B LEEX
ns,

%7z, Type B IR ERI B2 v 7 K, &M
faz vy Bflbd 7 XFHBERE, £ 1 AEER
BExRE LK 2 —v %R, P gregata t
BRLZBETHLEEZOR,
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(A) kDa

(B)

Fig. 3. Electrophoretic patterns of (A) soluble and (B) whole cell proteins of adzuki bean and soybean
isolates of Phialophora gregata and avirulent strain of the former. (A) Left to right; molecular
weight marker, A54-13, A54-24, A54W, A59To, A61Ta, A62B2-2, S8001, S8302, S60KS, S62Ha-3, R-3,
St-4 and B57T14. (B) Left to right; molecular weight marker, A54-13, A54-24, A54W, A59To,
A62B2-2, S8302, S60KS, S62Ha-3, R-3, St-4 and B57T14. The details of isolates are given in

Table 1.

2. HEABROBRAH/I—

e L U

0.0625 M Tris-HCl (pH 6.8) T L - HEfE
TR s vy B BRUKEHRD, EERRCEBL
ERREEZT ok (Table8), BHhicBLHKE
s—v EECHEHEKEHB OB MUE (Jaccard
coefficient) #EH L, FoELHCEYEREE
(UPGMA) & & b il ELERIRED #FR L

‘ﬁ:los)o

p= %

REF T, HERNBER I B W THEELR
Htc, TDIBIIER (Tra—rRKEBE
a7V n ) VEBEBUKEREE, YA -—afiK
REE, ox I BEKERERE Vv T BNKER
R, AV VEBEHKEER, S ra-2-6-) v
BHKRBER, S8 I VEBRKEER Feav
F—¥, v=5—¥, FLIV)TABRIEEE ©
ERKE 2 -y, SR L7 AFHIERE L0
B E & 4 AEIEHRE 10 RO cERNL LR
ot (Fig. ., —7, Type B, = & FLBHHE
BrhEhIn BB %E % — v ERL,
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Table 8. Enzymes, their abbreviations, Enzyme Commission numbers and staining procedure references.

Enzyme Abbrev. E.C. no. Reference
Alcohol dehydrogenase ADH 1. 1.1 1 126
a-Glycerophosphate dehydrogenase GPDH 1. 1.1 8 102
Sorbitol dehydrogenase SORDH 1. 1.1 14 102
Shikimic acid dehydrogenase - SADH 1. 1. 1. 25 78
Lactate dehydrogenase LDH 1. 1.1 27 126
Malate dehydrogenase MDH 1. 1. 1. 37 126
Isocitrate dehydrogenase IDH 1. 1. 1. 41 102
Glucose-6-phosphate dehydrogenase G6PDH 1. 1 1 42 126
Glutamate dehydrogenase GDH 1. 4.1 4 126
Tyrosinase TYR 1. 10. 3. 1 75
Peroxidase PER 1. 1. 1. 7 39
a-Esterase EST 3. 3 1 - 126
Acid phosphatase ACP 3. 1. 3 2 12
Fumarase FUM 4. 2. 1. 2 126
Tetrazolium oxidase TO 10

0 ADH GPDH SORDH SADH
g |——_——|TT——|== —|==—=
;"g
(= -
& 9.5=
[
= —
5
Q
~
1.0
A S B W A S B W A S B W A S B W
0 MDH IDH G6PDH GDH
0.5 o o s
s

1.0 - - -

A S B W A S BW A S BW A S B W

0 TYR FUM TO
0.5=
1.0

A'S BW A SBW ASIS2BW

Fig. 4. Diagrammatic presentation of isozyme patterns for 11 enzymes of adzuki bean and soybean isolates
of Phialophora gregata. The key to enzyme abbreviations is shown in Table8. Lanes A, adzuki
bean isolate (A13, A54-13, A54-24, A54W, A59M, A59To, A61Ta, A62A-16, A62B2-2 and A62K68-
3); S, soybean isolate (S8001, S57Ko, S570, S8301, S8302, S60KS, S60S, S62Ha-3, R-3 and St-4);
B, avirulent strain of adzuki bean isolate (B57T14); W, Cephalosporium graminewm (W56Kit). As
regards TO, lane S-1 represents the 8 soybean isolates other than S$8301 and S8302 (lane S-2).



72 EERERYIBUNLE F19% 15

FOMD ABEEOKE) & — VLT X BERE
LA RBERBE TR k-7 (Figs.5, 6), %7,
Type B, = 2 F¥F&EHRE L Fh £ hid Rk
BaR LT,

BB KERR L7 XFBEFRE TR IAD v
FABH I hiodd, £ XEERERZ O S b
BEHE (Rm) 0.38 DV FAKRHB I hicho T,

R—FF A —EOBEEDE L Rm0.18 DA
VIR T AFBEERE, F1 ABERFCHET
Botc, —H, BEEDOE NV FIY, £15FE
FECTIRL2EHERM0.62 Thoredl, 7X
FHREFHE CISHE LBRLCERSTZD LR
oo Tibd, THBUMATIBEEINLIER
(Al13, A54-13, A54-24) pbidH I hinh o
B, B CoEES huie 2 Ekk(ABAW, A62B2-
2: Rm0.64) B X UMW THBEINRAOEK
(A59M, A59To, A61Ta, A62A-16, A62K68-3:
Rm0.66) 3 ZThZhRELHBHELRL A,

a-=RT F—ERAELDTA VA LR DS
n, BBV SATRE) SR — ViR e, TX

FEIBERE & £ 1 ABEFRFIBRCHEN I R,
7 X FHBERETIZ U RD AV PRI E Hic
O3 bREHRICHBL TV DRSS KDOKRT, B
HEZENEZCED bhis, hil, FR—Hifs
LABEIREREIR - LS Do g2 - v %
RUAOIEZR L, FEEMRARLAEKRE TR Y
HLOBERENRBDOORIIDTH ot 24T,
Rm0.90 v FIXLR CHBEI W SEER»D
OXxEHEh, BICRMOSIDOFHRITIZHGL5HE
BhboaBm Ihinhrot, ¥, Rm0.69D
AR R TOEEE R 2 Bk B OSBRI
Ehlehhote, 7AFHERBICHEARS 4 REER
ECREEMNZENBEALRDLRT, 6 K0S
v F &% FT 56HB (S57Ko, S570, S8301,
$8302, S60S, St-4) &, Z D5 HLRmO0.58 v
Fa k< 4 BEE (88001, S60KS, S62Ha-3, R-3)
D2 7N — Tyl

AR 774 —EDORM0.420D "V L7 X
FREFRA, FMRAEERBCEBLTED N
oo THIZHL, BREEO/NZI WAV IRT7T X+

0 LDH PER
: =
(e}
£ 0.5 e — —
[ —
= — —_—
kS ——
QL
™
1.0
A S B W AlA2A3S B W
EST ACP
0
0.5+ -
AlA2A3A4A5A6S1S2B W A S B W

Fig. 5.

Diagrammatic presentation of isozyme patterns for 4 enzymes of adzuki bean and soybean isolates of
Phialophora gregata. The key to enzyme abbreviations is shown in Table8. Lanes A, adzuki bean
isolate (Al3, A54-13, A54-24, A54W, A59M, A59To, A61Ta, A62A-16, A62B2-2 and A62K68-3) ; S,
soybean isolate (S8001, S57Ko, S570, S8301, S8302, S60KS, S60S, S62Ha-3, R-3 and St-4) ; B, avir-
ulent strain of adzuki bean isolate (B57T14); W, Cephalosporium graminewm (W56Kit). As
regards PER, lane A-1 represents Al3, A54-13 and A54-24, lane A-2 represents A59M, A59To,
A61Ta, A62A-16 and A62K68-3, and lane A-3 represents A54W and A62B2-2. As regards EST,
lane A-1 represents A59M, A59To, A61Ta and A62K68-3, lanes A-2 to A-5 represent A62A-16, Al3,
A54-13 and A54-24, respectively, lane A-6 represents A54W and A62B2-2, lane S-1 represents the 6
soybean isolates other than S8001, S60KS, S62Ha-3 and R-3 (lane S-2).
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Fig. 6. Gels showing electrophoretic patterns of (A) lactate dehydrogenase, (B) peroxidase, (C) a-
esterase and (D) acid phosphatase from adzuki bean and soybean isolates of Phialophora
gregata, avirulent strain of the former and Cephalosporium graminewm. (A) Left to right;
W56Kit, Al3, A54-13, A54-24, A54W, A59M, A59To, A61Ta, A62A-16, A62B2-2, S8001,
S57Ko, S570, S8301, S8302, S60S, S62Ha-3, R-3, St-4 and B57T14. (B) Left to right;
W56Kit, Al3, Ab4-24, A62B2-2, A62K68-3, S8301, $8302, S57Ko, S60S, R-3 and B57T14. (O
Left to right; Al3, Ab4-13, A54-24, A54W, A59M, A59To, A61Ta, A62A-16, A62B2-2,
AB2K68-3, S8001, S57Ko, S570, S8301, $8302, S60KS, S60S, S62Ha-3, R-3, St-4, B57T14 and
W56Kit. (D) Left to right; A54-13, A54W, A62A-16, A62B2-2, A62K68-3, 58302, S60KS,

S60S, S62Ha-3, R-3, St-4 and W56Kit. The details of isolates are given in Table 1.
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Fig. 7. Similarity matrix based on isozyme patterns for 15 enzymes of adzuki bean and soybean iso-
lates of Phialophora gregata, avirulent strain of the former (Type B) and Cephalosporium
gramineum.
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Fig. 8. Dendrogram constructed by unweighted pair group method using arithmetic averages based on simi-
larities among adzuki bean and soybean isolates of Phialophora gregata, avirulent strain of the for-
mer (Type B) and Cephalosporium gramineum.
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Fig. 9. Relationship of similarity based on iso-
zyme patterns and geographical origin in
adzuki bean isolate of Phialophora gregata.
Similarities of intra- (in bold) and inter-
populations are shown as the average of
those between isolates.
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Fig. 10. Correlation of similarity based on iso-
zyme patterns and geographical distance
between locations in adzuki bean isolate
of Phialophora gregata.
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RV THISEL o, Table 9. Amounts of AT-rich fraction in nuclear
DNAs from adzuki bean and soybean iso-
1. DNA DiEEHEH lates of Phialophora gregata and avirulent

strain of the former (Type B).

B L UHEK Isolate Arr;;):cntti o(g lé‘l)‘)—glch
CTABIE iz X b & MM & #tHi#, CsCl- Adzuki bean isolate

bisbenzimide % & 2 BL#E & L 8% 4% DNA % 4 A54-13 32.5
B L7, DNA o ZM R RREER L h HIE Ab54-24 30.3
L7280, A54W 32.5
A59To 36.5

& R A61Ta 35.5

A62B2-2 36.7

Escherichia coil DNA © WSEEE R 31 B bEH

Soybean isolate

me, BMARE (Tm) 285.9CTH-7%. —H, S8001 21.8
TAXBERHE £1 AHEEFREE Type Bo 8302 22.5
DNA (3. 75~83CieiF T D 1 B o /NX il S60KS 21.5
EobRicHE, 83~95CIaid T2 BEDDLE S62Ha-3 22.2
s LB %R LA (Fig. 11 1 DNA O B il 58 o 5l R-3 23.7
BRLIDo 1 BREEDORNED LR (Table 9 i St 25.4
Ry RREE O LR ECH T 5 80T i ds 1 5Bk Type B

B57T14 20.9

EoLREOREGE L TGRLE) 144 XEERH
(22~25%) ITH~, 7 X +EEERE (30~37%) » The rate of an increase at 80C to the final
’ increase in thermal melting point determination.

DFRBEETH -,
#HE L P gregata 12 8 #% o DNA @ Tm %
83.6~84.8CT, ThIibhitBEXhAGCEER

Table 10. Melting temperatures and base composi-
tions of nuclear DNAs from adzuki bean

44 .5~47.3 mole% T (Table 10), “F #45.9 and soybean isolates of Phialophora
mole% Thotre “D5H, 7XAFEEHRE6HE gregata and avirulent strain of the for-
B D Tm i283.6~84.2CCT A b, GC& & 1% mer (Type B).

44.5~46.0 mole% (F#745.2 mole%) T & -7z, Isolate Melting Base composition

temperature (C) (GC mole%)

Adzuki bean isolate

Fh, FARXABEEFREHKE D Tm &

A54-13 84.2 46.0
s s A54-24 84.1 45.7
2 W - S62Ha-3 A54W 84.1 45.5
: A59To 83.6 4.5
g A61Ta 83.7 4.7
3 A62B2-2 83.7 44.7

% Soybean isolate
S8001 84.5 46.6
58302 84.5 46.7
, . : , S60KS 84.8 47.3
L K & & % S62Ha-3 84.5 46.6
Temperature('C) R-3 84.3 46.2
Fig. 11. DNA melting curves of adzuki bean St-4 84.5 46.6

(A59W) and soybean (SGZH'a-ElD itsoiatgs Type B
raimn

e former OETT1D. Dar desigmetes | BTI 8623 50.9
Escherichia coli 85.9 50.0

thermal melting point.
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gregata & D E L 4~6mole%TH b, P. gregala
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AEEFRBERII~L IO RERI *H T
1.85~2.31X10"Da ¥ 7 2 &b, Type BO
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88.5% LA Lok AR T EETH BT LAHLL
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2.0, o Table 12. DNA base sequence homologies among

:ni isolates of adzuki bean and soybean iso-
I . .
. lates of Phialophora gregata and avir-
= E. coli DNA
< o A59To DNA ulent strain of the former (Type B).
2z,
T: Pairing of isolates DNA homology (%)
o
< 1.5 Adzuki bean isolates
Ab4-13 + Ab54-24 92.9
Ab54-13 + A61Ta 90.7
A54-13 + A62B2-2 88.5
A54-24 + A59To 93.8
A54-24 + A62B2-2 95.3
1.08 : T . A54W + A59To 100
Cot AS4W + A62B2-2 99.2
To + i
Fig. 12. Second-order rate plots of reassociation 2551)’1‘0 A6l Ta 00
of DNAs from adzuki bean isolate of 6 a.+ A62B2-2 98.6
Phialophora gregata (A59To) and Escheri- Soybean isolates
chia coli. Ap, Ay and Ar are absorbance S8001 + S8302 98.8
of denatured, 'native DNA a}nd renatured S8001 + St-4 100
DNA at any time T, respectively. S8302 + S60KS 93.8
KS+ 5 - )
Table 11. Genome sizes and amounts of repeated zggKg N ;G_zHa 8 25 4
sequence of nuclear DNAs from adzuki 4.7
bean and soybean isolates of Phiglophora S62Ha-3 + St-4 100
gregata and avirulent strain of the for- R-3 + 5t-4 100
mer (Type B). Adzuki bean and soybean isolates
A54-13 + R-3 71.3
Genome Repeated
Isolate  Cot. value 7o Da)  sequence(%) A54-24 + S60KS 65.4
Adzuki bean isolate A54W + S8001 7.3
A54-13 4.46 2.71X10' 14.0 AS4W + St-4 66.7
A54-24 4.66  2.84X10% 13.1 A59To + 58302 69.8
ASIW 5.23  3.18X10% 16.3 A59To + R-3 69.9
A59To 552 3.36X10© 13.9 A61Ta + S62Ha-3 2.2
A61Ta 4.67  2.84X10% 14.1 A62B2-2 + S8001 70.4
A62B2-2  3.81  2.32x10% 13.9 A6ZB2-2 + St-4 68.9
Soybean isolate Adzuki bean isolates and an Type B isolate
$8001 3.57  2.18X10 9.9 ASAW + B5TTI 10.1
$8302 3.04  1.85X10 12.6 A59To + BSTT14 12.9
SE0KS 3.45 2. 10X 10 10.9 Soybean isolates and an Type B isolate
S62Ha-3  3.27  2.00x10°  11.9 58302 + B57T14 0
St-4 378 2.31x100 129 SGOKS + BSTTI4 . .. 0
R-3 3.71 2.26X10%* 11.5
Type B BY, BLIENETH T, Tl &1 A%ER
B57T14 4.41 2.69Xx10" 12.8 B & Type B HITRMHERMEIRD S hich o,
Escherichia coli 0.46 2.8 x10°
=z =
SEREE S Lz 100%ofR%TH - 1, CHETOHEESRD 2% L h st EHEOK

—F, TAFBERB L L1 AFERBERBI T 77 Ai30.6~3.0X10"°Da idtc b, E~20%D
65.4~72.2%® DNA LR L1z, 7XFEE RERFIEZELTN5L5 Tho,
JRE & Type BIE© DNA O HE % 1210~13%T REREOEER, P gregata, Type B ¥ / a4
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1 X8 X ORERFIOEE EE B IRTEOH
ERchBZ LB bnslested, 7XFEER
BRsAABEREL VLY 2 291 XHKEWZ
LR R, FIfio7 1 V¥4 s esuT,
a-=AF 54, ABBRKEBEROT AV ¥4 A
DEILT7 X BEFRBEOFT1F 1 XBEFRELO D
BT EMTRINIH, THILS S A A ADED
Bhehahrdblhiv, 2O LD\TIE, B
WHKEZ L W DNAYERET AL, EHIKE
HLTWBHERD D, i, KERFIOEHEL T
R HEFREOHNE A RBEFREL Y b\, &
¥ AOBEBENRKEERL BRI ER S,

GCERIBETORGHWTHY, BEBEKRD
BNEYHRA—DGCEREYRTIENREIDVE
b, EPERREL TV 5ONEGHER, ThbblE
HEFITH D, ZOHAM L DNA OFLERIEHE
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ErLEBZENTED, Fric, MESCEELY
1594 ARFEREBERE IO THBENES I
CoHERERETE %, Bergey's Manual of Sys-
tematic Bacteriology Ti%, 7T0% M EoMEH %
TTbhoRE—RoR—BAFCEL, 60~70%D
bORM—~EBTRHIHLBRELZBARTDH Y,
20~60% Db DIXFETH B AR BERED D &
ERTW39, i, BRIV TIET0~100%0
DNA HRMEAF TS0 BE—ETH Y, 0%LUT
DHDRFETHHLELLRTWB,

WA, SRRETHEERTI ORI BT 58S
BRLIAD LIRS TERSR, ThbDSBUL
Ok FE LT Fig 13 1IR L7,

F. oxysporum T D4 LE o THR M
FARLhER, R—oB T 5% EoER
HETRL, BB CIbE 008 THS LE

Phialophora gregata, Type B
Adzuki bean isolate
Soybean isolate
Adzuki bean + Soybean isolates
P. gregata + Type B
Genus Fusarium™
The same forma specialis of F. oxysporum
Different formae speciales of F. oxysporum
F. oxysporum + F. solani
Genus Verticillium®
V. dahliae
V. dahliae + V. albo-atrum
V. dahliae + V. nigrescens
Genus Armirallia*”
The same species of Armirallia
A. mellea + A. bulbosa
Rhizoctonia solani®—%"
The same group in an anastomosis group
Different groups in an anastomosis group
Different anastomosis groups
Genus Aspergillus™
A. flavus + A. oryzae
A. flavus + A. parasiticus
A. flavus + A. leporis
Genus Alternaria®
The same species of Alternaria
A. alternata + A. mali
A. alternata + A. solani

Fig. 13. Examples of DNA base sequence homologies of some fungi.
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ZHhDbDTIE85~94%, BRI 41k
BE T 63~84% OMREM L RT 2 BB LR
BRI, —F, Verticillium dahliae & V. albo-
atrum FHEENERL T b, EEE T 55
gL TE0RGCHREONG L TERL, L
L, WIESIRERRN « BEMICAESERDEL, V.
dahliae DBUNERETRT 5 &\ 5 MR ED
ROLIDLDHBEERHNEL IR TV 5, HEER
48.0~65.2% DMFEMART & T h, RMRBENT
HEVCEREDD LEZBLRTVWEY, 20X 51K,
AREERCTRSESHCE—EE ZhTv53
DIT—RIC 60~65% L LD HRE T IRTE L0 5
DNA v~ CHERM: 60~65% 03 % 5 0o R
BRTHLDHEELDLLENTED,

R 60~65% X BOBABRETH L 2h

DFINHTTL B, Alternaria alternata, A. kiku-

chiana, A. longipes & A. mali 3BT E - 7o
SEFITERGY, BEERE (KEOBEIIAE
TEHRROBBEA W ZEDTND) BREDBZ L
NHFELE INTE e, NISHIMURA® 13, Zhb
DRBEIEARBLEYETH - A alternata W E
BRIl BREERYEBRSLLIERL-TELK
H DT, A. alternata © pathotype & 35 Z & %
BEL T\ 5, %1, Aspergillus flavus, A. or-
yzae, A. parasiticus, A. sojae VIFEEIDOFE\ M THT
HCHEE L SEGFET L b Y, XK
BEcoFAE»BRELZBEIOVLTWBHATD
%, KURTZMAN 543, Zh b 4B AXFE—
BTH-odbOrERLIBECHLL TV ART
FTRERPEBL TV bDEHRIL, A flavus
subspecies, variety &35 & HBEL T\ 5%,
—%, R. solani VAR FEYE, BEEKE, L£BH
HERREB WL OBORENFEL, BEAMER
LRE—RKLT5, SOEKBMATB O DNA
FMEE L CE ST REDBE, SBEH
(BBEEOFOFRI) XDNA v TitEh
FRMT LB ERLINBEHOTH 5B,
KEBROKER, 7TAFHEERBE L% LM
R rTERT, LR E#5ofE RGN
CWE ER & TR OREHER O IR A %
REMMLLEDZ ENREEIRT: (Fig.14). %
fo, FAXBEREIEEC URL EoMERME T
BHote, Thbid, Fo oxysporum DFE—5 BN
SRE (95% L) LD idEVGSDTH -7, B

BN FREENCIEHERERTHH I Y
TLTDEEZLRI,

—%, 7TAFHREREL £ 1 AEEFREEOMHER
X 65~T2% T, 7 AFHEERBORBHERR
RRXEDSTH, ThE D LELMECELR
Lico ZDMER, F. oxysporum TILE K 5B O
MEEELTE L5 REBEENCKE Bics 0
McRDbNBETH B, ¥, MEHERCES
X E R T 5B V. albo-atrum & V. dahliae
ARTHRMCGIET S RE, TAXEERBL S
1 XEFERE IR B L COBBd b enibd
BEREL ) L LCBERARTHL LEL DR
Do

¥ 72, P. gregata & Type B OB 13% T
DERELRD SRR E T, BLHRETS
D, REBEEMCLAZGERCEV-EE 2z DR,

—iz, REME»LEN UCELE S DNAKE
Ao HRM I IHEBIBIGR AR D BB & ST
W3, RAMELRRCEPE YR THE& I DNA

Sapporo
Kamikawa
district
99.5

92.9

Tokachi
district

Fig. 14. Relationship of DNA base sequence
homology and geographical origin in ad-
zuki bean isolate of Phialophora gregala.
Homologies of intra-(in bold) and inter-
populations are shown as the average of
those between isolates.
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PECHEERY TR T, EEBECHLUE 0%
BECk? EERFIOERM LIZEAER bR
BB ENBEIRTENY, Z0Z L IREW
BofERLTL I BEEFROBUEXEL T
WIERWZ ERBRLTVE EEZBR TV 31,
T AFEERE, £ XBEREL Type BTo
TA YA AHHTICEES AL & DNA BXRY)
ORI oM b &\ CARBIBAMR (r=0.984) 23
bhis (Fig. 15),
i, AR OER, LEERTIOMERIY 65%
100w

Y =0.98755X —2.09751 -
r =0.984129

50

Similarity based on isozyme patterns(%)

L) 1 3 *'
0 50 100

DNA base sequence homology (%)

Fig. 15. Correlation of similarity based on iso-
zyme patterns and DNA sequence
homology in adzuki bean and soybean iso-
lates of Phialophora gregata and avirulent

strain of the former.

BETIEAL v 7 BOKE 2 - vVIZERNY
hTohvo B I hi, loRRETOMY
RTxn L, F oxysporum ORTe 5 5LEBCk
63~94% DHFEMELTD LN, 2V 7B A5 —
VTRRFITERNE IR T H288 gy ,0p
BEOXBE,» H#MBITE B LT MG L
W V. albo-atrum & V. dahliae T8 © # & ¥ i
48~65%THhH B L IR T\ 3%, R. solani D %H
HEEHIHALNACRED F VA7 BRR - VERR
L1990, BhAEEIOMERAEILBBUTTHBZ a8
HEIRTWBS, X5z, RIRETII—§
i DNA 5 ZFRZI O BRIE R 0% RBEU Tk s
LBV ARy BOBKKE 8~V ICERPE DL
BISisrbotEZLLRS,

C. sr:>FU7DNA®Hmﬁ$%HE§ﬂ_

DNA 5 &5 o HE S I E —E AR DR
GHIEBEYTRANLOCHE L HETH H D, Hk
VARADERIZRXNISTE Vv, 29 LIS
X, EEEBHRORE, BRAREEEL - AOERY
WEMAG BT TE % RFLP SR 23Th i 5,
mtDNA 134 4 X 2V X\~ 72 RFLP 547 © 334
ekt & 7e B, ¥ 7z, mtDNA 138 DNA © 10 £
DEITHEALLTVHEELR TR H®, EMARH
OB RII DNA & b mtDNA <55 448
LI b EHMENENRS,

AECIE, BARDOT7 XFHERE L & 1 KR
B o mtDNA @ RFLP ##~, HEOEENER

Table 13. Restriction pattern types of mitochondrial (mt) DNAs from adzuki bean and
soybean isolates of Phialophora gregata. ’

Restriction endonuclease

Isolate

Bam HI Bgl1 Bgl1l Eco Rl EcoRV Haelll Hincll Hindlll Hinfl Hpal Kpn1 PstT Poull Sacl Sall Sau3A1 Sty1 Xbal Xhol

Adzuki bean isolate

Hdl

A54-13 B1®» BIl BIl1 E! EV1 HI Hel Hfl Hpl K1 P1 PvlI S1 SII Sul St1 X1 Xhl
Ab4-24 B1 BIl BIl E1 Ev2 HI1 Hel Hdl Hfl Hpl K1 P1 Pvl S1 SI1 Sul St1 X1 Xhl
A54W Bl BIl BIl E1 EV1 Hl Hcl Hdl Hfl Hpl K1 PI Pvl S1 SI1 Sul St1 X1 Xhl
A59To Bl BIl BIl E1 EV1 Hl Hel Hdl Hf! Hpl K1 P! Pvl S1 SI1 Sul St X1 Xhl
A61Ta Bl BIl Bl E1 EV1 H!l Hel Hdi Hfl Hpl K1 Pl Pvl S1 SI1 Sul St1 X1 Xhl
A62B2-2 B1 BI1 BIIl E1 EVi Hl Hel Hdl Hfl Hpl K1 P1 Pvli S1 SI1 Sul St1 X1 Xhl
Soybean isolate
$8001 B2 BI1 B2 E2 EV3 H2 Hc2 Hd2 Hf2 Hp2 K2 P2 Pv2 S2 SI1 Su2 St2 X2 Xh?
S8302 B2 BIl BI2 E? EV3 H2 Hc2 Hd2 Hf2 Hp2 K2 P2 Pv2 S2 SI1 Su2? StZ2 X2 Xh?
S60KS B2 BI1 B2 E2 EV3 H? Hc2 Hd2 Hf?2 Hp2 K2 P2 PvZ S2 SI1 Su2 St2 X2 Xh?
S62Ha-3 B2 BI1 B2 E2 EV3 H2 Hc2 Hd2 Hf2 Hp2 K2 P2 Pv2 S2 SI1 Su2 St2 X2 Xh2
R-3 B2 BIl B3 E3 EV4 H3 He3 Hd3 Hf3 Hp3 K2 P2 Pv2 S2 SI1 Su3 St3 X2 Xhd
St-4 B2 BIl BH3 E3 EV4 H3 He3 Hd3 Hf3 Hp3 K2 P2 Pv2 S2 Sli Su3 St3 X2 Xh3

® Pattern type assigned by visual comparisons of mtDNA using each restriction endonuclesase.

are shown in Fig. 16.

The pattern types with representative endonucleases



WA D 7 X2 HEEFE & & A ABERE OSBRI 5515 83

(A) Sl1 (B) K1 K2
1 2 345 67 8 9101112M M1 2 3 4567 8 9 101112

(D)
El El E2 B E2 E3 EVIEVZ EVI EV3 EV4
123 45678 9101112M

Fig. 16. Restriction fragment patterns of mitochondrial DNAs from adzuki bean and soybean isolates of
Phialophora gregata with representative endonucleases. Patterns digested with (A) Sal1, (B) Kpn
I, (C) Eco Rl and (D) EcoRV. Lanes 1, A54-13; 2, A54-24; 3, A54W; 4, A59To; 5, A6lTa; 6,
A62B2-2; 7, S8001; 8, S8302; 9, S60KS; 10, S62Ha-3; 11, R-3; 12, St-4; and M, ADNA/Hin dIII
as a size marker. The details of isolates are given in Table 1. Restriction pattern types assigned
are shown above the lane number (See Table 13).
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W R A TORBHEROBE 2R LI,
HEE L UFE

RIS TR L 22 8% v mtDNA % 58 L 1,
B ohtc mtDNA ZHIBREFZAEL, 7 r -2
BRXBTHE L, BREKE 2 - viEe, B
H9 DIREICHE - CRIZHERE CEE YA A D
MBS dE, EERFISKRETN: p # *
HHL, Ebicd fE % #Fi Farris 21 12 X b Rk
BEER L 7,

& R

H19EOHBER I VAEBLTELRLET X
FHREFE FMABERELNRTh6EKRD
mtDNA OBRKE) <& — v @S RERFCERL
T Tablel13 iR L, REHLkEB % Fig. 16 1<
mLT,

Bgl 1B TR L2 12 kM o mtDNA
THMMTE B whe, T, Sal [AET
RAHRERCHBLT2.2kb DAV F2IRD 5
e (Fig 16A), 7oL, 7TXFHRERE LG
WE, MHEEDODAN A XBEREIZLTL L Hh
mtDNA O 4 XRRZ B (BB, BFoA
YEOGFERIIRLIZFTRL-TWBEE2ZD

N3, Cho2BEMABC L 5ERKE 82—V
i3, BE KBS TIBERMERIED LRV
DT, F—OKBE L L TEEL L.

F oMo 17TBERTRELM RS BT bhl,
Bam HI, Kpn 1 (Fig.16B), Pst 1, Pvu 11, Sac
L Xba lo6BFRicx AT, 7AFEER
B LA AEERE BN ERKE 5 - v
AL, ThZLhOBETEKY v 0LERZTHbh
7e oz, Bgl 11, Eco RI (Fig. 16C), Hae 111,
Hin cll, Hin dlll, Hin fl, Hpa 1, Sau 3 Al, Sty
I, Xho 1D 10BEETHILLIBA, 7XFBRER
HTRHEEMTERRED A TR—DOKEIRT
Hotehh, £1XABERBIIhERLB2O0E
K[UEE < F —vERRL, WBETOE IR 4
(58001, 58302, S60KS, S62Ha-3) :f#KHE T4
BEX i 2B (R-3, St-4) TR -, Eco RV
NI (Fig. 16D) Th & A AHERE IR 2 7
M= TRKE R, TAFBERECS AS-
U BTERIRRD ORI (CHIEREBRE I
LD 5 HEHRTRD S5 6.0 kb DB H I Eco RV
A PPREULIEDEE LN, £ T, Abd-
24 BRI 7 AFBIERE Y Type la, A54-24 ¥
% Type Ib, ¥t ECHBIhiF 1 XEILE
RS 4 BkkE%x Type I, SKEHBRED 2 B% Type

Table 14. Restriction fragment sizes (in kb) of four mitochondrial (mt) DNA types of

Phialophora gregata.

Endonuclease and mtDNA type

Fragment By 11 Eeo RI

Eco RV Xho 1

Typela 5220 Type Il Type Il G3® Typela 522 Type Il Typelll G3 Typela 522 Typell Typelll G3 Typela 522 Type II Typelll G3

1 8.6 86 7.2 80 74 15 16 105 105
2 8.0 7.7 6.8 68 7.0 94 95 17 .7
3 6.4 65 6.0 6.0 61 91 92 6.0 6.0
4 60 61 5.2 52 53 19 48 48 4.8
5 58 6.0 48 48 49 48 36 40 3.9
6 £3 44 43 43 44 34 31 39 X2
7 X2 33 33 33 33 30 28 33 3.6
8 33 28 28 28 28 28 23 29 3.3
9 28 7 2T 27 27 23 16 28 2.9

10 27 11 16 16 LT 15 12 14 2.8

11 16 16 L5 L5 16 13 10 14
12 1.5 11 11 1.0 L0
13 0.9 0.9
It 0.8 0.8

Total 5.3 514 4.0 498 472 5.0 523 473 518

106 25 7.2 25 25 18 2.5 285 300 300 2.1
78 92 92 88 8.8 88 91 89 110 8.3 104
61 85 86 7.8 78 18 T8 T4 Th 75 1.6
48 59 60 58 58 59 62 59 21 6.1

40 58 5.6 54 5.4 55 21 2.1

39 55 25 18 3.7 18

33 14 27 18 2.1 L6

29 21 1.8

2.8 1.6

1.6

478 599 513 51T 515 472 825 50.7 50.6 540 471

9522 and G3 are Japanese adzuki bean isolate and American soybean one, respectively, which were reported by GRAY and HEPBURN'®,
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MLcr7r—ev s,

b D mtDNA D% 1 2 % HIFREE SR MK A
DEH»OHELALEZ A TXAFHERHE,
Type II, Type I i3 %N %4 52.5~59.9 GF¥y .
56.4), 47.3~51.7 (F#y:49.7), 49.8~57.5 (¢
¥ :53.3) kb Th -7z (Table 14),

¥ 72, mtDNA © RFLP % # iz 8 A © & {z BE B
TRDI, AEBRTHRA L 19FBREFLED S b,
FOMBIE - TEROWARET TV FORT
REBEATNIERE LY T 5 it Hae 111, Hin fI,
Sau 3 AL &L EAKIF D& U iehs o7 Bgl TR
T, Mo I5BREOEENSHE L, Tablel5 @
RE& 71— FHOEFER v FoEE (FE &4
fl, pEZRL7, 7 A ¥%ERE D Type la &
Type Ib DTt F=0.989, d=0.001, p=0.002
T, &4 RBERED Type Il & Type Il DT
2 F=0.769, d=0.016, p=0.046 T H >7c0 —
F, TAFEERE L Type ol T F=
0.461~0.463, d=0.046~0.047, p=0.132, %
o, 7AFHERE & Type Il o Ml Tk F=
0.535~0.537, d=0.037~0.038, p=

0.106~0.107 TH » 7o
dfEx#E iz Farris ki Lo TEER L2 h b 4
I — 7 ORGE % Fig. 17 @R L.

% =

SRRE DO mtDNA o4 1 X% 19~176 kb iZd7z
i BRI - CRiEBEM, RA—&D5VIZE
— AL CH > ThI A XDBBRLIEERDBH LS
TH BB & - BEEOmMDNADGCEE
K <, 20~45mole%E R T & I T B,
mtDNA © RFLP i EF I i TH K DR IR
BTHREIhs L onhotc, AFHEIERZ VL
DEMLERYRETE B, BHFESCHERKY <
NOBGHERYAETLDICHECLR TS5
ML, BEIhIcLBASEH, BFEHERERL
DOMOBEHEDHIR LBIRNED LN DB EIHEH
i7§32,36,43,46,52,71,110)’ %ﬁ%{b 6 : é: i) @ Z) J: 5 wc‘
5,

FJL, GRAY and HEPBURN*Y iIZ X o TH A D
TAFHEREE T AV IOF A AHKERED
mtDNA B & S h, v+ 1 Xk Fh £ hbl.l,

Table 15. Genetic distances among four mitochondrial DNA types of Phialophora gregata.

Group Type Ia Type Ib Type 1I Type III
Type la — 133/269% 59/255 72/268
A (0.989) (0.463) 0.537
Type Ib 0.001/0.002® 59/256 72/269

(0.461) (0.535)
Type 11 0.046/0.132 0.047/0.132 — 100/260
0.769

Type III 0.037/0.106 0.038/0.107 0.016/0.046 —

# Number of common fragments/total number of fragments (F value: proportion of common fragments).
» d value : nucleotide substitution per nucleotide/p value : nucleotide sequence divergence estimate.

Type Ib
0.0011— 0.0340 0.00335 Type I
—0.000¢
0.01225
' Type 11 |

Fig. 17. Phylogenetic network for four mitochondrial DNA types of Phialophora gregata by the method of
Farris using nucleotide substitution per nucleotide.
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47.1kb TH LM R DHIRBERF B2 -V
RTH, X0 bRA—GTFED SV VA 3B%ED
bhbC ERREI R, ¥, F1 AEIHRE L
BHEE 2 HED B, SRS Lhih -
1o
AEBRORER, HERADOS 1 ABEREITITHS 2
TRt 24 470D mtDNA BEETHZ LR
Eh, JuigdE (Type ID L#KHR (Type IID &
VOB E—BR L, MED 5B Type I
ET AV D DF A ABEIEREOHIRBER W 5 —
v RBE-F LI 5 (Table14), 1980 £
DRI ECREL TV B84 RBEERIEEH S
T AY I LEBATNACLOTHY, HEKEHR
TEALTVWDDDRIN LR LZBETHHEE
2bhb, KFERXHFEY, =712 THLHEE
LTxb, %, MEOEKIC ST mDNA
RFLP 5#i %47 5 W E»R DD, —F, 7TAFHE
FRER IR EBHL MR L5 mtDNA T, 14
(Eco RV A TD A54-24 #%) % ¥ RFLP 1152
dhhfehrolcl &b, BIEEESETREL
TWAHA7 AT HERIE-RETHD LEEIL
7o

¥, Zhb3 20 mtDNA DY A4 X2\ T
i3, BOTEOWMR LRI ABITEENREZOR
U HIRER AR L GhR CERRY 1 XERD
ETHERD B,

mtDNA © RFLP iz % 3  SEEHEZE I
TOWG & L B L8326 A = St i3
HpEBEIKI-TKEL RRLDLDI I THABD,
—ERESERTCEpERIIL EZRTOT
i tEzbhb, KEOBE, pHER7TA*
% EEFRE (Type Ia & Type Ib 8D 120.002, & 41
A% ZERE (Type 11 & Type IMIEDIX0.046 TH
h, MEBT0.106~0.132 K&, HEREE
Z2bh T3 P megasperma D53E (i)
RIC DOE? W s T2,

%1, B TO mDNA OFRH L, —Bi

FaVvF YT AREEY 2 AL D AEL L (F
B) T353R T3, L L, Phytophthora
capsici % P. parasitica T 13 mtDNA X v & ¥
DNA @ RFLP O 2K OER IR E V2 & 48
REEhTV25, KFRTL, 7AFBEFRHE
T A7 HFA L5 DNA EHE S OERE KR
2258 DNA OREHER S A R & 23

BEhtcorx L, 1H%EV-CmtDNA © RFLP
ARED SR otc, WL, £ 4 XHEFRE T
DNADZERIHEERNPIZ b oL Bbhis
mtDNA v STtk & S & A5 2 70— 7K
Tht, &%, BEDNAODORFLP4#H % T- T,
P. gregata =B 5 DNA OFE R L mtDNA ©
FROBFIZOVCTHRIEL T BERD B,

D. “KEHRNA

dsRNA # il EBIESF~—»—-L L TRL
SR L EEBEAEBFOT RS wHAL RS
NHELND,

AFiTE, 7TAFBEEREL LA XBEREND
dsRNA o#H, H&*1T -7,

HEELUFE
dsRNA D i MoRRis and DopDs®® @ 5 &

CHEL TfTo e, HIH L RBHE 5% PAGE X b
G LT,

f& R

TRYEERE2TEEE, £ XEERE S EHK
OB LR YBERKB LA, TXFE
ERE BB AV P Shic (Tablel6,
Fig.18A), T 21 & ® -3 v ¥ (X DNase 2 iy ¥4 T,
RNase K BiHEE T Clitlt, EKEBETcH#ER
NicZ Eht, dSRNATH B Z EAER I AL
(Fig. 18B), dsRNA 238t & hfc  i3FLIR < 7 B
Ihicg TOHk: BN TSI 68
D5 b 3WHKT, MEDOKE 2 —v3RE-T
Wi, IR THOBEI BRI 4 XKDA AV
b, rice dwarf virus ¥ <=—»— L LA s EOD
GFERF#2.2, 1.4, 1.3, 1.1X10° DaTh-17=
(Type D, %7, EJIMAEH THE S h Bk
X8ARD AV IFEAEL, SFEIIMLIS 1.70,
1.05, 1.00, 0.95, 0.80, 0.75, 0.70X10° Da T
Bt (Type 1D,

—77, B)iraess, s s o BEH (B
BT THOBER R 7 X FBERE, BLUKA
REZEFREH 513 dsRNA 2 X uieds» 7o,

% &

dsRNA BEAREEOBCEET L Z L NHEL.
1ZEhO, ZoEEMEARMEHIEKEERS
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Table 16, Detection of double-stranded (ds) RNAs from adzuki bean and soybean isolates
of Phialophora grogata.

Isolate Locality DsRNA
Adzuki bean isolate

A58H Sapporo (Ishikari district) +(1)®
A59M do. (do.) +(I)
A59To do. (do.) +(I)
A60To do. (do.) +(1D
A61Ta do. (do.) +(I)
A62A-16 do. (do.) +(D)
A63Ta do. (do.) +(I)
A54Ka Asahikawa (south Kamikawa district) + (1D
A60N1 do. (do.) +D
A62B2-2 Biei (do.) +D
A62B3-1 do. (do.) -
A62H1-6 Higashikawa (do.) -
A62H3-3 do. (dov -
A54W Wassamu (north Kamikawa district) -
A60W1-1 do. (do)) -
A59K Kenbuchi (do.) -
A62S Shibetsu (do.) -
A13 Memuro (Tokachi district) -
ABTT24 do. (do.) -

HH do. (do.) -
A54-24 Makubetsu (do.) -
A54-25 do. ~ (do) -
A56-25 do. (do. -
A54-13 Asyoro (do.) -
Ab57T22 Shimizu (do) -
APl Atsuma (Iburi district) -
AP2 do. (do.) -

Soybean isolate
S58W Sapporo (Ishikari district) -
$8302 Obihiro (Tokachi district) -
R-3 Nishisenboku  (Akita Prefecture) —
AK89-12 do. (do.) -
2 + : detected (electrophoretic pattern types shown in Fig. 18), — : not detected.

BT EBRHMBLRTWAEY, TAFHEERLEF A X
EEROBMBANREL TV LILROBE oI R
THBED 5 b7 XA FHEERED LD B dsRNA 2358
WE Rtz b, TOBEBB VXM TH
BEOTRNMThR TN EATRB IS, &
hit, WEOBTEERESEKRS, Tihbb4 il
CREINTVWATDERTERV-ON, HHWVIT
BRI FIGHTH HIDEEZDLRS,

F7, 7TAFEERETILASRNA 0FECESR

KBS & — v ESBMBROMICBERARD bhi
2, KB THH X R dsRNA #8 Endothia
parasitica® THREI ATV H L5 EREHYE
LTRELTUREShAHEDOS Db, LIgR
BNt OB B L & 33 21l
<, TG OBEKAHESCER, Bl ik
Mol fAbrOBl TR IR FEHmoE
Bk dsRNA ZH 2 X S infe oo b EX B MNEY
THAHY, Ibic, ENHFIIME LicE 24
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Fig. 18.

Double-stranded RNAs detected from adzuki bean isolate of Phialophora gregata.

(B)

(A) Electrophor-

etic patterns, left to right; A62B2-2 (Type ID, A62A-16 (Type D), A59To (Type D and A61Ta

(Type D.
in 0.1XSSC, RNase in 2xXSSC and DNase.

FooEllichich, LJIIHARETE UckED
BBl s b, MR IENREL R Z 0
TERKE G, HBHWIE, ThE O sz
RENREL, BHROBEARELIZLEZLN
%o

Zo X 5% dsRNA DAY Rt — v b 5Bt
OB RAED SR B H & LT E. parasitica D

(B) Reaction of a sample from A59To to nucleases, left to right; treated with RNase

hypovirulent # 23 % F & h 529, hypovirulent #
TR &5 dsRNA OB % — v i2 321 A
I Eh, BT A type 1 & type 2ika—w v
SROEERIVRL, b7 2 U D SEERII I S LS
IRz 5 type 3 BIRT,

—, dsRNA IMEHFEFERRECIHEEL D
BIE» LR Il d %\, R solan®®, E.

Table 17. Double-stranded (ds) RNAs, pathogenicity to four host cultivars and mycelial
growth of adzuki bean isolate of Phialophora gregata.

Pathogenicity to adzuki bean®

a) Mycelial
fsolate DsRNA Ts?‘ﬁ)i{lal Maruba Hsﬁ:(s)gﬁe- Akamame growth?
Al3 - 21 0 0 0 20.0
A54-13 — 22.4
A54-24 - 86 0 0 0 -16.9
A54W — 100 0 11 0 19.3
A59To +(I) 24.5
A60To +(1) 100 0 4 0 20.6
A61Ta +(I) 22.5
A62A-16 +(D 80 0 ] 0 21.0
A63Ta-1 +(I) 33 0 0 0
A62B2-2 + (1D 91 5 0 19.8

® Data from Table 16.
" Data from Table 3.

9 mm/three weeks on soybean stem agar at 24°C. Data from Tables 4 and 5, and from other.
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parasitica® 7z ¥ 12 dsSRNA 2WRR#EZET 3¢
& &0, #iz, Geotrichum candidum®® T3
MERDEIRTCBY, BFRECL - TFETS
HERABORTWAEEL S, BEETLD L5
LIcEZPDERPTohb 0T, 7X+HBERE
(Type A) TixdsRNA 28 B S R D E#RIZ
BREENEh oL LT3,

Ll, KRR cBOhERYBETS &
(Table17), dsRNA OE&E L RFEMED 5 IXE 4
DOEEEREOMICIEFRNEGL I Bbh 52,
dsRNA D#ifancoF#E#R (dsRNA EH ~
ANVARDY 7 ATHDBBESHBHMN, v 1A
FRERINT, 20HRITHEERL DL H )
LA, SHILHERL Tl s ia-HE
ThbH, ¥7, dsSRNA 0 v FEEOHBEE Y5
NEDBEVD B,

V. BEEE

F A4 RBEREYFHED C. gregatum & L TH
4 L #- ALLIGTON and CHAMBERLAIN® & 7 X %
BEFREY ORI —E& LTHSE LR EB 3,
IR E 2 Cephalosporium O BBICSELTIT—K
LiswZ ExE@ABLTWB, DK, GAMS™ 1T
Cephalosporium B D % { H\ Acremonium |BI\Z/E
TE5LDTHBELRL, C gregatum 37 47
SAVEELN I Z—NRDOILIADZ ED
Phialophora BB & hiz, Tz, 1986 FiziThh
EEEESEEEEO T V- Y RAEORR,
Phialophora |§ 3 & U8 Acremonium & LG B 4
B(TEMED R LVEAE, M1F+77/n2-)
ODGBFTEETH ) B OO EFENHRLATRT5
T, RACKRH*ET L3R, Zhbol
Ly, KBRS U2 TD Cephalosporium J& 23
BOBEOSEHHET LI b DTIRih -7 & & BR
LB, ©

—7, FEND G TEESEECREE LT 7
r—F LB LR BHRBHRCINLZT, L EBE
DEWHEHY R T AR T 5 DI 0L
VoBE, BeltFo iR e pmcERAL
I3 VB ENEBNCETETEANSETHA
51 T B,

CRETODELS, WRELFEEL 5O
R b LEE R ch 5 0%, ARYITE sl
it Hh, FREEORBREHERE OV OB

AP A -F e A& LD i

IO LD b &, AHRIMENR—BETH
37 REBERE L £ 1 ABEFRAOFRREECEE
HEAHEL, L5 TREFHFENCL DS
DREHEER R LD TH S,

TAFEIEFREE £ XHEEFRED~ A FH 6 Hi
N HWEMAYRAEL, WMEILY 227 vERHEBED
BEELTHLODT XF, &4 RTHT HHEET
B oL TwbZ ERErDLRE, -
T, 7AFEEFRAE L1 ABERE IS EERNZ
BUGER” L L THhbh3bD0THHEELLR
Too Ei, FAELEBEUEED S B PD, V-8 52
troBEfkofe, LEERLETRSERENHE
TRIeD ZLABLTY, AR - RFYy T
EERMVELTCHDh0EEZDNR, &b, 7F
BEENFECIZ5WOBR, 7X*HEREL
# A4 XBEREIFE—ETH 525800 5
ML-BARTHHZ Xl E LT, ZhD
BAEYRLAGNMBETEE L Y RERFTDHD
DTH o,

oT, 7 X ¥ EERBKE WX Phialophora
gregata (Allington et Chamberlain) Gams f. sp.
adzukicola Kobayashi, Yamamoto, Negishi et
Ogoshi 7 55 bB L %, Fi, £4 ABERBERC
1% Phialophora gregata (Allington et Chamber-
lain) Gams f.sp. sojae Kobayashi, Yamamoto,
Negishi et Ogoshi 72 5 3B L 2 RET 5,

BOSLEBTHL R LD I 2O@IHHREL
T, ThAV L OBHTERY, H5\THmER
ik RiIcTH2ERAEERL, ThZhoBE0d
LRk S h, FoMcgERE LTaEY
xRz L, £EATEERBIZEL, %0
® WMEMNER METLR L5k b:ELLR
Z) 128)0

SR RSUEANREC 5 LicEobogkFoB
b sdboLHERAZN 55, BosLAND and
WILLIAMS®? 1%, 7 7 3 B RER 2 =T
F. oxysporum TIGALE E T A V5L £ g —v
LR et GERE IR EL2B R} %8R
BROME - TEOTELRBE L ELELLA,
HRBRTRMEETH 5 & IEFERRE LT Tw
HLERBNRTHEZEZLND) N—F,T B b
5, AEEETHEEMFLIZOWTERD X 512
BLTw5, (BEREEIFEEO LT CEME
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BRIERO S GUR, )i, +Bm)
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Physiologic specialization of Phialo-

Summary

The fungi causing brown stem rot of adzuki bean
and soybean are the same morphology and have
been indentified as Phialophora gregata. In this
study, pathogenicity, culture characteristics and
genetic relatedness of the two pathogens were inves-
tigated. Taxonomic status and genetic diversity of
them are discussed.

1. Pathogenicity
1. The adzuki bean isolates were pathogenic to

adzuki beans and mung beans, while the soy-

bean ones were pathogenic to soybeans and

mung beans. However, the two pathogens
were not pathogenic to kidney bean, cowpea
and pea.

2. Most of the adzuki bean isolates examined
were pathogenic only to the susceptible cultivar
(cv.) Takara-shozu.
lates were found to be pathogenic not only to

However, four other iso-

Takara-shozu but also to the resistant cv. Ma-
ruba, and another isolate was also pathogenic
even to the resistant cv. Hatsune-shozu. The
Highly resistant cv. Akamame was not infected

by all the isolates tested.

II. Culture characteristics
Differences were observed in culture characteris-
tics between the isolates of the two pathogens.
The color of the colonies differed on potato dex-
trose and V-8 juice media, being reddish-brown to
red in the adzuki bean isolates and pale yellow to
The opti-
mum temperatures for mycelial growth were
24-26C and 22-23C in the adzki bean and soybean
isolates, respectively. The soybean isolates did not
grow at 32°C, whereas the adzuki bean ones showed

brownish-yellow in the soybean ones.

some growth.
ITII. Genetic relatedness
1. No differences were observed in electrophor-
etic patterns of both whole cell and soluble pro-
teins among the isolates of the two pathogens.
2. The isolates of the two pathogens exhibited
the same patterns in 11 out of 15 enzymes
investigated. However, they could be distin-
guished by the four other zymograms (lactate
dehydrogenase, peroxidase, a-esterase and acid
phosphatase). Although coefficients of similar-
ity were more than 809% and 949 within the
adzuki bean isolates and the soybean ones,
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lower (63-73%)
between them. The results also indicated that
the adzuki bean isolates could be subdivided
into four groups, which correlated with their

respectively, they were

localities.

Although intraspecific divergence of GC con-
tent was 2.8 mole%;, the GC content of the ad-
bean isolates (44.5-46.0 mole%) was
lower than that of the soybean ones (46.2-47.3
mole%).

DNA base sequence homology values were
more than 89% and 94% in the adzuki bean and
soybean isolates, respectively, while lower val-

zuki

ues (65-72%) were observed between the two
isolates.

Restriction fragment length polymorphisms
(RFLPs) in P. gregata mitochondrial (mt)
DNA were found in 17 out of 19 endonucleases,
in which three groups were recognized : the ad-
zuki bean isolates, soybean ones from Hok-
kaido (Type II) and soybean ones from Akita
Prefecture (Type IID).
cleotide sequence divergence estimate: p value)
was 0.046 between Type II and Type III, and
0.132 and 0.106-0.107 between the adzuki bean
isolates and Type II and Type III, respectively.

Double-stranded (ds) RNAs were observed
in some isolates of the adzuki bean pathogen,
and their electrophoretic patterns were different

Genetic distance (nu-

between isolates from Sapporo and those from
the south Kamikawa district. On the other
hand, all the soybean isolates tested did not
have dsRNAs.

Iv.
L

™o

Taxonomic status and genetic diversity
The two pathogens are different in host
specificity and some culture characteristics;
and there genetic diversity

between them. Accordingly, they should be

is substantial

treated as different formae speciales of the
same species, and Phialophora gregata (Allin-
gton et Chamberlain) Gams ff.sp. adzukicola
and sojee Kobayashi, Yamamoto, Negishi et
Ogoshi are proposed for the adzuki bean and
soybean pathogens, respectively.

Analyses based on molecular genetics indicate
that the adzuki bean pathoghen is more diverse
The reason may be that
the adzuki bean pathogen, having a longer his-

than the soybean one.

tory in Japan and being larger in population,
has varied naturally and been adapted to more
diverse environmental conditions than the soy-
bean pathogen. The genetic diversity in the
adzuki bean pathogen could correlate with
localities and was largest in the Tokachi dis-
trict. No RFLPs were found in mtDNA of the
adzuki bean pathogen with one exception.
Therefore, it is suggested that this pathogen
might have originated in the Tokachi district,
and that it later spread to Sapporo and the
On the other hand,

although the genetic diversity of the soybean

Kamikawa district.

pathogen was low at the nuclear DNA level,
restriction patterns of mtDNA were different
between isolates from Hokkaido and those
from Akita Prefecture. The former is sup-

posed to have been introduced from the U. S. A.



