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AIEICBNT, 1 RN BSHRAED RHBIGBITHT S IERREDOBEGIBEYHS Mo T,
(&ETIE, 120 HERHUFIGEEZ LR LERVFEAD T 2TV HEHREICHT 2 RIEZRN [Ein
THEBETF] AR FEAFRNVDEREDHNITHILT Z2NENRAL, KIZA RBREOEIIEEEGET
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FRIZ+, TNLUNAOHRGEEDOBLGFRIIRIM-8IZRLZ. &4 WNHBRIKFMEERLRTEZ H DH B
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KN-NIRLIZA FNWDBRE T 14E R &2 ek L7z, BF54-201F, 1ERSICE D W BIR AR
WMBEFOREICAVONTELEERTH D, £/, N77-07AIZEH RS BEE FPish DRIE I E
bN7='", PH77-89-11%, Pik-sORIED = DHIT A L7z, CHNOS32-2-4, CHNOS37-1-1, CHNOS59-9-
1, CHNOS60-2-313RERMEZ b DHEEAS FWHBREE SR, X/, HiORFTHESTERI,
1RV BEHRBEHERENSFEFARTH S, FARLGORVDKEFIIREEZESERL, 2145,
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£NV-1. 1 RHHIREHEE R FAK R & DORBFO W H BIREICH T 2 Kt

it i F, fEk £ L

TRAEE Wb bIREE R R S (R:S) o MR
EHBXH 25 CHNOS37-1-1 73 22 3:1 0.17 0.68
7-07A 68 24 31 0.06 0.81
5 48 4 15:1 0.18 0.67
AKX ¥ 2 5 PH77-89-1 106 8 15:1 0.11 0.73
CHNOS60-2-3 108 6 15:1 0.19 0.66
Kyu77-07A 84 29 3:1 0.03 0.87
3986-R-2 171 57 3:1 0.00 1.00
3986-R-3 71 29 31 0.85 0.36

H2BXI2HTT CHNOS37-1-1 277 0 1:0
Ken54-20 125 37 3:1 0.40 0.53

Kyu77-07A 256 0 1:0

PH77-89-1 95 0 1:0
EHB XRS5 5 CHNOS59-9-1 78 29 3:1 0.25 0.62
AKX 737 T CHNOS60-2-3 110 9 15:1 0.35 0.55
3986-R-2 95 25 3:1 1.11 0.29
Ken54-20 94 27 3:1 0.47 0.50
AKX BEES15 Ken54-20 46 13 33l 0.28 0.60
CHNOS60-2-3 46 12 31 0.57 0.45
3986-R-2 45 14 31 0.05 0.82
BHMBX Y7 4Y Kyu77-07A 211 77 3 0.46 0.50
CHNOS60-2-3 221 60 31 1.99 0.16
CHNOS32-2-4 78 31 31 0.69 0.41
NS S5 Ken54-20 37 17 3:1 1.21 0.27
CHNOS60-2-3 41 11 3:1 0.41 0.52
3986-R-2 44 15 31 0.01 0.94
BHIBEX Y OFF Ken54-20 369 159 31 7.36** 0.01
CHNOS32-2-4 112 34 31 0.23 0.63
2145-R-57 87 31 31 0.10 0.75
AKXY T OEF Ken54-20 87 31 31 0.10 0.75
2145-R-57 97 23 3:1 2.18 0.14
FHIBEXEDT1H Ken54-20 157 43 31 1.31 0.25
CHNOS37-1-1 148 43 3:1 0.63 0.43
CHNOS32-2-4 178 36 3:1 7.63** 0.01
Kyu77-07A 90 8 15:1 0.61 0.43
PH77-89-1 72 18 31 1.20 0.27
2151-R-8 99 13 3:1 10.71%* 0.00
2151-R-10 114 4 15:1 1.65 0.20
2151-R-11 31 7 31 0.88 0.35
2151-R-17 55 2 15:1 0.73 0.39
AKX K60 Ken54-20 84 25 3:1 0.25 0.62
CHNOS60-2-3 383 5 63:1 0.19 0.66
3986-R-2 445 31 15:1 0.06 0.81
AKX K59 Ken54-20 75 30 3:1 0.71 0.40
CHNOS37-1-1 60 34 3:1 6.26* 0.01
CHNOS60-2-3 76 7 15:1 0.68 0.41
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PH77-89-1iZxt L T15 : 1ISEE L TW/e (RN-1) . AKX# 2 SOFIZHBV RMEMREK & K24
BAD L, FL77-07A, 3986-R-235 & 1X3986-R-31C5 LT 3 : 1, PH77-89-13 X IXCHNOS60-2-3 12
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AA/S2F,- I-1 21 41 R1 R2 R3 RS5 R7 R8 RS9

1 02 02 0 04 2 2 02 02 2

2 0 0 0 0 0 2 2 0 0 2

3 2 2 2 5 5 2 " 2 2 72 2

8 02 02 02 0 05 2 2 02 02 2

10 T 2 & d 2 B 2 g. .2

12 0 0 0 0 0 1 2 0 9 2

23 0 02 04 0 10 02 02 1

24 02 02 02 04 04 1 2 0 02 2

30 0 0 & . d 0 2.7 0 0 2

33 0 0 0 0 0 2 2 0 0o 2

34 0 0 0 0 0 2) "D 0 0 2

35 0 0 0 0 0 Z g 0 0 2

40 0 0 0 0 0 1 2 0 0o 2

49 0 0 0 0 0 0 0 0 0 0

50 02 02 02 05 04 1 0 01 02 0

51 0 0 0 0 0 2 07 0 0 0

56 02 02 02 05 0 2 2 o1 02 2

59 02 02 02 0 04 2 2 02 02 2
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#NV-5. WHBHEAEBHR, JL77-07A, PH77-89-1, CHNOS37-1-1, 3986-R-2 K% 1N3986-R-3IZKT % 1 RibFE, AKX H 2 HOF,RZHED

AR ALK
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N77-07A PH77-89-1(Av-ks) CHNOS60-2-3 3986-R-2(Av-ks) 3986-R-3(Av-sh)
(Av-sh) 73 Bt 77 Bt 73 Bt 77 Bt

HEHUE (15:1) (3:1) HEt & It 15:1) (1) R Gat iRk (3:1) B &5t HigNE 3:1) et G5t
IR 7iNE 6 0 0 0 6 6 0 0 0 6 2 1 3 6 6 0 0 6
Sk (3:1) 3 5 3 0 11 3 5 3 0 11 3 5 3 11 0 11 0 11
M1 1 0 1 | 3 1 0 1 1 3 1 1 1 3 0 0 3 3
&at 10 S 4 1 20 10 5 4 120 6 7 7 20 6 11 3 20

*NTT-0TAAV-sh )IZ K 0 35 E NTHRUERIERE, DRERHEE, MR
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£ZIV-6. WHBEREER., L77-07A. PH77-89-1% TXCHNOS37-1-11Z T 51 *Mfd, 25X 7Y T
T DOF, R DB D 75 B

F, Rtk
N77-07A  PHT7-89-1ivks Avsh) "  CHNOS37-1-1(4v-sh) ;
(Av-sh) IRk 7Rt 2 a PRk oK i 2 &
AR 3 30 0 0 30 30 0 0 30
53 i 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0
% 30 0 0 30 90 0 0 30

*NTT-0TAAv-sh)IZ K O RN E N7 EIIERHERE, DRERMEE, BRI RWEF
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#N-7. WHBHEARER. F54-20 %2 ACHNOS37-1-112x9 5
1 RenflE, BHIEXH 2 5OFREOEHUED 7B

F, R
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) HEATE 53 i RZ Pt &t
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R DETME D B
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i ISRk U&Dﬁﬁgj) meH B It i? B2t =
ot 12 0 0 0 12 12 0 0 12
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RS2 7 0 4 3 14 0 0 14 14
Bat 23 4 10 3 40 22 45 23 40
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D& DIIIFS4-2038 L TN3986-R-2EF LAv-kTH B EEZ Nz,

DEDZEMNS, 87 DI BRE FPABXUP sh, BERSISICPAKDFENKRI N, &
ZIZBWTIZ, CHNOS 60-2-312Av-kIB K UAv-sh, 3986-R-2{ZAv-kD IEFFIEEE (5T D FIENHH 55
(RDNE
@) HB&RE a7y OEMOBEGFHHTECIUERAT 2 IEREERRT T

BF54-20, A77-07A, 3986-R-2, CHNOS32-2-43 KL TXCHNOS60-2-3D 5 EHREZEHM, V177,
AKIZEERIL /=L 23, VAT NI RTORRICENEZRLZDIZHL, AKBXOEHEIZ T
TOBERICEZMEZRLZ, BHBX Y177 OFEMIE, h77-07A, CHNOS32-2-4 % IXCHNOS60-
231 L, HEAE, BREEEORNNCES Lz, AKX Y 7Y OFEMIZHFS4-20,
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17 49F [ I3, #54-20, CHNOS60-2-3 fx T3986-R-21Z 4t U THktE, KHIE/BZED 78, &K
ZENENETN4, 17, 18RHEELFAICRIEERLE (ERE) . £/, AKX Y27 730F,£HIC,
f}54-20, CHNOS32-2-4, CHNOS60-2-3%2T)3986-R-2% 4L 7z, Z DFE, CHNOS32-2-41Zx49 5
I ORBERIIHFS4-20030-1TH 2 DIZxHL0-3E 1 ~2 T 2 U BIRNTH o 7208, &4 OFEHIC
MEBEGE, BEEORKBITI—HBLE (RN9) . UEOERENS, VAT 7 ITH54-20,
CHNOS32-2-4 &z TXCHNOS60-2-3, 3986-R-2IZxt§ 5@ L /= 1| R F ARG FAAL SN, —7,
BIBICBIZ2EROBEEFANNS YT ricxtl, CHNOS32-2-413 1 RFDFREHEEFZ
bOZ EERLE (RI-15) . ZN5D T &EH 5CHNOS32-2-4, CHNOS60-2-3 J2 TR3986-R-20D"Y L
T BIEREEE XA T 2BIETFIEL, 54208 R—THO, Pik-miZxET DAvhkm EEZ 5
e
G HHRE (v oEF) OEREOREFATETHICERT 2IEREMEEEET

fff54-20, CHNOS32-2-4B L U2145-R-57D I EHRZEFHME, Y2 OEF, AKITHERELZE TS,
TYOEFONITRTOBRICEAMEZRLEZDICHL, AKBXOEHMBIZTRTOERICESHEE
"Lz, BFHMXY L OEFOFRERIL. 54-20% I'CHNOS32-2-41zxt L, $KHIEMEIER, KZPEE
EKOEA3:1, AK XY OFEFOFERITHS4-20% N2145-R-5712x LA U< 3:11T@E L7 (RIV-
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EZN9. WHBHEFE R, H54-20. CHNOS32-2-4 . CHNOS60-2-3 & T 3986-R-21Zx T %1 Rfbfd, AKXV L7 7 OF,RFEDEH

D57 B
F, Rifi &

fff54-20 CHNOS32-2-4 CHNOS60-2-3 3986-R-2

(Av-km) e Bz &t Wit BEE At e A A gk &t

it 9 0 0 9 9 0 0 9 9 0 0 9

77 Bt 0 18 0 18 0 18 0 18 0 18 0 18

B2 0 0 3 3 0 0 3 3 0 0 3 3
vt 9 18 3 30 9 18 3 30 9 18 3 30

*BF54-20(Av-km W2 K O RIS N7 EIE R EE, DRERMEE, BZIERWRE
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1) o ¥z, BHEXY I OEFFESOEMIL, #54-20% LXCHNOS32-2-41Z% L, AKXV OEF
FSOMHILM54-20 V2145-R-5712xt L, &4RURIEZERL EREBE) . ¥ OEFIIMFS4-20
CHNOS32-2-4 [k U2145-R-5712% 9 % | IF D@ RIEMMRIZ T2 DI ENREINEZ. —F, B
SEIIBITHEHRDEML TINS5 CHNOS32-2-48 L U2145-R-5713 V2 OEF AL 1 KT DIESK
EMELEFEHDIEERLE (RI-17) . 2S5O REVNDBERBDBIZFHHINS
CHNOS32-2-43 & UR2145-R-5S7TDIEFR IR B IZ F1E, ©54-200 & DIEREMERIZ T EF LU THD,
PitalC it g BAv-ta L EZ 5N 5,
6) HHIME (EDT15) OEMEOBETFHTEEZIERT SIERELREET

A4 X WHBIREFS4-20, f.77-07A, PH77-89-1, CHNOS32-2-4, CHNOS37-1-1, 2151-R-8,
2151-R-10, 2151-R-11, 2151-R-17ZBHBB LN ED TI HITERELZE IS, EDTI1 HIITART
DEFRIEMMEEZRLEZDICHML, BHBRIRTOBERICKZEZRLE. BHAEXEDTLIED
FICBVT 2 M EA & B2 ER O HIE, BF54-20, CHNOS32-2-4, CHNOS37-1-1% I\PH77-89-112
U, U, BEFMMRUTEE L. 2D &1E, CHNOS37-1-1 R UXCHNOS32-2-4i2i13 & D T 1
BT HIEMERICRE T T2 1 BOESHRRFAHSEERLTWVD, A77-07AICx L T,
|, BRZMANS NI BEL =, £/, CHNOS37-1-1 X CHNOS32-2-4DF 4 %3, ik, %2
PEEAAI3 N 7B S 22151-R-8 ]k TA2151-R-11&, EHE, RZMEMANS1IT 78T £2151-R-10K
WRASI-RATIZ Nz, ZDZ LR, TNSOFRERIIZED T BITHT 2HBEEEZ/RTS
BEFH2ESENSHEL 1 BHOBENHZZEERLTVS (RIV-1) . KIZ, BHEXED
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Hos 0 5 42 4 2 0 0 0 48:0
EHINE 0 5 39 4 3 1 1 0 47:1
AFFAE 0 5 25 6 7 1 1 0 39:1
a5 i 0 5 30 6 3 0 1 0 39:1
s Ny o 0 5 28 1 8 2 1 0 39:1
YIO&F 0 7 30 7 3 0 0 0 40:0
K60 0 5 32 5 2 0 1 0 39:1
LTH 0 5 19 g G 1 2 3 35:5
Kencana 0 3 8 19 9 3 0 1 36:4
7
SIS (FREE) 4 0 16 19 5 0 0 0 40:0
SI9 (3L%) 1 0 33 3 4 0 0 0 40:0
SI112 (FEE &) 0 0 35 0 5 0 0 0 40:0
PAKSI93 (/SF X% ) 5 1 6 - I~ 0 0 2 -2
PAKSI95 (/SF X4 ) 2 2 2 4 30 1 0 0 37:0
PAKSII16 (USF A ) 2 0 2 L) 2 ] 0 38:2
oo e L7 e
EC3 (Manigaon, */X—)1) 0 0 18 0 1 0 0 0 19:0
EC19 (Purna, %*/N—)) 0 0 19 0 0 0 0 0 19:0
EC21 (FEI®R) 0 0 19 0 0 0 0 0 19:0
EC30 (Kabanyolo, 7 /i > %) 0 0 19 0 0 0 0 0 19:0
By =t =g Uil
EA37 (Serere, 7/ > %) 0 0 19 0 0 0 0 0 19:0

EA38 (Kabanyolo, 7/ > %) 0 0 19 0 0 D D 0 19:0
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PAKSII16iZxt L TR 4 X235 WA N2, TRLUNDORKBETIHZEALDF BRIZBWT
R OMNS 2T, DINITHEER 3 AA 5Nz, PAKSIOZE K UPAKSII6 I T 2 IEFRIRME, i
BEHEOFEREIL, §42228K0382 TTHEELLIS:LIGEA L, 4BHOEHMERFOGFENREIN
o YPAVETARBBIVIN—F -7 T7Uh—F 2RI TIE, WIThbAEROFER
PRARER O CREARIZTRTREMEEZ RS20 o7, FUKEAEE (3986-R-6 X NRSIS-1) T 2 f@
DFDIMNSFEELIZIFERICDONT, 1 RXRBLUT I T 2REMERTE LR, 1 RibE
DOBLTHIZx L THER EFRILHKA S ZRTERN—HDFOS (FOIEF12) 15 2HRE
bz, fthd 4 RETOROBRVFHEL, BHEOKRKYI, VA7 BIUOVT I OEFOMRK
HA2, H2E5ORMY1ITHY, KEKDOFERIIH L TR0 THRIEEZ RS Bh o7z, 7
D TIE, PAKSIIGICK LIZEAEDF ER THIER 2 TH oA, o 3 METIIRHIER 0~
1 THolz (FV-6)

A1 FNHERHH3986-R-13X 7 T NHBIFENRSI3-1-1 (RXELHFF4064) OF HRDA 3 9 fbfEIZxt
THRIGE, MBICKDRESR, T2bb, 25, BHE, aFAE, 78971, varsy, v
YOEF, K60IZxt L TIHE, WINB/MR0, 1F£/2132T, DT NITIRBERIND S N/ HIEABR R RE
Rt RIFERIIGONB N>/, —FH, LTHBE X UKencana il L TIZRHA 4 BL U5 288
RREMZRIFRARMNESONZ, WER 3 &4 Z2IRRENE, REMHOEICT 2 EIERENESHRREED
FEAKIILTHTIE39:7, Kencana Tid42:4£720, TheTh7:1, 7:11~15:1D 57 8EHI#EE L, LTH
T3f#, KencanaT3 ~4 D EEBLEFOFEENREEI NG (RV-7) . 776 RBIIKHT DHE
i, BEICK D RAZDSIS, PAKSI93, PAKSII6IZH L THRHEA 4 BIUS BNH SN, ThL
NDOBFEIK L TRIEMEDOFERIIAH SN M o7z, SIS, PAKSI93, PAKSI116IZ K9 % 3EMRIE T,
REMEOFBEREIL, §444:2, 51, 432T3I~4BHOEHB R FOGFENREINZ, 2O/ ET
6RfEICX L TIE, WINOFERBRHY 0 TRIEMHEZ RS>,

58

A FXFNDHERE, AV EIVNHERABIVTTNHERBIIHTE4 % arsEBLN
7O OB, BREEORKINIMBTH S, T2bb, 1 RXNHEREBIIT RORMIFEIEZRL >
AIZEI, 7ORIBRENEEREIAZRN, PIP7EINHBRAIZ IV ETICOARREEERL A *
T IRESEERE BV, £ TUVWBBREIITY VICOAREEERLA R, OV ETITE
REMEZ RE R0, AERTIE, BEETHRLWREREEZL DI RVWLBRAEZM/RTIZLiCLD,
SAJEINBEHRABLINT TNHERBEEDOREMNFIREL B>z TNETHONDHEIREED
REICE DI FNDHERADFEMMEICEAT 2EETHHIL, Yaegashi (f REX O ETH)
" Leung (f XEXIFFLAXAHVE) 2, Valemt (1 REXAEINE) ™, Kolmer (£ XX
YFILAZXAAYE AFREXAEINEH) "RECK0ITbNZ. A REXA LI NERTA *
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£#V—6. 1 FNHBEIHE3986-R-6XT7 TWNHERENRSIS-ID 1 FDOINSDF,EZEDA FRT 7 @I d

2 iRE %
K 1 % TG CECEY
w28 EFHME V1745 Y OFF LTH SI5 SI9 SII2 PAKSIII6

4060-1-1 0 0 0 0 0 1 0 © 2 MATI-1
4060-1-2 0 0 0 0 0 1 0 0 2 MATI-1
4060-1-7 0 0 0 0 0 0 0 o0 2 MATI-1
4060-1-8 0 0 0 0 0 0 0 0 2 MATI-1
4060-1-3 1 3 ? 1 2 1 0 o0 2 MATI-2
4060-1-4 0 2 2 1 2 1 0 0 1 MATI-2
4060-1-5 1 1 1 2 2 1 0 0 2 MATI-2
4060-1-6 1 1 2 2 2 1 0 0 2 MATI-2
4060-12-3 0 0 2 0 0 0 0 o0 ) MATI-1
4060-12-5 0 0 0 0 0 0 0 0 2 MATI-1
4060-12-7 0 0 0 0 5 1 0 o0 2 MATI-1
4060-12-8 0 0 0 0 5 1 0 0 2 MATI-1
4060-12-1 0 0 0 0 0 1 0 0 2 MATI-2
4060-12-2 0 0 0 0 0 1 0 0 2 MATI-2
4060-12-4 0 0 0 0 2 1 0 0 2 MATI-2
4060-12-6 0 0 0 0 2 2 0 2 MATI-2
Bk

NRSIS-1 0 0 0 4 1 2 MATI-1
3986-R-6 5 5 5 5 5 0 0 0 0 MATI-2

*Rk1—22MH
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V7. AFVHEHEIN6-R-13X T TV H EIFENRSB-1-1OFEROS %, 77, YAVEIRVTILS—* -
77— I T SIEEE

EES LR E R DRIE S BIRBERIOF, B R
shfE £ %% ?ﬁl 0 1 2 3 4 5 PR TR
1%
25 4 0 35 6 5 0 0 0 46:0
EHINB 5 0 35 3 6 - 0 0 46:0
AFFAE 5 0 28 5 * 12 0 0 0 46:0
2T I 5 0 35 i LN 0 0 0 46:0
W38y m 5 0 9] 1 14 3 0 0 46:0
Y OEF 5 0 28 4. * 14 0 0 0 46:0
K60 4 0 40 3 3 0 1 0 46:0
LTH 5 0 15 4" vl 9 3 4 39:7
Kencana 5 0 25 9 5 3 3 1 42:4
F
SIS (FR%R) 0 5 28 12 4 0 1 1 44:2
SI9 (3L3%) 0 5 29 313 1 0 0 46:0
SI12 (EJEE) 0 0 40 2 4 0 0 0 46:0
PAKSI93 (SFA ¥ ) 1 5 1 0 3 1 0 1 5:1
PAKSI9S (SF R4 ) 2 5 0 0 8 1 0 0 9:0
PAKSI116 (XF R4 ) 0 5 1 2 39 i 2 0 43:2
a ¥ ¥
EC3 (Manigaon, */X—)1) 0 0 42 0 0 0 0 0 42:0
EC19 (Purna, */\—)1) 0 0 42 0 0 0 0 0 42:0
EC21 (FEI®R) 0 0 42 0 0 0 0 0 42:0
EC30 (Kabanyolo, 7/ > %) 0 0 42 0 0 0 0 0 42:0
EIDS 5 ¥ e s
EA37 (Serere, 75 > %) 0 0 42 0 0 0 0 0 42:0
EA38 (Kabanyolo, 7 /j > %) 0 0 42 0 0 0. 9 0 42:0
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XAV EIHEO—MOMAEEDOFER TIIK20%DF BRN1 RITRESZRLEZNY, Zh

LA TIIFERNE <1, 1 RITEHZER L2V, 880 SHEERDH 5 PO KHI R Z KR
L, REBEREFUCRMMEZRIFERIT, MO TORTHo 2, AHATIIFERORFIIRL
THo1D, FERICAFNBERBELIIVEINDBERE, 77WHEHRBEOIT R TOREIZH
WTFERDZ<IZ, WINOBEICHL TS, EHRHE GRREE0) 2 BabgRmBE ORBER 1 ~
3) BRL, EEEHKOBOBH SN, TKOROFEZVR SN/ @EICREEER L.

TRBA REERIIT RITREEEZHL, 1 XEXC I EIHERIIA REXTVEOFERD

KEBIIHEERER o7z, TRbE, A RCHTHIREMNIL, a7 ETHETIIT 7E» Sk
LTWBEEXLNE, FIT, 1378, YAVZEIHRETY VHIEROIREL &R TE2EET
BIEILKDAERTHES N DB ZFMICHTL 72,

A FEX A ETHOFEZOBERMBITNS, a7 ETEIZA RHEICHT D IERFEMEZE X
BT 2RFE2HE, TORFEIEIM RGERNS I EIBERICEDVDRR &, IV EIER
CHNEC3-1A-1Tld, &1 *MmEICH L TS~6RFE£IZ6MFLUE O ETERINTT-
51-1-3Tld, &1 *@EICH L T3I~SHFAFKREEICHET S EHEINS, £/, T3
B a7 I RBIZHTL2EFREEHZ LR T LINFEZDS, TORFRIIIIEIHER
VA RERICKD RIZo 72, 1 REFR3986-R-6TIE, &> I 7T HBICx L T3~6HF X7
X6 FLLE, 1 *EFR2145-R-11TIE, IV EIRBICHL T3I~dRTFEHEIND,
INSDERDSAFTVNDEREBERLIIJEINDEREHIL, TN TNHEBEOEMME
RECEST28EBEOREMBERTZ O DI EMEBEIND., 1 RXEXT T EIEHODF,
BRI 7 VRBICE S <SRERERI BN ok, COKRIT, 1 XEBLR I EIHEICT TIC
M BIBELZIFREEEGTFAFEEL TWBIEERTEEASNDS,

1 XEXT TEOFEZRDBEFRITNGS, 7 7EI31 REBBICHT 2IERRELEE XA T 2R F
b, TORFEIIMARGERNT TERICED RIZ>7Z, 7THRNRSIS- 1T, 1 M
LTHIZxt L C3HF, EHM, AFHE, /Y7L, YI745 RUK60IZKHL T4~6HF,
F2B I L C6lMFUENEET S EHEIND, £/2, 1 XBHIITTVREICHT 2IERR
MEXETH HFEDE, TORFRIITVRERISI RERICLDRZ /2, 1 XER
3986-R-6 Tld, 7 7 MFAEPAKSI93HE K APAKSILI6IZX L T3~4KF, TDOMDMEITH L
TR FLUENBEETHEHEEIND, CNSDHEENSIFVNHEBERERVITTINDBH
BEICIE, TRETIWHEFEEORNMRBICHE I 28 EBOERREHEEFEDLD I &N
BEINd, 1XEXTVHOFERIIL AV EIRBICE - <RESEERI BN o2, O
R, 1 XBERYTI7HEIC A ETICHTHB L ZFERESEREREFONFEL TSI EEZRLT
W EEZ5N15,

Flor® NERFHELRT] S, BROBREEEBEEORIMZEGTFOMLICEIDERL .
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FORER, A XH, PAVEIERET VREDIEFOV D BHREII TN TIOE LU ORI TE
T 2EIMEBETFICHIE T 2HRERRFEHDEIARASH &R,

A RXNDHBEHREE LAV EINHBHREDFBERDOREEDBETREITICBVT, a7 ETWn
bHMERINTTIS1-132 AL 2B E, 2<O M RGEBXLIBI IV ETREITRIEEZRTF &%
AR L7z, Kato & YamaguchilZ K3ULINT7-51-1-3131 > RDA x5 0830, HAEDA FH5HH
BICIZRIRETED 72 <, fERBMKamathiZ D BFRIFVED D 5 & |G XN TN DY, FEHNA R AT
THOAEROMEMERE L&A, HRREEZZTU A RE - FRITIREENZLS, YarE
TRMEICIE<REME 2RO, E7z, Notteghem™d, 1 R BiHE RGuyl1 X IN77-51-1-3DF H &
DA RIZHT HREEDRT T NDHEIRBEFERICHRETLEZZEEZREL TS, ZNH5DOHIRIL,
IN77-51-1-32%1 RO —OBEE AV ETITRENEEZ B DI LEEKRL A RX*NbBBHREE SO
JEIWHERADHPHNBERE NI ZOTIIRWN EHEINS,
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FBVIE HESEEZE

WHBRBIITFEMEMEDNEALREEINZD, TOFEEAEIZ2 DORFEED. —DIIR
THYOHE (7 XEH) %= RITT 5FEM 7 E(host specialization) TH D, &5 —4iF, FHLE
ENSHBENERMICB T LM - FRICHT 5FEME D E(cultivar specialization) TH 5. #il
B FXVBEHE, IV EIVDEREREDN, BEICRIFTVDBEREICASNDMERR
HERTEEDOL—X (BY) BHSN TS,

AETIE, £7, ANV BHEICH G S NIz Pyricularia griseaZ 1 F VW HEIRER EICEA
THRIEMZYUNENEZHSNITT S0, 1 XN BREDEIR &R XPyricularial@8lZ BV 51 R0
HERBEDOMNBEITIZONT, AR THESNERZEICUTOHBIZATTERT S, XKW\
BIREDOFEE M EDOEBIIONTERT 2,

(1) WHBIHEDE F &

WHBIREIZEE L TT REHEMICETFENEZA LISE60EISRIZIASHRESEZH DI ENHIS T
T3, LnL, ZRTNONHLBREIIOVNTHD E, 2~ 3IBEU LD FEHEYITRENE 2R
TIENEL, TOEEEMIRSNTNS, 1 REHEMICTFET D2NWHEREZE FHEHDEND
SENT D EREFITEZIININD D, HRBEICIVENTSIEMRERINTNESY, Kif
RIZBWTIE, SEEYDS ARSI NZVWSERF IV /O EEWMEZII R0 ADH
FHEOAEEICEIDKRANEN, U2 /) F I EEMEII RO ICRESEZETD2NHEHREIC
DWTIRFEDHAEE (P FFVAXAHAY, YarET, 7PhF, 1%, XAFE, FE, 7
T, AEIN, RETTSR) CKOBNTBIENTRTH 2. HLDBEE, FAIZ2OU LD
HAE EITREEZ RITERIIASNBN 2N, AT L AZAAYEA R, > FF LR
AAAYEL AV EIBELRS R ET P AFITREREZRTHERN A SN2, HIRIEEAS RITHFRA
KIREMZRLUIZRERZRDTI ROV HERAFICEIEIN, tMONWDEREREIXHNTE 5HEEZRH
U7z ZORMZIA DS DRBEBEUNIAYVT SATIX, AR=TRY, Y V¥IXAHYT
Y, U= FAF V=T SABIVRAT NS DORBEENE EN/208, RES N/ RAVHEITH N> T
WEERICEATBRD TIHESITTI FNWBERNEEL Tz, INSDEYEM X EDBTVDS
RENBEIL TWE I ENEZEND, Y1T T HFNSORREREIL, £ O R L IE
REMETHo72H  BfEKencanall Xt U TRERMERH A AL L 7= Kencanald 1 > KRR 7DA 2T 4
NBRITERGBET, AL D RR I T7EARNDERERBERICH L IR TRFEETH 2 Z &4
5hTn3", NS OBERIBEFHAORTICH NS RBOEEMZRLTWSEALN, F4EM
MEVEMRBLIVRE - FHEZBCTERL TELEBREZRLTWVWAEDICEZX S, O /5
YR EZ I N DT 0 IRESZBEERVNWDLBRETHAYIEHE, Y7HE, IaviHE

-151-



aVARTIELAVHHANZHEECHEEZL THD, HEEIREEEISNS,

2 WbbLRERFOEEKMER

A FXNDHEHREL /N IAE-DNARINZE T O—T ELERFLPBIUT VA 74 A7 75—
EREDTAVHFA LZLZEBNLLHRBAOBERZHERIIBBEIE &L, TAVYHTALOBRT
31 RE, 7UW, FEREEZXNTEIEIETERN A, RFLPOKERTIET VENI REE B
EHITWERIZHD, FEBEIIZTDORIMELZ, A7 ETHITA REINSBENNMBEITHD T
FUVAZAAVEBIPILAFHEITEN -2, AL I NE3ERIINEIVWI I A —%FRL, 13
BELORET T IRABEITEN 2. 1 RXRNDHBHRALMOWNS BIREHEDTRFEMEIL, RFLPB X
V7 AV YA AL D2EHEEREIINHT LD —EDIA SN, T78H5 RFLPIZE D RS

WBDIZXL, F R, EI@, 7UH XAFEHE FERBISYIT T AFENSRIE
MAld, —HOBEREZRETERUENMBRTELIIBEL TV, ZOZENS I EIFHDHEERD
1XE, TVAREOHEREFEMEMEE, 1 XR#, TUVRARLEOMERDI XA, TUHERE
ANDOME, EE3AMRE, TUVENOREMEOBRIZBWTRERMEMNMK T EAITEEL - L HE
IND, TRNBEHBOFERBLLT VHEICHT 2 RERMEILE FLTWEDN, 1 R0 EIRH
DHEEL TR VHEBLIUOFERNZUEEZAOND, ALINBEES FEDKEICIDOWVNT, &
BTIE, TERREOBVA REREHALBEOATOIREHBRLENTOIBLIUVTOIMT
BEENRhor. £/ AbLINEES FAORRITREZED - #EI1E Hebert (1975) D1
FZTTHD., TNICELDEAS RFEIWEZRZH-AL, NI —EDOIFROBNTAY—ThHdALY
NEHEDRETTDIMTFEHMRLEZELTVSEY, ZNEDZENSAFEEALI NEHIZT S/
FUUBEEMELII RO ZRBOBEETSA —H THEICIIEENREENHDHEEZS
h3., RHELCORBOENMIIAHTH 5, TNETORBRENSEERVDBRESE L T XH,
TOUWH, FEWH, CAVEIHEBLUAL I NHORMKELEZRBET UL, WHBREOHEFENS
FAMMETHHRNRESD (MVI-) . 23aVHE, Y3TH YIEBLVORET T IRAEIR, 7
ERMTOREL-IIHEETT RE, AL INHEREEXTESN, INSOHEL, REEDTES
KAHEL, A FEERIITA7ETHEOREREDZL, 1 RENSIID - EBEKITH 5,

@) WHBHBEDHME

Rossman etal.ld, 1 R\ b BIREPyricularia oryzae & X & 2 )N\ B B IR # Pyricularia grisea l 3 [74) %
BEL, mEDTE LM B % Magnaporthe grisea (Hebert) Barr, A%t {X 4 % Pyricularia grisea Sacc. &
L™, dB0RMIE L TEBNHBEREMEOESHAOBR, EHRBEORE, BESIU
RENSOWHBHRSBEDO A XRBIIHT 2HEEEZ R T TS, AMRICBNT, BEHEHEOK
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1 RE TORA

FEH

AEINE

Wb HREEDELE

BVI-1. X, 7V, FEH PIJEIBEBIUAELINH
DENDBLHBADEBERMASHETE I N DN D EHAD RHAE(L
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23, 1 FEBLLAEINEZEDIZTL ) SN N0 ITREEER LD, 1
FHETARE, AL NBRIAEINEZRRICRLABEEOMEERLZ, 1 RWHBHEBEDNA
BL5% 7 0—7 & LAZRFLPIZE TWERHBNE, A N@EIZM *E, CI7EIHZ23DKRER
EM 38N, DLARET SV SABETEKMBELE. RERBROBERIL, 1X6, 7UHE, 237
FIFEZERBEVNOREIZED FOIMFEHKLIZA, A INEE, SWKEREEZHDI O
FIBRBINS RBEEDORKEICED FOOIREHMRLIZM, FOOELIEIFOIMFITE -7 EK
ENBM o, INEDTEMNS, 1 RFONDHEIREEP. griscaDILEMTH D AL NNH BHF
BERUETRI LR, ZYEEZD, L, 1Rl PaOP2ETEHBEE AL NEOMITI,
FHNBREENH D EEZ 5N D,

CNE T KD PyriculariafRE DM BT MEBEZR WD Z EMERINTNSY, KEMICE
FEBVWTHETSHEIE, 1 xPHEMIZTEL, BEMIZERDI W Pyriculariaf§EH D AEE A
D $1Z DWW Tl Pyricularia grisea (Cooke) Sacc. % fE 5 & LU RIRE % RITT 58 % forma specialis &4
5OMMEYEBbNS, £/, KERMICERT 2HE61E, EL M % % Magnaporthe grisea (Hebert)
Barr& L, KERMEICKD VI —T 2R ETHILENBHEEZI SN S,

RIEERY THEIIERFREDOHEIZLD, P aUHERNYI a3 UHEIZERERIZED,
MONBEIREAEEABRICRZ S, X2, TNSLUNDOKRBEMMN S HBEEINIZWHBIREN, T/
TS, hUEODASRBRECKBLTRESHZRLEZDIIHL, YIEH, Y78, P aVHEKD
2aVHERESELKEEMERI AN, INSTENSGIYIEH YVE P avHEKRUI3
TAEIIRIEE LTRSS ONEY L Bbn 3,

4 L—ARRMZRET DIFREMERRT

L—2A%RIZT B X NHBRHEHERAIC L B ERRHEDREEDRN N S 1 REBME - BRI
T BEFEMEMEIEDZIEREMBEFNRE SN, REEREFIIEEOT X OEFIERG
FITHIS L, @&EICE B RFHEEIRF] ARV ILoTW e, £, IS OEREHERETFIL,
WHEREY /LA EICHEL Tz, AUREICEZHIRZICED, INSOIEREMRGFIZMIL
LTHEEL, B4R EREHERTFORGFHOEKRFKLZEL I, WHEREIIERLOTV
BEah, FERELUTRRER, EAMAEEROARALDRIEREFOMRMRZ AN Z 2 8L HHA,
BIUAHMANEZ SN TS, TNETOHRNS, BIFATEHN TEBICAHEEIIEZ TW
HHBIIROEN TS EEZ 5NN, FREHBEFINREHEOEZREBBRL TWS Z ENGERS
L

() WHLREDOFEMED (LR
BEEHZRICTLIFEMMCOBBIIONTIE, 1 REXTVEKRUNS REX OV EIEHD
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BLFEINS, ERERICEAGTHIRFEEZHONIILE. FTRVBEREEOAJEIVHBIR
BOBEGTAHINS, IV EIVHEREIIA RICxHT 22~7#, K iZZhLl EDOIFEFFEMED
FZ, TRVWHEHRA T AV ETITHT 22~8M, KWIIZNLLDOIERERHDOHATFZH DI &N
BHoMNERDE, £, 1RV BHFHEET TV EHFHEDRBGHNNS, 1 FNHEHFHEIIT TIC
T B2~6fE, KNIITNULDOIREMORFZ, 7IWHEREIIT FITHT 52~8(A, it
ZNULDEREMHDEFEZ B DI EMNHOENER STz, TNSDIEREHOHFEITMEIZLD R
2o 7=, Tosa (1990) ™ ™NIFlor DIRFAED B WV ITIEZE RICT BB E L FHICH T B 4L HOBIF
KBNWTHHTIIESD I EZERLE, ZOBRBZVHLHRADT RE, YIJEIH, Y7HETR
BHYDOL R, aAZEL, 7ML GERAIEE. BE2EOMRXRVHERBEDDNAKSNE T O—
T ELUERFLPDEERN S, 1 FVNHEREIZH - EHIKBEIIT TET, P37 ETEITLLER
BWEL, KOXOREBERELE, 1X@E, 7UH, IV EIHOFEMESMENEL 261, &
FEVWBHEHRBAIEANBINEOBRICH /=, T2 EIN, KIZT T &A1 RMIERIEH %
BELMET 2L, WHERAITERESBEFEEVWIIVZET, 7Y, 1 RIIHLUTHFEMDE
Lize BiAMEE RS2 OV EL, 77BLUAS REEGLAH AL BEL RKICHELZ, &
L TLasETH, 77EBLST XREOTNTNOBEERKICHLIERESBLRFELRD Z
KDL FEMZEE L (KVI2) « ZOFEMMEERZ#ER, KRELZIBOVDHEIR
BIFREMBLEFICOVWTI IV EIR, TUH, 1 XEE, ThTh R 228DFBRIEERTT
ERVWIEOEREHBLEFERFT A LIRS, INSOBEGFHOBERZ A I E S EKVI-3
KRLUEEHNBGFEEREERGFAMEET ARENEEEINS, ThbE 1 RIIMLTT X
WXT W, 1TF*EXIJEIHOFERIZAF, 7L T REXT THDOF B RIZ2EF,
YAV ETICMLTA REX I ETHOFBERIATO EHBETIC K B IEHEN SRR
MOPEEERT. ERAFXEX A EIHEBINM XEX T VHOFERIIEAT D, O/ ET
KM LT RTOFERMRENERI BN EICR S, ZHIM RXEBLO I EIBENT TOK
ARG FICHT 2ERESBEFE, A2 XEBLETVEN S I EXTOEMEEFITHT
HEMEMHBEGFELALTHODILITLDEEZ NS,

ERICA REX IV EIHOFERORENEZRE L 7Z4#5R, 3986-R-10X CHNEC3-1A-1 (5HC
£B4041) TR XBLUET VIREXOFERIZR<, a7 ETICH L TIIAEIZK D D HOF,
BRAMREMZRLZ, ZOZENS ST 7 ETICHT BREMHIII2~8ER VI ZNLL EDIERE
HRFOMENREINSE (KVI4) . /=, 2145-R-11XIN77-51-1-3 (KR &HB3755) Tld, 1 FRI
AU T2~7Ask W ZERLL L, 2 a s ETiCx L T2~SEKWIT TN EOERFEHEDRFORE 5
RENz, —7F, 1 XREXT THEHOFEROREMERE T, 3986-R-6 X NRSIS-1 (5AL H54060)
KBNWTA RITHL TREITK DI~ WITENL L, 771U Tid2~6fskWidEnLL LD IE
WEHORFORMENREINS, POV ETIRIITRTOFEZRMREEZERI 20572, 3986-R-13
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cv.a

Rx2

JaAJEI-YaETIVHERE

f.sp. X

race a

Ax3
Ayl
Ay2
Ay3
Azl
Az2
Az3

'

Host

Rx1
Rx3

Ax2
Ax3

Az2
Az3

parasite
X f.sp. X
race

Ax2
!

3
1
Az2
Az3

CV.E

Rz1
Rz2

Host

Rz1

parasite

f.sp.Z
race €

Ax1
Ax2
Ax3
Ayl
Ay2
Ay3

Az3

|
1

parasite !

Ax]
Ax2
Ax3
Ayl
Ay2
Ay3
Azl
Az2
Az3

parasite '
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Ax1
Ax2
Ax3

Az2
Az3

Host

Rzl
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Studies on Pathogenic Specialization of Blast Fungus
Hayashr Nagao

Summary

Pyricularia oryzae, the blast fungus, is well known as a differentiated pathogen with regard
to both its ability to attack various species of cereals and grasses and its ability to infect
different cultivars of a host plant such as rice. Some Japanese rice cultivars were bred with a
resistance gene introduced from a foreign cultivar and were characterized by a substantial
reduction in their incidence of blast. These resistant cultivars lost their resistance, however,
after the cultivars were grown throughout a wide area. The loss was thought to be caused by
a new strain (physiological race) of the blast fungus that was virulent to the resistant cultivars.
We report here the results of taxonomical investigations of host range, mating fertility,
isozymes, RFLP and the inheritance of pathogenicity of the blast fungus and consider the

manner of specialization of blast fungus.

Relationship among the isolates on gramineae, zingiberaceae, and cyperaceae plants
(1). The pathogenicity of 50 Pyricularia isolates, collected from 30 host species, 19 tribes of
gramineae plant, 2 host species, 1 tribe of Zingiberaceae and 1 host species of Cyperaceae in
Japan, Brazil, Paraguay, China, Indonesia, Uganda, Philippines and United States, were
compared on 20 gramineous plants. Because most of the isolates were pathogenic on three to
seven plant species from various tribes, pathogenicity of the isolates was not limited to the
tribe from which it was isolated. Based on pathogenicity to ten differential host species, the
isolates were divided into eleven subgroups: weeping lovegrass (nine isolates), finger millet
(eight isolates), cut grass (one isolate), manchurian wildrice (one isolate), rice (10 isolates),
Panicum bisulcatum (nukakibi in Japanese) (one isolate), common millet (three isolates),
foxtail millet (seven isolates), crabgrass (three isolates), napier grass (one isolate) and
nonpathogenic (five isolates). Isolates classified as nonpathogenic were further divided into
two subgroups depending on their pathogenicity on festuceae or maydeae plant species,
which were susceptible to most isolates.

(2). Mating fertility among 64 isolates from gramineae and zingiberaceae plant species was

determined in dual cultures. The number of perithecia formed and maturity of ascospores
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were investigated. Rice isolates from China were hermaphrodites and formed mature perithecia
and ascospores after mating with isolates from a broad spectrum of gramineae plants (weeping
love grass, goosegrass, finger millet, Eleusine africana, common millet, chicken-panic grass,
green bristlegrass, foxtail millet, wheat and Eriochloa villosa [narukobie in Japanese]) as did
the isolates from goosegrass and finger millet. The fertility of the other sexually compatible
isolates was low compared to the isolates from goosegrass and finger millet. Isolates from
crabgrass produced perithecia without asci or ascospores when mated with isolates from
goosegrass and finger millet. Isolates from Leersia hexandra (taiwan ashikaki in Japanese),
manchurian wild rice (Panicum bisulcatum, nukakibi in Japanese), napier grass, mioga and
ginger were sexually incompatible with all isolates. These results suggest that isolates from
rice are genetically close to isolates from finger millet, Italian millet and so on and that they
are distantly related to crabgrass, manchurian wild rice and so on.

(3). Fifty-eight isolates from gramineous and zingiberaceae plant species were tested for
peroxidase, nonspecific esterase, alkali phosphatase, acid phosphatase and leucine
aminopeptidase. The main peroxidase zymograms of isolates from rice were identical to
those from reed canary grass, Italian millet,common millet, finger millet, goosegrass, weeping
lovegrass, wheat and napier grass. On the other hand, isolates from rice can be distinguished
from isolates from wheat and napier grass by nonspecific esterase and distinguished from
isolates from finger millet, goosegrass, wheat, Italian ryegrass and weeping lovegrass by
alkali phosphatase and acid phosphatase.

(4). Whole chromosomes from the blast fungus strains were separated using contour-clamped
homogeneous electric field (CHEF) electrophoresis. The CHEF-electrophoretic profiles were
not related to the host species. Furthermore, 24 isolates from 14 host species were hybridized
in southern blots with 27 single-copy DNA probes. Based on the dendrogram constructed,
the isolates separated into 10 subgroups. The rice subgroup consisted of the isolates from
barnyard grass, Italian millet and P. bisulcatum. Isolates from common millet were the
closest subgroup to the rice subgroup, followed by finger millet, then weeping lovegrass. The
isolates from crabgrass are far from the large cluster consisting of the isolates from rice,

wheat and other species.
Genetic inheritance of pathogenicity in the rice blast fungus

(1). Scoring mating type and mating fertility in rice isolates from outside Japan, we found

highly fertile isolates from Yunan in China that could be genetically analyzed. We also
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established that backcrosses and sibcrosses were effective in improving mating fertility and
that properties such as pathogenicity could be maintained by preservation with dried filter
paper immediately after isolation from their hosts.

(2). The pathogenicity of the progeny from 23 crosses of sexually compatible isolates from
rice, 10 Matl-1 isolates and 15 Matl-2 isolates were scored on 12 differential cultivars after
spray inoculation. Avirulence and virulence segregated one-to-one among the progeny of the
crosses, indicating that the parental isolates differ in a single major gene. In this study the
major genes are called avirulence genes. Avirulence genes for Shin2, Aichi Asahi, Ishikari
Shiroke, Kusabue, Tsuyuake, Yashiro-mochi, K60 and K59 were identified in the blast fungi
based on their infection types on differential cultivars. The avirulence genes for Shin2 and
Kusabue, Shin2 and Yashiro-mochi, Ishikari Shiroke and Yashiro-mochi, Kusabue and Yashiro-
mochi, Kusabue and K60, Yashiro-mochi and K60 showed linkage, respectively.

(3). A restriction fragment length polymorphism (RFLP) map was constructed for the nuclear
genome of the Pyricularia isolates pathogenic to rice. The segregation of 61 RFLP markers,
five avirulence gene loci and the mating type locus was analyzed among 82 randomly
selected colonies from a cross between parental strains CHNOS37-1-1 and CHNOS32-2-4,
which are 126.0 and 017.5 in the race code based on Japanese differential rice varieties,
respectively. The map consists of 49 RFLP makers and nine linkage groups. These linkages
totalled 397.6 centimorgans (cM). Av-Kusabue-1 is linked to Av-Shin2 at a distance of 22.9cM,
and is located at the end of the linkage group. Av-Tsuyuake-1 is located between RFLP
markers 165B and 119X at intervals of 3.1 and 5.4 cM, respectively. Av-K59-2 is located
between RFLP makers 186B and 058-1S at intervals of 21.6 and 14.6 cM, respectively.

Cultivar-specific specialization of the rice blast fungus

The segregation of resistance in the F, and F; lines of crosses between the susceptible cultivar
AK(+) and eight differenti

Toride 1, K60 and K59) was consistent with the presence of a single dominant resistance
gene. The one-to-one relationship between the resistance gene in rice and the avirulence gene
in the blast fungus supports a gene-for-gene relationship for the interaction between the rice
blast fungus and its rice host. According to the gene-for-gene hypothesis, nine avirulence
genes in the rice blast fungus (Av-sh, Av-ks, Av-a, Av-k, Av-km, Av-ta, Av-zt, Av-kp and Av-t)
respond to the resistance genes in rice. In addition, Shin2 and Toridel carried two resistance

genes corresponding to the avirulence gene conferring resistance.
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Species-specific specialization of rice, Italian millet and finger millet blast fungus
Thespecialization among isolates with different host-range specificity was genetically analyzed
by scoring the progeny of a cross between an isolate from rice and an isolate from Italian

millet and an isolate from the rice and an isolate from the finger millet.

(1). Infection types on seedlings of rice, finger millet, Eleusine africana and Italian millet
cultivars inoculated with progenies from three crosses between isolates from rice and finger
millet were scored. Although a few progeny of one cross caused small lesions (infection type
4) on rice, most progeny caused either no infection or pinpoint specks. Some progeny from
the other two crosses produced the same infection type as did the parental finger millet
isolates on finger millet and on Eleusine africana, except that few lesions formed. None of
the progeny in any of the crosses were pathogenic to both rice and finger millet. Nor were
any progeny pathogenic to cultivars of Italian millet. These results suggest that isolates from
rice carry two to eight or more avirulence genes relating to resistance in the finger millet
cultivars and that, similarly, isolates from finger millet carry the same number of avirulence
genes relating to the resistance of rice cultivars to finger millet isolates.

(2). Infection types on seedlings of rice, finger millet, Eleusine africana and Italian millet
cultivars inoculated with progenies from two crosses between isolates from rice and Italian
millet were scored. A few progeny caused infection type 4 or 5 on some rice cultivars, with
an especially distinct infection type 5 on Lijiangxintuanheigu (LTH). A few progeny produced
infection type 5 on some Italian millet cultivars as well as on rice. None of the progeny were
pathogenic to any cultivars of finger millet. These results suggest that isolates from rice carry
two to six avirulence genes that relate to the resistance of each Italian millet cultivar and that
the isolates from Italian millet carry two to eight or more avirulence genes that relate to the

resistance of each rice cultivar.

The results just described suggest that Pyricularia is composed of pathotypes specialized

in pathogenicity to a particular host and that the isolates from rice are closer to the isolates
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from Italian millet than those from finger millet. Pathogenicity tests with the progeny of
crosses between the isolates from the three hosts indicate that species-specific specialization,
such as host range, and cultivar-specific specialization, such as physiological race, are caused
by the avirulence genes. Furthermore, the gene-for-gene hypothesis is applicable to the
relationship between plant species and pathotype. The difference in the number of avirulence
genes as indicated by resistance reactions between cultivar and isolate seems to indicate the
stage of specialization. The avirulence genes also seem to control the expression of resistance

by reducing the number of lesions after inoculation with the progeny.
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