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Studies on Mechanisms of Suppression of Rice Blast Disease in Multilines and Their Analyses Using
a Simulation Model : Taketo ASHIZAWA™* "

Abstract : Rice blast caused by Pyricularia grisea is the most destructive disease in rice production
in Japan. To control this, rice varieties with new complete resistance genes were bred and released.
However, the resistances were broken down within a few years because of the emergence of compatible
blast races. To prevent the breakdown, a mixture of near-isogenic lines with different complete
resistance genes to blast was first introduced for multilines in 1995 in Japan. For effective control of
blast, the author aimed to clarify the degree of blast suppression using multilines.

This study was conducted to investigate the mechanisms of blast suppression and was developed
as a simulation model for forecasting leaf blast epidemics to analyze the degree of leaf blast suppression
in multilines. The autoinfection ratio was a major factor influencing the degree of leaf blast suppression
in multilines. A simulation model for rice blast epidemics in multilines was developed, and the parameter
of autoinfection was introduced in the model. The calculated data using the model fit well with the
observed data of leaf blast development. Parameters of induced resistance, mutation rate and
stabilizing selection were also introduced to clarify the mechanisms of leaf blast suppression. In
addition, distribution of blast races in multilines was clarified, and a high-throughput method for race
differentiation was developed.

Key Words : Rice blast, Pyricularia grisea, Multiline, Complete resistance, Race, Autoinfection ratio,

Simulation model, Induced resistance, Mutation, Stabilizing selection, Vertical distribution
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Table 1 Sasanishiki near-isogenic lines (NIL)
developed at the Miyagi Furukawa
Agricultural Experiment Station

NIL Complete resistance gene Year
Sasanishiki BL1 Pia Pik 1994
Sasanishiki BL2 Pia Pik-m 1994
Sasanishiki BL3 Pia Piz 1994
Sasanishiki BL4 Pia Piz-t 1994
Sasanishiki BL5 Pia Pita-2 1997
Sasanishiki BL6 Pia Pita 1998
Sasanishiki BL7 Pia Pib 2001
Sasanishiki BL8 Pia Pii -2

a) not released.
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y = 0.8436x” + 0.1571x — 0.0005 (R*=1)
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Fig. 1 Number of observed leaf blast lesions in pure stands of rice cv. Sasanishiki and in 1:1 and 1:3

mixtures of Sasanishiki and its resistant near-isogenic line, either Sasanishiki BL4 or BL7 during

the 4-year survey (1998 —2001).

Table 2 Number of observed and expected leaf
blast lesions at time of first lesions were
observed in fields in mixtures of Sasa-

nishiki and its resistant near-isogenic line

Plot Date
June 29,1998  July 12,1999  July 6,2000 July 2, 2001

S:R (1:0)@

Observed 000625 0.839 0.261 0.139
S:R (1:1)

Observed  0.00825 0.15 0.0889 0.0487

Expected  0.00313 0419 0.1306 0.0693
S:R (1:3)

Observed -0 0.044 0.0222 0.0333

Expected - 0.21 0.0653 0.0347

a) S, susceptible Sasanishiki; R, resistant near isogenic line, either
Sasanishiki BL4 or BL7. Ratios in parentheses indicate mixture
ratios.

b) Values indicate number of lesions per hill.

c) Not tested.
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FHAERRIBE L 22 ETHAT Y FPRRE VKD
oD EZ bz, Ubrs, PRk
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Fig. 2 Ratios of the number of leaf blast lesions
(lesion number ratio; &) on the com-
ponents in mixtures of susceptible Sasa-
nishiki (S) and its resistant near isogenic
line (R), either Sasanishiki BL4 or BL7, at
the ratios (S:R) of 1:1 and 1:3 to the
number in pure stands of Sasanishiki from
1998 to 2001. Numbered assessment date
(year): 1-3(1998) ; 4-6(1999) ; 7-11(2000) ;
12-16 (2001).

ORI RGIR & L TR I M 2 /65
BB 2o ko7,
TVF T A BT BHEN D B ORFRIHIREE %
HIWBBILR DML, 4 FH BRI N T
VD LIRRBOIER 2 RET 5 2 &L TH S
ICT&E7z BNz 1:1 BEO1: 3 RMORIHM
HFEEE DM 2 W TLHA D/ S5 7 (Fig. 3)o
AU, R PR HLR I U CRER MR & HKHT
PERMDWRM T, & OREERBEEANH 5 2> % 12
FHETL7-0OICFIHTE R EEZ LN, B, ¥
Wb B DRSBTS A F 2 BRI E R o
FHZOWTIE, BEVB LT VEICRHE L7,
2) HHUERVEEE T REOBAATE D B
BoME AR TITTHE
SNVF T A Y OFIEIHN G- B R % ER
T, BHERROBREHEGTH 5% BENLRER
bI|E SN TWb, Chin and Wolfe' 1%, B2 Al
W) OFEEEW A ASHFPERNIC & 202 ER 2 K5 %
B %, [FomRaR (dilution effect) ] &I
O ZOEEPREVE LTS, 72, JEBAME
WAME FARG 2 A7z L AHMPER ARG LT
b, TOBOBHERIC X 2WADFEEIIH S

7
1
y = 0.8436x2 + 0.1571x — 0.005
RZ2=1
075 |
& 05t
0.25 f
0 ._ 1 1 1
0 0.25 05 0.75 1

Ratio of susceptible cultivar

Fig. 3 Relationship between ratio of lesion num-
bers on the components in the mixtures
(R/) to the proportion of susceptible
Sasanishiki in the 1:1 and 1:3 mixtures of
susceptible Sasanishiki and its resistant
near-isogenic line, either Sasanishiki BL4
or BL7.

LHG %, [FHEMEIE (induced resistance) ] &
ATV RS, 25 OERK S /TR EE
O BT B 2 LM E N5,

Kiyosawa and Shiyomi® 1. WEERERD/2DD
RNVFTA Y ORMREMD DI, WS OR
EAYRGHER (TR 2 BRI ISEE L. g
T ORI XME R 2 5 ORBA BB % %
JAHZ AL, T2, EBROEYTIE. SR
5 DO F DR ARG AR DRGNS CHEA &S5
Nl il el SN 8" Y O & Wb S R
%% L Twb, Koizumi and Kato* &, RERMEE
IO A Al R L. ABZSED S ORI
NOFFHR DML & A L 7R R, BT R T ORE
WEATE T ARG D & OKFE I O R H B
MR LALLM L2 2O LI, [BG
I8 5 DTN D i HAE R B3 W5 H317H
NT&E7z, LAL, VF T4 LB THPER
HBETRMOBEILED, 4 AFEFENICBITLE
W LIRS OEE S NOMER IR THEIION
TIEHS TR,

ZZT, IVFITA VBT EECL LOHED
EEFINOEEBBEEZHSPICL LS & L
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(HHREE )

PR A A AR, T = %] (BEVEIRPIMEE S
TPiat#f) & %% =*%BL7%5] (HPib) #H
Wiz [HH =3 ] &, BB Lz —
2 (007.0%%1F & A ETOIT1H DT MITH5A) 12Xt
LCRMBIET, 93 =Y FBL7 5] 33tk <Td
%o BRI, LR SEERY K A SN O 13 ©
19994, 20004F. 20024F 3B X UN20044F 1247 - 726
=% & [ H =V FBL7 5] OWHoOM
T, FnFEN1:1 L 1:30HEBKTH RS
IoWELZb DL, [HH =T %] Hiob 0%
M7z fEFHES X OHFEE BUHEL) LH
BT BT o720 SO OMESEWIE. 19994 4 H
13H. 20004F 4 H11H. 20024F 4 H 9 H B X 182004
4 HIBHICEHMICHIEL, C= VT ANTHE
Wi L7z Bhiid, 19994 5 H20H. 20004 5 H18H.
20024F 5 A16H 3 X U°20044E 5 A19H 2, B L7
Wi 4 A% 1HRY472 1 22.5em X 22.5cm D HHF T,
FHZTITo7e B, 1 XKE720 0w,
10mXx10m& L72o &Mk, N, P.0s. K:-0%ZHh
ZN13% A L 7L EAR % 1022472 D) 60kg D HI &
TWTNOERD 3 AERICHH L7 B, 5
TYEZ T AEBEFREGTI0aM 2D 1kgDEE
T, 1999413 6 H25H & 7 H 2 H. 20004E1% 6 H26
H&7H3H, 20024E1% 6 H24H. 20044E13 6 H24
HICHEM L7z aBRIZ. 4 4R & el bk
XD 3T - 72

Tnd HEORAE. HRBRICE 570 R
E B0 L ORREDHEY TR Lo TBIg S Wz H
5 3~ 4 HOBE TV, 11X472 0 20~600k12>
WTHRYS 72 ) T 5 mmPh b5 S RN
AL, 4 AHEENICBITAE D BIRHROTE
BOM 2D 20, 1 XM 2 ~ 1% RIS
WERPLEG LOFECL LORME TOEIZY
LTl o7, 2L T, KEORMKETAEHIZHE L
72BN A B ICB T A HFEE D S DFEN
bEWBOFH O S o#EE (LLTF. PADEWT)
A L. RERX I ORFBED F S DIV 72,
19994F £ 20004E DPADIE, W HLIHKEANIT Lo
T TR S 7z H & I AT O i A 1
TRLEk L 720 20024F L 200441, MEFAED O A
PAD% itk L7,

WMATLIII KD FIETIT 5 720 7 — & 1355 W
ATV, FEDSHEWICAEE (P<0.05) THbL

451087 (2007)

HEF S W72, Tukeyliz W TP TOLL
BEIT o7, & TOMEHLEIL, HEHLEY 7 Mo
Statistical Analysis Software (SAS Institute, Cary,
NC, release 9. 1) & FH\WTiT- 72,

G )

HARBIIC L 20 b ORI, 19994 1%
HFEAE, 20004F & 20044 13D FEAE, 200248 1318 A 5
HTh o7z (Table 3)o FE\H BIHED BRI N
T LOTHZESN/ZHIE, 19994 Tl 7 H12H.
20004E1& 7 H 6 H. 20024E13 7 H11H. 20044F1% 6
H25HCTH o720 4 2 EORHAERIL, WIFhoE
RTH [HH=T %] BRHX TR 720I1ZH L,
M= F] & [HH=VFBL7 5] ®1:1RKH
XCHEE, 1:3#MX TEDLro7 (Table 3)

Table 3 Leaf blast development in 1:0, 1:1 and
1:3 mixtures of susceptible Sasanishiki

and resistant near-isogenic line, Sasanishiki

BL7

Number of leaf blast lesions per hill (standard deviation)

Year Date

S:R(1:0)2 S:R(1:D) S:R(1:3)

1999 12 July 0.84(0.09) a» 0.15(0.12)b 0.04(0.03) b
15 July 2.13(0.52)a 0.68(0.24) b 0.16(0.06) b
19 July 13.83(397)a 3.61(2.86)b 0.71(0.35)b
22 July 37.20(154)a 843(4.26)b 1.28(0.59) b
2000 6 July 0.26(0.15)a 0.09(0.04)ab  0.02(0.01)b
10 July 0.99(0.64)a 0.29(0.13)a 0.07(0.03) a
13 July 2.12(0.90)a 0.73(0.13)b 0.23(0.14) b
17 July 15.76 (6.70) a 3.79(1.68)b 1.43(0.86) b
21 July 23.36(8.48)a 5.23(0.14) b 1.43(1.05)b
25 July 24.15(547)a 8.25(0.64)b 2.38(1.31)b
2002 11 July 0.06(0.03)a 0.04(0.03) a 0.02(0.01)a
15 July 0.73(0.53)a 0.6 (0.64)a 0.13(0.03)a
18 July 1.11(1.29)a 0.59(0.38) a 0.1 (0.03)a
22 July 3.38(248)a 1.76(1.06) a 0.43(0.25)a
1 August  3.95(0.62)a 1.87(0.95)a 0.43(0.18)b
2004 25 June 0.12(0.11)a 0.01(0.01)a 0.01(0.01)a
28 June 04 (0.56)a 0.06(0.06) a 0.01(0.01)a
1 July 0.62(091)a 0.04(0.03) a 0.01(0.01)a
5 July 2.82(12)a 0.34(0.13)b 0.03(0.03)b
8 July 7.64(1.84)a 1.09(0.09) b 0.14(0.05) b
12 July 752(207)a 1.31(0.33)b 0.22(0.11)b
15 July 13448(516)a 22.62(34)b 458(3.08)b
22 July 70.06(39.5) a 16.43(081)ab  5.04(1.57)b
29 July 23.09(8.75)a 6.18(0.96) b 2.16(0.46)b

a) S, susceptible Sasanishiki; R, resistant near-isogenic line
Sasanishiki BL7.

b) Numbers followed by the same letters in a row do not differ
significantly according to Tukey's test (P < 0.05).
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1:1BXU1:3RMICBIT B0 7: 0 WEEEIE.
HUfE & R L C19994E 7 H12H. 15H. 19HB LT
22H. 20004E13H, 17H. 21HB L U250, 20044
5H. 8H. 12H. I5HB X U29HIZBWTHEIS
B ipdroize 20024ETid. 1:3RMICEIT /Y
0 RBEEIE. 8 H 1 HOMRICHN L i L CTHE
ENRD LNz DX IHIT, EHERBORALL
KA LIRBER OB IR A A - 726
19994E D HARIZ BT APADIX. 7 H22HIZBW
TOAI:1IBIP1:3BME VAR 72
(Fig. 4) o 20004F DA BT 5PADIE. 7 H13H.
17H. 21HB X U2BHIZBVW T 1: 3RO ZN X
DA EICE D> 72 (Fig. 4)o 20024F & 20044F o Hifii
BT AHPADIE. ThZN8 A 1 H. 7 H29HIZH

1999
70

WT 1:3RMOZN I Y AREICRE» 72 (Fig. 5)0
COLHIT, BubboRARICHERE . PAD
FEEWD BIREN BZsAM) I2BwT1:3#
RECHIH S N7z

(%
RETIE, FE0DBORBRRROHER & E) 5D
OB 2 RETHIE T, TVF 5L VITB
J B0 BIREHRIIHIRRE A S ML L9 & Lz
RAICBIT 250 BRFBREIE, v BRI
BT, A AHBEHNOTRICE DL G4 Lize 4
A OWENE. 19994E 1% 7 H28H . 20004E13 7 H29H .
2002413 8 H 3 H. 20044F13 8 H 1 HICHIHAN T
COTRD SNz, WHH S 1 AR O BEER
iz, BAEICBWTEW D BRHIE T TOHMH
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Fig. 4 The percentage of average distance of leaf blast lesions on leaves from the ground at each

assessment date to the average plant height at the last assessment date (PAD) in pure stands of

susceptible Sasanishiki (S:R=1:0), 1:1 mixture of Sasanishiki and resistant near-isogenic line,
Sasanishiki BL7 (S:R=1:1) and 1:3 mixture (S:R =1:3) during leaf blast epidemics in 1999 and
2000. Same letters are not significantly different according to Tukey's test (P < 0.05). Vertical

bars indicate standard deviations.
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July 29, 2004
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Fig. 5 The percentage of average distance of leaf blast lesions on leaves from the ground at each

assessment date to the average plant height at the last assessment date (PAD) in pure stands of
susceptible Sasanishiki (S:R=1:0), 1:1 mixture of Sasanishiki and Sasanishiki BL7 (S:R=1:1)
and 1:3 mixture (S:R=1:3) on 1 August 2002 and 29 July 2004. Same letters are not
significantly different according to Tukey's test (P < 0.05). Vertical bars indicate standard

deviations.

BENENEZEZOND, NE - 4 K2 13, Rtk
FHEALIC BT, EREFRBICOMAT LD D
WBEDHEN D B OIIHICH G 2RI, Ehe
NTEOZNL) 4L 2/HBZLEZHEL T
%o FBRIC, BAICBWTE IO X)) Rl gethr%
ZbN5, FEC, BIETHEVD BIHHSTHEICE
DT HZEIZXD, B b OIEAD BB
i@¢§<&%t%&%ﬂ < IVFIAL ICBITS
Bwdbox W23 b BIRBE O I 1H 5540 A3 5
?éﬂ%ﬁ#maénto~ﬁ\%w%%®%$§
DLV E . BIE D RBHICBVWTENDL D
WRPEDS TR K 40 A L7ze S, HPIHERFED
BAC X 5 T 2 KRG LARE O iR 23] S 7z
CEOADKFRTIEAR L, EEAREZIH T 250
TRAG L T2 RN E 2 iz, ZO%RN
EAYTH A% HREOBINE) £ AMEDEZ
PEDZEALD N & IRAE T D D EDEE RS 2 2

ENdHbLEEZ LN,
2. AEEEFRRICH T 2FERAMORE
1) EHIIBIZIEBAEAS LD BRAIC X

% AR RS E AT

FEBAEA A b BIRIE 2 M S 7z 4 R
B % R LB BUE OS2 & ) EBAER oA
2T 5. 0%, BAMEA A b BRE & B
g2 &, BAEA 2D BIR O RYATE) A

ENd, Zhud, JEBHPERIC X 2 FEHpTHES
EIFEN T WD,

2 IVFTA v ORFHIEEREO —DICiE. 0%
EIRPMEAE S5 L SNTWD, BHHY 1, B
% BB 2 RS B FEBAIVEA A b BIRE % H
W, E0D b OZRRIMHIREZ KL 72, £ R
o Y EIChgM o IR TUNEBEZ T 5 I8
VR 2 B3R L 723580, TR3RE L 72 R o
IRPER DW= s < FEBFIER 2 3#M L C
LI (HRE) THE2HLAICIEI 0PN
EERRELTWAD, SO0, WERIC X > TR
HHRES R L 2R LTV, T2, 5B
1 T IREE OB DSFERIIHN LT REII O
TOME L. BRETH 21T LWBEE L W mAE %
WD EE BB RPN E B HE LTV 5,

DX DI, FEIBUEIT X B IRBEIE L O R
BB SN TUBED, < VT 54 ¥ 2MEd 5
BHEAR TR A V74 A3 oML - fifa L~
TORIEDERIZOVTIEHS TR, [ 2EY
TiE, BAER B X OJEBAME R oA X 5 Al
OB DZERIZ, 6 ORI EN TV L% 2, [
HBIA TR T BB DA O TR AT L
SN BEE FETH 5720, EHkEE T
DENMIPIEFBLOZER ARG L XV THIKT 54
FELTHELTWS, 512, BRI EE T
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DFEVAIEFAMER I & 2 AR BT 5
LEZONSL, ZOZENs, FEBETRELH
W BELY RIS BT 2 JEBURIE R o BRI X
HERIHFOENZHSNIT LI L, VF T
A 2B B IEHRPNHIERE 2 W5 2 72012
Thbo Tz FmPHIOKSHPIL, SEREIHIC
Wb B & AR L CHMEE CBIS T 2 ik T 8
CHETHWONTE LD, FEYTZOHP %/
AR L 22 id v 22T FERAM R OREY
NOFAIZ X 2 FWIHEREICOWT, [ =
F ] FEHEET R CTERNRD LN L) 2
ZHOMNILELY & L

bRk & i)

PEEAMEHE, S FE [H¥ =2 %] MEEET
F L 4 FEFHD A D BIFHE % V72 (Table 4) o
BEER D B I AR IS 3 2 VR B AR R 0 UG
(&, Table 4IZ/R L7z WA L72HFWAILEIZ, N,
P.0sB X UK:0% Z N ZN13% &4 L 7L R AL
T, 25g/kgDEETHHICRML 72, The v —
FY) Y7 r—2 (E&15cm X &5 cm X % &10cm)
W70 SR 2 HICTHENOR 2RI L, 45 7 FEDSe s
EHT 5 TREN (22~32C) TEW L7,

Wb B OBMIE, AXHREE30% T L 72K
AT 2 RZIC, BRI T ORREKRZ A
RS FIE L7z b O FED I PIMIE I - 72,

Table 4 Sasanishiki near-isogenic lines and their
reactions to races of Pyricularia grisea

Near- Complete Isolate (Race)

isogenic resistance TH68-141  Ai74-134  Ina85-182 Ina86T-02

line gene (0030) (477.1)  (3030) (3032)
Sasanishiki BL1 ~ Pia Pik R?) S R R
Sasanishiki BL2 Pia Pik-m R S R R
Sasanishiki BL3 Pia Piz R S R R
Sasanishiki BL4  Pia Piz-t R S R R
Sasanishiki BL5 ~ Pia Pita-2 R R S S
Sasanishiki BL6  Pia Pita R R S S
Sasanishiki BL7 Pia Pib R R R S
Sasanishiki BL§ ~ Pia Pii R S R R

a) R, resistant; S, susceptible.

(1) FEBAEA A b BIFIH O R A H
PEWRC & 2 W BEA R 12 )T

STM D [HH =3 %] MEBETFRHDOELE

BIL7-% 7 #o%y (DN, EH) 2, 105/mlic

T 72 RPN A A v BIF R R TH6S-141 (L

—2003.0) DMFEEIR (0.02%DTween 20% &
te) & 1MMARN7Z) 8 mIMEE (iHefE) L7z, xt
FRIZ1Z. 0.02% D Tween 207% & &I K % Bk
WHE L7 SR04 2%, HIAHEEE100% ThE 5
TUZ20IE . 24+ 1 C O#MPACTHE L 7Bl i
B L7z 20, HEICB L. 7000~8000 IxT
AFNNT A T & BB EI6RBHGEL T
25CIZR S, 8 I MR T20C IR 5 720 HITHE
Tl S T2WERI RIS, TR S > 7 (B EURAERT A
) FHOTHEZE 2mmOKE ST L7352,
X 10° M/ mUC e FiRELZREL, ANVEF I
Fhtra—2 (CMC) # 1 g/mlDEEICRD XD
WML THitEZ m < LR E o722, 2L
T COFEMIE, EHOZREIIEATH TN~
FOREY F b2, ERD SFEOMN TR E ToRif
DOHRDALE TIT o 720 FMA K, FFOBREFN
Z20WERTARE L. 2 ORISR Lz, B 5
BAKIC, TV~ rux—% (I Il
EHOTHRHEEZNE L. 28, A A v
LEHEE LT, [P =Y FBL15] 25 [3
T T45] BIOT 85120 LET4-134 W bk
(L=24771), | 551 BX [65] IZxL
ff85-101 Wk (L —2303.0). [ [7 5] & LR
86T-02(L — 23032) & ZhZh ik L 7z (Table 4),
(2) HiHAR L 72 JEBUAE B O BT BE 3 BLAN
PEWIC X 2 BE R T3
(=3 FBL4%5] & [8%5] oFEHIZ, 10°,
5 x10°, 10°f8/mlO#EICZh R L 7-IEH
FPER AR TH68-141 D 18R W & 8 ml3 DM #E 4%
FiE L7z BAIVEWICIIB74-134B M2 V. A
RIRHRE O E L Lk D - 72,
(3) FEBAIMER 2 HHE L 7235 5 03 T
O BAWE R O I BEM A~ 0
(4= FBL4 5] & [8%5] DY %25cm x
35cmD TV I = AW EICHHE X4, N 8 mm,
HEEIOmMm. EE5mmoy ) ar) v 7EELEd
R SHIHE 1 cmOHHEEEIC 15> (G52 M)
BE, ZRHOHIZ15x 10° 8/ mIs 8 L 72368
FIER PR TH68-141 D o 1 ME S i % Wi B L 720 5
FE, BHEHN TV, ZO®RBRNZERE~BL
7oo BIEEHEA HT728EHIEIC 2 2D v Z ORI TEIR
TR 7SS LAk 0 B CTBIAIME R AR 74-134 %
Bl L7z WiEME S 12HE1C, ) v oS B
WAELRREOR S 2HlZE L7,
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(4) FEBUAITER O HIHEMAZE & LB D
AFRAZAZ BT % BUITER O WA RIS

W
= FBL4%5] & [8%5] oy, ¥
BURIE AR TH68-141 Dl ¥~ % 1.5 X 10° M /m1 D ik BE
WL 72b 0% W% UCRiRE L. R S
721N B A B R 74-134 D B - % 1.5 X 10° f
/mMIOEREICTHB L 72b 02 5% (BEM) Lz,
MEMELS 7 HRICESZ 1cmO R SITHH L.
REHFLED I DERLL, 72V X T WNA F
Ly b (Merck Co.) THeft L TR HMEE CTRILE
L7zo BEHFMIBICB T 2 WA MEIR, WA
JE WA X o THBIL 720
(5) FHEBEMBLORATANZ BT 5 SUE
(Y= FBL45] & [85] OEHFREM
oz B S DENZH S 2T 572012,
(4) EFBRD I TIBRINE R % aiHefl U BRI
WEREME L T 5, BEERLEE WO
MECBIZE L 720 MINE UG E 6 FEEEH o Bl © (2
L7z
(6) fatr
FRliREBRIE 8 AL Eo 4 AR L. ABRid
<D 3IBRY R L TITo 720 RiRMURE & AR
ik, BATMETENRZEN30B L U100 BT % 8
L. MR L o Nh T — 2 1E 5o
2T, FIERE R TH o728 &, Student® t I
TR O AT 5720 $ 72, WA %368
MR OK T REDOXOBELFMT 2572012,
Tukey#E CLELKEITo720 J V8T AN v 7
BT—5ThHDLREARMEDT— 121k, Wilcoxon's
rank-sum testZ #H L 720
[ =3 FBL4 5] & [ 85 ] OREHEEM
o KsE o I E % B § 4 72912, Fisher's
exact testZ W72, F/2, 22T [ =T %
BL 8 %) ICHFEAICA U % 5 5 ML OB % A
BAMERIC X 2R AZHHT 2089 &S HIC
T 572010 REH O THGRER ATz Thbb,
wWEMNE (B) o FRMBUEE (P) &, XATHS
N5,
P (B) = (TAVV (AV/TAV + V/TV) /2)
ST AVIZIEBMYER ORI L - THE S
N5 MO BB, VIR OBREIC X
o> THEINLBEMIBO MBUEE, TAVIZIES
FIERE OHREIC X > THFE S 2 R OB,

451087 (2007)

TVIZBAMBRE OB X > THE S 5 KGR
DR TAVVIEIEBLRIVE R o i il 4 (2 BRI
WEEM 22 L THEINLERBOBREE R
Fo AXZ VT, FEBIFITER ORI AN E O
WAL BOG % 42 U S & S AR R 042 A % Jil]
FTAEPHRPIZONTHIE L 720 Th b DREI,
5 %DEBAKETHRE Lz BONZTRTOTF—
¥ OfREFTIZ, Statistical Analysis Software (SAS
Institute, Cary, NC, release 6. 11) %\ CTHigHL
HEiT572
G 2R)
(1) FEBURIVERN O RTHARIC X 2 BRI D5
BEAH 0T A B 00 SR A ) 2
FEBAMER (10°48/ml) % widtd L 7= 8 T D IF]
HBIE TSRO BAIMERIC X 2 WBER D&V % Fig. 6
R L 720 SRBEROMBIFEE L, [HH =2 FBL1
Tl ~ 8% IBwT, £ 210.98mm,

l.4mm. 1.4mm. 0.97mm. 1.7mm. 1.6mm.

20
18 r | Control +
16 | | O Preinoculation T ke {»

dk

Lesion length (mm)
IS

BL1 BL2 BL3 BL4 BL5 BL6 BL7 BL8
(Pia Pik )(Pia Pit-m)(Pia Piz X(Pia Piz:t)(Pa Pita-2)(Pia Pita)(Pia Pib ) Pia Pii )

Sasanishiki near-isogenic lines (resistance genes)

Fig. 6 Effect of preinoculation with an incom-
patible isolate TH68-141 (race 003.0) of
Pyricularia grisea on lesion length after
punch inoculation with one of three com-
patible isolates (Ai74-134, race 477.1; Ina85-
101, race 303.0; Ina86T-02, race 303.2) in
eight Sasanishiki near-isogenic rice lines.
BL number indicates Sasanishiki BL num-
ber. Reactions of Sasanishiki near-isogenic
lines to the races were shown in Table 4.
Values with an asterisk are significantly
different from those of the control ac-
cording to Student's ¢-test (**, P<0.01).
Vertical bars represent standard errors.
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1.8mm. 6.3mmTH o7z TNHDENT, [HH
=Y *BL8 5] OATIBAMEROFHMIZLD
BREICBAMERIC X 2 MRS IH S 7z, fho 7
RAIE, PRI C . AEEDSRD SN o
7zo ¥ =Y FBL8 %] Tid. JEHAMER OB
WX ) B EBLORBED G S 72 Hs Mo 7 RET
D SN o720 TOWEENEHEE, RiERED
56 IS Bl S N7z,
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TRECTHBEIRBEMESIH S . 720 FE8
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Ao 7z (Table 5)o

Table 5 Effect of spore concentration in preinocu-
lation spray of an incompatible isolate TH
68-141 (race 003.0) of Pyricularia grisea
on subsequent development of leaf blast
lesions after challenge inoculation with
a compatible isolate Ai74-134 (race 477.1)
on Sasanishiki BL4 and BL8

Avirulent spore Lesion length (mm) on

concentration Sasanishiki BL4 Sasanishiki BL8
(conidia/ml) (Pia Piz-t)® (Pia Pii)
0 (Control) 209 * 1.06 a 138 = 094a
1x10° 19.1 = 092 ab 803 £ 05 b
5%10° 16.3 = 0.76 bc 6.04 = 0.86 bc
1x10° 149 = 087 cd 475 £ 0.65 ¢

a) Blast resistance gene.

b) Values indicate means * standard errors. Values followed by
the same letters in a column do not differ significantly according
to Tukey's test (P <0.05).

(3) FEBURIE TR o HiHEA S A7 25 BRI 18 D 95
PR J 23 iR

FIEERE 2 596 Tl [99 =3 $BL4 5|
DOEHIIZ, WEPBER SN LD o708 [ =
Y¥BL8%5| TR Y Z7ONZEEFMUEKE S0
PHICHE R ASRRO 7z, WRMEE b IS, FEBAE R
DO FTHAE AL F TIHRBEIZME L 2D o 7225, T
(I H ORRBEMIE SRS Sz (Fig. 7)o
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Fig. 7 Effect of preinoculation with incompatible

isolate TH68-141 (race 003.0) of Pyricularia
grisea on lesion expansion after challenge
inoculation with compatible isolate Ai74-
134 (race 477.1) at noninoculated areas
with a distance of lcm between the two
preinoculation sites on leaf blades. BL
number indicates Sasanishiki BL number.
Values with asterisks are significantly
different from those of the controls
according to Student's t-test (**, P<0.01).
Vertical bars represent standard errors.

(4) FEBUAITETN O FiHeAl H35% B R MINEIC 3
VT % BURIPE R O TSR PRI AT
FEBURIVE TN 2 i HEAE U 7- 32 B 2R M o0 1 S 1 e
BEOFHMEIE, [4H = FBL4 5] T276B X
4= *BL8% | TLI6TH ., MED3898
L UBI5 & DA&RA o 720 WSRME FE O Hh il % Hi
T5&, [V =Y FBL4%] TP<005 [HH=
¥ ¥BL8 5| TP < 0010k THEIZH R MEN
ks Tz (Fig 8).
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2o —Hs [+ =T FBL8 T Tid. fF&EHET
O & ZCBERET 5 2 ~ 5 o REMLOBZE
AP SNz, £ LT, BAMEE MLz [
ZUFBL4 T & [8%5] &HITHAMENED
S, BRAIBALTIIMINENE Y O BRAL & 8BS D
bOAPILE S iz,
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Fig. 8 Growth of invading hyphae of Pyricularia

grisea in leaf epidermal cells challenge
inoculated with compatible isolate Ai74-134
(race 477.1) on Sasanishiki BL4 and BLS8
after preinoculation with incompatible iso-
late TH68-141 (race 003.0). Invaded hyphae
in the epidermal cells were classified ac-
cording to the hyphal growth index of
Takahashi (1956). Bars with values in-
dicate medians. The values with asterisk
are significantly different from those of the
controls according to Wilcoxon's rank-sum
test (¥, P<0.05; **, P<001).

451087 (2007)

[+ =Y FBL8 %] Tid. BEMBEOBLEIL)
EWHETHEICRD LN (P <005). BRARAD
BV 2> 720 L2 L, [ =V FBL4 5]
TRZD L) ZEETRD N7 (Table 6),

E -3

ARETIE, [ =2 3] FEEETRENTE
T3 2 IEBFIER OWIHAEIC & o> THE S NS
EHEDORBEZ S 22T 572017 120 FRHED
L FEBMMERN 2 B 5 LB U226
WZHIR S Tz BEH S &, FEBAIVER & Al
52T, Y RICALLEIEER/NERE (bghl)
25 R OFRD b N VCBEIKEOS R (HRAY) X
D LIV B ORFREAME Z T 2R BTN &
ERLTW5, TOXHIT, JEBMMER o RHREIC
X o THUZHMBRIC L T, B b OFHEIH
DT B0 I - 3R 13, EEEPI SR
Pii% Fo 4 A Al [HAFETE] (IR R % i
BT 5 L@ (RE) OWMSELL L2
HLTWD, SORGIE, RRBRCHA L [
ZUFBL8 5| LKk THo7mEZLND, —
Jiv g ETORFIMH O L. R ORI
PR FIREIC X V2 LT 2 L B2 b5, AP
W IR O R EARE R IR EE AT T & B
PRI L 2HMBEOEERESITREERITT L%
WELTW5, AREETH, BEOINLOHTE L
FIRDFERTH > 72D Ty Rl THmHDH]
BIEEIZEN DL Z LS E Kol

PO TIE,. EHICB T 5 FHEEIMED R A
BRGNP OVTIEHLN IR > Tnhv, £

Table 6 Infection types of Sasanishiki BL4 and BL8 observed in epidermal cells of leaf blades preinoculated

with either distilled water (control) or a spore suspension of an incompatible isolate of Pyricularia

grisea with or without preinoculation challenge with a compatible blast isolate

Infection type

Sasanishiki BL4 (Pia Piz-t)2 Sasanishiki BL8 (Pia Pii)

AV V  PreAV+V AV V. PreAV+V
Unsuccessful penetration with no host reaction 231¢) 56 108 231¢) 74 189 (195)
Unsuccessful penetration with host cytoplasmic granules 125 14 18 125 16 41 (37)
Poorly developed invading hyphae with host cytoplasmic granules 3 2 3 6 4 (8
Well-developed invading hyphae without host cytoplasmic granules 0 34 0 22 23 (28)
Well-developed invading hyphae with host cytoplasmic granules 0 1 0 2 0 (2
Unsuccessful penetration with host cell browning 0 0 36 0 0 47 (34)*

a) NIL carrying complete resistance genes in parentheses.

b) AV, an incompatible isolate TH68-141 (race 003.0); V, a compatible isolate Ai74-134 (race 477.1); Pre-AV + V, inoculation with V
after preinoculation with AV. V was inoculated 96 h after preinoculation with distilled water (control) or AV.

¢) Sum of all infection types.
d) Predicted sum of all infection types.

% Value significantly differs from the predicted value according to Fisher's exact test (P <0.05).
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Fig. 9 Panicle blast severity of Sasanishiki near-isogenic lines after simultaneous inoculation with one of
two blast isolates (Kyu89-246 and Ina85-182, race 003.0, 105 spores/ml). IL1, Tohoku IL1; BLS,
Sasanishiki BL8; BL1, Sasanishiki BL1; BL2, Sasanishiki BL2; BL3, Sasanishiki BL3; BL6,
Sasanishiki BL6; BL5, Sasanishiki BL5; BL4, Sasanishiki BL4 and BL7, Sasanishiki BL7. Tohoku
IL1 and Sasanishiki are susceptible to race 003.0. The other eight lines are incompatible

combinations with race 003.0. Bars on columns represent standard deviations.
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Fig.10 Effect of pre-inoculum spore concentration
of incompatible blast isolate Kyu89-246 (race
003.0) on panicle blast severity caused by
compatible isolate Ai74-134 (race 477.1) on
Sasanishiki BL4 (blast resistance gene, Pia
and Piz-t). IC, inoculated with the in-
compatible isolate; PrelC, pre-inoculated
with the incompatible isolate; C, inoculated
with the compatible isolate after pre-
inoculation. Bars on columns represent
standard deviations.
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Fig.11 Severity of panicle blast on three Sasa-
nishiki near-isogenic lines inoculated with
a high spore concentration (2.5X 106 spores
/ml) of incompatible isolate Kyu89-246
(race 003.0). Sasanishiki near-isogenic lines
are shown in Table 1. Bars on columns

represent standard deviations.
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Fig.12 Effect of pre-inoculation with a high spore
concentration (2.,5%106 spores/ml) of in-
compatible isolate Kyu89-246 (race 003.0)
on panicle blast severity caused by
compatible isolates on three Sasanishiki
near-isogenic lines. Sasanishiki near-

isogenic lines are shown in Table 1. C,

inoculated with compatible isolate Ai74-134

(race 477.1) to Sasanishiki BL3 and BL4,

and an isolate GFOS8-1-1 (race 303.0) to

Sasanishiki BL6; PrelC, pre-inoculated with

incompatible isolate. Bars on columns

represent standard deviations. Value with
an asterisk is significantly different from

that of the control using t-test at 5% level.
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Table 7 Pathogenic races of Pyricularia grisea isolated from Sasanishiki BL cultivated in Miyagi Prefecture

from 1996 to 2000 and complete resistance genes in the rice infected by the races

Year Race Number
Location 003.0 007.0 037.1 of total
Piac) Pik-s Pia Pii Pik  Pik-m Piz Piz-t Pia Pii Pik  Pik-m isolates
1996
Kannari, Harada 100(2) 2
Kannari, Arikabe 100(2) 2
Shiwahime 100(3) 3
Wakayanagi 100(2) 2
Kurikoma 66.7(4) 333(2) 6
Marumori A2) 100(2) 2
Marumori B 50.0(1) 50.0(1) 2
1997
Naruse 100(1) D 1
Nakaniida 835(5) 16.7(1) 6
Sendai, Izumi 83(1) 83(1) 417() 41.7(5) 12
1998
Furukawa A 50.0(1) 50.0(1) 2
Furukawa B 82.8(29)¢) 8.6(3) 8.6(3) 35
Furukawa C 91.7(11) 8.3(1) 12
Furukawa DP) 76.9(10) 23.1(3) 13
Furukawa E 66.7(2) 33.3(1) 3
Semine A 95.2(20) 4.8(1) 21
Semine B 80.0(16) 15.0(3) 5.0(1) 20
T1999
Furukawa F 100(1) 1
Furukawa G 100(1) 1
Furukawa H —(1) 1
2000
Onoda — (N 1

a) Location with alphabetical characters are different sampling points at same locations.

b) Samples were isolated from rice cultivar Hitomebore. The field Furukawa D was adjacent to Furukawa A, B and C.
¢) Complete resistance gene identified using spray inoculation method.

d) Percentage of identified complete resistance gene in each location (number of isolated P, grisea).

e) Samples in Furukawa and Onoda from 1998 to 2000 (in bold face) collected are from seed production fields.

f) Not identified races.
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[ = FBL] 3B5EY; 3B X OTRALE Y 0
WA ADH LT D EHEE S 7z 3 4 BV IRG UM &
ZfiE, &Mk e b 18573 2T, Pik-s. Pia,
Pii, Pik. Pik-m. Piz, Piz-t ® 7 i TH - 7=
(Table 7)o

19964F & 1997412 [ = FBL] o—fk#EY;
PO EES N2V B O L — AHEEHE. 003.0,
007.0. 037.1 3 fli¥ & HAliTdh o7z (Table 7).
2D H, [HH =T FBL] OEBERRFEIIH LT
IEFMEDO L —2007.01%, [HH =3 FBL] ZHEE
T34 ORMPO7HES NIz F72, 19964F121%
(Y4 = FBL1%]) & [2%5] owFhicdIEHR
DL — 2007053558 S 7z,

% %)

[ 4 =3 *BL] ORI, Pik-s. Piak &
CPiiEMRAELTELT, TNHOHEETEARALT
W ERAY T4 =2 ¥BL] OFKEMBLNTRD
LN7zDiE, HFORIY LFiED 2 IFNEEIZH
KT HEEZOLND, 2Dz, SRIO LX) ZffEE
159 8y S EER D 4 2 O BRI E S T8 % 0
BT HUENDBII0 B L 72U A LGS
HHETEB LTV RWHIHFITERT 2LEN D 5,

19964F & 19974F D EREFRA A &, [+ = FBLJ
PRI AT 5 L — RNTIEK & RAERE B AR
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PR CTTTICHEL T L2ERSH Y, Ih
AHEFRG ORI X O RGIR & 2 5 W REMEASE 2
bz, €T, ThEMET % HIYT1998~2000
T T [ = BL] ORMRY L Z 0
MESB L O T3 =Y FBL] o—kiEE I
BBV —AnmIkREHHE L. 2F 0. HDE
KIS [HH =¥ FBL] OFMEYCTHEE SR
EL — AOFEE & BFEDSKEELS [$9 =Y FBLJ
ORI TS 2 REL - 20 b DL X
CEMLTwUE, ZOfET-2ME4F T - 721 ik
PSR REEND L 2 720 L L. ARGRBHE
T, 19984E DRI D [H4 =2 FBL] L £
OBE Lz T0EdiEn] (Pi) ORMEEY 25 L —
Z007.0& 0371235 Sz TRHEDS B, [
ZVFBL] #RETELDIIL—R0371DATH
S7zH KAEELED [H9 = $BL] #HH5HY
TL—R0371D5BESN D Z L3 olzo B
LClE, 19984E0 [+ =¥ FBLJ R OfE
TAXKAEE DOE RPN 2 B T REME 2SR S iz 7z
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D, 19994 DAEFHF I S e b o 72 (IR,
Bl KK, BE). To7z0, 19994 IR X
N7z [ =Y FBL] O TITIZI97EED D D
AR S Nzl AR Vo

AIRAORERD 51, PREGE ER T2 5 Off (2
BOTMEEEIHL LI TE o7 L2l &7
< & H1998~20004E121x [V =Y $BL] #RE
T 5V LI L — ADHFIRGed 5 BB KA -
eEZ6N5,

L5 2K 5 oWk, 4= FBLJ
ZUERHT LT S 2RISR 2 R ET 5 L
—ADGEEE TS, ThSolkIE, JHLMS
MO DORCAARD [H4 =¥ FBL] OFEHBEA
THIHLZD DD LN TRV,

B, SHORBKEE,»S, =Y FBL] %
WS 5 T RTORMOBITZNZITx LTI
MOV BIFH L — 2007.012 & 0 &4 52 &
DS & 2o 720 4 I DR CIEBRBEREA LK
Whipnizo, PR ERws, [Ty =
VEBL| Ohh THEDRHISZ OISO L
—Z007.0IZREI NPTV EVIHANIED LN
Tirol, 2, ERMOBEICB TS0 HIK
WL — A B OIS IR & 5% W REVE DS B
BT EERIEL TS,

2) SRR BT 5 BB A RO
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JNVFTA TR BBICHAT 0D BIFRN L
— 202 Ly RAE S N7 KB VRS TR TR
PEARPIED BT 5 2 L IC X DB AIHI S b,
LAL. L—X - HBIRFEARY 2 CHE S NS K
B E RIS, WTNOREBZFREICBVWTD,
B L OB CHERIMSEH L T 5 2 e uT
LBFEREEN TV S DIF TRV,

FVEICHIME 2 A L 724 A RO 3B
W BRI A AT 2 & BVEIHUEARBIL, —
AR TR BEIER S v, L L, EdEE
M (=T Pitak Feo i B ClE, JEBURIE R 2 %8
T3 % L RS (§5REREMAL) OBUSZR L. R
PERBEICEL L 72 EZ TR T 2 2 e 03H 5%, £
720 A AORTIZ, IS BB o BB E A
BLD I THETORMEALN, /o0 AT
B BB R AR L 5 & ZOFRHRBEIHE
BHbLINTVEY, E512, M0k KDL T
BFRLA 9= %] FEEETFREORICIER
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VD LR A BT 5 &, BV HO%RRE
ISR CEN D B L & BT, T LT
DL BB EF LD BORBREIEE L L
PHEE N TWBY,

INHD XY BRI LW, —RBORRTMY; CTlRAL S
NBWEFEEEFRETIRIZ LT <
WVF T4 BT BRI R 2D A
BEFE L THEPREL R LWL H 5. €2 T\
RETIL, BACEZEMTE Y v & —KHF N O F
BT Y= 3] BIU [OeoiFh] oFRE®
BFRBE R L. SREMHETIIBIT 2 ERMO%E
BLOBOWERELZWASMILLY L L7,

HRE& i)

WAL R ERTZE X ~ & — K H A E N o Bl <.
(= %] LZOMEEET 8RB L [H
FIL15] &3 KE, ToLoiFh] & Z2oREE
=7 5 Rt 2 RO 2 ELIEEEC X b R
BRa AT o 720 ABRIXIZ. 4:M225cm. FRH22.5cm.
4FR20m. 34 T1IX& L. 20014E 5 H16H 2 1 #
1 AR Z OFREEE T, B L7248 RO & Al
Z L7z ARBRIXIZIE, MR W HHOFRE
wE% T 5720, FGETETEOFH [H4 =2 F ]
Z 1530, MROPRMBEETTAZ L, m5ED
BRE L7z bbb 20004 (2K HFH SN O3
THRELL (¥ = %] OfFHEEEZ15mD
BZEH SIS 3T OARMO Vb TRHA THIER T A
LEE60cmEZ% b LIl ThH5%Z 6 H25HIC
ABREGNIC 2mx 4 miEFETE L7z, IR,
N. P:0s. K:0% TN ZEN13%EH L7 LR IE %
1022472 9 60kgDEIAT 3 ARICHM L 720 AR,
M7 ~E=T AR BRI TL0aX720) 1kgDFH
ATy 6 A428H & 7 H10HIZHEM L 720

FERAEEE 1L, RE ORI 12X ) FHE GEE D11
B CHEBUC X BRI L. b 5k 7 H23H1Z,
Bwdbiz9g A3 HIZZERZN 1 X 1 R#HH72D10
W OMAE L7, &b, BRI T— % 155
72, RERRVERREE Y 3 2 R BEH R O HE L
TWAEAIIZZENS LRI R 720

G R)

AERECTld, BBV B L BIIE Lz, A
WWOWFAEFLIE 7 H2 BT, 2 6 260 ok
IREHICAECZERICE A0 EEZ bz, B
bH WK ORBHEEIL, —BES X0 o7,
COBLBYIFEHIL MBI L7720 (F—% 4

W) HHOMEENIFE L, BB HETAY I IE
WehrhbAabNz, B, 7 H23HICEERIC
BATHINL 72{544H 1080 9 5 8 i CARE DN T
BRDBRD SNz ZDZ e, ZOERBIZE
WL T2 b0 LR S D,

Y= *] LZ2OMERIETFREOEND B
OFIFAEREE, [HALIL 1 %] (B EPitkE i1
Pik-s). [#%# = %] (Pia) BXU [#H =T %
BL 85| (Pii) TEMo 72 [VH =Y FBL1%]
(Pik) BXU [2%] (Pik-m) Tldb 3 HICHMH
PEEBEATFED & N7z D A THRFIEE D > 720
(Y9 =3v*BL3%] (Piz). [5%]) (Pita2. [6
51 (Pita). [ 7% ] (Pib) T3 HMB ORI D A
BROSN, [+ =Y FBL4 %] (Piz-t) Tid.
WP FED SN d o7z (Table 8) o

Y= *] LZOMERIZFRFEOHNDL DL
OFHBE . [HIIL1 5], [ H=vF] Bk
O [HH=vFBL8 5| T&bOTHL., Z0Ofl
Wb Ewds, (= FBL3 5], [5%5]
BIOT65F] 1 [ =vFBL45] BXO
[7%5] &0 BB -7z (Table 8)

[0 EDizn] L Z2OHERETFRHEOENDL D
DRI, [T (Pil) TIZRER LR
BEASFRD HNF= DI L. Ao R TR B
3RO 5NY. Pik-m B X O Pita 2Tl 8o
EHERBED AAHR SN, Piz, Pia-2 8 £ U Piz-t 5
WMTIE, ELHEPRD NG o7 (Table 9)o

Table 8 Difference of blast severity among rice
cultivar Sasanishiki and its near-isogenic
lines

Diseased
spikelets (%)

Diseased

leaf area (%)@

Near-isogenic line

(Complete resistance gene)

Tohoku IL1 (Pik-s) 203 b 815 a
Sasanishiki (Pia) 319 ab 795 ab
Sasanishiki BL1 (Pia Pik) 0.09 ¢ 4.2 def
Sasanishiki BL2 (Pia Pik-m) 0.09 ¢ 25 efg
Sasanishiki BL3 (Pia Piz) 0.002 ¢ 5.3 cde
Sasanishiki BL4 (Pia Piz-t) 0c 11g
Sasanishiki BL5 (Pia Pita-2) 0.005 ¢ 58 cd
Sasanishiki BL6 (Pia Pita) 001 ¢ 87¢c
Sasanishiki BL7 (Pia Pib) 0.002 ¢ 15 fg
Sasanishiki BL8 (Pia Pii) 396 a 725 b

a) Values of log (X+1) transformed diseased leaf area and arcsine
transformed diseased spikelets within the same column followed
by different letters are significantly different according to
Tukey's test (P = 0.05).
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Table 9 Difference of blast severity among rice
cultivar Hitomebore and its near-isogenic

lines

Diseased
spikelets (%)

Diseased

leaf area (%))

Near-isogenic line

(Complete resistance gene)

Hitomebore (Pii) 10.3 55.3 a

Pik-m line (Pii Pik-m) 0.003 14 ¢

Piz line (Pii Piz) 0 44 be
Pita line (Pii Pita) 0.01 83b

Pita-2 line (Pii Pita-2) 0 4.1 be
Piz-t line (Pii Piz-t) 0 2c

a) Multiple comparisons did not used for data of diseased leaf
area according to nonhomoscedasticity. Values of arcsine
transformed diseased spikelets within the same column followed
by different letters are significantly different according to
Tukey's test (P = 0.05).

[oedizh] & 2oMEBREFREOBEN L
DORFFIEIE, [OEDIFN] TEbDOTEL 72
A ZofidviIh bK<, Pitak ) b Pik-mb &
O Piz-t R DTG AL A > 7= (Table 9),

(% %)

ARRBERSH AT L7720 b BIRH O L — A48
fibhdrotze LAL, B HLTRFIIWD DL
R L — A3 B BERGUEEAR T O BUG 3B
THDHDT, FNEMIRICERBEOTIIRIEE D S
T HE, L2 (Y= v *] MERETR
MO [HRIL1 5], 9= %] BX
O [HH =T FBL8F] ODATHWI ENDL, &
BRI TEE R L — 213007.0TH - 72 W] REtE 235k
v BT, [ =Y FBL15] BL [25)]
TIEDOTHPIERERES A LN LD, L=
A03715D T hICHA LR H 5. D7
B, TTTIEL—A007.02 03712554 LTz d
DEPE LT OERELT- 720

Yamada et al ® OHBIMEARRTIE. Wb HR
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T5EEZEZOSNIEBAERO 2 L — 2120 LAk
O FG % RS REMED D » 7245, R TIE, B
BPAOTEN S BIFHEIZRD SN oz, TD72
O, RO RN S B OIPUESUS (B 4T
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F ] FEBETRETD DB ORI,
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B, INVF T4 Y ERBATBHENCIE, ToMEo L
—ASGA R AL, BT S R MEE T RIS L
T EORBEOREL —ADGAT 5 0% H LIS
THLENRD LT, L—A5MORER, B
MPOWESHEL, HBRE B EMEL, L — A
MNaA7) BRERZ 2, L L, MENTOF
Wit E% O WiRE R A B OWBL D 5 720, FHEEHD
PHE L — AP EITO L ETH, ~EICHEETE
BB 1 RS20 4 ~ 6 KT, BsRMIC
RBEITZ R VOPBIRTH S, 22T, —FEILE
Ko LIFWHO L — AR EATZ 5 HEICEZ S
CERHMIC, IEREDOY R ERAT,

UL E i)
BEEHHOEV LA (12x245], Y r<—
) &, 3 x4 (1kVbLAK2ZYI1278, DT
VLA LBET) U (#E6.5cm X A 9 cm X &
¥45cm) L. ZNBHIZN, P.0s. K.0% ENEh
13%&4H L7 ALRBE 2 HRICL <. BRI
25/ kgD G THHEIZHEM L2 DEE D2, 12
FEOH BSOS IL, 1804720 1 5l 3k
FTOMWRTHM - L L. M EFRER (v=2
F V=V P Al O100f5A K (25 ug/ml) =¥ 3
THT1EIVE LA K720 10mlziERE L7z, 28T
T2 HHIMIF S ®7:%, 23~32COIRENT 5 3
FC2HMEN L (Fig 13), 72 fEREL LT,
Y=FY 77— (E&15cm X ME 5 cm X i S
10cm) (CHEHILE ERARD Bk DfLBEE % 1
F—AM7-) 3gl s XHRMLTIED, 1l
W70 5 k& 2HTION T D, 17 —AL720) 45
FCHFHON 2L, 37— A 1MELTHENL
oo INLE, AFWRED D WITHRERERICH L7,
—TJiv B4R 0b BIERRE B L 724 Al
HOEMIZ L BHEREZR 2o, M) HoF (9
cm X 10cm X 18cm. 6 T ® 7 2> CHFE 3T % 9 cm X
10cm& 9emx18cm®D % 1 2. A5t 2 MDA
ZHTB) BT 7 VMVKTIER L7 (Fig. 14).
HHREOF W HEOENPAEFICRITTHEL
PR D 7200z, WA DSIREFICAEE L3 W

Th 52003 F1HIEFRAEZ LML 720 EalkoTs
ETEVILABIVOY—F) v 77 —RIZHHL
HBRAEE, BV LA TIRLSAEYS ) 3AT
18V b LA BD36R, ¥—FY) T r—ATi

155 KEEN1 2 —F) ¥ 7 r—RA4%72020KT
Ar60AR %, 3 AT L 72, AR X, FOL,
ERMBLOTEL LA DHLVIEY— ) ¥ 7 r—2
D 5 2 M AR E L7z, #if
X, =KUY Ty —ZATHEWLE [K60) 2L
118 W ) S FEASEBICHESREDZITE A 5 TS
JEB L7z &HIWE L 725 TAT V. S E MRSV
FLA ORIV TR EITo 720 BB,
Zefl A AR, KR E A S ez v b LA
HHVET—F) T —AERKFICEE, g%
5 LR T, iEOME <M< mS 2 WE L TH
WLk E L7,

PEREERER AL L 724 A b B IE. 20034E 12
FULESER 28 &~ & — KRS N O A7 95 3
MPOEND BIRBEARE L, Hl 158 L7z 120 bk
A~L (W¥Fhd L —2007.0. LLFL—2AHEM),
R R A IR B A & il 2 2 72 5 W
FEN101~N106 (3113 037.1) B L O AL 3Em %
¥ 7 —IKHA AR R D 6 Btk Kyul9-246
(003.0) . #ii86-137 (007.0) . Mu-95 (001.2), 24-22-1-1
(037.1). #85-101 (303.0) B &L V'FE74-134 (477.1)
OEFEI23WHRE Lo SROZRFHEICI Y FTK
S, RTEHEROWRE X, 1.5X 107/ mI#H
L, 0.02% DI D X ) Tween 20 7ML
720 WAFIBEWIE. LV b LA ICHN L7205 S
LTl b A472010ml, =K 7
F—ADHDIH LT3 47— 142570 80mld
DERIEZFBHM L2, 2B, BV ML A OBRA R,
BRI ARAY ) HoRicEneng vy, it
80cm X #90cm (FFFHNO K Z 2L, #80cm x
Hi160cm X B & 140cm) 2L FE 5 & 9 128D TIENR
720 LT, 25C THIXHREE100% O HAE 46 |2 20
BFER, 25COMBE~B LK E THEHL 72, &
BRE 1 LA Y720 1 RdkE LC23RME 3 K
BETIHEEDBIC, 3V —FI) Yy r—A1#%7:
D 1WkkE LC23Wtk % RIS L7z L —
AHBNE, RS 7T HBBIAT 5 720 B, AR,
20034E 8 H. 10H 3B X U128 O 451 3 AT - 720

CE S

v b LA TEHEE L2, B O



24 WAL I v & — TS

EEREA OB T, HLPY—F) 7 r—2D

bOLIELTHELIMKLS o7 (Fig 1314). 5
FEMOELIE, WHIEA25~30cmTH > 72DITH L.,
LIV LA DHBIGETIES ~6cmiEETH Y.
IR S 7z (¢ HiE. P<001)o COEH
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AHbE, B5EPTEENT S TOMMIX, ¥ —
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EHT1~2 HMRER o7 (F—5 AW . £
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Fig.13 Seedlings at the five-leaf stage of the 12
differential rice varieties used to identify
Japanese races of rice blast fungus in a
multi-cell tray. Three seeds of each variety
were sown in a cell and treated immedi-
ately after sowing with uniconazole, a
plant growth regulator. The bar repre-
sents lcm.
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Fig.14 Seedlings at the five-leaf stage of the 12
differential rice varieties at 14 days after
sowing for differentiating Japanese races
of rice blast fungus. A: dwarf uniconazole
treated-seedlings grown in a multi-cell tray
B: uniconazole treated-seedlings grown in
a multi-cell tray covered with a plastic
case; C: control seedlings grown in conven-
tional three seedling cases according to
the method of Goto and Yamanaka (1968).
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Fig.15 Comparison of height and leaf age between control and uniconazole treated-seedlings for 12
differential rice varieties at 14 days after sowing. A~L are differential rice varieties with the
blast resistance gene in parentheses. A: Shin2 (Pik-s); B: Aichiasahi (Pia); C: Ishikarisiroke
(Pii) ; D: Kanto51 (Pik); E: Tsuyuake (Pik-m); F: Fukunishiki (Piz); G: Yashiromochi (Pita) ;
H: PiNo. 4 (Pita-2); 1. Toridel (Piz-t); J: K60 (Pik-p); K: BL1 (Pib); L: K59 (Pit). Vertical
bars represent the standard errors.

B, KRBT, ot HofzHwk <
Th, 0WARBEEIIIEM L 72 v b L A OH B nfl
AN ATRR TH 572 (F— 7 A0%) o
ZHINHB A ER LCBRT A LoD AR
PP & HIIT S L5 R T B SR ISR v ybg B
B AR TEIENHLMER L WRT 5720
Fig.16 Reactions on leaves of uniconazole-treated (2. K¥0 (&7 =3 F V' — )b P H O 75045 A4 B
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Fig.17 The ratio of autoinfection to alloinfection
(Am ) in mixtures of susceptible Sasa-
nishiki (S) and its resistant near-isogenic
line (R), either Sasanishiki BL4 or BL7, at
the ratios (S:R) of 1:1 and 1:3 to the
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Fig.18 Observed (dots) and simulated (solid line) curves of rice leaf blast epidemics, caused by
Pyricularia grisea, in mixtures of susceptible (S) cv. Sasanishiki and its resistant (R) near-
isogenic line, Sasanishiki BL4 or BLS, at the proportions (S:R) of 1:0, 1:1 and 1:3 from 1998 to
2001.
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Fig.19 Effect of parameter of induced resistance on
compatible blast race to two near-isogenic
lines in 1:1 mixture with two near-isogenic
lines. The race, compatible with the both
lines, and the other race (an inducer), com-
patible with the line and incompatible with
the other line, were set in the 1:1 mixture.
Meteorological data was used for simula-
tions collected in an experimental field at
National Agricultural Research Center for
Tohoku Region, Omagari, Akita Prefecture
in 2001. Two parameters of induced resist-
ance, Area Induced Resistance (AIR = 50
mm?) and Days Induced Resistance (DIR
= 10 days), were used to compare between

control and induced resistance simulations.
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Fig. 20 Effect of parameter of stabilizing selection
on development of compatible blast race to
two near-isogenic lines in 1:1 mixture with
two near-isogenic lines. The race, compati-
ble with the both lines, and the other race
(an inducer), compatible with the line and
incompatible with the other line, were set
in the 1:1 mixture. Values of the parame-
ter of stabilizing selection for simulations
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respectively. Meteorological data was used
for their simulations collected in an
experimental field at National Agricultural
Research Center for Tohoku Region,
Omagari, Akita Prefecture in 2000.
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Fig. 21 Simulated number of mutated leaf blast lesions formed on resistant near-isogenic line in a hill per

day in 1:3 mixture of susceptible and resistant near-isogenic line from 1998 to 2001. Mutation
rate was set as 10-5 for simulation using BLASTMUL.

0.45
11998
041 |m1999
o 12000
S 035 |E2001
3
o,
@ 03 r
.S
3
= 025+
&
)
w 02r
=
C 0151
(5]
Q0
g 01
=z 0
0.05
0 - I ] ‘ rl‘ I‘m ‘m . L ‘ ‘ ‘ ‘ ‘ e I‘HT‘ [l
1 3 5 7 9 11 13 15 17 19 21 23 25
Days from 1 July
Fig. 22 Simulated number of mutated leaf blast lesions on resistant near-isogenic lines per day in 1:3

mixture of susceptible and resistant near-isogenic line cultivated in a 10a field (approximately
including 20,000 hills) from 1998 to 2001. Mutation rate was set as 10-5 for simulation using
BLASTMUL.
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Studies on Mechanisms of Suppression of Rice Blast Disease in Multilines and
Their Analyses Using a Simulation Model

Taketo ASHIZAWA

Summary

Rice blast is the most destructive disease for rice production in Japan. To control this disease, fungicides
were applied, because elite rice cultivars with high eating quality, such as Koshihikari, Hitomebore and
Sasanishiki, which have low levels of partial resistance, are cultivated in large areas in Japan. However,
recent concerns about food safety and environmental awareness on the part of consumers and producers
has produced a desire to control rice blast by using resistant rice cultivars.

Rice cv. Kusabue, which has a complete blast resistance gene, Pik, was introduced in farm fields in 1960.
However, the cultivar resistance was broken down by the emergence of new virulent blast races in 1963.
Similarly, newly released cultivars having complete resistance genes, Piz, Pita, Pita-2 and Pib, have also
become diseased by the increase in virulent races within a few years.

To prevent the breakdown in resistance, the concept of a multiline was introduced to control blast. A
rice multiline was first bred in Taiwan, and the suppression of blast using the multiline was higher than
that in the recurrent parent rice cultivar for the multiline under a severe blast condition.

In Japan, a multiline known as Sasanishiki BL was first introduced and cultivated in farm fields in 1995
in Miyagi Prefecture. Using the multiline, researchers have studied the mechanisms of blast suppression,
the ratio of resistant near-isogenic lines in mixtures and the induced resistance. Simultaneously, the
distribution of pathogenic races of blast fungus in Sasanishiki BL has been investigated in farm and seed
production fields. However, evaluation of the effectiveness of blast suppression in the multiline has not yet
been analyzed, and the mechanism of induced resistance in the multiline has not been clarified.

The present studies were conducted to clarify the mechanisms of suppression of rice blast in the
Sasanishiki BL multiline and to report their analyses using a simulation model. An summary of the results
is as follows:

1. Field experiments were conducted to clarify the difference in number of initial lesions among pure
stands of susceptible Sasanishiki, 1:1 and 1:3 mixtures of Sasanishiki and its resistant near-isogenic line,
Sasanishiki BL4 or BLS8, from 1998 to 2001. The number of blast lesions was high in pure stands of
Sasanishiki, moderate in the 1:1 mixtures, and low in the 1:3 mixtures. In addition, leaf blast development
in the mixtures was slower than that expected from the rates of the resistant near-isogenic line in the
mixture.

2. Vertical development of leaf blast lesions was suppressed in the 1:1 and 1:3 mixtures of Sasanishiki
and its resistant near-isogenic line compared to a pure stand of Sasanishiki.

3. The degree of suppression of blast on leaf blades preinoculated with an incompatible isolate was
different among Sasanishiki near-isogenic lines. The suppression on Sasanishiki BL7 with the b-type
lesions preinoculated with an incompatible isolate was greater than that on Sasanishiki BL4 with the HR

(hypersensitive reaction) type (cytological granules) lesions. The suppression was affected by spore
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concentration of the incompatible isolate, and by extended uninoculated areas of leaf blades. In addition,
leaf blades with b-type lesions also suppressed invasion hyphae.

4 . The degree of blast suppression on panicles preinoculated with an incompatible isolate was different
among Sasanishiki near-isogenic lines. Panicle blast severity of the near-isogenic lines with low severity
was less suppressed by a compatible isolate compared with that of higher severity. The panicle blast
severity by a compatible isolate was suppressed by preinoculation with high spore concentrations of an
incompatible isolate.

5. Distribution of pathogenic races in farm and seed production fields of Sasanishiki BL cultivated in
Miyagi Prefecture from 1996 to 2000 was investigated. Blast fungus of race 007.0, which is incompatible
with Sasanishiki BL lines, was frequently isolated from the lines. The compatible fungus of race 037.1 was
also isolated from Sasanishiki BL1, having the Pik gene, and BL2, having the Pik-m gene, but the race did
not become predominant in the prefecture. A complete resistance genotype was identified using infected
panicles of Sasanishiki BL, which indicated that specific lines constituting Sasanishiki BL did not tend to
be infectious to the race 007.0.

6. To clarify the effect of incompatible blast fungus of race 007.0 in multilines on blast severity in paddy
field conditions, Sasanishiki and Hitomebore near-isogenic lines were cultivated in an experimental field
in a severe blast epidemic in 2001. A difference of blast severity among the lines was observed, and the
difference was similar to that found in an inoculation test using incompatible isolates.

7 . A simulation model, named BLASTMUL, was developed to clarify leaf blast development in multilines.
Simulated numbers of leaf blast lesions fit well with observed numbers. Parameters of autoinfection and
alloinfection, whose values are 0.65 and 0.35, respectively, functioned well in the model. The model showed
that the highest number of blast lesions within a year is a good predictor to clarify the effectiveness of leaf
blast suppression in multilines.

8. A parameter of induced resistance was introduced, and then sensitivity analysis was done to evaluate
the effect of suppression by an incompatible blast fungus. The model of relative sensitivity was low. This
indicated that the parameter was not sufficient to affect leaf blast development, regardless of severe blast
occurrence.

9. A parameter of stabilizing selection was also introduced, and sensitivity analysis was done to evaluate
the effect of leaf blast suppression. The model of relative sensitivity was high. The result indicated that
leaf blast suppression might occur when the stabilizing selection is effective in a population of blast fungus
in multilines.

10. A parameter of mutation was introduced, and sensitivity analysis was done to evaluate the frequency
of emergence of mutated blast fungus. Simulation results revealed that the mutated fungus did not emerge
within a representative hill (a small area), but it did emerge within an area of 1,000m’® (including
approximately 20,000 hills) in accordance with a higher mutation rate.

11. A new model was developed using BLASTMUL to clarify the number of mixed lines for effective
control of two-line compatible races. A parameter set of autoinfection and alloinfection was used to
calculate the number. The model indicated that an 8-line mixture was effective to control leaf blast

similar to conventional application of blasticides.



