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Pathogenic Races and Virulence Gene Structure of Magnaporthe oryzae Popu-
lation and Rice Breeding Strategy for Blast Resistance in Heilongjiang Province

LEI Cai-Lin', ZHANG Guo-Min*>"*, CHENG Zhi-Jun, MA Jun-Tao?, WANG Jiu-Lin!, XIN Ai-Hua?, CHEN
Ping®, XIAO lJia-Lei?, ZHANG Xin', LIU Ying-Xue?, GUO Xiu-Ping', WANG Jie!, ZHAI Hu-Qu', and WAN
Jian-Min*"

! Institute of Crop Sciences, Chinese Academy of Agricultural Sciences / National Key Facility for Crop Gene Resources and Genetic Improvement,
Beijing 100081, China; ? Cultivation Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China

Abstract: The rice blast became more severe in Heilongjiang province during the past few years, causing a large loss of rice yield.
A total of 173 Magnaporthe oryzae (M. oryzae) isolates, collected from different rice-cropping districts of the province in 2006,
were tested for their pathogenicity against 9 Japanese and 7 Chinese differential varieties (DVs) together with 31 rice monogenic
lines (MLs) with different blast resistance genes and 12 local leading cultivars. Out of these 173 isolates, 55 Japanese races
(pathotypes) were identified by using the Japanese DVs, and the predominant races were 017, 077, 037, 377, and 047, accounting
for 42.29% of all the tested isolates. The comparison of differential ability between Japanese and Chinese DVs testified that the
former one was much more suitable for M. oryzae pathotyping in Heilongjiang province. Among 12 leading cultivars tested, only
Longjing 14 and Longdun 104 still kept good resistance to blast disease. The resistance gene Pi9 showed broadest resistance spec-
trum (on average 94.80%) to all the blast isolates tested, and was of the highest utilization value in rice blast resistance breeding.
The resistance genes Pi-z5(CA), Pi-z5(R), Pi-ta2(R), Pi-ta2(P), Pi-12(t), and Pi20(t) also showed high utilization values due to
their resistance spectra of around 70%. The most effective breeding strategy for blast resistance should be as follows: 1) to utilize
rationally Longjing 14, Longdun 104 and Pi9 as resistance donors, and pyramid one to several more broad-spectrum resistance
genes into elite leading cultivars by means of marker-assisted selection; 2) to strengthen the monitoring of predominant virulent
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races and their temporal and spatial variation; and 3) to explore new resistance resources extensively and transfer the new

broad-spectrum resistance genes into leading cultivars purposefully.

Keywords: Magnaporthe oryzae; Pathotype; Virulence gene; Rice; Resistance gene
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Table 1 Constitution of predominant races identified from Heilongjiang isolates collected in 2006

Accumulated temperature zone (ATZ) No. of isolates  No. of races Predominant race and frequency (%)
The 1st ATZ(2700-2900°C) 26 15 047 (19.23), 057 (11.53), 237(11.53)
The 2nd ATZ(2500-2700°C)
Early maturity zone(2500-2600°C) 28 16 017 (10.71), 033 (10.71), 237 (10.71), 377 (10.71)
Late maturity zone(2600-2700°C) 43 25 077 (16.28), 037 (9.30), 053 (9.30), 017 (6.98)
sum - 24 ?;23)(12.68), 017 (8.45), 037 (7.04), 377 (7.04),053
The 3rd ATZ(2300-2500°C)
Early maturity zone(2300-2400°C) 27 13 017 (25.93), 037 (11.11), 011 (11.11)
Late maturity zone(2400-2500°C) 49 28 ?; 712()12'24)' 017 (12.24), 003 (8.16), 007 (6.12), 377
sum 76 33 ?51726():}.703.39)(,5%2; (10.52), 037 (6.57), 007 (6.57), 377
Total 173 55 (()51.720()10.98), 077 (9.83), 037 (6.94), 377 (5.20%), 047
26 15 , 33 , 017 077 037
047 057 237, 19.23% 007 377 003, 17.10% 10.52%
11.53%  11.53%, 42.30% 6.57% 6.57% 5.26% 5.26%, 41.86%
71 34 ) 077 017 27 13 ,
037 377 053, 12.68% 8.45% 017 037 011, 48.15%; 49
7.04% 7.04% 5.63%, 40.85% , 28 , 077 017
28 16 , 003 007 377, 4583% (1)
017 033 237 377, 42.86%; ( 2),
43 25 ) 077 037 047 ;
053 017, 41.86% 76 017 077 037 377 033
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Table 2 Distribution of main races identified from Heilongjiang isolates collected in 2006

No. of isolates included

Predominant race C.)? €, )
The 1st ATZ The 2nd ATZ (E, L) ® The 3rd ATZ (E, L) Total
017 0 6(3,3) 13 (7, 6) 19
077 0 9(2,7) 8 (2, 6) 17
037 1 6(2,4) 5(3,2) 12
047 5 1(0,1) 3(2,1) 9
377 0 4(2,2) 5(3,2) 9
003 1 3(2,1) 4(0,4) 8
177 2 3(1,2) 2(0,2) 7
007 1 0 5 (2, 3) 6
033 0 3(3,0) 3(2,1) 6
057 3 1(1,0) 2(1,1) 6
237 3 3(3,0) 0 6
No. of isolates tested 16 39 50 105
a I A E: early maturity district; L: late maturity district.
2.2
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Table 3 Chinese races identified from 130 isolates and number of Japanese races included in each of them

( )

Chinese No: of isolates Frequency No. of_Japanese races Japanese races corresponded (No. of isolates)
race included (%) included
o w as W DD T S GO 07, S, 05T, 050
ZE, 26 90.00 16 037(3), 057(3), 077(3), 001(2), 017(2), 047(2), 053(2), 003(1),
005(1), 015(1), 043(1), 113(1), 143(1), 177(1), 203(1), 437(1)
26, 19 14.62 " 8(5)2?81 fg;((f)) 2083((12)),'204031((11))' 010(1), 017(1), 023(1), 025(1),
7D, 1 8.46 9 giég; 033(2), 001(1), 013(1), 023(1), 073(1), 237(1), 327(1),
7Ds 9 6.92 9 g?;ﬁg 033(1), 036(1), 037(1), 053(1), 057(1), 173(1), 177(1),
ZDs 8 6.15 6 011(2), 017(2), 033(1), 043(1), 177(1), 237(1)
ZF, 7 5.38 6 017(2),003(1), 013(1), 047(1), 117, 127, 137
ZE; 6 4.62 5 047(2), 003(1), 012(1), 066(1), 203(1)
ZAss 3 2.31 3 157(1), 237(1), 377(1)
ZBys 3 2.31 2 017(2), 177(1)
ZAs 2 1.54 2 003(1), 577(1)
ZA; 1 0.77 1 047(1)
ZAy 1 0.77 1 047(1)
ZAs 1 0.77 1 157(1)
ZA39 1 0.77 1 077(1)
ZA55 1 0.77 1 043(1)
ZB; 1 0.77 1 037(1)
ZBis 1 0.77 1 023(1)
ZC, 1 0.77 1 047(1)
Total 130 100 130 47
94.80%), 2.4
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3.47% 2.89% 2.31% 4.05% , 14
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Table 4 VF% of Heilongjiang blast pathogen populations to the known resistance genes in 31 monogenic lines

VF% of blast pathogen populations in different districts (%)

0,

Monogenicline  Rgene  avrgene The 15t ATz TH EMD(a) in Z)nd The LMD” in2nd The EMD in3rd  The LMD in 3rd

ATZ ATZ ATZ ATZ
IRBLa-A Pia(A) avr-a(A) 97.69 100.00 10.00 95.35 92.59 100.00
IRBLa-C Pia(C)  avr-a(C) 8844 92.31 92.86 83.72 88.89 87.76
IRBLI-F5 Pii avr-i 84.97 92.31 85.71 93.02 88.89 71.43
IRBLKs-F5 Pik-s(F) avrks(F)  95.38 100.00 82.14 97.67 100.00 95.92
IRBLKs-S Pik-s(S) avrks(S)  93.64 92.31 96.43 97.67 81.48 95.92
IRBLK-Ka Pik avr-k 85.55 65.38 89.29 97.67 96.30 77.55
IRBLkp-K60 Pik-p avr-kp 83.24 61.54 92.86 97.67 85.19 75.51
IRBLkh-K3 Pik-h avr-kh 67.05 42.31 78.57 76.74 74.07 61.22
IRBLz-Fu Piz avr-z 71.10 76.92 71.43 81.39 55.56 67.35
IRBLZ5-CA Piz-5(CA) avr-z5(CA)  23.70 1154 14.29 48.84 22.22 14.29
IRBLzt-T Piz-t avr-zt 52.02 69.23 42.86 48.84 37.04 59.18
IRBLta-K1 Pita(K) avr-ta(K) 68.79 84.62 71.43 55.81 66.67 71.43
IRBLta-CT?2 Pita(CT) avrta(CT) 7052 69.23 71.43 72.09 62.96 73.47
IRBLb-B Pib avr-b 45.09 69.23 21.43 51.16 29.63 48.98
IRBLt-K59 Pit avr-t 97.11 92.31 96.43 100.00 96.30 97.96
IRBLsh-S Pish(S)  avrsh(S)  82.66 84.62 89.29 81.39 77.78 81.63
IRBLsh-B Pish(B) avrsh(B)  83.82 100.00 85.71 81.39 70.37 83.67
IRBL1-CL Pil avr-1 49.13 34.62 53.57 65.12 48.15 40.82
IRBL3-CP4 Pi3 avr-3 81.50 84.62 82.14 93.02 70.37 75.51
IRBL5-M PiS®)  avr-5(t) 34.10 34.62 25.00 4651 33.33 2857
IRBL7-M PI7®)  avr-7(t) 80.92 69.23 89.29 88.37 85.19 73.47
IRBL9-W Pi9 avr-9(t) 5.20 3.85 3.57 4.65 7.41 6.12
IRBL12-M Pi12(t) avr-12(t) 27.75 61.54 14.29 25.58 7.41 30.61
IRBL19-M Pi19(t) avr-19(t) 95.38 100.00 96.43 93.02 96.30 93.88
IRBLKm-Ts Pik-m avr-km 71.68 50.00 71.43 86.05 85.19 63.27
IRBL20-IR24 Pi20(t) avr-20(t) 31.21 19.23 28.57 44,19 25.93 30.61
IRBLta2-Pi Pita-2(P) avr-ta2(P) 24.86 30.77 42.86 13.95 14.81 26.53
IRBLta2-Re Pita-2(R) avr-ta2(R) 23.12 30.77 42.86 9.30 7.41 28.57
IRBLta-CP1 Pita(CP) avr-ta(CP)  93.64 96.15 96.43 86.05 96.30 95.92
IRBL11-Zh PIlL)  avr-1l(t)  41.04 69.23 17.86 48.84 29.63 38.78
IRBLZ5-CA(R)  Piz-5(R) avr-z5(R)  29.48 23.08 25.00 48.84 22.22 22.45

No. of isolates tested 173 26 28 43 27 49
3 EMD: early maturity district; ® LMD: late maturity district.
104 7 VAF=0) ,
96% Pi9 Pi9,
, 23%~58% : 2
94.80% , 131 12, Pi-9
Piz-5  Pil2(t) , 12 : Pi-ta2(P)
100%(Pi9 Piz-5 Pi12 Pi-z5(R), Pi-z56  Pi-12(t)
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Table 5 Virulence frequency (VF) of Heilongjiang blast pathogen populations to 12 leading rice cultivars

Cultivar

deduced R gene

VF%

VF% of blast pathogen populations in different districts (%)

The 1st ATZ The 2nd ATEMZ  The 2nd ATELZ

The 3rd ATEMZ  The 3rd ATLMZ

131 Kuiku 131
12 Kendao 12

7  Suijing 7

14 Longjing 14
Longdao 4
Longdao 7
Songjing 6
Songjing 9

A O O N B

Suijing 4
10  Kendao 10
3 Wuyoudao 3

Pia, Pik, 7%
Pik-s, Pik, ?
Pia, Pii, Pik, ?

Pi19(t), Pi12(t), Pik,?
Pish, Pik-s, Pi19(t),?

Pia, Pik, ?
Pia, Pik, ?
Pia, Pik, ?
Pik, ?

Pia, Piz, ?

Pia, Pik, ?

104 Longdun 104 Pia, Pik, Pi19(t), ?

Isolates tested

57.80
39.88
30.06
7.51
28.90
31.21
23.70
28.90
32.95
28.32
23.12
9.25
173

30.77
30.77
30.77
11.54
26.92
34.62
15.39
53.85
34.62
26.92
23.08

7.69

26

71.43
53.57
28.57
3.57
35.71
46.43
28.57
21.43
25.00
21.40
21.43
14.29
28

58.14
41.86
30.23

6.98
32.56
25.58
39.53
32.56
25.58
34.88
39.53

9.30

43

66.67
40.74
22.22
11.11
14.81
14.81
14.81
7.41
7.41
18.52
11.11
0
27

59.18
34.69
34.69
6.12
36.73
40.82
16.33
28.57
44.90
32.65
16.33
12.25
49

a).

3: The cultivar may harbor some other resistance genes or QTLs except the deduced ones.

(QTL)

6 LR2ANKEBEHRME 7 AT IEREEEELR 173 M ERMKESE NIRE
Table 6 Virulence association frequency (VAF) between 12 leading cultivars and 7 broad-spectrum resistance genes to 173 blast isolates

Pi-9

VAF(%)
VAF(%) between

Pi9

VAF
VAF(%) between putative Pi9-introduced cultivars and other resistance genes (%)

Cultivar cultivarsand P9 Piz-5(CA)  Piz-5R)  Pita2(P)  Pita-2(R) Pi12(t) Pi20(t)
131 Kuiku 131 5.20 173 1.16 1.16 173 173 2.31
12 Kendao 12 2.89 1.16 0.58 1.16 173 1.16 116
7 Suijing7 231 1.16 0.58 1.16 116 1.16 116
14 Longjing 14 116 0 0 0.58 0.58 0.58 0.58
4 Longjing 4 116 0 0.58 0.58 0.58 0.58 0.58
7 Longdao7 2.89 0.58 0.58 1.16 116 1.16 116
6  Songjing 6 0.58 0 0 0.58 0.58 0.58 0.58
9 Songjing 9 231 0.58 0.58 1.16 173 1.16 116
4 Suijing 4 231 1.16 0.58 0.58 0.58 1.16 116
10 Kendao 10 116 0.58 0.58 0.58 0.58 0.58 116
3 Wuyoudao3 173 116 116 116 173 0.58 173
104 Longdun 104 0 0 0 0 0 0 0
N (D)
3 g 173 56 ,
3.1 30%,
(2)
: 3 :
2005 2006 , 017 077 037 377 2
3) 173
34.10% 54.34%, 88.44%,
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3.2 24 :
(4)
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9 “ ” ] 1
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, , 14
[5-10] [11-12] 104
. (2) 131 12 ,
130 , Pi9 Pita-2(R) Piz-5(CA) Pita-2(P)
25 (47/19) Piz-5(R) Pil2(t) Pi20(t)
, Pigm(t) Pi40(t)
[5-10,25-26] E)
[23-,24,27-29,32]
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IRRI 31 2006
3.3 IRRI
31 14 104 Pi9 Pita-2(R)
12 Piz-5(CA) Pita-2(P) Piz-5(R) Pil2(t) Pi20(t)
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