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Analysis of Blast Resistance Genes in Japonica Rice Core Collection

and Progeny in Ningxia
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(lCollege of Agriculture, Ningxia University, Yinchuan 750021 ; *Ningxia Key Laboratory of modern molecular breeding for dominant and characteristic
crops, Yinchuan 750021)

Abstract: In this study, ninety-six rice core germplasm resources and these 47 hybrid progeny in Ningxia province were tested
for rice blast resistance in the fields, by using artificial inoculation and natural infection with physiological races of rice blast pathogen.
Moreover, eight functional markers, which associated to the respective rice blast resistance genes, were used for marker-assisted
detection of the resistance genes in mentioned materials as well as additional 28 different Genotypes. As observed, the resistance of
genotypes containing Pita, Pib, Pikm, Pikh, P9 and Pi5 represented significantly high level of resistance than that of other genotypes.
The Pita gene, pyramiding with either of Pikm, Pikh, Pi2 and Pi5 genes, showed increased resistance to rice blast, and notably,

stacking of Pita and Pikh genes showed highest resistance. However, Pib and Pita+Pikh in a genotype showed reduced rice blast
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resistance. Thus, this work provides an important reference in breeding for new rice varieties with broad-spectrum resistance, by

pyramiding of rice blast resistance genes in Ningxia region.
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Table 1 Varieties tested in this study
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Material number Variety Material number Variety Material number Variety
TH3 S THE S T
17001 L 17035 . . 17069 1INX-2417
Ningjing No.3 Ning glutinous No.5
TH TS5 BTG
17002 L 17036 . . 17070 11NX-2324
Ningjing No.7 Heilan rice
TH S AN
17003 L 17037 17071 2004J-58
Ningjing No.9 Samll waxy
THR12 % INELRRAE
17004 . *E ’ 17038 HicR . 17072 2003Y-266
Ningjing No.12 Small red board rice
TH 145 NG
17005 . * 17039 - . 17073 2012-784
Ningjing No.14 Small succinate rice
THE15 N
17006 . *E ? 17040 . fick . 17074 2007-218
Ningjing No.15 Small white board rice
THE16 & A TERIRAE
17007 , *E ’ 17041 o j(,’“* B 17075 2007G-318
Ningjing No.16 Rice with awn big succinate rice
THE 18 KIFEHAE
17008 L 17042 - . 17076 2009XZ-588
Ningjing No.18 Large succinate rice
THE 19 5 H /M
17009 L 17043 . ] . 17077 2007XZ-181
Ningjing No.19 White skin small rice
THE 23 5 TEMR2 S
17010 , *E ’ 17044 o 2% 17078 2013-1
Ningjing No.23 Ningxiangyou No.2
THE24 5 R} 843
17011 . * 17045 17079 2013-409
Ningjing No.24 Nongke No.843
TH 25 5 g 121
17012 . *E ? 17046 AR 17080 2012-131
Ningjing No.25 Shendao 121
THE28 5 1€ 94
17013 L 17047 17081 2012-162
Ningjing No.28 Hua 94
T3S £ 119
17014 . * 17048 17082 2011-173
Ningjing No.31 Hua 119
THE32 1€ 92
17015 L 17049 17083 2012-336
Ningjing No.32 Hua 92
THE33 £ 96
17016 L 17050 17084 2013-1104
Ningjing No.33 Hua 96
THE3S T 1£ 98
17017 . * 17051 17085 2013-1120
Ningjing No.35 Hua 98
THE 36 5 1€ 117
17018 L 17052 17086 2013-1134
Ningjing No.36 Hua 117
THE 3T 5 1118
17019 L 17053 17087 SD-4
Ningjing No.37 Hua 118
THE38 T LA 389
17020 . * 17054 17088 XM-307
Ningjing No.38 Shennong 389
THE39 5 11
17021 L 17055 . 17089 318
Ningjing No.39 Jie 11
THE 40 5 %17
17022 L 17056 . 17090 SD-1
Ningjing No.40 Jian 17
THE 415 %1310
17023 L 17057 . 17091 SD-2
Ningjing No.41 Jian 1310
THE 425 % 61
17024 L 17058 . 17092 913
Ningjing No.42 Jian 61
THE 43 5 %04
17025 L 17059 . 17093 04-17
Ningjing No.43 Jian 24
THE 44 5 % 1342 sl 3 5
17026 L 17060 . 17094 .
Ningjing No.44 Jian 1342 Youyin No.3



THE 44 5©Q

17027 L 17061
Ningjing No.44@
THE 45 5
17028 A *E ’ 17062
Ningjing No.45
THE 46 5
17029 . * 17063
Ningjing No.46
TH 47 5
17030 . * 17064
Ningjing No.47
TR
17031 L. . 17065
Ningxiang rice No.1
THEE2 T
17032 IR 17066
Ningxiang rice No.2
TR
17033 L. . 17067
Ningxiang rice No.3
17034 17068

Maomao glutinous

% 1346 JE R 08-4042

. 17095 .
Jian 1346 Tongxi 08-4042
%1360
Jian 1360 17096 84-275
Jian 1360
HT 2% LE 41
o 17097 "
Jingning No.2 Youyu 41
W15 THES1
L 17098 . *
Jingning No.2 Ningjing No.51
. THE 43/ FHE 2 S
T 218 o o
L. 17099~17106 Ningjing No.43/xiangjing
Ningzi 218
No.2
7K 143 A 4778 43
.?j( 17107~17121 - T*E
Ningda 143 Yanfeng47/NingjingNo.43
THE16/4E 118
89XW-216 17122~17129 L
Ningjing No.16/Hual 18
A 47/ THE 28
04QX-294 17130~17143 S
Yanfeng47/NingjingNo.28

17001~17098 & 1% CoFf i

17099~17143 jE 2422 J5 48, A 17099~17121 SN Fy, 17122~17143 A4 Fuo

17001-17098 is the core germplasm, 17099-17143 is a hybrid offspring, of which 17099-17121 is F3,» 17122 -17143 is Fa.
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Table 2 Comprehensive evaluation and grading standard of rice blast resistance
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Resistance leve Type Resistance evaluation

0 P (R <0.1

1 Pl (R 0.1-2.0

3 P (MR 2.1-4.0

5 U (MS) 4.1-6.0

7 B (S 6.1-7.5

9 R (HS) 7.5-9.0
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Table 3 Gene-specific primers of rice blast resistance

EijRE- TS| Fric 28 FH) (5 —3") FrBK/N (bp) e PN
Target Gene Labelling pattern Sequence (5 —37) Fragment size (bp) Reference

F: AGCAGGTTATAAGCTAGGCC

Pita SNP 1042 [14]
R:CTACCAACAAGTTCATCAAA
F: TCGGTGCCTCGGTAGTCAGT

Pib SNP 803 [15]
R: GGGAAGCGGATCCTAGGTCT
F : CAATCTCCAAAGTTTTCAGG

Pikh InDel 216/359 [16]
R:GCTTCAATCACTGCTAGACC

F: CAGTAGCTGTGTCTCAGAACTATG

Pikm InDel 290/332 [17]
R: AAGGTACCTCTTTTCGGCCAG
F : CAGCGATGGTATGAGCACAA

Pi2 SNP 450/282 [18]
R:CGTTCCTATACTGCCACATCG
F: ATAGATCATGCGCCCTCTTG

Pib5 SNP 206/307 [18]
R: TCATACCCCATTCGGTCATT
F:GCTGTGCTCCAAATGAGGAT

Pi9 SNP 291/397 [19]
R:GCGATCTCACATCCTTTGCT
F: TGTGAAGCAAATGATCACCA

Pid2 SNP 1009 [20]

R:GGCAGTCGTATTGCTGTGAA

1.2.2.2 EF4HZ DNARBURI 1 SRA SDS %
FEMUE DNA, I F B IR e kR DNA it &k
DL DNA NHEHRGEEAT PCR 71, 20 uL VAR &
10 X Buffer (% Mg?") 2.0 uL, 2.5 mol/mL dNTP0.4
ulL, fEF 514 (2 mmol/L) % 1.0 uL, Tagq B 0.2 uL,
Bt DNA2.0 uL, # )5 A ddH20 #h 2 20 uL. PCR
RMNARST: 94°C, Smin; 85 35 MEH: 94 C,
45 s, BRI AR S P T E, 72 °C, 1.5 min;
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Table 4 Field resistance identification results of the tested materials
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Ptk PFN i
gy ey ARy PRI MBS Resistanc EiN Sy MBS Resistanc EitE Syt
Numble Resistance Type Numble e Type Numble e Type
evaluation evaluatio evaluatio
n n
17001 3.75 s (MR) 17049 3.50 it (MR) 17097 3.25 it (MR)
17002 3.50 T (MR) 17050 3.00 i (MR) 17098 3.00 it (MR)
17003 3.25 3T (MR) 17051 3.00 Tt (MR) 17099 3.25 Tt (MR)
17004 4.00 FFL (MR) 17052 4,00 F (MR) 17100 3.00 Tt (MR)
17005 4.00 3L (VMR) 17053 3.50 Tt (MR) 17101 4.25 & (MS)



17006
17007
17008
17009
17010
17011
17012
17013
17014
17015
17016
17017
17018
17019
17020
17021
17022
17023
17024
17025
17026
17027
17028
17029
17030
17031
17032
17033
17034
17035
17036
17037
17038
17039
17040
17041
17042
17043
17044
17045
17046
17047
17048

MW W W W W oW W e W N W WD W g W W W W e 3 W W R R W R W W R R W W W e W

50
75
75
50
50
25
00
00
75
25
75
00
50
50
25
00
75
75
50
50
50
25
75
50
00
00
25
00
00
25
50
75
29
75
50
75
50
75
00
00
50
50
00

Tt (MR)
Hhg (MS)
Tt (MR)
T R
Tt (MR)
g (MS)
Tt (MR)
T R
Tt (MR)
g (MS)
T R
Tt (MR)
L R
U (MS)
g (MS)
Tt (MR)
T R
JEi (S)
B (S)
Tt (MR)
T R
Tt (MR)
Tt (MR)
Hhg (MS)
Tt (MR)
T R
Tt (MR)
T R
Tt (MR)
L R
Tt (MR)
g (MS)
Tt (MR)
T R
g (MS)
JEi (S)
L R
U (MS)
T R
Tt (MR)
T R
Tt (MR)
B (R)

17054
17055
17056
17057
17058
17059
17060
17061
17062
17063
17064
17065
17066
17067
17068
17069
17070
17071
17072
17073
17074
17075
17076
17077
17078
17079
17080
17081
17082
17083
17084
17085
17086
17087
17088
17089
17090
17091
17092
17093
17094
17095
17096

R T R A T R R T T T T S S T TR SR

00
50
00
50
25
00
00
50
00
00
00
00
25
25
50
00
00
00
50
00
25
00
00
75
00
00
00
00
25
00
00
25
75
25
00
25
00
25
25
50
85
00

.25

Hi4t (MR)
T4 (MR)
Hit MR)
T4 (MR)
Hi4t MR)
T4 (MR)
Hi4t MR)
T4t (MR)
Hi4t MR)
T4t (MR)
T4t (MR)
Hi4t MR)
T (MS)
Hi4t MR)
g (MS)
Hi4t MR)
T4 (MR)
Hi4t MR)
T4 (MR)
Hit R)
T4 (MR)
Hit R)
Hit R)
T4 (MR)
Hi4t (MR)
T4 (MR)
Hi4t MR)
T (MR)
Hi4t MR)
T4 (MR)
Hit MR)
T4 (MR)
Hit R)
g (MS)
U (R)
Hi4t MR)
T (MR)
gk (US)
g (MS)
gk (US)
H g (MS)
Hi4t MR)
gk (US)

17102
17103
17104
17105
17106
17107
17108
17109
17110
17111
17112
17113
17114
17115
17116
17117
17118
17119
17120
17121
17122
17123
17124
17125
17126
17127
17128
17129
17130
17131
17132
17133
17134
17135
17136
17137
17138
17139
17140
17141
17142
17143

I I I R I i i T T R B B R~ I R

.25

00
00
50
50

.50
.50

75
50
25

.25
.25

75
25
25
50
50

.50

50
50
25
50

.50

25
00
00
00
00

.50

25
50
25
25

.00

00
00
75
00
75

.00
.50
.50

gk (US)
H g (MS)
gk (US)
H g (MS)
Hi4t R)
g (MS)
Hi4t MR)
H g (MS)
Hi4t MR)
H g (MS)
H g (MS)
gk (US)
g (MS)
gk (US)
T4 (MR)
Hi4t MR)
H g (MS)
gk (US)
g (MS)
Hi4t MR)
T4 (MR)
Hi4t MR)
Hi4t MR)
T4 (MR)
Hit MR)
T4 (MR)
Hi4t MR)
T4 (MR)
Hi4t MR)
T4 (MR)
Hi4t MR)
T4 (MR)
Hi4t MR)
T4 (MR)
H g (MS)
gk (US)
g (MS)
gk (US)
T4 (MR)
gk (US)
T4 (MR)
Hi4t R)
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6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

803bp
800bp

M. 100 bp Ladder;l. 5°#f 3 5 Ningjing No.3; 2. T 7 5 Ningjing No.7; 3. Tff 9 5 Ningjing No.9; 4. Tff 12 5
Ningjing No. 12; 5.7 14 5 Ningjing No. 14; 6. T4f 15 5 Ningjing No. 15; 7. T 16 5 Ningjing No. 16; 8. T
## 18 5 Ningjing No. 18; 9. T### 19 5 Ningjing No. 19; 10. T*4# 23 5 Ningjing No. 23; 11. T°4F 24 5 Ningjing No. 24;
12. 74F 25 5 Ningjing No. 25; 13. 4% 26 5 Ningjing No. 26; 14. T4 27 5 Ningjing No. 27; 15. T°¥f 28 5 Ningjing
No. 28; 16. T°#f 31 5 Ningjing No.31; 17. 74 32 5 Ningjing No.32; 18. 74 33 5 Ningjing No.33; 19. T°4% 34
5 Ningjing No.34; 20.7°## 35 5 Ningjing No.35; 21. 74 36 5 Ningjing No. 36; 22. 7°ff 37 5 Ningjing No. 37;
23. Tff 38 5 Ningjing No.38; 24. T4# 39 5 Ningjing No.39; T[] The same below
B 1 EBorKFEM R i EE Pib 49 PCR 31

Fig.1 PCR amplification of Pib gene in part of rice variety

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 M

B2 EB5yRFEM B it E R Pikm #Y PCR 4714
Fig.2 PCR amplification of Pikm gene in part of rice variety

3 4 b 6 7 B 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 M

397bp
300bp
291bp

-_—
=

3 B KFEM BRI EE Pi9 #Y PCR 4714
Fig.3 PCR amplification of Pi9 gene in part of rice variety

K PTA M B PCR Y I 45 AT MV B S15 =ADREBEMEM B 2 . KA [R5 B % A R
BIE 5. HApFE MR ERA SRR 1A, R R 3 AT RAFENER 6. REGH Pita X 13
RZ M2 6 4. ZEEANEh 18] 6 M4 kHy 2o Al (1) 44 L& 17023,17037,17041 3t 3 4 Ff i LA K

500, 214y, 4248, 374, 2000 18y & 17137 A1 17138 3£ 2 43 4258 J5 4R
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Table 5 Outcome of marker-assisted detection of blast resistance genes

:ﬁ‘irial H Gene ER BN RZ?:iie
number Pita Pib Pikm Pi9 Pi2 Pi5 Pikh Pid2 Total tybe
ool ' ) ’ - - - ' - 2 {151 (R)
oo ' ) ’ - - - ' - 2 5 (R)
17008 ' ) ' - - * ' - 1 5 (1R)
oot ' ) ’ - - - ' - 2 {5 (1R)
17009 ' - - - * - + - 3 i OR)
17008 ' - - - * + + - 1 i OR)
HrooT : - B B - - * - 2 HUE (1S)
17008 v - . . ) . N ) 5 .
17009 : i : : - : + - 4 57 OIR)
17010 + " + . _ ) . ) ; g
17011 + + + - - - - - 3 g (MS)
tolz ’ ; ’ - . - + + 6 Ffit (UR)
o ' ' ' - : - ' : 6 5 (R)
o ' ' ’ ' - - ' - 4 5 (R)
17015 " ; s | . . N ) ; R (S)
ot ' ) ' - - * ' - 4 5 (R)
o ' ' - - * - - - 3 i OR)
ol ' ' ' - : - ' : 6 5 (R)
17019 " " s - . N N . ; g
17020 : ) ) ’ - ’ * - 4 gk (MS)
ozt : B ) ) ! * * - 4 U (MS)
17022 ¥ . - . . . N ) ; o
17028 ' - - * - * + - 4 L OIR)
oz ' - B B - - - - 1 1875 (S)
17025 " N - . . . N ) ; i
0z ' ) ’ ' - * ' - 4 {5 (1R)
et ' ) ' - - * ' - 1 5 (R)
oz ' ' ' - - * ' - 5 {5 (R)
o ' ) ’ ' - - ' - 3 5 (R)
17050 ! - ! - - - ¥ - 3 gk (VS)
17031 N . . _ . . N ) 5 .
17032 v - N N . N N ) - .
17033 v - . . ) . N ) s .
ot : i - - - : + - 2 47 OIR)
1705 : i - - - : + - 2 37 OIR)
17036 ’ - ’ - . - + + 5 Ffit (UR)
o ' ) ’ ' - - ' - 3 5 (R)
17058 ! B B B B - - - 1 R (IS)
17089 ' - - - * - - - 2 i OR)
17010 ' - : - - - - - 2 i OR)
ot ' . ) : - ! - - 2 g (MS)
17042 N - . _ ) . ) ) 1 o
1708 ' - - - + - - - 2 L OIR)
trout : ) ’ - - - - - 2 £ (MS)
17045 N . . _ . . N ) 5 .
1o : i - : - : + - 4 37 OIR)



17047
17048
17049
17050
17051
17052
17053
17054
17055
17056
17057
17058
17059
17060
17061
17062
17063
17064
17065
17066
17067
17068
17069
17070
17071
17072
17073
17074
17075
17076
17077
17078
17079
17080
17081
17082
17083
17084
17085
17086
17087
17088
17089
17090
17091
17092
17093
17094
17095
17096

P R A T o R 2 =2 B« s B 1 e o R R O L R & ) B Y S -« e R &) I &2 B S B ) N N 2 I V- R VU R PR V)

T4 (MR)
T4 (MR)
U (R)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
T4 (MR)
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+ indicates that it contains the gene; —Indicates that it does not contain the gene; H means heterozygous.
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Table 6 Distribution of anti-blast genes

7 R )
DR ER Pita Pib Pikm P19 Pi2 P15 Pikh Pid2
Target Gene
s BELR O PTRH AL 140 33 81 51 53 43 109 17
Variety Amount

e gk N
B ORI 0.9790 0.2308 0. 5664 0. 3566 0. 3706 0.3007 0. 7622 0.1189

Frequency (Keep 4 decimals)
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A2 O b5 PR MR 70,5, Hh Pita ik R AR
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Table 7 Genotypes and resistance genes being present
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Fig.4 Line chart of gene amount about average resistance evaluation
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Fig.5 Difference saliency test of different genotypes
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