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Outline
Sources of new resistance genes for BPH, blast 
and BB

New resistance genes and their associated DNA 
markers

Marker-assisted selection (MAS) for BPH, blast and 
BB resistance breeding

Application of new resistance genes for hybrid rice 
breeding

Conclusions

Marker-assisted backcross breeding 
scheme with resistance gene

Recurrent parent (S)       X Donor parent (R)

Molecular analysis of  R gene
F1 x    RP

(MAS) B1F1 x    RP

Dual selection B2F1 x    RP

Dual selection B3F1 (Self)

(MAS) B3F2

- - - - - - - - - - - - - - - - - - - - - - - - - - -

Selection of Background

Agronomic traits selection and durable resistance test

B3F4:5 Breeding lines with blast resistance genes

Homozygous 
R alleles

1. Association analysis

(Markers and resistant phenotype)

2. Fine mapping with Nipponbare ORFs

High-resolution map and R gene

locus detection

3. MAS validity with R gene

Genetic Sources of new resistance genes

Genotype Gene Nature of Gene

IR65482-7-216-1-2  Bph18

IR65482-4-136-2-2  Pi40  

IRBB57         Xa4+xa5+Xa21

Dominant

Dominant

Dominant + Recessive

Hopper-burn of a rice field in Kang-Jin, South 
Korea (2005)

AB

A = S
B = R

Development of BPH Resistance with the new Gene, Bph18
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A Putative BAC Clone, OSJNBa0028L05

ID Locus Gene Name

1 7312.t00001 Similar to lipoxygenase

2 7312.t00002 Leucine Rich Repeat, putative

3 7312.t00003 Similar to AB013448 Pib

4 7312.t00004 resistance protein, putative

5 7312.t00005 Ty3-gypsy sub-class protein, putative

6 7312.t00006

7 7312.t00007 Similar to lipoxygenase

8 7312.t00008

9 7312.t00009

10 7312.t00010 Lipoxygenase

Ty3-gypsy sub-class protein, putative

Ty3-gypsy sub-class protein, putative

Ty3-gypsy sub-class protein, putative

7312.T4

4,140 bp ;  558 AA

7312.T4A 7312.T4C

7312.T4B 7312.T4D

4.5

RP DP

RP: Jinbubyeo, DP: IR65482-7-216-1-2

BCnF2 plants

7312.T4A

A = Jinbubyeo
B = IR65482-7-216-1-2
C = IR3197-45-3-2
E = O. australiensis

BCnF2 plant analysis with 7312.T4A marker

- Junambyeo/IR65482-7-216-1-2 : 33 lines (BC2F3~BC3F6)

- Jinbubyeo/IR65482-7-216-1-2 : 3 lines (BC2F6~BC4F3)

MAS validation of BC progenies in two 
genetic backgrounds

P1  P2

P1  P2 Resistance BC progenies

Susceptible BC progenies

Bph18 (Chr.12) Primer : 7312.T4A

P1 : Junambyeo (Recurrent parent)
P2 : IR65482-7-216-1-2 (Donor parent)P1      P2BC progenies BC progenies

R         R          S        R        R          R        S    R       S       S
Check

RP BP1 BP2 DP

117

76

109

86

117

81

135

89

117

84

121

92

142

90

140

90

RP BP1 BP2 DP

DTH

CL (cm)

GN

FER (%)

RP: Junambyeo, DP: IR65482-7-216-1-2, BP: Backcrossed progenies
DTH (days to heading), CL (Clum length), GN (Grain number), 
FER (Spikelet fertility)

Phenotype of advanced BC lines with Bph18 gene

Rough
rice

Brown
rice

Panicle

Mid-parents (S.523)

- Japonica rice with BPH resistance

- SR30071-1-1-18-3-3-3-B

(Junambyeo/IR65482-7-216-1-2)

Promising lines

90.0SRS19.817.775117Junambyeo

73.7RRR18.120.779113SR30071-3-7-23-6-2-1-B

26.3RRR18.920.384117SR30071-3-7-15-7-6-2

31.6RRR19.118.779116SR30071-1-1-18-3-3-3-1  
(S.523)

Infected rate
of RBSDV(%)

BB
(K3a)

BlBPHAmylose
(%)

PL
(cm)

CL
(cm)

DTHBreeding lines

Agronomic traits of promising lines with Bph18 gene Blast epidemic in Korea (1984-1985)
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9871.T7E / Tsp509I

9871.T7E as the DNA Marker
for Tagging the Novel Bl-R gene, Pi40

Pi40

Genes inside the PAC clone, P0649C11

P0649C11 (Acc.= AP005659 ,  138.8Kb)

Deduced AA sequences

MAS Validity Test on Bl-R BC Progenies

Segregating BC2F4 families with KJ105a (01-01)
Resistance gene donor: IR65482-4-136-2-2

- 15 families (15 ~ 28 seedlings per family)

- Mean R level = 1.4 ~ 2.5; DNA Marker: 9871.T7E2b
- Among resistant seedlings, 94 were randomly selected

Genotypes 57 BB type ,  37 AB type,   0  AA type

Pi40 has Broad-spectrum blast resistance

Pathotyping with different virulent isolates

RP=Jinbubyeo; DP=Donor Parent; R=Resistant; S=Susceptible

R S
S

S
S

S
S
S

S

S
S
S

S

S
S

S

Pi40 (Chr.6)Primer : 9871.T7E2b

P1   P2

P1 : Junambyeo (Recurrent), P2 : IR65482-4-136-2-2 (Donor)

BC progenies

A              B              C  

Pii Piz Piz5Pizt Pit Pi1 Pi5 Pi9Pita2Pib Pi5 Pi9 Pita LTH

Durable blast resistance of Pi40 gene tested with sequential 
planting methods

RP: Junambyeo,      DP: IR65482-4-136-2-2 (Pi40),        
BP: Backcross progenies with Pi40 gene

Rough
rice

Brown
rice

RP BP1 BP2 DP

Panicle

BP1 BP2 S DPRP

Field blast resistance test

Plant type of BC progenies with Pi40 gene (BP), RP, and DP.

Grains and panicles of BC progenies with parents

Milled
rice

Phenotype of advanced BC lines with the Pi40 gene

RP DPBP1 BP2
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21±1.012±1.819±0.680±2.6116Pi40 (R)SR30070-1-1-12-1

22±0.611±1.123±0.572±3.4113Pi40 (R)SR30070-1-1-1-3

23±0.411±1.823±0.865±2.1100Pi40 (R)SR30070-1-1-1-2

23±0.912±1.220±0.372±3.3117Piz (S)Junambyeo (RP)

22±0.413±1.920±0.881±4.197Pi40 (R)SR30062-2-1-12-1

21±0.213±1.421±0.385±3.395Piz (S)Jinbubyeo (RP)

1,000 grain wt. 
(g)

PN*PL*

(cm)
CL*
(cm)

DTH*

(days)
R geneVariety/line*

*RP= Recurrent parent; DTH= Days to heading; CL= Culm length; PN= Panicle number;
R= Resistant; S= Susceptible

Major agronomic traits of advanced BC lines

RM462
RM6340
RM1320
RM5336
RM5302
RM6451
RM3873
RM1201
RM243
RM1151
RM1032
RM572
RM3412
RM493
RM5365
RM3375
RM5638
RM488
RM3475
RM5461
RM473
RM1095
RM3324
RM1003
RM5501
RM3738
RM8231
RM1068
RM3602
RM8236
RM5310
RM6407
RM6141
RM6321

RM435
RM588
RM3805
RM2434
RM253
RM2615
RM3370
RM557
RM5963
RM1925
RM3330
RM7583
RM7269
RM7551
RM4447
RM3628
RM2062
RM3567
RM5988
RM340
RM6811
RM494

Pi40

Region of donor parent (IR65482-4-136-2-2)
Region of recurrent parents (Jinbubyeo or Junambyeo)
Non-polymorphic region between recurrent and donor parents

Chromosome 1 Chromosome 6
A  B C A  B C

Genotyping of BC Progenies with Pi40 gene

Blast Reaction of BC lines in 
Northeastern China

Nampyong Limgang

R R

S
LTHLTH IRBL9-WIRBL9-W

01-165 02-132 02-265

Reaction of IRBL9-W (Pi-9) monogenic rice line to 
Korean blast isolates

Pi40
(02-132)

Field damage of Japonica rice cultivars due to outbreak of 
new Xoo race, K3a in Southwestern part of Korea (2003)

RRRMRRRRXa 4 + xa 5IRBB 50

SSSSSSSMangeumbyeo -

RRRMRRRRXa 4 + xa 5 + Xa 21IRBB 57

RRRMRRRRXa 5 + Xa 21IRBB 54

SSRSMRRRXa 21IRBB 21

RRMRMRRRRXa 7IRBB 7

RRMRMRRMRRXa 5IRBB 5

SSSSMRSMRXa 4IRBB 4

MRSSMRSSSXa 1 IRBB 1

605595578400978221
GeneCultivar

Isolates  (KXO-)

Reactions of genotypes with different R 
genes against Korean BB isolates
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Gene Ch. Product Expression
Xa1 4 encodes NBS-LRR type     non-constitutive

xa5 5 encodes TFIIA gamma anti-repressor  
subunit (differ by 1 codon) 

xa13 8 homologous with MtN3 gene          constitutive
with LRR protein

Xa21 11 receptor-like kinase protein constitutive
with LRR domain

Xa26 11 receptor-like kinase protein constitutive
large LRR domain

Xa27 6 no informative sequence similarity -

Features of cloned BB resistance genes and 
their products

Status of Japonica Rice Cultivars for BB 
Resistance

(Xa1) (Xa1+Xa12) (Xa3)
(Xa4+xa5+Xa21)

IR24    IRBB1 IRBB3  IRBB4  IRBB5 IRBB7 IRBB8  IRBB10 IRBB13 IRBB21
RP        Xa1      Xa3       Xa4 xa5 Xa7 Xa8        Xa10     Xa13    Xa21

0

5

10

15

cm

Quantitatively expressed pathogenicity
levels of IR24 near-isogenic lines

K3a pathotyping (Isolate # HB01009)
IR24               IRBB50 IRBB51  IRBB52   IRBB53 IRBB54     IRBB55  IRBB56 IRBB57 IRBB58   IRBB59    IRBB60
RP      Xa 4+5      4+13        4+21        5+13       5+21         13+21  4+5+13  4+5+21  4+13+21  5+13+21  4+5+13+21

0

5

10

15

cm

Reactions of genotypes with different R gene 
combinations against K3a isolates

Co-segregation between pathotyping and 
MAS

K3a pathotyping (Isolate # HB01009) in F2

RP D
P

F2 Plants

S       R      R      R     MR     S Xa4 (Chr.11)

Xa5 (Chr.5)

Xa21 (Chr.11)

RP  DP F2 plants
MP1+MP2

10603.T10Dw

U1+I1

RP: Mangeumbyeo, DP: IRBB57

- Mangeumbyeo/IRBB57(Xa4+xa5+Xa21) : 32 lines (BC2F3~BC3F6)

- Jinbubyeo/ IRBB57(Xa4+xa5+Xa21) : 8 lines (BC2F3~BC3F6)

Xa4 : MP1+MP2

xa5 : 10603.T10Dw

Xa21 : U1+I1

RP DP BC Progenies

RP IR
BB

57

BC progenies

0

5

10

15

cm

K3a (HB01009) reaction

S     R      R      R      R

RP: Mangeumbyeo, DP: IRBB57

MAS validation of BC progenies in two 
genetic backgrounds
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RP BP1 BP2 DP

106

86

105

87

93

89

127

79

105

86

121

86

100

66

128

81

RP: Mangeumbyeo, DP: IRBB57, BP: Backcross progenies
DTH (days to heading), CL (Clum length), GN (Grain 
number), FER (Spikelet fertility)

RP BP1 BP2 DP

DTH

CL (cm)

GN

FER (%)

Agronomic traits of some advanced lines with the 
Xa4+xa5+Xa21 gene pyramid

Rough
rice

Brown
rice

Panicle

Genotyping of BC Progenies with Xa4, xa5 and Xa21 genes

RM11823.0
RM53616.5

RM201012.0

RM730219.0

RM40525.0
RM57429.1

RM341936.4

RM599445.8
RM28949.4

RM267654.6

RM50960.7

RM736367.2
RM43070.5
RM44075.0

RM335180.7

RM366387.4
RM540192.0

RM3476101.0

RM480111.6
RM5946116.2

RM1054122.0

Chr. 5

xa5
P1 P2      BC 

cM
RM63352.2
RM37174.8
RM33210.3

RM55225.3
RM570428.6
RM313332.1
RM362534.8

RM47945.3
RM20249.1
RM585755.9

RM627259.2

RM28764.2
RM20968.4
RM22971.4

RM45778.8

RM20685.7
RM599790.1

RM25497.3

RM1233112.9
RM7654115.1

Xa21

Xa4

Chr. 11

P1 P2      BC 

P1 P2       BC

cM

P1 : Mangeumbyeo
P2 : IRBB57
BC : BC progeny

Polymorphic markers between P1 and P2
Remaining segment of IRBB57 in BC

77%
5%

64%
23%

Region of donor parent (IRBB57)
Region of recurrent parents (Mangeumbyeo)

Lesion Lengths of BC progenies, IR24, IRBB4, 
IRBB5 and IRBB21 inoculated with PXO 341, 

PXO 086 and PXO 71

1300F:cgatcggtataacagcaaaac
R:atagcaactgattgcttgg

U1+I111Xa215

300F:gcactgcaaccatcaatgaatc
R:cctaggagaaactagccgtcca

10603.T10Dw5xa54

175F:atcgatcgatcttcacgagg
R:tgctataaaaggcattcgg

MP1+MP211Xa43

642F: caacaaacgggtcgacaaagg
R: cccccaggtcgtgataccttc

9871.T7E2b6Pi402

1,078F: acggcggtgagcattgg
R: tacagcgaaaagcataaagagtc

7312.T4A12Bph181

Band size
(bp)

Primer sequences
(5’ 3’)

MarkersChromosome
location

R genesSl. No.

DNA markers, primer sequences and band sizes of 
new resistance genes

Conclusions
The new gene Bph18 confers resistance to BPH biotypes of 
Korea, China and Vietnam. Breeding lines with Bph18 gene can
provide effective  protection against new biotypes of BPH in Asia.

The DNA marker, 7312.T4A can be used for marker-assisted  
introduction of Bph18 gene into hybrid rice for BPH resistance.

The Pi40 gene conferred resistance to blast races of Korea,
Philippines, China, and Vietnam. The Pi40 gene in Japonica 
genetic background expressed broad-spectrum durable
blast resistance under greenhouse bioassay and has potential for
blast resistant hybrid development.

Advanced BC breeding lines with BB resistance gene pyramids
(Xa4+xa5+Xa21) expressed resistance reaction to the new BB 
race, K3a and are potential source for hybrid rice development. 

Thank You


