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Frequency of drought 

events 

of the 10 years  

= 64.3 %   (1-3 times)

= 25.5 %   (4-6 times)

= 9.8 %     (>6 times)
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Modified from the ‘worst case’ CO2 emission scenario (A1F1) of the Intergovernmental 

Panel On Climate Change



�	��� %��	��	�)*	+�'�!%���,���	�	��� %��	��	�)*	+�'�!%���,���	

• ����
 �
��!
 ��������������'�
0��
 ,�0&��&�������������+�
! �����!�# ���'�
�
 �
��!
 �2


• ��4������������0&���$�+ ��5+�'�
�&����� & ��& �� ��	
�
����	���������� "#�0���'$"�" ��'�
��
����'������,� ! �'*�2#�����	���������� "#�0���'$"�" ��'�
��
����'������,� ! �'*�2#�
��%����#��-�

• ����
 �
��!
 ��������
 ,�! �������&����#��� "#��6���
���0���(*���%��
��&��#

• ������&����#���3���,�	� "�$!� � '�
��
����'�����
• $�$���� �3'��$�+�������������(*���



�	�&�-�	&��.�/��	��	�)*	+��&(�
����(
���& ��% �	�&�-�	&��.�/��	��	�)*	+��&(�
����(
���& ��% 

'�! �� ! �0���(*�'�! �� ! �0���(*�
��%����
����'�������%����
����'�����

%�	��	��&��)����"##
���)*	%	� ��������	�

%�	��	�"�
0���

Super RiceSuper Rice

���#���� � 105 ! � �� 6

'��(*�'%��'��(*�'%��

%�	��	�"�

�
�'�����

'��$-�'��$-�
Drought tolerance

+
BLB resistance

Salinity tolerance

+
Blast resistance

Submergence tolerance

+
BPH resistance

Drought tolerance BLB resistance Salinity tolerance Blast resistance BPH resistanceSubmergence tolerance

Drought tolerance

+
BLB resistance

Salinity tolerance

+
Blast resistance

Submergence tolerance

+
BPH resistance

Drought tolerance

+
BLB resistance

Salinity tolerance

+
Blast resistance

Submergence tolerance

+
BPH resistance

Drought tolerance BLB resistance Salinity tolerance Blast resistance BPH resistanceSubmergence toleranceDrought tolerance BLB resistance Salinity tolerance Blast resistance BPH resistanceSubmergence tolerance



�(��	�����&��.������
�
�	����	�%�
� ����#��
�� �1%�(��	�����&��.������
�
�	����	�%�
� ����#��
�� �1%

����������

������	
���
��
���������

FR13A, DH206, 
IR57514, IR49830

������������ 30 ��� �����	���

���'#���'*�0��%��*� ��'�
�����7$��$�������� � ! �$���������2#�

���'#���'*�0�#���*� �� ! ���� � �� '�
$����$-� 8 dS

!& %����������'�

������2��

'�(�0�! ��%��
���'3

����������

���������� ��� ��������
���
������� !�"!#��

IR68586-F2-CA-31, 

IR68586-F2-CA -143, 
IR58821, IR57514

FL530, FL496

���'#���0�!
 ��� 0������ �� ! � ���������� 

!& %����������'�
�����'�
��
��"����0����
���
�����������	
��������!�# ������1���(� �%�����������%��
���'3  #����(�
$����%���	������ ! ����! ��
 �
������������)���$����*�$�8



��������	
� 1,280 ���������� Jao Hom Nin, P0489, HY71

IR1188, IR62266, IRBB7, Chiengrung
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Pyricularia grisea

100 core collection

15 lineages

23 core collection

6 isolates
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Rathu Heenati , ABHAYA, PTB33

Xanthomonas oryzae

6 isolates

AbhayaAbhaya PTB33PTB33 TN1TN1

14 core collection

7 populations
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A large marker data set (RFLP, SSLP,RAPD, 
AFLP, SCAR, STS, EST, BAC edns, PAC ends, 
RGAP) is generated for each test population

Polymorphic markers are scored 
in the reference population.

Mapping population (F2 BC1 RIL 
DH). Of 150-1000 lines are ideal for 
QTL mapping.

Dwarfness gene

Pooling genomic DNA based on phenotype

Pool A. ��� pool B.

Gene Tagging
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QTL Mapping

Phenotyping

Genotyping

Linkage maps are 
generated from marker 
data.

QTL Detection

QTL are located with the 
integration of genotype and 
phenotype data.

Pool A. Pool B

Dwarfness gene

Genotyping with high PIC markers
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Genotyping individuals

Pool A. Pool B.

• QTL mapping—Bulk segregant—Selective genotyping—Genome scanning
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Submergence Non - submergence

Before Submergence

During Submergence

After Submergence

3-4 weeks old seeding
Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

Tolerance    Susceptible

7-15 days

10 days after submergence

Flowering
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1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77
Line No. 50 67 42 41 69 36 51 62 34 44 38 66 40 49 46 37 17 14 12 59 16 33 47 35 19 57 78 15 23 8 43 11 28 27 63 74 53 52 68 4 45 48 3 70 2 31 75 60 1 64 13 9 54 72 55 39 56 24 58 61 71 73 6 65 18 25 32 29 5 20 76 30 10 26 77 7 21 22
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1 qSub1.1 IR49830 A330402 RFLP Toojinda et al (2003)

1 qSub1.2 KDML105 RM8097 PCR (SSLP) unpublished

2 qSub2 KDML105 RM213 PCR (SSLP)
Korinsak et al (2010) 

Submitted

4 qSub4 IR49830
RM273, 

RM261
PCR (SSLP)

Korinsak et al (2010) 
Submitted

5 qSub5.1 IR49830 R1553 RFLP Toojinda et al (2003)

5 qSub5.1 KDML105 RM31 PCR (SSLP)
Korinsak et al (2010) 
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5 qSub5.1 KDML105 RM31 PCR (SSLP)
Korinsak et al (2010) 

Submitted

7 qSub7.1 FR13A, IR49830
RM214, RM11, 

OSR22
PCR (SSLP)

Toojinda et al (2003), 
Korinsak et al (2010) 
Submitted

7 qSub7.2 KDML105 RM5711 PCR (SSLP) unpublished

8 qSub8 IR57514 RM152-RM38 PCR (SSLP) unpublished

9 qSub9.1 Abhaya RM215 PCR (SSLP)
Korinsak et al (2010) 

Submitted

9 qSub9.2 FR13A, IR49830 RM219 PCR (SSLP) unpublished

9 Sub1
FR13A, DH206, 

IR49830, 
IR57514

RAS SAP –
R10783I
ndel

PCR (In del)
Toojinda et al (2003), 

Siangliw et al (2003)

10 qSub10 FR13A, JHN
RM222, 

RM206
PCR (SSLP) Toojinda et al (2003)

11 qSub11 KDML105
RM209, 

RM287
PCR (SSLP)

Toojinda et al (2003), 
Korinsak et al (2010) 
Submitted



�	�&�-�	&��.�/��	�'���������	�&�-�	&��.�/��	�'��������

$��������70����0&�\ \ ��0�����
'�
���(*��*���# (! ��) �
.� ��5+�'�
��$���
:���'�(�'�������3�����! ��������'��



������������������� !"#$�%#$&"'()�!*+ , �-.�./��0.*+ 1�1�2�������������������� !"#$�%#$&"'()�!*+ , �-.�./��0.*+ 1�1�2�
�3"*.4�-�0.�2/"56-"�3"*.4�-�0.�2/"56-"

• Integrative traits: spikelet fertility, yield components and grain yield

• Phenology: Flowering time

• Plant-type traits: tiller number, plant height

• Primary traits: Constitutive traits (rooting depth, root thickness, branching 
angle, and root distribution  pattern) and Induced traits (hardpan 
penetration and osmotic  adjustment)

• Secondary traits: maintenance of plant water status, canopy temperature, 
leaf rolling score, and leaf death score

•• Improvement of yield potential through Improvement of yield potential through 
the improvement of sinkthe improvement of sink--sources)sources)

•• Improved plantImproved plant--type and phenologytype and phenology

•• Improved drought responsive traits Improved drought responsive traits 
(primary and secondary)(primary and secondary)



Chr1(172)
RG246
RM843.40
ME7_45.50

K5
9.90

RG5321.80
U103.70
EM15_81.50
G3592.40
RG1404.20
ME2_123.60
W10.00
RM2592.80
RM2432.30
RG1738.00
C9555.10
RM24

7.40
Amy1B

0.00
RG146

1.00
RZ276

3.20

ME2_16
13.10

WG1101.60
RG8111.00
ME8_33.20
ME6_43.50
R26304.00
RZ4440.60
RG3810.00
EM15_20.80
RM2371.20
RM2461.50
C451.60
RZ1917.90
RG6906.40

RZ730
10.50

Chr2(142.9)
ME2_7
ME4_175.10
EMP2_71.30
RG4373.80

ME10_18
7.70

RM29
13.50

RG544
0.00

RM27
0.00

R1843
6.40

C106
1.50

RG171
2.60

EM14_4
2.80

RZ386
9.90

RG157
1.40

ME2_4
6.70

R3128
0.70

R26
1.60

K706
0.00

EMP2_8
6.90

RZ318
1.70

ME6_3
3.00

RM263
2.70

PalI
2.50

RG158
7.00

RM221
4.50

R3393
0.00

TGMSP2
3.10

RZ58
1.40

ME9_7
0.90

EM13_3
1.10

EM11_10
5.70

CDO686
3.10

RM240
1.70

RG151
4.30

Amy1A_C
1.30

EM18_13
0.00
4.00

A

A
W3

W0 W2W0 W2

W1

W2 W4

W1

W2

W3

W0

W0

W4

W4 W4 W2

W1

W3

2

2 2

2

2

1

2
W0 W1 W2 W3 W4

W2

W0 W3

W0

W1

W3 W4

Ave W0 W3N3 W4N1 
W4N2 W4N3

1

W3N3 W4N1 
W4N2 W4N3

B

B

M

B

M

1996

2000A

2000A

2000A

2000A

2000A

2000A

2000A

2000B

1996

2000A

Secondary Traits

•  Canopy Temperature

•  Peak Stress Temperature

•  Percent Light Interception

•  Drought Score

•  Leaf Rolling

•  Leaf Drying

•  Relative Water Content

•  Leaf Water Potential *

Constitutive Traits

•  Deep Root Mass

• Rooting Depth

RZ801

29.90

RG8101.70

RG331
7.70

Amy1A_C
EM18_13

0.00
RM250

4.00
PC32M10

2.50
RM208

2.10
C1408

1.90
RM48

0.90
RZ213

0.00
RM207

0.70
RG256

0.90
C1419

1.20
RM213

0.70
RG188

2.80
RG654

-1.10
RZ123

0.80
AA7-2b

5.70
RG95

0.50
RG520

0.80
AA7-2a

2.60

W0 W2W0 W2
W2 W4W3W4 W4 W2

2 2

W0 W1 W2  W3 W4A(TC) A(TC-TA)
2 4E3 AVE 1 2 3 4  W0 W3N3 
W4N1 W3N2 W3N4

2000A
2000A

Other traits

  
• Rooting Depth

• Root Thickness

•  Root Pulling Force

•  Total Root Mass Density

Integrative and plant-type Traits

• Grain Yield

•  Biological Yield

•  Panicle Number 

•  Plant Height

CT9993
IR62266

Drought Score

Drought Score (2000)
Drought Score (1996)
Drought Score (1997)

Root Pulling Force
1996
1997

Penetrated root thickness
Root penetration index

Grain yield
Biological yield
Drought response index
Panicle no.
Plant height
Leaf water potential
Canopy temperature
Percent light interception

Root mass  density
0-45
0-15
15-30
30-45

Percent root distribution
%15
%30
%45

Grain filling and weight
Filled 
Unfilled 
Total grain no.
Percent filled
Percent unfilled
1000 grain weight

Spikelet sterility in W3

Filled
Unfilled
Total
Percent Filled
Percent Unfilled
1000 GW

Harvesting index
Days to 50% flowering
Osmotic adjustment
Total root mass

Other traits

• No major DT-QTL.  Low DT-QTL resolution 

• Most of key traits for DT have low heritability and large G x E. 

• DT-QTL distributed through out the rice genome

• Co-located of DT-QTL for plant-type traits, primary, secondary and integrative traits.



Chr.1
RM495
RM6464
RM1
RM243

RM493

RM9
RM5

RM212
RM3442

RM104
P-3

Chr.3

RM227

RM282
RM232
RM7
RM517

RM60
RM81
RM231

Chr.4

RM280
RM303

RM273

RM261

RM470
RM317

RM252

Chr.8

RM264

RM210

RM44

RM152

RM447

RM515
RM80

Chr.9

RM24
5

RM20
1

RM10
8

RM25
7

RM10
5

RM21
9

RM242
RM5765
RM215

Introgression of DT-QTL into KDML105 by MAS 

CT9993 IR62266

Doubled haploid from F2

2 Drought donors

IR68586-F2-CA-31, 
IR68586-F2-CA-143

High yieldDrought resistance

x

KDML105x

F1  X  KDML105

PN, PH, GY, HI, RWC, CT, 
PLI, LD, DS, TRMD, LWP

IR68586-F2-CA-143 F1  X  KDML105

BC1F1 X KDML105

BC4F1 X KDML105

BC5F1

BC5F2 

BC5F3 

Validation of DT-QTL

Effect and selection

x

x

Genome scanning- 62 markers
MAS- 500 plants- 15 markers

BC5F1

MAS-15 markers

Yield Trial  under drought 

& irrigated condition

DRM, TRMD, RPF, DFAIG, HI, 
GY, BY, PSS

RPF, RMD, BRT, RPI, PH, PN, 
TSN, GY, HI, BY, PSS, 

TRMD, BRT, LD, LR, PH, PN, 
PSS, HI, BY, OA, CMS, LWP

RMD, PN, GY, BY, RWC, LWP, 
DRI
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Drought stress
condition

Well-watered
condition

DTF – Days to flowering
PH – Plant Height (cm)
TN – Tiller number per m2

PN – Panicle number per m2

GY – Grain yield (ton ha-1)
PUF – Percent unfilled grain by weight

**73% Yield reduction

DTF PH TN PN GY PUF

Chromosome 1 83.9
b

95.4
b

280
b

250
c

3.13
b

18.77
c

Chromosome 3 82.8
a

100.5
c

242
a

230
b

3.12
b

13.84
a

Chromosome 4 84.2
b

104.4
e

242
a

232
b

3.55
c

15.50
b

Chromosome 8 82.4
a

102.4
d

267
b

260
c

3.72
c

13.15
a

Chromosome 9 82.8
a

101.1
cd

262
b

255
c

3.60
c

13.54
a

KDML105 90.5
c

86.6
a

227
a

182
a

1.92
a

15.92
b

DTF PH TN PN GY PUF

Chromosome 1 75.0
ab

123.7
a

244
b

241
b

4.28
a

27.86
d

Chromosome 3 75.2
ab

130.6
b

212
a

204
a

5.01
bc

15.20
a

Chromosome 4 77.1
c

135.2
c

256
b

248
bc

5.39
c

25.20
d

Chromosome 8 74.4
a

132.2
b

240
b

232
b

5.30
c

16.92
ab

Chromosome 9 74.9
a

129.9
b

240
b

233
b

4.99
bc

20.90
bc

KDML105 75.9
b

125.0
a

280
c

265
c

4.59
ab

19.93
b

2007

2007

PUF – Percent unfilled grain by weight
KDML105 75.9

b
125.0

a
280

c
265

c
4.59

ab
19.93

b

Stress Well-watered

to
n
 h

a
-1

0

1

2

3

4

5

6
Chrom1 

Chrom3 

Chrom4 

Chrom8 

Chrom9 

KDML105 

Grain Yield

1.92

4.59

0.0 .5 1.0 1.5 2.0 2.5 3.0

0.0

.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

KDML105 

F4 

H102 

C40 

K9 

B63 

Grand Mean of GY (t/ha)

A
ct

u
a

l 
Y

ie
ld

 (
t/

h
a

)
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Traits Chr. Total R2

Na+/K+ ratio 1 73.36 **

Na+ 5

4

38.51 **

K+ 1

1

6

49.29 **

Salt tol.score 1

RWC 6

4

26.81 *

SDS 1

1

10

77.49 **
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Parameter

Parent Progenies

KDML105 FL496 FL530 With QTLs No QTL

SDS (day)

Na+/K+ ratio

Salt injury score

%RWC

Aroma

%AC

GC

< 39

1.64

4.5

90.68

2

15.30

89.4

> 53

0.96

3.3

92.93

0

22.8

53.8

> 52

1.01

3.8

91.91

0

25.30

53.9

> 45

0.98

4.0

89.87

0-2

12.34-
19.22

< 38

1.18

4.3

89.88

0-2

14.77-
16.5

BC-Tolerance

BC-Susceptible

GC

GT

89.4

6.8

53.8

5.3

53.9

5.3

19.22

82.5-95

4.8-7.0

16.5

87.5-92.5

5.0-7.0
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7 7 diseasesdiseases

Xanthomonas oryzae pv. oryzae

36 36 diseasesdiseases

12 12 diseasesdiseases

11 diseases11 diseases

Total Total 66 66 diseasesdiseases

30 30 insect pestsinsect pests

Pyricularia  grisea

Nilaparvata lugens
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Reaction of rice cultivar to brown planthopper populations
b
 

Variety 
R 

gene
a
 

Y
S

T
 

N
S

T
 

K
L

S
 

U
B

N
 

C
Y

P
 

N
A

N
 

C
M

I 

A
N

J
 

S
K

W
 

N
K

M
 

A
T

G
 

B
R

R
 

S
P

R
 

C
C

S
 

S
R

N
 

S
R

N
 

C
N

T
 

TN1  S S S S S S S S S S S S S S S S S 

Mudgo Bph1 S R S S S S S S R S S S S S S S S 

ASD7 bph2 S S S S S R S S S R S S S S S S S 
Rathu 
Heenati Bph3 R R R R R R R R R R R R R R R R R 

PTB33 bph2, 3 R R R R R R R R R R R R R R R R R 

Babawee bph4 R S S S S S S R S S S R R S S R S 

ARC10550 bph5 S S S S S S S S S S S R S S S S S 

��(
��	�&��.�/�����
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 ��(
������ #

Rathu Heenati
PTB33

ARC10550 bph5 S S S S S S S S S S S R S S S S S 

Swarnalata Bph6 R R R S R R S R R R R R R R S S R 

T12 bph7 S S S S R R S S S R S S R R S S S 

Chin Saba bph8 S S S S S S S S S S S S S S S S S 

Pokkali Bph9 S S S S S S S S S S S S S S S S S 
a
 R gene, BPH resistance gene 

b
 S, Susceptible R, Resistance 



IR64 x AZUCENA

19 isolates

1

2

3

4

5

6

7

8

9
10

11

12

1

2

3

4

5

6

7

8

9
10

11

12

1
2

3

4

5
6

7
8

9
10

11
12

1
2

3

4

5
6

7
8

9
10

11
12

THL84, THL899 – Azu
THL191 – IR64

DHL

BIL IR68835 x KDML105
13 isolates

�	���������&��.�/'��%�	��	�"�
0����	���������&��.�/'��%�	��	�"�
0���
Marker assisted backcrossingMarker assisted backcrossing
Marker assisted pyramidingMarker assisted pyramiding

KDML105 x JHN

13 isolates

1
2

3

4

5

6

7

8

9
10

11

12

1
2

3

4

5

6

7

8

9
10

11

12

THL84, THL899 
THL191 – JHN

THL84, THL899 
THL191 – JHN

THL84, THL191 – IR68835-98-2-B-2-1-1 

1
3

61
3

6

1
2

3

4

5
6

7
8

9
10

11
12

1
2

3

4

5
6

7
8

9
10

11
12

THL84, THL191 – HY71 

Resistant loci in rice cultivars IR64, JHN, IR68835 and HY71

RIL

HY71 x RD6
10 isolates



RD6
(Recipient)

JHN
(Donor)

x

F1

9 BC1F1  x  RD6

133 BC2F1

Selected 30 BC2F1 x  RD6

MAS on Chr.1 and 11
Selected heterozygous lines 

360 F2
MAS on chr.1 and 11

Selected homozygous lines 

60 BC3F1
MAS on Chr.1 and 11

Selected heterozygous lines 

Selected 14 BC3F1 x  RD6 

120 BC4F1
MAS on Chr.1 and 11

Selected heterozygous lines 

Selected no.334 F2  x  RD6

x

0

1

2

3

4

5

6

0 20 40 60 80 100

JHN

I1

I2

I3

I4

RD6

Introgression lines

D
is

ea
se

 s
co

re

�	���������&��.�/ �� 6 '��%�	��	�"�
0���������	�

Selected 4 BC4F1

Selected heterozygous lines 

Selected 26 BC4F1

Background analysis (45 SSRs)

Selected ~ 98% RD6 

Leaf blast evaluation and field experiment

21 introgression 

lines carried QTL 
on chr. 1 and 11  

21 introgression 

lines carried 
QTL on chr. 1  

23 introgression 

lines carried QTL 
on chr. 11  

33 introgression 
lines without QTL  

531 BC4F2

98 BC4F2 

x

MAS on Chr.1 and 11

JHN                 RD6

Groups 
of IL

qBl1 qBl11 SKN NKI UBN

JHN + + 0.8a 0.4a 0.8a

I1 + + 1.1a 0.8a 0.8a

I2 + - 3.4b 3.2b 4.3c

I3 - + 3.2b 1.7a 0.4a

I4 - - 5.4c 4.6c 5.1d

RD6 - - 6c 5.8c 6d
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1           2            3          4         5           6           7           8          9          10        11         12

RM569

RM81

RM231

RM80

RM1345

RM242

RM5765

RM215

RM507

RM153

RM122

xa5

PB78Xa21

Xa34

RM589

RM586

RM588

RM140

RM19860

RM411

R10783 indel

BADH

Waxy

GT

RM144

qBB11

�	���������&��.�/'��%�	��	�"�
�
�'������	���������&��.�/'��%�	��	�"�
�
�'�����

RM3442

P-3

RM104

RM252

RM470

RM317

RM1345

RM447
RM7243

RM5509

RM400

RM224
Xa34

Xa33
RM426

RM212

RM431

Locating loci underlying 

BLB resistance in rice 

varieties IR62266, IR1188, 

Ba7 and Pin Kaset

RM319

RM144

qBB1

IR
B

B
-3

(X
a

3
)

IR
B

B
-4

(X
a

4
)

IR
B

B
-5

(x
a

5
)

IR
B

B
-7

(X
a

7
)

IR
B

B
-8

(x
a

8
)

IR
B

B
-1

0
(X

a
1

0
)

IR
B

B
-1

3
(x

a
1

3
)

IR
B

B
-1

4
(X

a
1

4
)

IR
B

B
-2

1
(X

a
2

1
)

IR
6
2

2
6

6
(x

a
5

)

R
D

.6

K
D

M
L

1
0

5

1 1 R R R R S R S R R R S S

2 7 R R R R R R R R R R R R

3 1 R R R R R R R S R R S S

4 2 R R R R R S S S S R R S

5 4 R R R R R S S R R R S S

6 1 R R R R R S S S R R S S

7 1 R S R R S S S S S R S S

8 1 R S R R R S S S R R S S

9 9 S R R S S S S S S R S S

10 6 S R R S S S S S R R S S

11 6 S R R R S S S S S R S S

12 2 S R R R S S S R S R S S

13 8 S R R R S S S S R R S S

14 6 S R R R R S S S S R S S

15 1 S R R R R R S R R R S S

16 2 S R R R R S S R R R S S

17 2 S R R R R S S S R R S S

18 1 S R R S R S S S S R S S

19 12 S S R S S S S S S R S S

20 1 S S R S S S S R S R S S

21 7 S S R R S S S S S R S S

22 1 S S R R S R S S R R S S

23 6 S S R R S S S S R R S S

24 1 S S R R R S S R R R S S

25 1 S S R S R S S S S R S S

%  BS R -1 90 20.0 65.6 100.0 66.7 33.3 12.2 8.9 21.1 44.4 100.0 8.9 6.7

%  BS R -2 90 32.0 64.0 100.0 76.0 48.0 20.0 8.0 32.0 56.0 100.0 8.0 4.0
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MAS of MAS of XaXa3333

N
u
m

b
e
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o
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g
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n
ie

s
3 6 9 12 15

10

20

30

40

PK

(10.73)

Ba7

(2.15)
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Genotype Group

Chr.11 Chr.1 Chr.11 TXO70 TXO80 TXO61 TXO40 TXO42 TXO32 TB9603

PB7-8 RM302 RM224 mean mean mean mean mean mean mean

QTLXa21, Chr.1, Chr.11 IR IR IR 1.8 + 0.5
a

7.1 + 4.7
a

4.7 + 1.8
a

2.9 + 1.4
a

2.2 + 1.0
ab

5.2 + 3.8
a

6.2 + 3.4
a

QTLXa21, Chr.11 IR KD IR 3.0 + 0.7
b

9.4 + 3.5
a

6.5 + 0.9
a

3.8 + 0.9
ab

3.2 + 1.5
abc

7.9 + 2.0
a

11.4 + 2.9
bc

QTLXa21 IR KD KD 3.3 + 1.2
b

14.1 + 4.8
b

10.8 + 5.3
b

4.8 + 3.3
bc

3.5 + 1.4
c

14.7 + 4.6
b

15.2 + 4.8
d

IR1188 IR IR IR 0.7 + 0.2
a

2.2 + 0.7
a

1.4 + 0.5
a

1.0 + 0.4
a

0.8 + 0.3
a

2.4 + 0.8
a

2.9 + 0.8
a

KDML105 KD KD KD 4.0 + 1.1
b

14.7 + 2.6
b

16.7 + 2.9
b

10.1 + 2.4
c

4.6 + 1.1
c

17.4 + 3.3
b

16.3 + 2.9
d

Lesion length (cm)Genotype

TXO40
40

IR = 1.0 ± 0.4

TXO40
40

TXO40
40

TXO40
40

IR = 1.0 ± 0.4

TXO61

25

30

IR = 1.4 ± 0.5 

TXO61

25

30

TXO61

25

30

TXO61

25

30

IR = 1.4 ± 0.5 

5 10 15 20 25

10

20

30

IR

KD

IR = 1.0 ± 0.4

KD = 10.1 ± 2.4

5 10 15 20 25

10

20

30

IR

KD

5 10 15 20 25

10

20

30

5 10 15 20 25

10

20

30

IR

KD

IR = 1.0 ± 0.4

KD = 10.1 ± 2.4

5 10 15 20 25 30

5

10

15

20

25

IR
KD

IR = 1.4 ± 0.5 
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KD IR62266 IR1188 Ba7 PK
- xa5 Xa21/qBB11 Xa33(t) Xa34(t)

1 TB0304 S R R S R
2 TXO7 S R R R MS
3 TXO16 S R R R MS
4 TXO33 S R MR R R
5 TXO34 MS R S MR R
6 TXO37 S R MS R S
7 TXO54 S R MR S R
8 TXO60 S R MS MR S
9 TXO61 S R MR MR R
10 TXO73 S R MR R R
11 TXO77 S R MR MR R
12 TXO85 S R R R MR
13 TXO86 S R R MR R
14 TXO87 S R R MR MR
15 TXO91 S R R R R
16 TXO93 MS R R R R
17 TXO95 S R R R R
18 TXO96 S R R MR R
19 TXO98 S R MR R R
20 TXO101 S R MR MR R
21 TXO102 S R MR MR R

Entry Xoo  isolate

21 TXO102 S R MR MR R
22 TXO103 S R MR MR MR
23 TXO104 S R MS MR MR
24 TXO105 S R R R R
25 TXO107 S R MR MR MR
26 TXO108 S R MR MS MR
27 TXO109 S R MR R MR
28 TXO113 S R MS MR MR
29 TXO116 S R MR R MR
30 TXO120 S R MR R R
31 TXO133 S R R MS MR
32 TXO134 S R MR MS MR
33 TXO136 S R MS S MR
34 TXO137 S R MR MR R
35 TXO139 MS R MR R R
36 TXO140 S R MR S MR
37 TXO141 S R MR R MS
38 TXO142 S R MR S R
39 TXO148 MR R R MR R
40 TXO149 S R MR MR MR
41 TXO151 S R MR MR MR
42 TXO152 S R MR R R
43 TXO153 S R R MR MS
44 TXO154 S R MR MR R
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BC introgression lines of KDML105  carrying bphQ6 and bphQ12 Bphr display a 
moderate resistance to BPH 
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Linkage between BphLinkage between Bph3 3 and and WxWxaa  Linkage between BphLinkage between Bph3 3 and and WxWxaa  
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BC introgression lines of KDML105  carrying Bph3 and Wxb
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Sub1A-C QBphch12 Xa21

ch9 ch12 ch11

R10783 RM277 PB7/8 survival (%) TXO61 TXO4 TB9603

1 RGDU03035-146-14-1-4-3-0 FR13A AB IR1188 91.7 MR R MR MR

2 RGDU03035-146-14-1-1-1-0 FR13A AB IR1188 92.5 MR MR MR MR

3 RGDU03035-146-14-1-4-9-0 FR13A AB IR1188 95.0 MR MR MR MR

4 RGDU03035-146-14-1-9-3-0 FR13A AB IR1188 95.0 MR MR MR MR

5 RGDU03035-146-14-1-10-20-0 FR13A AB IR1188 100.0 MR R MR MR

6 RGDU03035-146-14-1-11-12-0 FR13A AB IR1188 100.0 MR R MR MR

7 RGDU03035-146-14-1-1-5-0 FR13A AB IR1188 100.0 MR MR MR MR

8 RGDU03035-146-14-1-1-9-0 FR13A AB IR1188 100.0 R MR MR R

KDML105 7.2 S S S HS

Sub evaluate BB evaluation
Bph evaluationEntry Pedigree

1 2 3 4 5 6 7 8 9 10

0

Pyramiding lines
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