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Figure 1 Identification of food insecurity hotspots based on hunger, food aid and dependence on agricultural gross domestic production
statistics from FAQStat and WRI; 2001-2003. [Global Environmental Change and Food Systems (GECAFS), personal communication].
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Gene Tagging
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AFLP; SCAR, STS, ESF, BAC-edns;:
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Linkage maps are :
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QTL mapping.
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Minor QTL located on
chromosomes 1, 2, 5, 7, 10 uaz 11
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After Submergenc}e

Tolerance

. 7. -

Tolerance

10 days after submergence

. .

Tolerance

Tolerance
seeding

——t

Tolerance

Tolerance

¢ ¢

Tolerance

Flowering

PPS (Percent Plant Survival)

1 B DHL(IR49830xCT624 1), year 1994 - 5
2 B RIL(FR13AXCT62 41), year 20 00
3 B RILsFR13AXCT6241), year 2001

TSE (Total Shoot Elongation)
5 E DHL {IR49830xCT624 1), year 1994 -5

6 L] RILKFRI3AXCT62 41), year 1998
7 RILs(FR13AxCT6241), year 2000
8 Ol RILSFR13AXCT6241), year 2001
9 Bl F2 (KDML105xBT), ye ar 2000

RSE (Relative Sho ot Elon gation)

10 H RILSFR13AxCT6241), year 2000
11 RILYFR13AxCT6241), year 2001

TS (Tolerance Score)
DHLIR49830xCT6241), year 1994 -5
RIL{FR13AxCT6241), year 1998

RILYFR13AxCT6241), year 1999
RILYFR13AxCT6241), year 2000

LS (Leaf Senescence)
ISH DHL {IR49830xCT 624 1), year 1994
19 RIL{FR13AxCT6241), year 1998

21 F2 (KDML105xBT), year 2000
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- IR49830 X  KDML1os
l 100% Recipient

F1 X  KDMLi1os
50% Recipienl

9.5

BC1F1 X  KDML1os
75% Recipierlc MAS1
BCaF+ X KDML 105
86% Recipienl < MAS:
BCsF+ X KDML 105
4% Recipie|1 € MASs

BC4F+
97% Recipient

l X € MAS;

BC4F2
1 X € MASs

BCsF3
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Trait evaluation '
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A330402 RFLP Toojinda et al (2003)
RM8097 PCR (SSLP) unpublished
Korinsak et al (2010)
KDML105 RM213 PCR (SSLP) Submitted
RM273, Korinsak et al (2010)
IR49830 RM261 PCR (SSLP) Submitted
IR49830 R1553 RFLP Toojinda et al (2003)
Korinsak et al (2010)
KDML105 RM31 PCR (SSLP) Submitted
Toojinda et al (2003),
FR13A, IR49830 RMZIS'SE;"ZH' PCR (SSLP) Korinsak et al (2010)
Submitted
KDML105 RM5711 PCR (SSLP) unpublished
IR57514 RM152-RM38 PCR (SSLP) unpublished
Korinsak et al (2010)
Abhaya RM215 PCR (SSLP) Submitted
FR13A, IR49830 | RM219 PCR (SSLP) unpublished
S 5, DH206; RAS Toojinda et al (2003),
IR49830, R107831 PCR (In del) Siangliw et al (2003)
IR57514 ndel 9
RM222, s
FR13A, JHN RM206 PCR (SSLP) Toojinda et al (2003)
RM209 Toojinda et al (2003),
KDML105 RI’VI 287 PCR (SSLP) Korinsak et al (

Submitted
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Integrative traits
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Secondary traits
Primary traits i i
Constitutive ’ i
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o Integrative traits: spikelet fertility, yield components and grain yield
e Phenology: Flowering time

e Plant-type traits: tiller number, plant height

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

e Secondary traits: maintenance of plant water status, canopy temperature,
leaf rolling score, and leaf death score
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e Improvement of yield potential through
the improvement of sink-sources)




0 W3N3 W4N1
W4N2 W4aN3 . —
P e Canopy Temperature

Peak Stress Temperature
Percent Light Interception

M, Drought Score
'— W . Leaf Rolling
i85 ,
?:38? Leaf Drying
30~ .
ggﬁ% Relative Water Content
§§8'/7 Leaf Water Potential
(gf,zé Deep Root Mass
‘ E * Rooting Depth
b e ¢ Root Thickness
: v Root Pulling Force

Total Root Mass Density

I lIIn and weight
i |ed
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ercent unfi or er traits

k1 r?ér;/ tellgn A} ene ra ?rragb h|c Sess . .
= nfilled |oo KcaTey e Grain Yield
i T 8 ﬂ ? g sponse index ; ; ;
> bereent Unffle : Biological Yield

-tea wa gl}ﬁote t|aI

PJ\taerceptlon .
$ F‘Sto 50 flowerlng - Panicle Number

i Plant Height

)TL. Low DT-QTL resolution
aits for DT have low heritability and large G x E.

yuted through out the rice genome
DT-QTL for plant-type traits, primary, secondary and integrative traits.'I
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X KDMLI105

IR68586-F2-CA-31,
IR68586-F2-CA-143  Fl % KDMLI

BCIF1 X

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

<llllll

. . RMD, BRT, LD, LR, PH, PN,
»~— Yield Trial under drought PSS, HI, BY, OA, CMS, LWP

& irrigated condition

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

2007

2272 182 192 1592°
N PN GY PUF
244>  241°  428% 27.86°
2122 204* 5.01° 15.20°
256° 248 539° 25.20°
240°  232°  530° 16.92%®
240°  233° 499 20.90"
280°  265° 4.59%° 19.93°

[ Chrom1
[ Chrom3
3 Chrom4
5 1 Il Chrom8
[ Chrom9
[ KDML105

ton ha™?
w

Actual Yield (t/ha)

Stress Well-watered

ain Yield

4.0

**73% Yield reduction

DTF — Days to flowering

PH — Plant Height (cm)

TN — Tiller number per m?2

PN — Panicle number per m?

GY — Grain yield (ton hal)

PUF — Percent unfilled grain by weight
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3.0
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1.5 1
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Salt stress: Rice is highly sensitive at
early seedling stage and reproduction
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Heavily salt-affected soils
Moderately salt-affected soils
Slightly salt-affected soils
Potential salt source area for soils
Non-affected soils
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Takle 2 Physiological trvits contributing to =alinity tolerance in 1€ nee accessions grown under normal ond salt sorees

comditions,

An EC & dS mot At normal conditlen(d .82 4% w7
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FLEiSH BT 57 b 25 840 hc H+4.18 de (et 1a HT BT b a 0591 &
FLAnY BT .0 hed BA.98 abs BY 3% bae 0.266 he 1 a 211,30 ah i O5AG
FLall BT 57 h 8794 abe 21.61 a.d 0.241 bc 1 a HY. 67 b i 0518 @
FLALG BT A5 de 9196 ab D411 ab 2169 be L a us L3 ab a 0.2%%4 a
FL4%4 kT 2% be AR A0 b BEG T3 hoe O3EE: b 1 a 01.82 ah Gom 0276 &
I L445 T 5% be BEA0 ab B304 ode 2252 he 1a UL 46 ab o 0508 &
FL478 T 30e 4.1 a 97.0% a Q183 be La LEN I i 0284 a
FLA9E T F0e @28 o Q6. 68 a 158 c 1l & D601 o i 0.237 &
FL313 BT 4.7 bz 2l ok 9E.51 abe Q200 be 1l a 91.0% ab [ 0,294 a
FL330 T 5.7 cde #3.91 o 95.39 a [N L 1 & 9156 ah 8 n 027l &
FLE6S kT S50 hed BE.04 be Q075 a-d G518 b 1a 0317 ab i 0.30%5 &
Ek K T 45 bee Bl ab W0 A4 ped 20200 be 1a B4 ab a 0.<8] a
(Y Re] T 4.5 bee 22,00 ab Q016 a.d 233 be 1a 0+ 64 ah i n 0564 &
RO & T.Ta B81.35 ¢ HX06 & .70 a 1la B F0 ah i 0202 &
EDXLLOS = T.T o TI.00 Hl B0 ¢ Lhind g Ia us 7TH ab a 50 o
Pokial T 50 #3127 a 24.12 ab  0.236 bc 1a D21 ab i 0252 &
[ ] 323 4.1 BT Tl.E SES B 7l.8
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Marker assisted backcrossing
Marker assisted pyramiding
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F1 (5 plants) 2 | THL212
Heteroeygous stage "
EELE Uﬂﬂﬂ]ﬂﬂﬂnﬂk (-
111 and OTLAL "B
= = 4 | THL699
49 |
F2 (EHI plants)dm 1" MAS | 5 |THLS38
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| 8 THL1003

F3[‘J-I planls] & 2™ MAS
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[
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1®

2.4
F5 (320 lines)

& @m Observation traits
Fo (6 lines)
J® @ Yield traits

3 elite lines+ broad spectrum blast resistance
P280-2-1, P280-8-3 and P280-5-4

lant

Selected-F4 (8 lines)

Plant Breeding 129, 176180 (2010)
© 2009 Blackwell Verlag GmbH

doi:10.1111).1439-0323.2009.01669.

Development of elite indica rice lines with wide spectrum of resistance to Thai blas
isolates by pyramiding multiple resistance QTLs
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varieties IR62266, IR1188,

Locating loci underlying
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MAS of Xa33

‘T'able 1.

‘Twelve Xoa 1solates showmg different resistance patterns between ‘Ba7” and “IRBB7’

Collection arca Resistance pattern

Xoo solate

Province Region Ba7 IRBB7
TB0O96 Phitsanulok North S R
TB0304 Chiang Rax North S MS
TB2602 Chiang Mai North R MR
TX0353 Phrac North S MS
TXO0353 Chiang Ra1 North MR s
TX056 Cluang Ra1 Nouth R s
TXO103 TThon Ratchathani North-east MS MR
TXO111 TUbon Ratchathani North-cast MR MS
TXO114 Khon Kaen North-east MR R
TXO116 Khon Kaen Noutli-east MS s
TXOI121 TIdon Thani North-east R MR
TX0122 Udon Thani North-east MR MS

Chr. &

k EMERS— | xatl {15 AR
SrEEEIfEL BEE auu;&u»u%n

0| B

4 |r3ms

Xa27(22.9 Mb)

T AT | vadin 22,7 M)
S R Xe7 277 M)

The 551 markers BA30, BM7243 TME509 and RM400, located on the long arm of
mae §, showed distingnishable band patterns of resistant and sansceptible Fr plants and were
as the possible linked markers to a BB resistance gene in *Ba¥'. These markers were located

in the viemity of reported Va7,

C  Homozygous Ba7
1204 B Heterozygous
_t.E; 10.04 B Homozygous PK
s
g 80
-E 6.0
E .
4.0
|
oo e A
|

Rasistance Moderate resistance

Tigure 5. Distribution of LL of BC,I% 3 population after inoculation with TXO16. The red, yellow and
blue bars represenled homozygous Ba7 plants, heterozygous plan(s and homozygous PK plants
respectively. Based on RM20390 genotypes. the Ba7 homozygotes. the heterozygotes and the PK
homozygotes showed resistant, moderately resistant and susceptible phenotypes respectively.

Suseceptible

l |I II
IIIII| III
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Cultivar R gene® Reactior of rice cultivar to brown planthopper populations”

YST NST KLS UBN CYP NAN CMI ANJ SKW NKM ATG BRR SPR CCS SRN SRNI CNT

TN1 nome 89 9.0 90 90 90 87 90 86 90 90 90 90 36 90 90 60 9.0
Mudgo Lphl 76 44 90 86 72 6.6 B4 70 45 55 6.2 6.6 a1l 63 90 795 8.3
ASD7  bph2 7.8 90 90 90 7.0 38 79 60 84 14 62 11 50 81 72 61 90
Brown plant hopper punu  Bpaz 30 30 10 21 30 26 44 13 13 12 43 41 10 30 30 10 13
Heenati

PTB33  bph2, 30 10 2.1 26 25 25 36 30 11 33 44 43 12 34 28 30 24

Bph3

Babawee bphd 39 64 78 67 64 73 76 38 65 63 77 36 20 61 84 41 65
ARCI0SS0 bphS 87 90 9.0 90 65 90 70 90 72 90 83 40 70 63 90 &1 90
Swarnalata Bph6 3.8 40 26 86 37 13 80 12 11 15 17 10 18 10 56 90 44
TI2 bph7 83 79 82 90 40 43 83 76 80 30 61 70 37 43 74 €4 68
Chin Saba bphS 74 9.0 87 9.0 9.0 85 9.0 6.7 90 9.0 8.3 8.3 a9 64 90 B0 9.0
Pokkali Bph9 90 89 90 90 90 90 85 90 75 90 88 §2 87 90 90 90 90

* R gene, BPH resistance gene
‘L ® Average damage score: scale 1-9 (1 = most resistance, 9 = most susceptible)




BC introgression lines of KDML105 carrying bphQ6 and bphQ12 Bph’ display a

moderate resistance to BPH

Variety Resistance Plant reaction
geme PTT UBN KKN BSL

1264 Bphl  ME M5 S5 -
AsSDT bph2 M5 5 5 <
Rathu Heenati Bph3 R R R R
Basawee bph4  MS S MR MR
ARC10550 bph5 M5 5 5 <
Swarnalaa Bphé R MR MR MR O
T12 bpk7 MR S s S ol
Chin 5zha pph8 NS NS S S ) —— —
Pokizli Bph9  MS S S 5 Table 3. Comparison of QTL cembinations for damage score
IR65182-1-136-2-2 Bphl0 MS MS MS q (NS} within the BO,F, population derivec from a
Abhaya ME MR MR MR cross between Abhaya anc KDML105.
KDML105 S S S 5
B-Resistanze, MRE-Maderated resisiance, MS-Moderated susceptible, S-Susceptible, QTL DII'I'I.IEG score (DS)*
- ~ Missing date combination EPH-UBN Reduction  BPH-PTT Reduction
of DS of DS
Qbphd +.5£0.2* 2.2 +.2+0.2* 3.3
+ Qbphl2
Qhphl?2 5.4+0 .20 1.3 5 5+0 30 2.0
Qbpho 6.1x0.2° 0.6 7.2+04° 0.3
No QTL 6.7+0.11 0.0 7.5x0.2° 0.0

*¥alues are expressed as Mean £ 5E.

Namage seore based wn 1.9 scele by the madified seedbe soreenirg tes

Br1-UDH and TPT-ITT epresent BT populaions ccllectzd from: Uben Ra:chatheniand
Fatbum Thar respectively.

The means scores with the same leter are not signifizantly different (LS50, P=0.05).




Linkage between Bph3 and Wx?
. [Raihu Heenatl x KDML105]
2 §§ o & g . Chromosome 6
> 88 .8 % £ < -
2 32 &7 2 2 2 RM3353
a 4.6
P0542E10 PO4SFQD P0538C01
OSINBa0038F22 0.8 RME8BQ
0k RM586 BPM3
0.2 RMS8E
~ R 0.1 RM190 Waxy
] B 2 2 g RM8101
S 2\ 2 ¢ 2 2 @ — RM904
: E\Z 2 2 2
Line no. (BC;F) Damage rating
+ 190 kb > » Rathu Heenati * KDML105
morssss [ ' ®) g 100
o
wsosssi I 0 ® 3
s ¢80
overssses I ' ) 2
veN0307g342-4 [ 50 (MR) w60
uBNo3o7s-342-6 [ ¢+ oR) 2
s 40
usNo307s-342-17 [ 00 (5) 2
usNo3o7s-3427 [ 20 () 8 o0
KDMLI0S I 90 ) 5
=
Retwbeerai N 1) (®)

2,343 BC3F2
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BC introgression lines of KDML105 carrying Bph3 and Wx®?

RH/KD BC;F; progenies

2 €S
1] ] ] P RMSE9 133Mb
# RM1920 1.70Mb
1T RMS8T 2291k
H— rmsey SP07 ==X
H— RM589 \ RMS10 zszmb
RM204 316Mb
T RMS86
£
%‘ H— GT11 7.1s6Mb
T RMS8S
I H— RMS" 01 ﬂ
H— RM1920
M

Mean 1503

6L
B Rathu Heenati
O KDomL105
The reaction to BPH populations, collected in Thailand in 2004 and 2007, of some
selected introgression lines. The SSBS was used to evaluate the resistance.
[Designation Reaction to BPH populations”
UBN DUD NAN KPP WTG  psL | Designation Bph3 allele  ACallele  GT allele FR allele  AC GT FR GC
UBNO3DTE-101-342-9 R R R R R R LUBNO3078-101-342-9 RH KD KD KD 1606 7.0 2 65.0
UBNO3078-101-142-11 R R R R R R UBMNO3078-101-342-11 RH KD KD KD 1539 69 1 600
UBND3078-101-342-14 R MR R R R R UBMNO3078-101-342-14 RH KD KD KD 1495 70 1 1150
UBNO3I0T7E-101-342-4-24 R R R ME R MR  UBMNO3078-101-342-4-24 RH KD KD KD 1561 69 2 1000
UBND3078-101-342-4-32 R MR R MR R MR  UBMO3078-101-342-4-32 RH KD KD KD 1458 70 1 105.0
UBND3078-101-342-4-114 R R R MR R MR UBMO3078-101-342-4-114 RH KD KD KD 1439 70 2 200
UBMNO3078-101-342-4-126 R R R R R R UBNO3078-101-342-4-126 RH KD KD KD 1525 70 1 67.5
UBND3078-101-342-4-143 R R R R R R UBNO3078-101-342-4-143  RH KD KD KD 1419 70 2 775
UBND3078-101-342-4-144 R MR MR R R MR |BND3078-101-342-4-144 RH KD KD KD 1456 70 2 650
UBNOR07E-1001-342-4-138 R R R R R R UBNO3078-101-342-4-148  RH KD KD KD 1573 70 1 725
g::gﬁ;g':g: 'ii'g'gg : : : : : ':"‘ UBNO3078-101-342-6-49  RH KD KD KD 1443 70 1 465
TBHII781 (s 8 % 8 8 8 8 UBMNO3078-101-342-6-56  RH KD KD KD 1539 70 1 600
KDML105 S S g S S S UBMNO3078-101-342-6-58  RH KD KD KD 1522 70 1 700
Rathu Heenati R R R R R R KDML105 KD KD KD KD 1528 70 2 75.0

R = resistant; MR = moderately resistant; S = susceptible.

® Four different hiotvpes of BPH populations (Jairin et al., 2007a) were collected
from four provinces, Ubon Ratchathani (UBM), Man (NAN), Kamphaeng Phet (KPP}
and Phitsanulok (PSL), in 2004. Two BPH populations were collected from the
outbreak fields from Det Udom (DUD), Ubon Ratchathani province and Wang Thong
[WTG), Phitsanulok province in 2007,
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