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BROWN PLANTHOPPER! MARKER-ASSISTED SELECTION 

IR57514 is a high yielding rice line wide-adapted to a rain-fed environment. It has 

submergence tolerance and blast resistant characteristics. The objectives of this 

research were to identify Quantitative Trait Loci (QTLs) controlling blast resistance in 

IR57514 rice line and to develop aromatic glutinous rice lines carrying Bph3 gene to 

brown planthopper resistance using IR57514 as genetic background for further use in 

glutinous rice breeding programs. Identification of QTLs controlling blast resistance 

was carried out using 97 recombinant inbred lines (RILs) derived from a cross between 

IR57514 (blast resistant) and KDML105 (blast susceptible). RILs were challenged with 

eleven blast isolates at the seedling stage. Six QTLs located on chromosomes 4, 5, 

10, 11, and 12 were identified. These QTLs explained 18.396 to 8.23% of the 

phenotypic variation. Of these QTLs, qBL12 was consistently detected against 9 blast 

isolates and showed relatively high phenotypic variance ranging from 4.85 to 63.29%. 

Linked markers to these QTLs provided useful information for marker assisted 

selection. Results indicated that IR57514 can be a good genetic resource for blast 

resistance. The development of aromatic glutinous rice lines carrying Bph3 gene 

was performed by crossing RGD11259-1-9-25 (BC1F2) and R4-4-2-134-18-57 (BC4F5). 

Pedigree breeding with phenotypic and marker assisted selection was employed from 

F2 to F4 generations. First, linkage drag between W~ and Bph3 loci on chromosome 6 

was broken down using 1,140 F2 progenies derived from single F1 plant. F2 progenies 

were challenged with UBN brown planthopper (BPH) population at the seeding 

stage (7 DAS). 461 F2 plants surviving from BPH infestation were genotyped for 



BPH resistance and glutinous rice characters using RM589, SSR24 and RM588 and 

Wx-Glu23 markers respectively. Six F2 progenies carrying Bph3R41R4 and WJ!IGDIR4 alleles 

were selected and self-pollinated to generate F3 population. After that, six F3 

populations were evaluated for BPH resistance and two F3 plants including RGD13117-

115-52 (Bph3R41R4, WJ!IGDIRGo, badh_t?GDIRGo) and RGD13117-115-53 (Bph3R41R4, WJ!IGDIRGo, 

badh_t?GDIR4
) were selected. Then F4 introgression Lines (lls) derived from these two F3 

plants were validated for BPH resistance, glutinous rice, and grain fragrance characters. 

BPH resistance was performed at the seeding stage (7 DAS) and tillering stage (25 DAS) 

using 4 BPH populations, UBN, PSL, KPP, and NAN. The results showed that all F4 lls 

had higher Levels of BPH resistance than that of RGD11259-1-9-25, a susceptible 

parent. Glutinous rice and grain fragrance characters were validated based on the 

physical characteristics of brown rice and sensory test respectively. The results 

confirmed that the two F4 lls were glutinous and revealed strong (score=2) to 

moderate grain fragrance (score=l). The discovery of QTLs controlling blast resistance 

in IR57514 rice Line and the development of aromatic glutinous rice Lines resistant to 

BPH from glutinous jasmine IR57514 rice Line will serve as useful genetic resources for 

breeding multiple stress tolerance in rain-fed Lowland rice. 



• 

nlPI~n113.!'\.h:m1fl 

'U'VI~lP'Irlv.n1~11 'VIfl 
.., . .., 

'\J'VIflllPif.IB.f11~1B.:Inq~ 

~11uru 
01 

~11uru.n1'V'l 
01 

u'VI~ 1 u'VI'll1 

1.1 fl113JLth..ll.l1LLt;l~f111l.li.'11~qj1'Ufl1'ji:ijtJ 

1.2 1lP'Itl'lh~?f-!JFl 
' d 

'\J'VI'VI 2 n11lPI11-;)Le:Jn~11 
V o Q.J II 

2.1 '1J11LL(;l~f1113J?f1flqj'1Je:J'I'1J11 

2.2. UruVI1fl1'jtJm1-if11 1 'UL '1JI'l~'U~e:J1PltJLl1~'U'\J~L '"JUJ~l.JLLlJtl1 1 'V'I 
u ~ ' 

2.3 fl1'jLLtJn Linkage darg t~m1 otlLfl~e:J'IVIl.l1tl~LB'ULe:J-d1tJ1 'Ufl1'j~~L~e:Jn 
2.4 fl1'jtl-rutl 'j .:~ ~ wHh1 

' ' 
2.5 fl1'j 1 otlLfl~e:J'IVIl.l1tJ~ LB'ULB 1 'Ufl1'jtl-rutJ'j.:J~'Ul5-if11 

' ' 
'\J'VI~ 3 n11fl'UVI1 QTLs fli1'\Jfli3J~n~ru~~1'U'V11'UhfliLVIm'Uih1~1floW'Ufi IR57514 • • 

3.1 'UV1111 

3.2 11'1tltl'j~?f'IFl'1Je:J'Ifl1'j1:ijtJ 
' 

II 

VI'U1 

n 

"1.1 

.:1 

u 
"'f 

1 

5 

6 

12 

45 

46 

47 

49 

50 

51 

3.4 t:-J(;lfl1'jVJ~(;le:J'I 57 

3.5 e:Jntl'j1tJt:-J(;lfl1'jVl~(;le:J'I 66 

'\J'VI~ 4 n11oW9li'U1oW'U~n11l.lif11LVIUf.l1~ij~'U Bph3 ~1'U'VI1'UL'V'l~f.lni~b~~ 
" ~U1lPI1~ -;)1mi1'UoW'Uon113.!ii'11~1floW'U5 IR57514 ... . . 

4.1 'UV1111 70 

4.2 11'1tltl'j~?f'IFl'1Je:J'Ifl1'j1:ijtJ 73 
' 

4.3 15fl1'j~1Lti'Ufl1'ji:ijtJ 73 

4.4 t:-J(;lfl1'j"Vl~(;le:J'I 88 

4.5 e:Jntl'j1tJt:-J(;lfl1'jVJ~(;le:J'I 119 
d 

5 ~itJ~~n11'VI~~B.:I 130 '\J'VI'VI • 
II "" 

Lvn~11B1.:1B.:J 132 

.n1fli~'U1n 150 

tJi~1~~1:5'fl 176 
'U 



d 
\Jl1'11.:i'VI 

2.1 nTHL u.:~th~ L.fl'VI"lltl'l-i!11 ml.l~~ ~u'IJ~ll1 ruB~ 1ll 1" G'f~1~ -o.n n e)"~""ll tl'l ~'U 
Waxy 'U'Ulfl~llll"llll 6 

2.2 ~'U LL(;'I~ QTLs fl'J'Uflll~n~ru~~1'U'V11'Ubfl1'VI~"lltl'l-iJ1'J \9\'1LL'VIti'l 

2.3 

2.4 

3.1 

3.2 

' 
Lfl ~tl 'I'VIll 1 tJ ~ L~ 'U L€1 G'f1tJ oW'U 51~~ 'U LL(;'I ~"!liJ ~"ll eJ'I-iJ1'J~ L tJ 'U LL 'VI~ 'I 

' 
W'Uum~ll 

' 
LL 'VI~'IoW'Uum~ll"lltl'l ~'U~1'U'V11'UL Vi~ tJ m~ 1~~~.J1\Jl1(;1 

' 
m~~'U~'U'VI1~'U~1'U'V11'UL V'l~tJm~ 1~~~tJ1\911(;1 1 'U-i111 

Lfl~ti'I'VIll1tJ simple sequence repeat (SSR) -..l1'U'J'U 97 Lfl~ti'I'VIll1tJ 
'U'Ulfl~llll"llll-il1'J~'I 12lfl~llll"llll 
L ~tiG'f1 L 'VI\9lhfl1 'VI~ fl~ll L ~tl LL(;'I~ LL 'VI~'I~ ll1"lltl'l L~€1~1 m 'Un1~'lh~ LlJ'U 

' ' 
fl'J1llG'f1ll1~ti1 'Un1~~1'U'V11'Ul ~1'11 'VI~"llmth~"l11m RILs 

3.3 n1~\9l~T~G'fti'U'IJ~ll1 Wfl'J1lJL~tJ'VI1 tJ"lltl'ln1~Lfl~ hfl1 u1 'VI~ ~1-&1, 'Un1~ 
tJ~~Lil'Ufi'J1llG'f1ll1~t~1 'Um~~1'U'VI1'U 1 ~~'~1 u 1'VIm'U'IJ~~"l11m RILs 

3.4 ~~~'Ufi'J1li~'ULL ~'l"ll€1'1 bfl1'VIm 'U-iJ1'JG'f1tJoW'Ufi IR57514 LL(;'I~ oW'Ufi"ll1'J~tln 
' ' ' 

ll~~ 105 L~tltlm~t1~1G'f1L'VI\9l hfl1 'VI~-..11'U'J'U 11 1t~L"IfL(;'I'Vl L-il1vhmtJ 
'U ' 

3.5 -..l1'U'J'U QTLs 19l'1LL'VIti'I'U'Ulfl~llll"llll Lfl~ti'I'VIll1tJ~L~'ULt1~1mH1~ 
'IJ~ll 1W LL(;'I ~Vli"1Vl1'1~ (;'! m~Vl'U"ll€1'1 QTLs ~ij ~(;'! ~ tln1 ~LLG'f~'ltltl fl"ll€1'1 

~n~ru~~1'U'V11'Uhfi1'VI~ ~~'U~'Ul~tJ1-ffifi simple Interval mapping 

II 

'VI'U1 

9 

18 

35 

42 

52 

54 

56 

58 

(SIM) 63 

3.6 

4.1 

4.2 

4.3 

LLc;'l~'I~~~'Ufld1ll~1'UVl1'U'1Jtl'l'lh~"l11m Rlls (IR57514/KDML105) ~tl 

L ~t1G'f1L 'VI\91 bfl1 'VI~-..i'1'U'J'U 11 1t~L"IfL(;'I'Vl 
' 

Lfl Wsvl n1~ 1-M'fl~ LL 'U'U"ll€1'1 ~~~ 'Ufld 1ll~'U LL ~'l"il1 f)fi'J1ll L~ tJ'VI1 tJ"ll €1'1 m~ L -iJ1 
' 

vJ1(;11tJ"llti'ILV'l~tJn~~1~~~.J1m(;11'U-iJ11 l~tJifi SSBS ~~LL'IJ(;1'1"iJ1n 
Standard Evaluation System 

Ln rusvi m~ 1 ~fi~LL 'U'U"ll B'l ~~~um 1ll~'Ui,i, ~.:~ "il1flfld1ll L~tJ 'VI1tJ"lltl'l m~ m~ 
' 

L-iJ1vJ1(;11tJ"llti'ILV'l~ tJm~ 1~~~tl1\911(;1 1 'U-iJ11 l~tllTI MMTS ~~Li,'\.J(;'I'I"iJ1n 
Standard Evaluation System 

i,fi ~ t~'I'VIll1 tJ ~ L~'U i,eJ l9111,1, 'VIU'I'U'U 1m Lll L"llll G'f1 tJoW'U51-M e)"~" L thl,ll 1 tJ 
' 

i,i,(;'l ~~ 1 ~u 1, u G'f"ll eJ'II,fl~tl'l 'VIll1 tJ ~ L~'U Lt~~1 -&1. 'U m~~ ~ L~ t1 n~ n~ru~m 1ll 

'VI till ~n~ru~-i111 1, V1.Ut11 i,i,(;'l~~ n~ru~~1'U'V11'Ui,V'l~ tJm~ 1~~~.J1m" 1 'U 

th~"l11m F1 - F3 

65 

77 

78 

82 



4.4 

4.5 

4.6 

.d ctd: .c:::.. • 

Lf1'Hl.:I'Vl~1CJ~LeJ'\.HeJ"ll'U~ s1mple sequence repeat (SSR) LLi:l~ gene-

specific markers i:l1'Vl~'U1 m 'Un11'Y11 graphical genotypes 

Lf1~el.:I'Vl~1(J ~ LB'ULeJ.ffi m 'Un11~~ L~eJntr frt~ru~L th'Vl~1(J ~1LL 'Vlti.:l'lJeJ.:!~hJ 
th~ LJWl'lleJ-:1 Lf1~eJ.:I'Vl~1 CJ ~ LB'ULeJ ~1 CJ~w51 ~eJi:l~i:l Lth'Vl~1 CJ LLi:l~'ll'U 1 ~ 

' 
'lleJ.:IeJ~~i:lL U1'VlmCJvft m 'Un11~~L~eJn 
n11"ii1LL'Unn~~ Haplotype (H) LL1:l~~L'U1vn.'J 1'Uth~"ll1n1 F2 "iJTUl'U 

461 ~1CJ~w5 m~eJ.:~f1th~neJu'lJeJ.:~~'ULU1'Vl~1CJ~ije)i:l~mJeJ-:~~1CJ~'Ut51 ~ 
' ' 

~'UL tl1V1~1 CJ~ muA~tr n"t~ru~ ~1'UV11'UL 'V'l ~ CJ m~ 1~~~.J 1~ 1~ LLi:l~rr n"t~ru~ 
' ll ct QJ~ ll .d 

'll1lL'Vl'UCJl \11nn11A~Li:leJnmCJ Lf11fl.:I'Vl~1CJ RM589, SSR24, RM588 

LLi:l~ Wx-Glu23 

4.7 n11~~L~ eJntrn"t~ru~~ 1'UV11'1.H Vi~ CJm~ 1~~~.J1mi:l'lleJ.:i'lh~"ll1n1 F3 

"ii1'Ul'U 6 ~1CJ~wf ~ijtri:l~i:l'lJeJ.:!~'U Bph3 dJ'ULL'U'ULeJ'L~1611n~ LL~~ 
eYi:l~i:l'lJeJ.:I~'U wx LU'ULL'U'ULeJ'LVleJh1611nl.'l (Bph3R41R4

, ~GD/R4) 1~CJ1-tl~'U 

4.8 

4.9 

-i111mCJ 7 i''U Ltl~CJuLViCJunul.'l1CJ~w5vimL~ 
' ' 

n11~~L~eJntrn"t~ru~~1'UVl1'UL'V'l~CJm~1~~~.J1~11:l'lleJ.:IU1~·~nm F3 L~CJ 
1oU~'U-if1leJ1CJ 7i''U LU~CJ'ULViCJun'Ul.'l1CJ~'UfifimL1J LL~~ l.'l1CJ~'Ufi 

' ' ' 
L U~CJ'U L Vi CJ'U~1'UVl1'ULLi:l~eJeJ'ULLeJ 

1~~'Uf1l1~~1'UVl1'UL'V'l~CJmd~~~.J1mi:l'lJeJ.:IU1~'lJ1m F4 1~CJ1oli~'U-il1l 
e11 CJ 7 LLi:l ~ 25 i''U bbi:l~1itJ 1~"111n1b Vi~ CJ n1~ 1~~~.J1~ 1~"ii1'Ul'U 

' 

4.10 tr n'tltu~fll 1~ CJ 11 -1"111~ nl1.:1'll fl.:! L~ ~ ~-if11 b tJ ~eJ n Lbi:l ~ L~~ ~ -if11 n~ fl.:! 

~'lJ eJ.:IL~~ ~-i111 btl~ eJ n LLi:l ~ e1'm1ci1'U1~Wi 1.:1m1~ m1 -m1~ nl1.:1'lleJ.:I 

4.11 

4.12 

4.13 

~ ll ~ 
L~i:l~'lJ11Vl.:ll.'leJ.:I LL 'U'U 

rr n'tlru~~1 'U 1 VlU Lbi:l~ YJ1 'U 1 VlU 'lleJ.:Itr n'tlru~m 1~'VleJ~ 1 'U-il11 b 'VlU CJl'VleJ~ 

l.'l1CJ~'Ufitl~utl1.:! F4 "ii1'Ul'U 2 ~1CJ~'Ufi -if11~1CJ~'UfiLb~ RGD11259-1-9-
, 'i 'I 'I 

Q.J IS' I Q.J ~ 0 

25 LL~ ~l.'l1CJ'V'l'U5'V'leJ R4-4-2-134-18-57 Lbi:l ~~1 CJ'V'l'U5ml"ill.'lel'U"il1'Ul'U 
' ' 

4 l.'l1CJ~'Ufi 
' n11A~L~eJntrn"t~ru~~1'UVl1'Ub'V'l~CJm~ 1~~~J1~11:l'lle:J.:IU'j~"ll1n 1 F3 1~CJH' 

~'U-if11e:l1CJ 25 i''U Ltl~CJuLViCJunu~1CJ~'U-5vimL~ Lbi:l~ ?11CJ~'UTILtl~CJubViCJu 
' ' ' 

~1'UV11'U bbi:l ~eJe:l'Ubbe:l 

n1'jfl~ L~eJ ntr n"t~ru~-il11b VlU CJl 1 'UU1~"ll1 m F3 1~ CJ 1 otlbA~eJ.:!Vl~1CJ~bB'UbeJ 
Wx-Glu23 

II 

'Vl'U1 

86 

89 

95 

97 

99 

110 

111 

114 

116 



t:.J.1 m1~V1 L~ e:J f1~1 'U1 Vltl"IJ e:J\1~ m~ru~~1'UV11'U L V'l~ CJ m~ LVI VI ~J 1~1~ LL~ ~ 
~f1~ru~.rr11L'VIUCJ'J"lle:J\Ith~"1!1m F2 ~1'U1'U 461 ~'U ~1e:JV~:fii~lil1f1f111 
L.rrTvh~1CJ"lle:J\ILV'I~CJm~LVIVI~tl1m~th~"1!1f11 m.J~11"1!l'i1U ~1'U1'U 13 

' 

t:.J.2 m1~V1 L~e:Jf1~f1~ru~~1'UV11'ULV'I~ CJm~ LVIVI~U1~1~"lle:J\Ith~'l11m F3 

L tJ1 CJ'U L Vi CJ'U tl 'U?f1 CJ~'UGoW tiLL~ LL~ ~ G'11 CJ~'UGL tJ1CJu L Vi CJ'U ~1'UV11'U LL~ ~ 

t:.J.3 

t:.J.4 

t:.J.5 

t:.J.6 

' ' 
ele:J'ULLe:J ~m~.rr11 7 l'U LVICJ15 SSBS; H = heterozygous (RH/JGIR), 

JGIR =Jasmine glutinous IR57514 LL~~ RH = CNT1-Bph3 

LLG'IVI\11~~um1l.l~1'UV11'UL V'I~CJm~ LVIV~~ih~1~"lle:J\ItJ1~"1!1m F4 LVICJ 1 oli~'U 
.rr11t11CJ 7 l'U LL~~ 25 l'U (7 DAS LL~~ 25 DAS) LL~~1-litJ1~'111f11LV'I~CJ 

' 
mdV1V~~u1m~ e:J'U~11'11Li1ii 

' 
LLG'IVI\11~~'\JI"l11l.l~1'UV11'UL V'I~CJm~ LVIVI~U1~1~"lle:J\ItJ1~'111m F 4 LVICJ 1 oli~'U 
-rr11eJ1CJ 7 l'U LL~~ 25 l'U (7 DAS LLfl~ 25 DAS) LL~~1-litJ1~'111f11LV'I~CJ 

' 
m~LVIVI~U11'11~ ~~ru1~f1 

' 
LLG'IVI\11~~um1l.l~1'UV11'ULV'I~ CJm~ LVJVJ~U1~1~"lla\ltJ1~"1!1m F4 LVJCJ 1 oli~'U 
.rr11eJ1CJ 7 l'U LL~~ 25 l'U (7 DAS LL~~ 25 DAS) LL~~1-litJ1~'111f11LV'I~CJ 

' 
m~ LVJV~~u1m~ n1LLV'I\ILV'I'l11 

LL?fVI\11~~'\JI"l11l.l~1'UV11'Ub V'I~CJm~ LVIVI~U1~1~"lle:J\ItJ1~'111m F 4 LVICJ 1 oli~'U 
-rr11a1CJ 7 l'U bb~~ 25 l'U (7 DAS bb~~ 25 DAS) bb~~1-litJ1~'111fl1bV'I~CJ 

' 
m~ LV~V~~U'1~1~ 'll1'U 

t:.J.7 bb6'H'I\I graphical genotype u1nru~1bb'VI'Il\I~'U Bph3 bb~~ wx uu1m1lJ1'1llJ 

6 'lleJ\I-rr11bVI'Uti1'VIeJlJ?f1ti~'UqtJ-rutJ~\I (Aromatic glutinous introgression 

lines; AG-Ils) "'il1 'U 1 'U 2 ?f 1 tJ ~ 'U fi Hi' bb n RGD13117 -115-52 bb 6'l ~ 
' 

RGD13117 -115-52 mlJ~1~u bb6'l~tJ1~'111m F3 "'il1u1u 3 ncilJ Hi'LLn " R , 
' 

(resistance), " MR " (moderately resistance) bbG'l~ " S "(supceptibility) 

~1lJ~1~'\.J 

"' 'VI'U1 

151 

166 

171 

172 

173 

174 

175 



d 
fl1'VfVl 

2.1 

2.2 

2.3 

'llil~'llB~~L 'U:W ~fl'\~{lJ~V11~fl1'~ibn'\~1'11~1~ 1 'llB~oUTJU~fl:il1'U1'U 2 'llil~ bbr;'l~ 

vl1bbVI'U'IlB~oU11tJ1 :il'1'U1'U 10 '1l\l~ 

L1"11~?f~1~VI1~bl"l:W'IlB~?f11 2-acetyl-1-pyrroline (2AP) 

m~'U1'Ufl11Gi'~bl"l11~~?f11 2-acetyl-1-pyrroline (2AP) 1 'UoU11 

2.4 LA 1 ~ ?f ~ 1 ~ 'll B H ;ff B 11 Pyricularia grise a Sacc (n ) L1"11 ~ ?f ~ 1 ~ 'll B ~ 
conidiophores bbr;'l~ conidia ('ll) 1m~?f~1~"1JB~ conidia ~:W:il1'U1'U 3 b"11r;'l~ 
.n1tJ1~n~B~':ilr;'IVI11PlU bbr;'l~ (1"1) ~n~ru~'llB~ conidia "1Jru~~Bfl'U'Ub"11r;'l~oU11 

' 
mCJ1~n~B~':ilr;'IVI11PlUBb~fll'l1B'U 

' 
2.5 1~':il1fl11boUTVhmCJ~'UoUT1'1JB~b;ffB11 P. grisea 1~m~:W':il1flfl11~ conidia 

" 
:W1Gi':wer?fn'U ~1 ~'UoU11 ':i11fl'lJ'Ubn~ fl11~Bfl'1JB~ conidia boU1vl1r;'llCJ~'UoU11 bb~'d 

bn~fl11b~:W:il1'U1'Ub~'W1CJ bbr;'l~ bn~fl11?f~1~ conidia 'U'U~1~'UoU11 1'VIlJb~BboU1 

"' 'VI'U1 

7 

10 

11 

14 

vl1r;'lltl~'1l1-VIlJ 14 

2.6 ~n~ru~mm1'1JB~b;ffm1?f1b'VII?) hfl1 'VIm u~1u~1~ "1'1JB~~u<U'11 1~bbn 1u (leaf 

blast) oUB1u (collar blast) 1"1B11~ (neck blast) oUB (node blast) mu1u 

2.7 

2.8 

2.9 

(sheath blast) bbr;'l~ "liB~Bfl (panicle blast) m:w~1~'U 

~1bb'VItl~~u~1'UVJ1'UL1A1'VI~~~u1 u<U'11 

~fl~t:U~'IlB~b~~tJm~L~~~J'11'!1r;'l (n) U1~'1l1fl1 BPH ('1J) vl1b~:WltJ'1lti~Ufl~'U 
(bracrypterous form) bbr;'l~(l"l) vl1b~:WlCJ'1lil~tlnCJ11 (macropterous form) 

1~':il1~ll'lbbr;'l~1~tJ~fl11b':il~ru b~'U L1'1'1JB~ b~~CJm~ 1~~~J'1mr;, 
"' 

2.10 fl11:W~1'UVI1'U'1JB~oU11~ B~1'1lil~~ bbl'lfl~1~tl'U'1J B~b~~Clfl1~ L~~~J'11'11r;'l 
(a) ~1'1lil~ 1 ?f1:1J11moU1vl1r;'l1tl?f1tJ~'U5~1lJ:W~u~1'UVJ1'U (b) ~1'1lil~2 

' ' 

2.11 

2.12 

3.1 

3.2 

?f1m1moU1vl1mCJ?f1CJ~'W~Vi:W~u Bph 1 bbr;'l~~1'1lti~3 ?f1:W11moU1vl1mtJ?f1tJ 
' 

~u~Vi:W~u bph2 

~u~1'WVJ1'Wb ~~CJm~ 1~~~J'11'11r;'I'U'W 1m1:w L"11:w<U'11 :il1u1u 5 LAiL:w 1"11:w~~u 
"' "' "' CJ'UI'l1'UV11'U?f~VI?f ~ 

" ' 
L:W b~ r;'l fl111'1B'U?f'UB~'1JB~~'Ub oU1 b~ Btl fl b ~~ CJ fli~ L~ ~~J'11'!1r;'l b oU1vl1r;'ll tJ 

" 
~'UI'IB'Wfl11~w.J'U1U1~'1l1fl1 recombinant inbred lines (Rils) :il'1'U1'U 

97 ?f1tJ~u51~tJ16bbuu~utl1~1~ 
' m11~1~~u m1:w1ubb 1~'1JB~ 11flt u 1 'VIm u.U111'11:w~n~ru~'1JB~ bb~r;'l~tlnvhmtJ 

' " 
L~tlbbU~BBflbtJ'U 7 ';j~~'U 

15 

22 

25 

25 

33 

36 

38 

52 

56 



d v 
.fl1'W'VI Vi'U1 

3.3 n1'Jfl1~"il1tJ~'J"lle:J.:J~m~ru~~1'U'VI1'Uh~1'VIlTI'Utb~'ll1m RILs lil'1'U'J'U 97 

i.'f1t.I~'U5 b~Bt:1nb;§'Bi.'f1b'V1111L'j~1'VI~boff1Vi'1~1t.l (n) TH196031, 
' 'U ' 

("ll) TH 196036 (~) TRG 1 bb~~ (.:~) TRG2 1111:U~1~'U 58 

3.4 m'jn'j~"iJ1tJ~'J"llB.:J~ n~ru ~~ 1'U'VI1'U h~ 1 111m 'Uth~'ll1 n 'j RILs lil'1'U'J'U 

97 i.'f1t.I~'U5 b~Bt:1m;§'Bi.'f1b'VII1lh~1'VI~boff1'vhmtJ (n) TH1L219, ("ll) THL557 
' 'U ' 

(~) THL690 (.:~) THL810, ("il) THL1081, (o) THL84 bb ~ ~ ('ll) THL717 

1111:U~1~'U 

3.5 bbc.J'U~~'Uun'j'j:U"lJB.:~-ff111il'1'U1'U 12L~'j1:u1"1l:u ~.:~1~"il1nth~'ll1n'j 
' 

recombinant inbred lines (Rils) lil'1'U'J'U 97 i.'f1t.loW'U5 "il1nAc.Ji.'f:U'j~Vi':h.:~ 
' 'U 

IR57514/"ll11(;1e:Jn:u~~ 105 th~ne:J'U~'Jt.l b~~B.:J'VI:U1t.l SSR lil'1'U'J'U 
..: 

97 b~'je:J.:J'VI:U1t.l 

3.6 bbc.J'U~oW'U5fl1'j:U"lJB.:J-ff11bbMl-:!~1bb'VI'll.:! QTLs ~1'U'VI1'Uh~1'VI~ lil'1'U'J'U 
' 

6 QTLs (qBL4 qBL5 qBL10.1 qBL10.2qBL11 bb~~ qBL12) 'U'ULm1:u1"1J:u 

4 5 10 11 bb~~ 12 1111:U~1~'U ~.:~1~"il1m.h~'ll1ni Rlls "il1nfic..~i.'f:u IR57514/ 
'U 

'1J1'J(;le:Jn:u~~ 105 lil'1'U'J'U 97 i.'f1t.loW'U5 
' 

4.1 bbc..~'Um'j~1 b iJ'U-:~1'U m'j-w'~'U1i.'f1 t~~'U6-ff11 b Vi'um'VIB:w~1'U'VI1'Ub ow~ t.~m~ 1(;1 (;) 
' 

~tl11111~ L(;ltJn1'j 1-tlb~~B.:J'VI:U1t.l L:Ub~nmhtJ 1 'Un1'jA{;l b~Bn 
' 

4.2 bbc.J'U m 'j~ 1 b tJ'U.:J 1'U m 'jA (;) b~ B ni.'f1 tJoW 'U 6-ff11 b 'VIUtJ'J ~ 1 'U'Vl1'U bow~ t.1 m~ L(;l (;) 
' 

~tl11111~ th~'ll1n'j F3 bb~~ n1'j'Vh Graphical genotypes L(;ltJ1-ti-ff11e:J1~ 
25l'U 

4.3 c..~~ m'j.W ~'U 16'11 t.~-w''U 5-ff 11 b 'VIut.~'J'VIBl.J~ 1'U'Vl1'Ub ow~ t.1 m~ 1(;1 (;l~J 11111~ 1(;1 t.1 m'j 
' 

1-tlb~~B.:J'VIl.J1tJ Ll.Jb~n~-d'JtJ 1 'Un1'jA{;l b~e:Jn 
' 

'j~~'U ~11:u ~1'U'Vl1'Ub'W~t.l md(;l(;l~J1m~ 1 'Uth~'ll1m F2 b~ Bt:1 mow~ tJ 
'U 

4.4 

m~L(;l(;l~J11111m.h~·~nm B'lJ~'j1'1J51'U boffTvhmtJ 
' 

4.5 ~11l.Jb~t.I'VI1t.l"lle:J.:J~'Uoff1Tlh~'ll1ni F21il'1'U'J'U 1,140 ~'U L(;lt.lb'W~t.lni~b(;l(;l~ 
tl11111~tl'j~'ll1m B'Um1'1l51U boffTvhmtJ 

' 
4.6 ~'Um~mTI.-J (AUC) 'j~~'U~11l.J~1'U'Vl1'Ub'W~t.lni~ b(;l(;l~J11111~"lle:J.:Jtl'j~'IJ1ni 

F3 ~1:1nvhmt.1 L(;lt.lbb:u~.:~tl'j~'IJ1m B'Um1'1l51U 
'\J a.- 'I -

'j~~'U m1:u ~ 1'U'Vl1'U bow~ t.1 m~ L(;l (;l~U11111~"ll e:J.:~off11 b 'VIU mi.'f1 tJoW'U5tl-r'U t11.:~ 
' ' ' 

4.7 
tl'j~"lJ1m F3 Vi~1'Un1'jrl(;lb~Bn lil'1'U1'U 3 i.'f1t.loW'U5L(;lt.lbbl.J~.:Jtl1~'1l1m 

' B'Um1'1l51i1 (RH) 'VI:U1tJfi.:~ Rathu Heenati, (CNTl) Vil.J1tJfi.:~ R4-4-2-134-
' 18-57 (i.'f1t.loW'U5~e:J), (1) 'VIl.J1tJfi.:~ RGD13117-36, (2) 'VI:U1tJfi.:~ RGD13117-

' 
115, (3) 'VI:u1tJfi.:~ RGD13117-331 bb~~ (0117) 'VI:U1tJfi.:~ RGD11259-1-9-

25(i.'f1t.loW'U~mJ) bb~~ TN 1 'VI:U1tJfi.:~ Taichung Native 1 

59 

60 

62 

75 

87 

91 

93 

93 

98 

98 



d 
ll1V.'VI 

4.8 

4.9 

4.10 

4.11 

cv !J' ~ -r .c:l~ d 1/ cv 

i~Vl'UI'l11:W\>11'UVl1'UL'V'lfiCJm~ ~V1V1&'1'U11'11fi"llB..:J'l.Ji~'ll1m F4 'VI€11CJ"ll11 7 1'U 
' 

Vi~..:JL'V'l1~b:W~V1 L~Bflm'V'liCJm~LV1Vl~J1~1fi:S1'U1'U 4 '\.Ji~'ll1m boUTVhfl1CJ 
\1 

i~~'UI'l11:Wr;i'1'UV11'UL'V'lim1i~LV1V1~J1mfi"llv..:J'\.Ji~'ll1m F4 ~mCJoU11 25 l'U 
' 

Vi~..:JL'V'l1~b:W~V1 L~Bflm'V'liCJm~LV1Vl~J1mfi:S1'U1'U 4 '\.Ji~'ll1m LoU1VhmCJ 
\1 

i~~'UI'l11:Wr;l1'UV11'UL'V'liCJm~1V1VJ~J1\>11fi"llB..:J'lJ1:::'ll1m F4 ~oU11B1CJ 7 l'U 
' 

(7 DAS) L'lJ~CJULViCJUtl'U&'11CJ~'U~LLll (RGD11259-1-9-25), &'11CJ~'U~~B 
' ' 

(R4-4-2-134-18-57), ~'U~\>li1"il&'1B'Ur;)1'U'VI1'U~B BPH (Rathu Heenati) 
' 

LLfi~~'UTI~11"il&'1B'Ue:lB'ULLB~B BPH (TN 1) 
' 

i~~urn1:wr;i'1'U'VI1'UL'V'liCJm~1VJVJ~J1~1fi"llB..:J'\.Ji~'ll1m F4 ~i11mCJ 25 l'U 
' 

(25 DAS) L'lJ~CJULViCJUtl'U&'11CJ~'U~LLll (RGD11259-1-9-25), &'11CJ~'U~~B 
' ' 

(R4-4-2-134-18-57), LLfi ~ ~'U ~~ i1 "il &'1 B 'lJ r;i'1 'U 'VI1'U ~ B BPH (Rathu 
' 

Heenati) 

4.12 ~fl~fiJ::ioU11L'lJ~Bfl LLfi~oU11fliKB..:J "llB..:JoU11L'ViUCJ1&'11CJ~'U~'\.J-rutJi..:J'\.Ji~'ll1m 

4.13 

4.14 

4.15 

' ' 0 CV6' CVtfl I 

F4 "il1'U1'U 2 &'11CJ'V'l'U5 LLfi~&'11CJ'V'l'U5'V'laLL:W 
' ' 

i~~u l'l11:wr;i'1'U'VI1'UL 'V'li CJ m~ LVJVJ~J1\>11fi"llB..:JoU11 L ViUCJ1&'11 CJ~'U~tJ-rutJ1..:~ F3 
' ' 

~i11mCJ 25 l'U L(;lCJLL:Wfi..:J'\.Ji~'ll1m B'Ufi11'll51UL(;lCJ~ (A) (B) (C) (D) fiB 
' ' 

[;) 'U oU 11 ~ ii ~ 'U 8ph3 (8ph3R41R4
) bb fi ~ (E) A B [;) 'U oU 11 ~ 111 ii ~ 'U 8ph3 

(Bph3RGD/RGD) 

(;Jfi m i ~ V1 L~ B n&'11 CJ~ 'U~i 11 L 'Vlil CJ1 r;l1'U'VI1'U L 'V'li CJ m~ L(;l (;1 ~J 1 \>11fl'l.J 1 ~'ll1 m 
' 

F3 LV1CJ1-ifi11B1~ 25 l'U bbfi~fl11'Vh Graphical genotypes 'U~b1fiJ 

~1LL'Vitl..:J~'U Bph3 LLfi~ wx 'U'ULI'liL:WL'Il:W 6 

bb &'1 (;1..:1 graphical genotype u ~ L 1 ru ~ 1 bb VI '11..:~ ~ 'U Bph3 bb fi ~ wx u 'U 

Ll'l1L:WL'Il:W 6 "llB..:JoU11b'VlUCJ1'ViB:W&'11CJ~'U~tJ-rutJ1..:~ (Aromatic glutinous 

introgression lines; AG-Ils) :S1'U1'U 2 &'11CJ~'U~ 1~LLn RGD13117 -115-52 

bbfi~ RGD13117-115-52 \>11:Wci'1~'U bbfi~'\.Ji~'ll1fli F3 :S1'U1'U 3 n~:w 
' 

1 ~ bb ri "R" (resistance), "MR" (moderately resistance) bb fi ~ 

"S" (supceptibility) \>11:Wci'1~'U; (~bb(;l..:J) 'Vi:W1CJ{i..:~ ~'U~mi:W"llB..:J&'11CJ~'U~ 
v 

~B R4-4-2-134-18-57, (~tl1b~'U) 'Vi:W1CJ{i..:~ ~'U5fli1:W"llB-:!&'11CJ~'U~bbll 
' ' 

RGD11259-1-9-25, (~vh) 'Vl:W1CJ{i..:~ ~'Ulifl11:W~Ltl'UbLU'UbeJLVlvb1'1ln&1~ 
' v 

L'ViiiB'Uvl..:J&'11CJ~'U~~mbfi~bbll, (~b'Vi~B..:J) 'Vi:w1CJ{i-:~ ~'Ulimi:W"llB..:J~'U~ Rathu 
' ' ' 

Heenati ~bb~fl~1-:J"il1fl&'11CJ~'U~~B bbfi~ (~~1) 'Vl:w1CJ{i-:~ ~1bb'Vitl-:~~1111~-ru 
' 

fl11m:'U1'VItl 

II 

'Vl'U1 

102 

105 

107 

107 

108 

113 

115 

118 



d 
'U'VI'VI 1 

'U'VI'lh 

1.1 F1113JLU'IJ3.11LL~::F1113J~hAruL'LI-31'LI1~t~ .. 
i11 L U'UVl'll Ll"11~;ifl~~~1~ru LL~ ~(;\'11-lB~ fitJ 1~ L 'Vll"11 'Vl EJ:!..J1i1'U 1'U fl'U 1 'Vl ~\lm..Ju~1.nfli11 L tJu 

~ u ~~ 

B1VI11VI~ f1 U1~L 'Vll"11 'Vl ~n~'IJ~ tJ~ ni11~1U1~ L'Vll"' tb~l.l1f1l 66 ~ 1'U 111~ ~~ ~~ (91-rr 11 b tJ ~B f1 
" 

tJ1~l.l1ru 36.175 ~1u~u fiV1Ltlul.l~ri1n-:h 143 LLG1u~1uu1'Vl (l.:hun-:nml"11~;in~m1Ln~\911, " ~ 

2556) 1V1 m tJ u ~ u ~tJ ~ n.U 11 L~ 1tJ 1~l.l 1 ru 45 ~ 1u11 LL~ ~ L tJ u ~ u ~tJ ~ ni11 L VIU ~1 tJ1 ~l.l 1 ru 
" " 

21 ~1u111u~u~tJ~ni11m~ml1e.Juii~w5i11~il~l.ltJ~nnul.l1n1~LLn 'll11V1Bf1l.l~~ 105 n'll15 
" . " 

bb~~ f1'lJ6 1Vl~G11 ~~w5i11 bVIUm btl'Ui11~il~l.IU~f1 numn1 'Ub 'll\9l'Vl1-l.f11fl (91~1uaam5~-lbVI.Ua . " 
.f1 1 fl b Vlij B bb~~.f1 1fl f1 ~ 1-l'U1-l ~1'U'll B-lU 1~ b 'Vll"11 'Vl~ ~-l.Q' b ~ B-1~1 ni ~;;Ji\91 bb~~1 (>).J'U511l.l f111'U ~1.n fl~ii 
f111~'Ut:lBV1tl'Ul.l1~-l LL~'U11'V'l'U1~ u~~uu~ulHh1mum n'll6 Ltlu~tl~l.ltJ~nnul.l1n1 utJ1~L'Vll"11 'Vl~ 'i" " , '\1 

b ~B-1 ~1 ni11~V1-lG1 n~ ~ij fl11l.IBB'Ut.il.l LL~~ij f1~'UVIBl.l B ~ 1-11 1n \911l.li 11~'Ul5~-l n~ 11 ii fl1 1l.IB B'U LLB 
, , " 'i 

~BnTHiTvhm~'lla-11 1flLL~~LLl.I~-11V1mu'V'l1~ 1 1fl1VI~ LL~~L'V'l~~m~ 1VJVJ~tl1\911~ ~-1Ltl'UUt1JV11VI~n 
'lJ B-l~'U~U~ ni11 B1 ~ ~J 1e-l'U vh1 ~ LflVlfl11l.l L~~VI1~ L tl'U1-lf11'1-1U1~~1'Vl flU ~-1 ~~ m~'Vl'U ~ B " . 
fl11lJJ'Ufl-l'Vl1-1~1'UB1VI11LL~~11~1~'llB-1Lf1~(9l'jf11 

f111LU~~'ULLU~-l'lJB-lG1.f11'V'l.f1lJB1f111"1 (Climate Change) ~-1~~1~BUJVI.f1lJ'llB-11~nG1-l~'U 1V1~ 
\J , 'tl 'U 

1 u"ll1-1 100 U~~1'Ul.l1 BUJVI.f1lJLu~~'lJB-11~nG1-l~'Ufi-l 1 B-11"11L"ll~L~~G1 (ml.IB\9lil~l.li'Vl~1, 2555) 
q 'U 'U , , 

~-lU~:il~~-lf1~11~-l~~vh1~t]~f11~LtJ~~'ULLU~-l f111f11~~1~~1'lJB-ltl1~'UhlG1J1bG1l.IB LflV1Utyvntl1 

vJ1lJ ~'ULL~-1 LL~~iif1111~'U1Vl'lJB-l hfl bb~~Lbl.l~-lb~l.I~'U ~-l~-l~~f11~'Vl'U~Bf111~~\91-rr11V1'11 ~~~~~\91 
i11~V1~-l L tlua ~1-ll.l1 n 1VJ ~~u~tJ~ ni11 1 'U~11'U~l.l mJJ 11 'll-1 ~-1m au fl~l.I~'U~1 'U'VIm ~'lh~L 'VII"! " . . 
1~LLtl 'V'l~11'Vl~ ~11 tll.I'V'l'll1 LL~~bltJVl'U1lJ Vl1l.I~1~'U l.l1f1f1l1 60 LUB~L~'U~ 'lJB-l~'U~tJ~ni11 

" " 
b'U'U~'U~tJ~ni11e:11~~J1~'U (Toojinda et al., 2005) ii11~-11'Ul1G1.f111~ 1~n~B'UG1~1~~~m~'Vl'U 

" tl'Uf111U~f1i11'll11V1Bf1l.I~~1'UL'lJ\9lvJ-lf1~1~B-11~ ~~ii'U~L1run1'1-1fi-1 2.1 ~1u11 fl'U~'U~ 5 :il-1V1i'V1 " .. 
1 umfl\91~1uaam5~-1L V1.Wa'lla~tJ1~L'Vll"11 'Vl~ ~1f1U11f1!J n11~-1n~11 1~~~~~m~'Vl'U~m~uu n11 

tJ~ni11B~1-lotlV1 b~'U vh1 ~~~~~\9l'lJB-li11VIBlJ1 'Vl~n~~~~Vl~Vl~-ll.l1f1i'i~ 45 b UB~b~'Ul'i' b ~B~~1f1 
" 

bfl~mm~B-1 b~Btl'UJl~tl1vJ1lJG1~'Utl'Ufl11lJLL ~-1 Lb~-1~ bflVl~'U (I"''U~i'Vl~11"11G1\9l~i11, 2559) ~1 ~f111 
" 

\911~VIirf1fi-1Ut1JVI1~~f1~11 ~~-1~~ m~Vl'U~B~~~~\9li11 ~-lL tJu~~~'U L ~B~~1f1G1.f111~ 1~ f1~B'U ~~t1u 
m1u-ruu1~~u6.U11 1 ~G11l.l11t:ltJ-ru ~1 1 ~ L i1 nuG1m1~~ .niJm mi"'L tJ~~'ULL tJ~~~ a L tJu~1ui:il~ L ~-1 . . " 
U1~~n~~iim1l.l~1~rua~1-ll.l1n1 u~flu~~uu t1uM1a m1u-ruu1~~u6.rr11 1 ~G11l.I111:1~1'U'VlTU 

'I QJ 'I 'I 'I 'I 

G1.f11'Vibfl~~V1VIm~~n~ru~ (multiple stress tolerance) 1~Lbtl G1.f111~tl1vJ1l.IU'UV'l~'U bb~~bb~-1 
~TU'Vl1'U~B 1 1fl LL~~Lbl.l~-1 1V1mu'V'l1d 1fl1VI~LL~~L'V'l~~m~ 1V1VJ~tl1\911~ ~~iru1u~~'VllFI11l.I1'ULL 1-1 • 
l.l1 n~~~u ~~fia L tJutJ 1~ L~u'lla~ m1u-ruu 1 ~~u6i11~iim1l.l~1 ~ru 1 u~flu~ ~uu 

'I , v , 'I 
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.rr11G'11 CJ~'UG IR57514 lD'U.rrT"J~ n~G'f11G'f111Vl1'1 ~'~1~~u fl11~G'f11oW'U G"il1 n?lmu'Ui~ CJ.rr11 
• '\J • 

'U1'U1"!11&i (IRRI) bb~~R~b~Eifl?l1CJ~'UG.rr11~G'fmiiVl~~eJ'I.rr1T~111CJ ~ 'IVIl~'Uf\111"11~111 "il1flfl11 

Vl~G'feJUfl111 ~~~~~~ 1 'Ub "l!~~'U~El1PlCJJ1e.l'UU~b 'JW~11tl1 t "l!'l ~'liiG'f.fl1'V'l.fllJ't.h~ b Vlfll ~iifl11fl1~"il1CJ 
• '\J 

~'J"l!eJ'Ie.l'U 1ll?l~1b?l11El G'f1b Vl~111"il1fle.l'Uvi''l"li1'1,., 11 ~bfi~m111 bb ~'Ill~'~ 'V'iu·;h .rr11G'f1CJoW'UG~'Ifl~11 • • 
b D'U?l1 CJ~'U6.rr11~1 ~~ ~~~ l>l?l'l Vl'U bb~'l bb~ ~Vl'Utl1vl111~U'V'i~'U tl~u ~1 1~~1 'U~'U~tl ~ n-rr11mPi' CJ 

• '\J '\J 

tl1e.l'Uu~nru~11tl1L"!J'I.rr1'1~'U (Jerakongman et al., 1995; Romyen et al., 1998; Cooper et 

al., 1999; Wade et al., 1999; Ouk et al., 2006; Kate-ngam et al., 2011) "il1flfl11Vl~G'feJU.rr1'J 

G'f1 CJoW'UGtl~utl1'11 'Ub "l1 l>l~'U~tl~ n.rr11eJ 1PlCJtl1e.l'UV11'1.fl1fl~~1'UeJEI n b~CJ'Ib Vli1EJ ~'I'V'luiim11~u1~ 
• • '\J 

"l!eJ'Ibfl1VI~bD'Uti1~~1Vjfl1 u t~CJbfi1VI~.rr1'Jii?l1bVI~111"il1m~m1 Magnaporthe grisea G'f~1'1fl1111 
b~CJV11CJI'ieJ~~~~~.rr111~~'1bbl'i 10 (;'~ 90 btleJ{b~'U~ (Zeigler et al., 1994) bb~~?l11111m.rr1,.,1mCJ.rr11 
1m'UVJfl1~CJ~"!JeJ'Ifl11b"il~Gjb&JU L~ hfl1 Vl~iifl111~U1~1'Ubb 1'11 'U•Ih'IU1~111W b~el'U fl1fl{J 1fl11 (;'I 

n'UmCJ'U ~'lbD'U"Ii'J'I~?l.n1Vlmmflliifl'J 11JbVI111~?l1Jb~eJI'ieJm1bn~ t 1fl1 VI~ b~El'l"il1niim11J~'U1 'U 

mmfll?l'l t~CJ1'Uu 2557 "li1'1L~El'U~'Ifl~11iifl111~U1~"l!eJ'Ibfl1VI~111flfl':h 30,000 1~ (m1l~'lb?l~11 
'\J 

fl11Lfl~~1, 2558) 

~~ "il1flfl11Vl~G'feJUoW'Um 'UbL tl~'l bfl~l>l1fl1Vl1'1.fl1fl ~?l1'U ~'I~ m D'U~'U~~iifl111~U1 ~"IJEI'I t ';if\ • 
1 VI~UeJCJ111fl~G'f~ VlUl1 .rr11?l1CJ~'UG IR57514 ii~n~ru~~1'UV11tl hfl1 Vl~eJ~1'1fll1'1"l!'J1'1 (broad-• . 
spectrum res ista nee) 1 t!?l.fl1'V'l bb tl ~'I b "l!l>l~t!~tl~ n.rr11 mPi' CJtl1e.lt!.fl1 fl ~ ~1u e:Je:Jm~CJ'I b Vli1eJ (&\~l'ieJ 
~'Jti~'J: ~1. TI1CJV15 ~~u~1 Lfl1'1fl111~ mL~~-w~u 1-rr11t11tl1e.lt1 t~CJ1•ti\VJfl t 'U t~ ~~'h.n1'V'i) "il1fl 

• '\J 

.rreJ11~ fl'J11l?l11111tl"l!eJ'I~n~ru~~1t!Vl1tl t 1fl1 VI~ "l!eJ'I.rr11 ?l1CJ~'UG 1 R57 514 1 'U?l.fl1Vlbb tl~'ltl~n.rr11 
'\J • '\J 

"l!El'l Lfl~~1m1 ti~'U~.fl1fll>l~l'Uelelfl L~ CJ'I b Vli1eJ bb?l~'11 ~ b ~iJ(i'IPlflCJ.fl1'V'iVl1'1~'U5fl1111~~'1~~ 1 ~.rr11 • 
?l1 CJ oW' u q ~ '~ n ~ 11 ii ~ n ~ ru ~ Vl1 '~ n11 Ln ~l>l1 ~ ~1 u VI~ 1 CJ 1 ~ n ~ ru ~ ~ '~ ~1~ n ~ 11 11-rr 1 '~ ~ u 

(Jerakongman et al., 1995; Romyen et al., 1998; Cooper et al., 1999; Wade et al., 1999; 

Ouk et al., 2006; Kate-ngam et al., 2011) ~'l"il1n.rrm;J~b'd'eJ'I~'U1u~n~ru~~1t!Vl1t!bfl1VI~ 
~m uu-rrm.J~~ b Dt!tl1~ LCJ"l1'11El~1'1l.l 1fl ~"il~LJ11 tl~ fl11A'U'V'iU bb Vl~'loWiJ5fl1111~1'UVl1'U t 1fl1 VI~ LL VI~'! 

'\J '\J • 

1 Vlll b D'Ufl11b~l.l~~m1l.l?l11111t11 um1-w~'U1?l1 CJ.Wws-rr1'J~1t!Vl1tl t 1fl1 VIm ~iim111~1t!Vl1tlbb uu • 
fll1'1 b ~eJ 1 ~fl1eJUfl~11nU~1iJ'JiJ"!JeJ'Ib~eJ11?l1bVI~ L 1fl1 Vl~~'liifl1111VI~1flVI~1CJV11'1oWiJ5fl1111?l'l 

'I 'I 'I '\1 

~'Iii fl1111CJ'I1tll1fl'J111VI~1flVIm CJVl1'1oWiJ5fl111l"lJ eJ'I b~E111?l1 b VI~ L 1fl1 Vlifl iJ~iJ~U~ n-rr1'JV11 'I 
• • '\J 

.fl1flLVIi1eJ bb~~.fl1fll>l~ltlelelflb~CJ'IbVI'UeJ"!JeJ'IU1~bVlfl11 VlCJ 'V'lUti1:;"1J1fl1b~Ei11?l1 bVIl>l t 1fl1 VI~ 111fl(i'l • 
2 2931eJtenL~Vl ?l11111t~~1LLt!n?l1CJ~u6b~eJ11il~'~iu,r1u1u 552 ?l1CJ.Wu6 ('V'i'UPln~ lb~:;flru:;, 

' , , '\1 

2554) ~'~1'Ut11:;LVJfl1 YJ~tluu~ ?lVI~~m11~m lfl~llbuCJ bb~:;VJitl~btl 'V'Juiib~eJ11?l1LVI~hfl1VI~ 
bVlCJ'Ibbrl 10 8 6 LL~~ 6 1eJ lenL~Vl m11~1~u Lvl1Ju (eJ"il011'V'i1 bb~~'V'i'UPlfl~, 2554; L; Levy et al., 

'\J .., 
1993; Chen et al., 1995; Roumen et al., 1997) ~'!Uti fl11At!VI1 ~u/QTLs fl1U\"l11~fl~ru:; 

~1t~Vl1t~ t 1fl1 VI~Lb V1~'~1 Vlll '1 ~m Dum11 it11~ tCJ"l1'11"l1eJ'~Lb Vl~'loW'u5m111 bb Vl~'~1 Vlll Ll1b Du~ m11111 
I ' " 

~tl~1t!Vl1'Uhfl1VI~VImCJ1 ~'U (blast resistance genes pyramiding) b.rr1~-rr1'J?l1CJoWt!ql~CJ1 
~'lu "il"ilUiJ nii bb Vl~'loWiJ5fl1111 b~11~ii m11 i eJ CJ1 'Uu~uu1'1oW'UG .rr11 1 ~ ~1'UV11tl t 1fl1 VI~ eJ ~ Lb~1 11il bbn 

, 'I \J 'I 'I 'U 

qBll bb~:; q8l11 ii~1LLVIU'IeJ~uulml11len11 1 bb~:; 11 l>l111~1~U 11il~u~1t!Vl1t!"il1fl.rr11oW'Uq 
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l41Vim.ruG'1 (Noenplab et al., 2006) qB/2 iit;l1llVi'l.i..:~eJ~'U'Ulrr~l"-11"11"-l 2 Hm'U~1'UVl1Wil1fl£'11~ 

~'Uq IR64 llG'l~ qB/12 iM1llVi'l.i..:JeJ~'U'U1m1"-11"11"-l 121~~'U~1'UVl1Wil1fl~'Uq Azucena (&i~~€1 

?11'1..1~1: ~~. 6~~Vl6 ~~'1..1~1) ~mtJ'Um~H\hd~"lltJ:U1flblVi~..:J~'U6m~"-l~iim1"-!VimnVim~1~d1~ . ~ . 
u~d~"l!ti£'1..:~£'1~ ~..:!fl1~rl'UVi1ll Vi~..:!~'U6fl1~"-1~1'UVl1'U hAL Vi~ :U1n-n'11£'11~~'U\j IR57514 ~m tl'U 

\1 't , , 

-n'eJ"--G'll-treJ..:~~'U~~1~ru~eJfl1~~\Yll'U1-n'11 1 Vl~ 1 'UeJ'U1A~ ~..:~~'U ~..:~iim1"-!-;J1l tl'U~:U~~eJ..:~vhm~ri''UVi1 
~ ., 

QTLs fn'UA"-!~m~ru~~1'UVl1'U hAL Vim 'U-n'11£'11~~'UTI IR57514 l~eJ~'U~eJn'Um~~~'U1~'1JeJ..:!l~eJ~1 • • 
£'11lVi~ 1 ~A1Vl~~iim~u~u~1l~eJm1"-leJci~eJ~'1JeJ..:~leJ1~'Ut51 ~A LVI~ . ~ . 

£'11~~'1..115 IR57514 ltl'U-n'11~iiu~"-!1rum~ 1"-11G'1£'1£'1..:~ 1lJiin~'UVieJ"-~ l~eJVi..:J£'ln:u~ii~n~ru~~1'Ull~..:~ 
" 'U 'I , 

~..:~ 1lJ l tl'U~tJ~"--UG'lfl'll€1..:! ln~mm l ~eJ..:J:U1n?i1'U 1 Viru:u~uG'l n-n'11l41l ~€1 m~A'1vh 1 ~~G'l ~~~-n'11~1~ 
~ ., ~ 

~1A1LlJ~..:~ ~eJ"-11 Katengam et al. (2011) 1~u~'UU1-1-n'11£'!1~~'U~ IR575141~ii~n~ru~m1"-l 

VieJ"-1 f) ru .fl1Vi fl1~'\'l-1~"-!LlG'1 ~~'U u ~~Vl1'U A~1 ~.n 11 VieJ"-1"-1 ~ ~ llG'l ~ Khanthong et al. (2012) 

1~~'U1fl~'U~1'UVl1'U hAL Vi~ qB/1 llG'l~ qB/11 ~..:!~..:!£'1€1..:!~'Uiit;l1llVi'Li..:~eJ~'U'U 1A~ 1"-11"11"-1 1 llG'l~ 11 

m"-!~1~'U l-n' 1?i-n'11£11 ~~'U fiu-ru u~..:~ IR57514 ~ii A ru.n1V1 n1 ~Vi..:J~"--A ~ 1~-n'11VieJ"-~"-~~~ llG'l~ 
'\J , q q q 

1~vhm~~(11l~eJfl1{11~1ilA~eJ..:!Vi"-!1~~ lB'UleJ'Ih~~(11l~eJfl (markers assisted selection: MAS) 

:u'U1~-n'11£'11~~wfl VilJltl'U-n'11 lVi-d~1Viel"-~~1'UVl1'U 1 ~A LVI~ 1~~m~~"'"-~~~Vi11..:~-n'11£'11~~'Ut5 n'll 6 • • 
(qB/1 llG'l~ qB/11) ltl'U£'11~~'U~1~~'U~1'UVl1'U 1 ~ALVi~llG'l~~n~ru~.rr11lVi-dm nu-n'11£11~~'U~ 

u~uu~..:~ IR57514 (~ii~n~ru~r~rumV~A~1~'1l11~eJn"-l~~ llG'l~Vl'U~1vi1"-!0'UYl~'U) ltl'U£'11~~'Ut5~u • • • 
v\'1m~u~uu ~ ..:~~'Ufi:u'U1~£'11~~'Ut5-n'11 lVi-d~1VieJ"-~~1'UVl1'U 1 ~A1 Vi~ ~..:~£'1€1 (11 A~eJ..:~nui~~i~'ll€1..:~ • • • 
lfl~~~m 1 'U.niJmA~"-llllJtl11 'll-.1 ~..:~iim~u~1.nA-n'11 lVi-d~1 l tl'Um'Vi1~Vi~fl 

~ . 
e1 81..:~1 ~n~1"-~ Y1u'l1 n1~\JG'1n-n'11 1 'U l '1l ~~"-~lllJ~ 11 'll..:~ri-\J ru Vi1 n1~~~u 1 {11'/J e1..:~ l Yl~ ~n ~~ 1(11 ~ 

~ . ., 

~J1~1G'1 'Ue1n:u1n'if tJ..:~Yiu11u1..:~vl'U~'lleJ..:JmAlViUeJ llG'l~mA~~1'UeJeJm5~..:~lViUeJ~£'11"-~1~{)\JG'1n-n'11 
~ 

1~~G'lel~~..:~u l~e1..:~:u1nri~ ~'U'U"l!G'l u~~Vl1'U~~~'U ?1..:~~ G'11 ~vl'U ~ ~..:~ n~111i£1.n1Vi l Vi"-~1~"'"-~l~el 
u~~ 1~"llti~eJm~"'~"'"-~'1JeJ..:~ 1 ~AllG'l~li,"--G'l..:~ 1(11muY11~1,Yl~~m~ 1(11(11~~1mG'1 ~..:~i.tl'Uu~Vi1~1~~'1JeJ..:~ 
~~'U'Ufl1~\J~n-n'11 I.Vi~~f1~~1(11(11~~1mG'1 (Brown planthopper: Nilaparvata lugens Stal) 

~ 

£11l.n~m-n'1v\'1m~ ~'U-n'11 1m 'UVlm~~~'lleJ..:~m~~.:u~ru~.&iu 1~ vY..:~~1BeJ'Uli.G'1~~1 l~"-~1~:u~(11(11n'U~1l~~..:~ 
• v ~ 

:u1n~'U-n'11v111~u~"-11ruA~eJ 1 ~VJG'1~'1 u~~'U I,I,G'l~mft u 1m(11~~ 1 'U~'U-n'11G'l~G'1..:~ eJ'm1m~~..:~1.A~1~~ 

~1ml.£'f..:J I.:U~~I.&i'U 1~ I.I.G'l~m~1 ~~G'1~~~-n'11G'1(11G'l..:J?i..:~~G'11 '!X~'U-n'111.l£'f~..:Jmm~ hopperburn :U1f1fl1~ 

~1 ~..:J1'U'lleJ..:Jm"-!?i..:~ 1.£'1~"-lf11~ln~m (2555) m~~~'U1(11 f'l~~-n'11Vi'U 1. 'Vl~ ~ m~ 1{11(11~J 1~1G'11 'Uvl'U~ 
~ 

22 ~..:JVil(11 ~~Vil1..:Jl'U~ 29 ii'U1A"-l fi..:~ 4 1."-1~1~'1..1 2555 Vi'UI.'Vl~~m~1(11(11~J1~1G'11'U 20 ~..:JVil(11 
-;J1'U1'U 102 eJ1i..fleJ ~1"-lvl'U~ 1,114,330 1 ~ fi~ 1. tl'U~eJ~G'l~ 13.41 'lleJ..:!vl'U~\JG'1n-n'11vY..:~Vi"-!(11 

~ 

!.Vi~~ m~ 1(11 (11~~1~1G'1 Vi'UlJ m~~~'U1(111. tl'Ur~f~ 1.1. ~n1 'Uvl'U~m A~ ~l'UeJeJ n ~.5~..:~ 1. Vium -rr1v\'1G'11 ~ 
~'U-n'11~eJci1'U~~~~l~.~nneJ-d1..:~m~u~~"-~1ru 40-6o i''U I,I,G'l~m~"-11nn'l1 60 i''U rim~~~u1~fi'U 

~ . . 
vl'U~u~1.1runi'1..:~n11 6o,ooo 1~ -;J1'U1'U 6 ~..:~Vii'~ 1~~.~.n ~"~~"'~~.n~ ~uG'1~1'll61-d e51'U1:ul:u~~ 
~1?16~ ?l~'UVl~ l.lG'l~ ?lnG'l'UA~ <m"-~m~-n'11, 2557) e1ci1..:~bnm"-l 1.~e1~:u1nvl'U~\JG'1n-n'111'U . ~ 

mA~~i''UeJeJ m5~..:~i.ViueJ vl'U~\JG'1n-n'11?i1'U1 Vlruiim~uG'l n-n'11lV1-d~1 ~'U6~'ii~"--UG'1 n n'Umn ~ e1 
'U v \1 'I 'U 

fl'll 6 ~..:~ 1lJiiA1 1"-1~ 1'UVl1'U ~ e1 n1~ 1.-n'1vl'1G'11 ~'ll e1-1 1. Yl~ ~ n ~~ 1(11 (11~J 1~1G'1 1(11 ~ vl'U~UG'l nu ~~"-11 ru 
~ 
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90 bUeJ{b~'U~ 1~i6vd1'Ub11~1?1-if11bb ~,:mvt'UflT;iUnwh ~~J'U fl111~tJ11?l"lleJ~b~iCJmdl?ll?l~hl1m~ 
1 'U~ 'U~ ~~mhT'il~~~ ~~ fl':i~VItJ ~ eJ fi1111~'U fi~VI1~~1'U el1VI11"ll el\1 bfl~\?1 1fl':i b tl'U eJ ~1~11 1 fl lJ1V11 fl 

~'U~u~n-if11mPi'ml1 ~'UtJ~b 1ru~11J11 "ll~lJ?f1CJ~w5-if11 b Vli1m ~1'UVI1'Ub ~i CJ m~ b1?11?1?1J1m~ n"il ~ 
'U • • 

b tl'UU1~ 1wl1tJeJ ~1~i:f~i:fl?l"lleJ~ bfl~\?1 1m~u ~ n-if11 b Vli1m 1 'Ub "ll\?lU ~ n-if11tJ~b 1 rui1 
'U , 'U 'U 'U 

m1'1JeJ~n'Uth.ij'l?lb ~iCJm~ bl?ll?l?IJ1\?11~ilVI~1CJi6 b"li'U m11~1:f11bAil ol?lvJ'U V1~eJm1o1?1vJ'UJ1 
Vl~fl~1m~ b ~mTtbneJ{b~CJ bb~~DeJ~n'U bl?l CJPl\?1151111'111~ bb~i6m1DeJ~n'U~lJU1~~vt5m~5~~'U 

'U 

bb~~b tl'UiJ\?11tltJ~~bb 11?l~el11~el fl111 ~~'U5~1'UVI1'U b d el~"il1 flfl 111 ~-lf11~'U5~1'UVI1'Ub ~i CJfl':i~ bl?ll?l • • 
?IJ 1m~"il ~"li1 CJ1 ~ bn~m~l?l ~'Uvt'U m1~~ 1?1 B'Ub d el~"il1 nm 11 ~i:f1 1bflin 'Ufl11DeJ~nwl'1..ijl?l b~i CJ • 
m~ b1?11?1?1J1m~ ~~,r'U fl11~\JlJ'U11:f1CJ~'U5-if11 1 ~~1'UV11'Ub ~i CJfl':i~ b1?11?1?IJ1m~:5~ b tl'Ufl11DeJ~n'U · • 
fl11b -ifTvhmCJ"lleJ~b ~iCJm~ bl?ll?l?IJ1m~eJ~1\IE1~~'U bb~~b tl'Uil1?11nu~~bb 11?l~eJ11eJ~1~ bb VJ"il~~ 

bn~l?11m~1'U1 Vlru1 'U~'U~u~n-if11~11J11 "ll~u~1.nA-if11 L'VIi1m btl'Um'VI11VI~n :5~vh 1 ~i~~i\?1 
., 'U • 

"lJ el~bn~mn 1~ fl~'Unu-lf 11 b Vli1CJ1111 b tl'U1~ CJ~ b d~ 1 CJ 11'U1'U fl11u-ruu 1~~'U5 -if11 1 ~il~ n~ru ~ 
'U • • 

~1'UV11'UVI~1 CJ~n~ru~~~eJ11n'U (multiple stress tolerance) J'Um~vh 1~mn11?1 CJ fl11U~uu~~ 
~'U6~1 CJ16u~tJU1~~'U5bb tJtJ~\Ib~11 (conventional breedino) bdeJ~"il1 fl"il~rll?l b~elfl ~'U-if11"il1 n • • ::> 

~n~ru~~U11fl!J Vl~eJ~1 'U1 vtti ~\l,r'U fl11bbi:fl?l~eJeJfl"lleJ~~n~ru~~~n~11-if1'1~'U :5~il~vt5~~"lleJ~ 
~ ~ bb 1 1?1 ~ eJ 11 b -if 111 1 b ~ CJ 1 -if eJ ~ v111 ~ b fi 1?1 A 1 111 A11?1 b A ~ eJ 'U 1 'U n1 1 r1'1?1 b ~ eJ n ~ n ~ ru ~ ~ ~ n ~ 1 1 bb ~ ~ 
m1vtl?li:feJtJ~n~ru~~1'UVI1'UbA bb~~bb11~~ ~eJ~1~bb1~~1'U 1~CJ~b1m bb~~rh1i~1CJ?f~ bb~~~G'11r1'ru 

'U ., 

1li?f11111f:lrll?lb~eJflVI~1CJ~n~ru~1~~~eJ111 n'U b"li'U ~n~ru~~1'UVI1'Uhfl ~1'UVI1'Ubb11~~ ~n~ru~ 

vt'U vt1'U ~ e1J 1vh11uu~~'U bb~ ~ ~ n~ru ~A ru.n1~ n1 1VI~~11 btl 'U~'U U"il "ilU'Ub VI fib 'U 1~ ~~1 .n1~ • • • 
b -if 1iluvtu 1VI11 1 n~'U 1 'U fl11U ~u u 1~ ~ 'U 5-lf 11 iJ m 1u 1~ CJ n ~1 ~ bfl ~el~VI11 1 CJ ~ bB'U bel "li1 CJ rll?l b~ eJ n • • • 
(MAS) ~1wi'u m1u-ruu1~~'U 5Lb uu~~b~11 ~~,r'U m1u-ruu1~~'U51 ~il~ n~ru~~1'UV11'U'VIm CJ 

'I 'I , .. 

~n~ru~~~eJ11 n'U~~i:f11111f:lm~v111~ bl?l CJ 1 ~bfl~eJ~VI111CJ~ bB'UbeJ "li1 CJ 1 'Ufl11rll?l b~eJ n ~~b tl'Um1"1i1 CJ 

b~11U1~~vt5.n1~1 'Ufl11rll?l b~el n ilm111 bbliwhi:f\1 b deJ\I"il1fl b tl'U fl11rll?l b~eJn~1 'U1 VlUbl?lCJm~ 11111 
'U 

~Vl5~~"lleJ~~~ bb 1 1?1~ e111 L -if1111 L~ m-ifeJ'I LL~ ~i:f11111f:lrll?l L~ eJ n1~~~ bb~1~ CJ~~'Un~ 1 111v11m CJ ~'UVi'l1 
~6'11r1'qJ~eJ ?f11111f:lrll?lL~eJn1~VImCJ~n~ru~~~eJ11n'U (~~~1 bfl~\1111, 2546) 

U"il"ilU'UlJ fl11rl'U~u ~ 1 bb VIU~~'U ~1'U vt1'U L ~i CJ m~ bl?ll?l?IJ 1m~ Bph3 ~~il ~1 LL VIU~eJ ~u 'U 
• 'U 

1A11111"1111 6 bb~~il11CJ\11'Ufi1111G'11bh1'Um1u-ruu1~~'U5-if11b~11~LLn "ll111?leJn11~~ 105 LL~~ . . . 
-if11oUCJ'U1Vl 1 ~1'UV11'U L ~iCJ m~ b1?11?1?IJ11?11~ (Bph3) 11?1 CJ 1 ~LA~eJ~VI111 CJ~LB'ULeJ"Ii1CJ 1 'Un11r1'1?1 L~ e1 n 

(~1~~Pi h~'UVJ{ bb~~Aru~, 2552; b"il\?ltJ A'llt]fl,; bb~~Aru~, 2554) bb~~u11~~1liilb~eJ~'Uqm111-if11 
b'VIi1CJ1~1'UVI1'Ub ~iCJ m~ b1?11?1?1J1m~ (Bph3) tJ'U 1m 111 1"1111 6 ~1~~tJ~'U5fl':i111~1'UVI1'U"il1n-if11 • 
~'U5 Rathu Heenati ~~J'U fl11~\JlJ'U11:f1CJ~'U5LVIUCJJ'VIeJ11~1'UV11'Ub~iCJm~11?11?l?IJ1\?11~~il~'U • • 
~1'UV11'U Bph3bl?lCJ1~Ji1'U~'Uqm111"lleJ\I-if11i:f1CJ~'U~ IR57514 ~iJ~n~ru~G'11rlqj b"li'U VI'Ubb~~ 
vt'UJ1vi111uu~~'U 1 ~~~~~l?li:f~ ~1'UVl1'U 1 1A1 Vlllbb uuni'1~ LL~~i:f11111f:lu-ru~1 1~~1 'U ~'U~U~fl'U1 

'U 'U 

J1~'U 1 'U.fl1fl b VI tiel bb~~.fl1 fl\?1 ~l'Uelel fl bOCJ~ b VIti eJ :5~ b tl'Ubb 'U1Vl1\lfl11~\JlJ'U1 i:f1CJ~'U5-if 11 b ~el b\?l~CJ11 • 
fl d 111 ~ ~ eJ 11 ~ eJ i:f .fl1 d ~ell fl1 f'1 ~ b u ~ CJ 'U bb u ~ ~ bb u ~ ~ bl?l CJ il fl d 111 i:f 111 1 1 t:~1 'U fl1 1 ~ 1 'U Vl1 'U ~ eJ 
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I.'Lfl1V'lbL1V1~ellJ~Llib'VI"-11~?1"-l ';i'd"-1~'11 ~ihrm~ru~l'i'1t!V1TU 1 ';il"l1 V!3JbbG'l~bV'l~CJm~ 1V1V1~J11'11G'!Ltl~tl~ 
'llG=~n-rr11U~b 1ru~"-!LL1iJ11 '11'1 

'U ' 

1.2 1'1'lt~U';i::J;t~t{"Uv~~1t11:ijf.l 
' 

1.2.1. b~el~ti'VI1~1bb'VItJ'I'1lel'l QTLs l"ldUI"l"-l~fl'\~tru~l'i'1t!V11tl hl"l1VImti-[11?11CJ~t115 IR57514 
' ' 

1.2.2. b ~v~w.Jti1?11CJ~tl~-[11 b V!Utn'VIa"-!l'i'1t!V11tlb V'l~CJm~ 1V1V1~J1mG'l~lJ~tl Bph3 lil1fl5j1tl 

~t!um';i"-l-[11?11CJ~t115 IR57514 b~a1 -til t~1fl';j-:Jfl1';j'll-ruu';i'l~t15-[11b'VIUtn , , , , 



2.1 il11bba::fl1111&h~ru"!!v.:Jil11 ... 

d 
\J'VI'VI 2 

-if11 d~h.!6qJ~'lJn~vvn-:~iVltJ11'111G1~~11 Oryza sativa L. ~~a~"l'U1-:!Pl Gramineae ~a1~11 
b U'UV1-r'V'ImmV11'1a1'V11';i~l.'h~tlJ VI"' n~1 ~rnfl: 'U 1m~d~~i.11 fi't1j1 'U fl1';j~1';i-:J:;li~"tJa.:~th~'l11 m t~ n 

hw-if11U~flflflbbU'Iaamtl'U 2 'lJil~ fia -ii'11bba'V'I~fl1 (Oryza a{aberrima Steud.) tJ~mu'V'11~1'U 
~ ~ ~ ~ 

b'IJ~~e:J'U"tla'IV11tJbba'V'I~fl1bvl1J'U bbft~ -ii'11bm:;ltJ (Oryza sativa L.) Uftfl'*11tJVlflU';i~bV11"1 bbft~ 
"U • 

-ii'11'11il~d~-:~G11111';iflbbtJflaan1~bU'UbU'U 3 fl~l.l fia B'U~fl1 (indica) ':il1Uailm (japonica) bbft~ 
':il111ilfl1 (java nica) -ii'11B'U~fl1bU'U"Ii'11~tJ~n1 'UU';i~ bV11"1~1-:111 'Ub"tl~~ e:J'U b "li'U Pl~"''lfl1 B'Ub~ tJ 

B'Ut~ih:;ltJ u.:~nmbVJPI VJ~tJti'U~ b1tJ~'U1l.l 'V'IlJ1 m1 bbft~ 1VltJ bbfl~-ii'11':i11tJailm bU'U"Ii'11~tJ"'n1'U 
"U 

b'IJ~U';i~bVll"lb"tl~a'UeJ'UU';i~bVll"l b-d'U ~'U~a'UbVI.Ua bbft~ ~~i''Uaan ultl'U bfl1'VI~ ~1'U"Ii'11':il111ilfl1 . .., . 
bU'U-i111~tJ"'n1 'UU';i~b VJPIB'U t~ilb :;imvi1J'U 

"U 

-if11~a b tl'U~'lJ'lJil~'VIrt.:~~~ ~ 1~11nr111l.l'VImn'VIft1tJV11-:~~'Uum';il.l t~ tJn"' n~ru~"tl a-:~~t 'Ul.l~n • 
m1l.l bb~ n~ 1.:~ n'U~.:~~'U~m';il.l'VI~a ~'U 1 'Um 'Ul.ldvh 1 ~"li'11n"' n~ru~VJ1-:~ m';i bn~m~ 1.:11 ~ bb~ n ~1-:~n'U 
aan1 tJ b-d'U "'n~ru~m1l.IG1'1 "'n~ru~~1.:~ ~n~ru~bl.l~~ bbft~"'n~ru~~1'UV11'U bmbft~bbl.lft'l 1 U':il'U~'I 

'U 

md1~t:-Jftt:-J~~~bb~n~1.:~n'Un'U btl'U~'U (m'V'I~ 2.1) t~tJ1'U1ftnn1~bbu-:~aamu'U 2 n~l.l1'VIru 1~bbn . .., 

"li'11Uftfl bbft~-ii'11tl1 ml.l~1~'U b~tJ"Ii'11Uftfl~-:JG11111';iflbbtJflaamtl'U 2 'lJil~ (Oryza sativa L. 
"U "U 

bbft~ Oryza glaberrima Steud.) b~tJ-if11fl~l.l.Q'':il~ij~1'U1'Ubrl';ibl.lb"'ll.l 12 (2n=2x=24) ij~b'Ul.l 
'lJil~ AA ~1'U"Ii'11u1n~1'U1'U 22 'lJil~ ~-:~~al1bU'U~1bbVl'U"tJa.:~-ii'11'U'Ubftn~ni-r~'U1fl1';i bb~~md 
fi'~b~ant~tJu';i';il.l'l11~ t~tJ-ii'11U1~'1'VIl.l~d':il~n~1'U1'U1mtl.l1"1ll.l12 bbft~ 24 (2n=2x=24 bbft~ 48) 

ml.l~1~'U ~~b'Ul.l~bb~n~1-:Jn'Uaan1tJ U';i~fla'U~1tJ AA, BB, CC, BBCC, CCDD, EE, FF, GG, 

KKLL, bb~~ HHJJ ~1l.l~1~'U (Zhang and Wing, 2013) b~tJih~u'U1~~fl1';i~~n~l.l"tla-:!"li'11b'V1~1.Q' 
t~tJ1-tl~.:~"'n~ru~~t 'U 1 V1U~1.:~., 'VI~mb~bb~fl1';j1-ti~1~'Ub 'UG1"tJa'lbb~ft~G11tJ~'Ulfl 'U fl1';j~~ n~l.l b~a 

I ' ' 

~n~1~m1l.l"'l.l~w5VJ1.:~i1~'U1m';i'lla-:~~t 'Ul.l ~.:~u':il':ilu'U1~~'l11bVlr1 t 'U 1fl~b"li'1l.l1"li1tJ 1 'U m';i fl'U'VI1 
"U • 

~1~'Ub 'UG1~.:~~t 'Ul.l"tle:J'I-ii'11~1'U1'U 3,000 G11tJ~w5 ~ bfl'U';i1'U';i1l.l':il1 n'*1Vlfll.ll.l t~ n b ~m ~'lfl'U'VI1 • • • 
~'Ulifld';il.l~~1'1 ., ':il1fl~'U6"1i'11b'VI~1d (Li, Wano and Zeigler, 2014) bU'Ufl1';ib~~tJl.loife:Jl.lftb'\Ja.:~~'U , I , ;:, 'U 

1 'Ufl1';i 1-ff\.J';i~ btJ'lJ1.lV11'1~'Ulifld';ilJ"tla'l-if11b'VI~Tcrt 'Ufl1';i~~'U1G11tJ~'U6-iJ11 b ~a'U';i';ib V11t:-Jft fld~Vl'U"tla.:J • • 
fl1';ibU~tJ'Ubb tJ~.:~Mn'V'I.nilm ml"l bbfl~fl1';iG1ru~~'Uvhn'U b ~a b ~lJP!ntJm'V'I1 'Ufl1';i 1 ~t:-Jflt:-J~~"tJa.:~"li'111 'U 

"U "U.., 

bb~ft~~'U~1 ~n [:.J~ [:.J~ ~-ii'11~ b ~ tJ'I'V'Ia~ a fl1';j'U~b.n rJ'IJa.:JU';i~'lJ1 m~-:~ 1 'UU d~ bVll"l bbft~~1'1U';i~ b V1 PI 

b tl'U fl1';jG1~1.:~ m1l.l~'U rl'IV11.:~~1'Um'V11 ';j b ~a~~'U 1r1ru.n 1'V'I:;li ~ bbfl~ r111l.l b tl'Ua~"tl a.:~\.J';i~'l11'lJ'U 
• "U 
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.n1cw.vf 2.1 "'lil~"lleJ~~1'1J11 ~n~ru:::'VI1~m·nm~t~":i~1~ 6J "lleJ~"!i'1"n.l~mh'IJ1'\J 2 "Uil~ bb~:::~1bb'VI'\J ... 
"lleJ~"Ii'11'tl1 ~1'LI1'LI 10 "tlil~ m11~1~'\J 
..; 
'VI111: Zhang and Wing (2013) 

:U1flfl1111V!Gnfl'V!(;l1tJ'lleJ~"Ii'T"J ~~~1~ fl ~ 1111"1i'1~\1l'L! 1 'LID ':i::: L 'VIIll1 VI tJ"1i'11 ~elL oLh.J~"U Llll':i~;jfl:U~ 
"' 

~11"1 ry ~ 1 ~'U 11lu 1 '1l eJ~\J':i::: L 'VIlli L ~eJ~:u1n"li'11 L uue:~1Vt1':i'V!~ fl'lleJ-:Jfl'LI1 'VI tJ t:-Jm.J~ \>l"li'11111flfl'"h~eJtJ(;l::: 55 

~ n th111 Hfl u fl1':i'U ~t.n fl'lleJ~fl'U 1 'U\J':i::: L VIlli ?l1'U~ L Vt~ eJB n\J':i:::111ru~eJ tJ(;l::: 45 ?l ~Bel n1 \J ~~\>1 (;11~ 
~1~\J':i:::LVIIll t~tJfl1':i?i~eJeJfl"li'1T'ihV!tJ1 tJ~~\>1Gn~Jl1tJ 1 'U\J':i::: LVI Ill LL(;l:::~1~'lh::: LVI Ill ~'Ufh"li'11~?J~eJelfl 
ii~ru.n1Y'l~~L U'LI~tJeJ11-r'U'lleJ~~11(;ln 1~ mu'V'l1:::-ii'11V!eJ111l:::~ii\J~111rum':i?l~eJeJn 1 'UU 'V'l.lll. 2555 

~1'1.J1'1.JV!GntJ~1'1.J~'I.J f1~LU'I.J~(;lrh\J':i:::111ru 57 Vt~'I.J~1'1.J'U1VI (~1'1!n~1'1.JLill':i~~n:um':ibn~\>l':i, 2556) 

11:u~1J'I.Jiim-:i?l~BeJn"li'111VItJhJ\J-:i:::bVIIll~1~ 1 ~11(;ln111nn-J1 160 \J-:i:::bVIIll1 'I.J~1'1.J1'1.Jum::\J':i:::111ru 
7 ~1'\.J~'I.J t~tJ1VItJlJ?i1'1.JLbU~fl1':i\>1(;11~\J':i:::111ru~eJtJ(;l::: 30 'lleJ~\J~mrum':il"i'1"1i'11'1leJ~1(;ln rlLL'Ii~~ 

" 
~1ri'ru'lleJ~1VItJ~eJ LltJ~'I.J111 ~'I.J B'I.JL~tJ LL(;l:::G1Vt-r;jm1J~m t~tJlJt11(;11~-ii'11~~1ri'ru~eJ \J':i:::bVIIliLW'U 

v "' v 

Lm~tJLL(;l:::t1l:::l'I.JeJBnn(;l1~ ~~i:i\J':i:::LVIIllril"i'1~~1ri'ru~eJ B'I.J1~ih611tJ VI~\Jti'I.J~ ~'I.J BV!~1'1.J bL(;l::: 
" v 

6!!1eJ~eJ:::':i1 LU tJ \J':i:::b Vllli1VI tJ'I.JeJn:u1n L U'I.J~?i~BeJn"li'11':i1tJ1 vml'llm 1(;1 mb~1 ~~b U'U~?l~t:-J~t11.flru'Yl bb \J':i 
'\ cu v 'U 

':iD:U1n-ii'111'1.J':i\JLb'U'U~1~"]b'li'I.J t:-J~\>l.tltu'YlLLD~"Ii'11b41 bLi1~"1i'11bVti1cn b~'I.JV!~ L~w-i1m~tJ1 bb(;l::: 
'\J '\J SJ I I I I I 

'1J'I.J11 n'U fl':ieJ'U ':i111~~ t:-J~ t11.fi ru'Yl bfl~eJ~~ 1m~-uiJ~ ~1~ 61 "'i~ 1 'I.JD:U :UD'I.JlJ fl1':ibL \J-:i-:i\J"Ii'TJ b ~ m 'i'l1111 (;lrlTVJ I , 'U 'U 

V!(;l1fl'V!(;l1tJ m':iLJ~1.nrl-ii'111'1.J11:u:u1J'I.Ji:ieJ\>l':i1~G1~~'1.Jmnn-;h1'1.JeJ~\>lmh~111n iim':im~m':il1fll111 
' " 

11lmm':i'U~1.nfl-ii'11:U:::L~11111ni1~ 40 b\JeJ~b~'I.Jil 1'1.Ju 2030 V!~el 'V'l.lll. 2573 (Khush, 2005) 

11:u:u1J'I.J\J':i:::b Vllll1 VltJlJ~'I.J~\J(;ln-iJ11~1~~\J':i:::b Vllli\J':i:::mru 66 ~ 1'U1 ~ 1~t:-J(;lt:-J~t1loii'11b \J~eJn 
' " 

\J':i:::111ru 36.175 ~1'\.J~'I.J f1~bU'I.Jlj{;lrl1fl'"h 143 bbt1'1.J~1'1.JLJ1VI (~1'1!n~1'1.Jblll':i~~n:um':iLn~m, 
2556) 1~mtl'I.J~'I.J~\J~n"li'11L:ii'1\J':i:::111tu 45 ~1'1.J1~ bb(;l:::Ltl'U~'I.J~\J~n-ii'11bVti1tJ1\J':i:::111ru 
21 ~1'\.J 1 ~ t~tJ"Ii'11bVti1tJ1LU'I.J~iJtJ11\J(;lnn'U111fl1'1.Jb'llt11VI1~mrlt11:::1'1.JeJeJm5mLVti1eJ .ll1rlbVti1eJ bb(;l::: 

" 
Jl1rl fl(;l1~'U1~~1'1.J'lleJ~\J':i::: LV11l11 VI tJ t~ tJG11 tJ~'I.J~-if11 bVti1tJ1~tJtJ11\J~ fltl'I.J111 fl 1 'U\J':i::: b Vllll1 VI tl~el 
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.rr11~'U6 n'll6 Ltiewil1f1Ltl'U~'U5.rr11bVI'Utn~?tmb~1~a'Utl:u bb~~ijn~'U'VIm.J 11'1aiiYr'U~LJ~n'lJ":i~:w1ru 
'I 'I 'I 'I cu 

15.3 ~1'U\~ LL~~~mtl'U 26.77 LLJa1L~'U~ 'lJa-!l~'U~LJ~n.rr11vY-!!VI:wl'l a~1-!!hnm:u.rr11i'U6~-!!n~11 
~ . 

iirn1:w~a'Ubba~a 1 ":ifl'lla'IJ 1 'Ubb ~-!I 1 ":ifl \VI~ bb~~f11":ib .rr1vhma'lla-!!b V'l~ CJ m~ 11'11'1~J1\>11~ (m:Uf11":ioU11 

) 
d -f'1 ."1 "" J1 d. I "' "' ':;' .1 , 2556 61!-!!b u'UuUJVI1VI~f1'lla-!IV'I'UVlu~f1'lJ11811"1t:J'U1w'U 

u ~ 

2.1.1 ,j'11L~1 LL~::-if11LVIUt:J1 

m1"'il1 bb 'Un.rr 11~1 i'IJ11.fl fl \>11:Ufl ru ?t:uu~'ll a-!lb:U~ l'l.rr11 11'1 CJ flru?t:uu~'llm b:U~ l'l.rr11 :u~ 
' ' 

'lJ":i~f1a'U~hmLU-!1~1'U1VItY 2 "l!ill'lfia a~1:u1mVifi~'U (amylopectin) bb~::a~\:u1~?t (amylose) 

11'1CJ~bb u-!!a~ \:u 1mVifi~'U -:u::v\'11 ~L:u~~'~.rr11ii~'ll11'll'U n~1~:u?tmL~1-:u~ LVIUCJ1 ~1'Ubb u-!!a:: \:u 1~?1 . ' 
:u~vh 1 ~.rr11ii~'ll11 1?t L~a~:u?tn:u::ii~'ll11'll'ULL~::~1'U :u1nm1"'il1LL 'Uf11~'~ CJI'I:u1 nflru?t:uu~'lla-!!Lb u-!!1 'U 

q 'I cu q 

b:U~\11 ?11:1J1":i(l"'i\'1bb'Uf11~ 2 "1!\11'1 ~-!ld 
,j'11L~1 (non-glutinous rice) li'ICJvY11LJJ'UiJ~mtru~b:U~I'Ii11?11":il?l b~aoU11?lf1-:u::iJ 

' 
~'ll 11'll'Ubb~::~1'Un11i11b VIUCJ1 11'1 ai11 b~1J'U:u~iJLJ'1:u1ru a~ 1:u 1m~ fi~'U?I-!1 'lJ":i~:w1ru 70-90 . ~ 

b LJa{L~'U~ ~b Vl~mtl'Ua~ 1:u 1~?1 ~-!!i11 LL~~~?I1t:J~'Uih~a'VI-!!?ImL~1-:u~iifi11:U b Vlumtl:u Lb\>lf1~1-!ltl'U 
, 'I 'I 'I 

m:uLJ~:u1rua~1:u1~?t1'UL:U~I'I ~-!la~LJ":i~:U1W":i~VI11-!! 10-30 LLJa1L~'U~ \'i'1a~1-!!i11b~1i'U6~~ 
~ ' 

VJ1-!lf11":ibb'U::th 1~Lbn oU111'1an:u::~ 105, 'll11\>11LL~-!l 17, LVI~a-!ILJ~vh 123, rh~1CJ 41, n'll 1, n'll5 

Lb~:: n'lJ7 btl'U~'U 
,j'11LVIUt:J1 (glutinous rice or sticky rice) 11'1CJvi'11LJLiJ'U.rr11~iiL:w~l'l.rr11?11":i~'ll11 

'll'U b~ atl-!1 Lb~1:U~ 1~i11?1 n~ ~'U\911~1'1 tl'U b VIU t:J1 Lb tJ'U LL~~ij;;r f1'to}f1l~1?t LJ ":i~n a'IJ~1 mL U-!1"1!\11'1 
' ' 
a::1:u1~LVifi~'U Ltl'U~1'U1VIru LJ":i:::w1ru 95-100 LLJa{L~'U~ LL~~iJLLU-!la~1:u1~?t a~LVlCJ-!!L~m!aCJ 

u ~ 

th:::u1ru 0-5 LLJa1L~'U~ Vl~ahJiJL~CJ (a":ia'U-!!rl tiCJ1n~, 2550) ~1'U~'U5.rr11b'VIUCJ1~Vl1-!!f11":i 
' ' 

bb'U::!'tl11~Lbrl b'VIUCJ1~'UU1\>la-!l, f1'll2, f1'll4, f1'll6, f1'lJ8 bb~~ tl'll 10 LU'U~'U 
;;r f1'to}UJ::Vl1-!!i'Uum":i:w~rn'IJ fi:Um 1:uLJ~:u1 ru LL U-!!.fl1CJ 1 'UL:U~I'I.rr11 ~?11:U1":i(l'V\'1 1 ~LLCJ n 

' ' 
"1li11'1'lla-!!i11aam tl'Ui11 b VIUCJ1 Lb~::!oU1X~11~J'U biii'I:U1f1f11":ici1CJVlai'IV11-!l~'Uqm":i:W'lla-!l~'U Waxy 

(Wx) ;-!llJ~1bb VltJ-!l'IJ'U bfl":i 1:u b61l:U 6 bl'lt:J~'U~-!lf1~11lJ'VI'thvlt 'Uf11":i61-!!Lfl":i1~'Viba'U161!l1~ii~a11 granule 

bound starch synthase I (GBSSI) ~"ii'1LU'U~am::'IJ1'Uf11":i~-!!Lfl":i1::!'Via::1:u1~?t1'UL:U~I'Ii11 
(n:U~1":i":iUJ b~CJ'IJ~aCJ, 2554; Wanchana et al., 2003a); Mikami et al., 2008) ~-!!vh1~LJ'1:w1UJ 

a:: 1:u 1~?11 'UL:U~I'Ii11iJLJ~:u1ru~Lb\>l n~1-!l Lb\>1 n n'U "l1-!!~a:u1iim":i fl'UV'I'U f11":iL tl~ CJ'ULL tl~~'lla-!!rA'1~'1J L 'U?I 

\>l":i-!l'IJ~bdUJ~1bb'VItJ-!l'lla-!l~'U Waxy bi'ICJ Wanchana et al. (2003a) 1~V'I'IJ11iJf11":ib~:U~'U'lla.:JL'U?I 
"'il1'U1'U 23 b'U?I 'IJ~b1UJ exon2 'lJa~ Waxy gene n~~vh1~i11b~1bU~CJ'UbU'Ui11b'VIUCJ1 
'Uan:u1nd1'Utl 2008 Vi:u1~t:J'lla~ Mikami et al. (2008) 1~":i1CJ-!11'U11 'Uam'VIi'la:uln~tlbL'IJ'IJ'lla.:J 
e)~~~'lla-!!~'U Waxy "ii'1'U1'U 3 e)~~~ (W?, wJ> LL~:: wx) ~iJVIU1~fi1'Uf):Uf11":iLL?II'I.:Jaan'lla-!! 
;;rn'to}ru~tl~mrua:: 1:u 1~?1 EJ-!!'I"l'IJ11iJm":iL tl~CJ'ULL tl~-!!'lla-!!rA'1~'UL 'IJ?tm-!!~1Lb VltJ-!!~'U\K-!!n~11Bn ;-!!:u1 n 

f11":iL tl~CJ'ULL tl~-!!rA'1~'1JL'U?I\>l":i-!1~1LL'VItl-!1~1-!l 1 'lJa-!l~'U Waxy 'IJ'U lm 1:u 161f:u 6 dvh 1 ~?11:U1":i(l~I'ILbU-!l 
tl":i::!L.flVl.rr11m:U"l!i11'1eJ~~~'llm~'U Waxy 1~"'i!1'U1'U 5 n~:u (m":il-!1~ 2.1) 



9 

m-a1.:~~ 2.1 m-abb u.:~th:a.n'VI"llv.:~il11~111-a::~\.Jtl'i111We:J ::111Li;l!;l~\~1i11na i;l~i;l"lle:J.:~~h.! Waxy 

U'IJLfl'a'L11L'lf11 6 

0 .., 

tl-a::b.fl'VIil11 tfi111rut~::l1.11i;la (%) ei'i;lai;leut~.:~fiu Waxy i;l1~\.J 

1 " "" 0-2 'll11b,_.,'I.W1 wx 

2 .U11b~Tv 'l1.1 L~G1~11.11n 3-9 W.J'P 

3 .U11 b~1v~ 'l1.1 1~G1~1 10- 19 Wxb 

4 .U11 b~1e:J~ 'l1.1 1~G1'thun~1'l 20-25 wJn 
5 .U11b~1v~ h.1 1~G1G1'l 1J1flfl':h 25 WK' 

d "' " 'VI111: m.J~Ti'H1J bitJUieJtJ (2554); Mikami et al. (2008) 

2.1.2 fl1111'VIe:J11"lleWH11 (fragrance in rice) 

~ n~ru::l"11111,..,m.J 1 'I..! -if 11~ a1~11 b tl'l..!~ n~ru:: b~'l..!~il m111G11fi' tuV11'l LPli ~~n'<il'll a'l mi 1"11 
v ... 

-if111 '1..!\91~1~ 1~n ~m tluu'<il~mh~ul'i''l..! 1'lleJ'ln1iflTVI'I..!~I")tu.fl1'1"1 bb~::i11"11'lleJ'l-if11 1~ tJ-itT'J,..,eJll 

~~b~Jou-if11~il1"1ru.n1'V'IG'l'l (high premium) btl'l..!~l'i'a'lmi'll€l'l~u11.nl"1~1 1~n L'li'l..! -if11WeJ111l::~'ll€l'l 
• 'U 'U 

tb~LV1P11VltJ Lb~~-ifTJU1G'l111~ (Basmati) 'lleJ'lB'I..!L~mL~::thnG'lm'l..! ~mtl'l..!-if11VIeJ11~H1.Yum111 
tJtJ1l'<il1fl~U1L.n1"1111fl~G'l~ (Sakthivel et al., 2009) 1~tJ-if11VI€11111~~'<il~iln~'I..!VI€1111"1~1tJ~€lfl11f 

'U ' 

(flowery aroma) G'i1'1..!-if11U1G'l111~pn~'I..!VI€1111"1~1tJ51 (nutty aroma) ~'l'<il::b~'1..!1~11-if11bb~~~ 
~'l..!~'<il::iln~'I..!VI€11l~bb\91fl~1'ltl'l..! 1 U\9111l~'l..!~flii111 'l..!-if11~'1..!~J'I..! 1 'l..!€lfl'<il1n-if11VI€lll~'lG'leJ'l~'l..!~-dbb~1 
~'lil-if11VI€111BflVI~1tJ~'I..!6~bn~mmiJtJ1!tl~n b-d'l..! -if11~'1..!6 Della bb~~ Dellmont 'll€1'1'\.Ji::bVlPl 

' 'U • 

G1VI.Y~ml.l1m ~'\..!~ Goolarah 'lleJ'l'\.Ji::bV1Pl€leJG'lb\91ib~tJ ~'\..!~ Hieri 'll€1'1'\.Ji::bVlPl~~'l..! ~'\..!~ Malagkit 

Sungsong bb~:: Milagrosa 'lleJ'l'I.Ji::bVlPlYJ~tJtl'l..!~ ~'\..!~ Seratus Malam 'lleJ'l'\.Ji::bV1PlB'1..!1~1h~tJ 

btl'l..!l'i''l..! (nl.l~1iiru b~tJu{atJ bb~::fltu::, 2556; Sakthivel et al., 2009) 

n~'l..! Vltll.l'll a-:~-if 11 Lil ~'<il1fl fl1ie.J G'll.l e..~ G'l1'1..! 'll a-:~G'l1ii:: LVI tJ111 n n'11 200 "IJiJ~ 1~ bbtl 

acetone, toluene, ethylbenzene hydrocarbon, alcohol, aldehyde, ketone, acid, ester, 

phenol, pyridine, pyrazine 2-acetyl-1-pyrroline, alkanal, alk-2-enal, alka-2,4-dienal, 

2-pentylfuran, 2-phenylethanol, 2-aminoacetophenoe bb ~ :: 3-hydroxy-4,5-dimethyl-2 

(5H) furanone bb~::~'\..!1 ~ci-:~e..~~~€lfl1ibbG'l~'l€l€lfl'll€l'l~'l..!m111VI€l11 (Vanavichit and Yoshihashi, 

2010; Mahatheeranont et al., 2001; Yajima et al., 1979; Buttery et al, 1982; Petrov 

et al.' 1996) bb~ilG'l1i~b tl'l..!m~'\.Ji:: fl€1\JVI~ n~il11"1i-:JG'l{1-:Jb tl'l..!l'lbb V11'\..!~'li'll'VI'U1m 'l..!fl1l"G'l{1-:Jfl~'l..! 
Vl€lll'll€l'l-il11 ~a G'l1i 2-acetyl-1-pyrroline (2AP) ~'l'V'IU~.J11'1..!~"1J\91i::Q~1uL\91tJ (Pandanus 

amaryllifolins Rokb) 1~tJG'l1i"IJiJ~-d'iln~'I..!VI€1111"1~1tJ1 Ub\91tl Vl~an~'l..!-il11 1 '1"1~~1 G'l1111l"(1'V'IU 1~"lfl 
ci1'1..!'lleJ'll'i''l..!-if11 tJflbl'I..!U1L 1tui1fl (Buttery et al., 1983) ~n~ru::n~'I..!VI€lll'<il::111flVI~mi'atJ~'I..!€l~ 
n• '1::~utJ1111U.!'ll€l'lG'l11 2AP 1~tJ 1 'I..!~"IJ\91i::fl~ 1 Ub\91tJ'V'IUl1iJfl1111boU1loU'I..!'ll€l'l 2AP G'l'lfl':h-if11VI€111 u 'U 'U 

'\.J1::111ru 10 Lvh bb~::G'l-:~n11-if11Lll'VI€lll~'l 100 b'Vh (n11~11ru b~tJu{atJ bb~::l"lru::, 2556; LTI"l'<iltl 
'U 

tl'l..!"il'l bb~::l"ltu::, 2556) 
'U 
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' 
?l1i'Vl a"-! 2-acetyl-1-pyrroline (2AP) Vl~a b~ t.1 n B n a~ 1-!!Vl il.:J--h 5-acetyl-3,4-

dihydro-2H-pyrroline b iJ'U?l1ith~ nau hm~"-1 pyrrole ii~ m~ru~ 1m-:~?l-r1-!!Vl1-!l bAih il'U1-!I bb Vl1'U 

,X1b'Vl~t.l"-l~ii1'W1mb~'U (nitrogen; N) bn1~a~.f11t.J1'U1-!Ibb'Vl1'U 1~m~~ii~'U5~rl 1 ~'Uli~ i~Vl--.h-:~ 
" " 

A1{'Ua'U (C) nu1'W1(;lib~'U (N) bb~~ii'Vl:J acetyl bf11~fl'UA1~'Ua'U(;li-!1~1bb'Vl1J-:~~?la-:~1\1lt.J:U?l(;li 
" " 

1Ai-:~?l-r1-:~Vl1-!lbA:U ~a C6H9NO sg-:~li~m~ru~AiK1t.Jnum\1la~m'U proline (.f11'W~ 2.2) -wu1'UoU11 

Vla"--VJn~'U~ bb~~?l1"-11iti'WU1m'WV1'1lBn'Vlmt.J'IlU\11 b"li'U 1ub(;lt.J (Pandanus amaryllifolius Roxb) 

oU11 (Oryza sativa L.) \1lan'll"-l'U1\11 (Val/oris glabra Ktze) oU11?11~ (Triticum aestivum L.) 

oU11Yl1-1 (Sorghum bicolor (Linnaeus) Moench) ~1b'Vl~a-:~ (Glycine max) Bacillus cereus 

bakers' yeast b~a1A~-!I (Panthera tigris tigris) bil'U~'U (Arikit et al., 2011) 

.f11'W~ 2.2bfl';i-!1~~1.:1'Vl1.:ibflij"llv.:i~1';i 2-acetyl-1-pyrroline (ZAP) 
d 
Vl111: Bradbury et al. (2008) 

~m~ru~A11"-!Vla"-11'U<U'11t1nA1'UA"-lvl1t.J~'Uvlelt.l (recessive oene) ~b~t.Jn11 badh2 
" ' ::> 

gene (betaine aldehyde dehydrogenase homologue 2) Vl~a 052AP gene (Oryza sativa 

2-acetyl-1-pyrroline) VI~ a fgr gene (fragrance gene) :U~1bb'Vltl-:~u'U1Ai1"-11'1l11 8 (Ahn et al., 

1992; Lorieux et al., 1996; Bradbury et al., 2005; Wanchana et al., 2005; Chen et al., 

2006) 'Wan~1n~'Uvi'at.Ju'U1Ai1"-11"1l"-l 6 bbrK1~1mX'WBn1:W'U1'U:Unci"-!L1ni~t.J~PimmMt.~1nu~'UA11"-l , 
Vla"-11'U<U'111vi'i1t.J-!11'Ul1 ~n'l:tru::A11"-!Vla"-lt~ nmuA"-lvl1 t.1 ~'U badh 1 ~-:~ii~1bb Vttl-:~a~u'U 1Ai 1"-11"11"-1 

" , " 
4 bb~a~1-:~hnm"-!~'U badh2 ti'-:~A-:~dJ'U~'UVl~n (major gene) ~iiaVJ5-w~~a~n'l:tru::m1"-!Vla"-l 
"-11nn11~'U badhl (Amarawathi et al., 2008; Vanavichit and Yoshihashi, 2010) 

mif'i''U-wu ~'UA11"-!Vla"-11 'UoU111\11 t.JVJ"-!uni~ t.J~1nVlt11t.~'ll~u~ mif'i''U'Vl1bb~~ 1 -il''lli~ 1t.~'llL1 

~'U-if11 l"l'U~~'U6l1"11nii"-lbb~~ b VIA 1 'U 1~ ~~1.f1TV'lbb v1-:~'ll1~ 1vi'th~?l'U A11"-lci'1b ~~ 1 'Uf11if'i''U'V-l'U ~'U " , 
1"111"-!Vla"-11 'U-if11Vla"-l~'U~"ll11\1lan"-!~~ 1 OS "lla-1'1.h~b'Vl1"11 Vlt.J 1 'Un1i?l-r1-!ibbt:.J'U~Vl1-!i~'U5nii"-l bb~~ ' , 
bbt:.J'U~Vl1-!lfl1t.J.f11'Wa~1-!l~::bBt.J\11 1\11 t.J1 off<U'11?11t.J~'U~rlbb~\11 (isooenic Line) "Ua-:~-if11Vla"-!~'U~"ll11 

'I 'U :::> , 

\1leln"-l~~ 105 vi'11,X-wu11 limi"ll1\11Vl1t.J"Ua-:~ti1A~1a1VJ~":il1'U1'U 8 b'U?l (8 bp deletion) u~nru 

bBn"'lau 7 "Ua-:~~'U Os2AP (badh2) uu1Ai1"-11"1l"-l 8 ~1nmi"ll1\111m'll"Ua-:~bu?~~-:~bb'll\1l:Ut:.J~1,Xbn\11 
n1i'Vl~\1ln1ibbUm~?lna'Un1Vl'U\11 (premature stop codon) ~-!lt:.J~1,X-if11:Un~'UVla"-l ~-:~?la\11A~m 
nu"Ua-!1 Bradbury et al. (2005) ~lifl1ii1t.J-!11'Ul1 'V-l'Ufl1i"ll1\11Vl1t.J1'll"lla-!1~1~'UU1A~1a1VJ~ 
":il1'U1'U 8 b'U?l 'U~b1t:Uban"'la'U 7 "lla-!I~'U badh2 'U'U1Ai1"-11"1l"-l 81'UoU11~'U~ Kyeema 
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\?l"JtJf1111JtlT;J'V11.JTV11.:J\?lTUb Ylf11 'U 1" ~:g"l.flTv'fVll 1 '1X?l11J11ttPifl~1f1':i~\J1'UflTH~'.:~ b\911~~ 

?111VIe:J1li1f1111Jtl11'VIU11J1fl~'U ~.:J'V'I'\.J'Jl ?111 2AP ~niK.:Jbf111~~1'Ui~ polyamine bb"~ 
i1m(;le:J~i31'U proline btl'U?l11~.:J~'U 1(;ltJ~'Ub~'U Badh2 u'U1m11l1'1l1l 8 i1m11ltJ11'1Je:l.:J~1vl\J 
thf1~1a1Yl~ tb~1J1ru 5,800 flb\J?l th~nm.Aul?l1tJ b~fl'lle:J'U (exon) -;l1'U"J'U 15 b~fl'lle:J'U bb"~ 

" 
~'UY11e:J'U (intron) -;J1'U"l'U 14 ~'UY11e:J'U ~'U~~vh.:~1'Ue:J~1.:J?l1J\J1W-;l1 btl'U~mi1m1?1.r1.:~m(;la~m 'U 

" 
-;l1'U"l'U 503 "1J\l(;l (Bradbury et al., 2005; Chen et al., 2008; Shi et al., 2008) ~.:J~'U Badh2 

d ~~vl1'VIUTvh'Um1iK.:Jbf111~~be:J'U1'1ld1 Betaine aldehyde dehydrogenase (BADH) 'VI~ma'U1'1ld1 
amino aldehyde dehydrogenase (AMADH) ~1flfl11f11\Jfl1l'lle:l.:J~'U Badh2 (Os2AP) b~e:lvl1 
'VIih~b'll~tJ'U~1fl?l11 y-aminobutyraldehyde (GABald) btl'U?l11 y-aminobutyric acid (GABA) 

bb~ b~a ~'Ubn(;l m1 n" 1 tJ.Wwf b tl'U ~'U 1?1 a tJ (badh2) V1~a·ih1.W 'U ~,r'U 1 i1 ~'U ~h bb Vl'tl.:~d btl 'U ~'U 1?1 a tJ 

~~~.:J(:.J"vJ11mlJ?t11l11ttiK.:~bf111~~be:J'U1'1l&J BADH b.via1'llb'll~tJ'U?l11 GABald btl'U?111 GABA 1\?l 

"li'11~.:~i1m1?1~1.:J?111 2AP ~'U1J1bb Yl'U v\'11 '1X"Ii'11~'U,j'U'VI~a.W'U5,1'U i1n~'U'VIe:J1l 1(;ltJfl1~\J"l'Ufl11?l.r1.:~ 
q 

?111 2AP 1 'U"Ii'11'VIe:J1J 'V'I\J';h ~'U badh2 b~m"li'a.:~ti'um1?1~1.:J 1 'll1~'Ufl"l\Jf11lf1111J'VIe:J1l1 'U"1i'11 bb"~ 
q 

fl11iK.:Jbf111~~?111 2AP bn(;l~'U1'Ui'!)~fl1 polyamine (polyamine pathway) 1(;ltJm~\J"l'Ufl11 
~.:Jfl~11b'll~tJ'U?l11~.:J~'U proline btl'Um~a~m'U GABA ~1'Ub~'U'V11.:J'Ile:J.:J polyamide ~1mT'U~~ 
bU~tJ'Ubtl'U ornitine bb"~ putrescine ~11J"1vl\J (Vanavichit et al., 2005) (.fl1'V'I~ 2.3) ~'U 
Badh2 u'U1f1111l1'1l1l 8 bb~"l Bradbury et al. (2008) 1~'1Xb'VI~(:.J"'h~'U Badh1 u'U1m11l1'1l1J 4 

m~~~i1?t11~.:~~'Ubtl'U GABald b'll'Ub~mti'u Badh2 ~.:~bna~'U Badh1 v11.:J1'U'lln~~~~.:~(:.J"1'1Xm1 
?1~?11l'lle:l.:J?l11 2AP "~".:~ bb"~fl11?ltub~tJ'VIU1~'1le:l.:J~'U Badh1 (1~~\Jfl11bb?l~.:~aan'IJe:J.:J~'U1'!X 

" " 
Ue:ltJ".:J) m~~.:J(:.J" 1 'Ufl11b ~1Jfl11?1~?11J'Il e:J.:J?l11'VIe:l1J 2AP 1 'U"Ii'11'VIe:J1l1 'IX?t.:J~'U 11?1 (Amarawathi et 

" 
al., 2008) 

1 

1 

l Badh2 

...... ~~OH 

0 
Y·Aminoloul)'rle oci<l 

(OABA) 

Non-aromatic rice 

Bodh2 
non· functional 

1 
·0--< 

Aromatic rice 

.fl1~~ 2.3 m::\J'J'l.!n11~~bfl'S1::~"11 2-acetyl-1-pyrroline (2AP) b'UoLh'J 

~1J1: Bradbury et al. (2008) 
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e:J~1'l1inlil1~i~~U"lle:J'lf1~'\..!Vle:J~"lle:J'l-il'11~~1~1m.J~~1UJG'I1i'Vle:J~ 2-acetyl-1-pyrroline 

(2AP) tJ'lrl'liH:l ~~ tJ 5'1..! 1 ~ b~m-tl'v.:J ~v wn~G'I1~ 1iu1 '\..! mi 1 ~m 1~Vlv~~ bblil n~ 1.:! n'\..11 'U-i111 bb~~~ 
~w5 bb~~bb~~~G'I.Il1V'lbb1~1Kv~~'IJ~n (ltani et al., 2004; Yoshihashi, 2002) ~1e:J~1'lb'll'U-il'11Vle:J~ . " 
~~~"lle:J'l'IJi~b VJ fl11 V1 mi1v 1-tl~w5-il11'1J~ m~ tJ1tl'Ubb~ ~1'ltl'Ubtl'V'l1~~'U~'IJ~ n b'll'U .ll1rlf1~1'l bb~~ . " " 
.n 1rllil~l'U v v n bU tJ'l b wuv Vl~e:J bb~ bblil"l. 'U.Il 1rllil ~1'1..! e:Je:J n b5 tJ'l b wuv b vJij e:J'\..1 tl'\..1 bb~ rl'U~~~'U~i~~u r111~ 
Vle:J~"ll v.:J-il11~HW.:Jih~ ~u~bblil n~1'ltl'U 1~ tJ-il11"1111~e:J n~~~~'IJ~n 1 'UU~b 1tuvl'lnm~v'l1 ~~~e.J~Iil " .. 
-il'11~ijm1~Vlv~1'U'IJ~~1tul:l'l (strono aroma) b~e:J'l~1nb'IJ'U~'U~~ijr111~e:J~~G'I~Uiru"lle:J'l~'U~1 

~ ~ q ~ 

ij" n~ru~b tl'U~'UVli1tJ bb~~l!n'\.Ji~G'Iuuru'Vl1m 1~ bb ~'lbb!K'l 1~ tJ btl'V'l1~1 'U'll1'l~-il11e:JtJ"l. 'Ui~tJ~b~~~ 
v " 

~mu-1 (ripening stage) ~'lU~~tJ~'ln~1Tt.h~~btl'U~'l'Vl~.:J~l.'1.:JbG'I~~1~ijmibbG'I~'le:Je:Jn"lle:J'lf:i'Um1~ 
Vle:J~Iil1~1.'11'U~1'l'l "lle:J'l~'U-i111 vh1~ij'IJ~~1WG'I1i'Vle:J~ 2AP ~.:J:fi''\..1 (Yoshihashi, Nguyen and 

Kabaki, 2004) vl1'Ue:J'lb~mnu-il11Vle:J~ Basmati ~'IJ~n1'U~'U~ Punjab "lle:J'l'IJi~bVlf!l~'Ub~tJ bb~~ 
LJ1nl:lm'U e.J~e.J~Iil-il'11~1~~~ij'IJi~~VJ5mV'l1 'Umi 1 ~r111~Vle:J~G'I'l~1nn-.h~'U~'IJ~n-il'11U~b1tu5'U., 

" " I 

(ltani et al., 2004) ~1nu~~tl"lle:J'll:lm'V'l~'U~'IJ~nije.J~~e:J'IJ~~1UJG'I1i'Vle:J~ 2AP Wanchana et al., 
" 

(2003b) V'lU'"h n1ibbl:l~'le:Je:Jf1"llv'lf:i'U Badhl U'U1m1~16!1~ 4 ij~1n:fi''U1'UG'I.Il1V'lbblK'lbb~~~'Ub~~ 
1~tJ1lJijmilile:JU G'I'Um1 'Uf:i'U Badh2 ~.:JtT'\..1 n1ie.J~Iilotl11Vle:J~ 1 'U~'U~'IJ~ n-il11~ijG'!.n1V'l~'Ub~~ bb~ ~ 

" ijm1~ bb ~'lbb!K'l m~11t11~~1.'1'le.J~ 1~-il11ijm1~Vle:J~~1n:ff'U 
2.2 uru'Vi1n1i\J~ n'tl11L 'Ub "lllilvfu~v1~ml1~'UU'ib 1 ru~~LL~tl11 "ll-:1 

~ u • 

mi'IJ~n-tl111 'Ub"lllilU~b 1tu~~bbl1J11"11.:~ ~u~l.'11u1 Vltthtl'U~'U~'IJ~n-tl11enl"i'tJJ1r.J'U ~'l~~Luu 
'\1 q lllJ '\1 

~'U~'IJ~n-il11~~1ri'rubbvf'l'Vl~'l"lle:J'l1~n r1ie:JUrl~~~'U~~1nt;1.:~ 5 '\.Ji~bVlf!lL~bbn V'lll11VJtJ m1 
" v • 

n~V'l'll1 bb~~bitJ~'\..11~ ~1nn1ib'IJ~tJ'Ubb'IJ~'l"lle:J'll:lmV'lmmf!l eJ'Ub~e:J'l~1~1nm1~b~e:J'Um~~n'Vl~e:J~ 
" 

b~tJnnu-J1 m1~1~n~m.J ~v1~11LU'Ulmllilmicl~l.'1.:~e.J~m~VJU~'lij~11ilv~1'l~1n ~'ll:l.ll11dvu~~ 
Vl'\..111~~ J1vl1~ bb~~r.l'Ubb!K.:J~.:~tiu1'U~'lVli1'Ubb i.:J:fi'Ub~e:JtJ 1 e:J~1'l~1llbr1m U'Ul.nnvu G'lm'V'lb 'lluffill 

b~ tl.:J bbrlci'le.J~ f1i~V1U ~e:J~'\..1~61~ tJ lil i.:! bblK1 bb~ tl'lrJ'lci.:Je.J ~ f1i~V1U 1~tJiil i'l ~e:Ji~UU f11i'IJ~ n-if11 . " 
~.:Jbtlwrrufl'llm'Vl1i~~1ri'ru'llil~Vl~'l"llv'l1~n 1~tJ~1nn-i1 60 b '\.Jv~b~'\..1~ "lle:J'l~'U~'IJ~n-il111 'Ub"llliltl 

v v " 

l!n'IJi~G'IUUru'Vl1~11"1ru ~e:J 'IJ~~1Wtl1r.l'U r.l'U~'l'li1'l tl1vJ1~UUV'l"'U Lb~~n1ii~U1~"llv'lhr1bb~~ v v 

bb~~'l 1~mtl'V'l1~ hr11Vl~ bb~~b'V'l~tJm~ 1~~~J11il1~ G'l~1'lm1~b~tJVl1tJ~e:Je.J~e.J~Iil-il'11b U'Ue:J~1.:~mn 
(Toojinda et al., 2005) 

2.2.1 1 ifl1 'VI3J (blast disease) 

hr11Vl~ ~ mtJ'U hr1~ ~1fi' ty~h~U~'\..1 'l"llel.:Ji~UUf11i'IJ~ n-if11 G'I~1.:Jrl11~b~tll!f1tJ1 ~ tlU 

e.J~e.J~Iil-il'11~11~nmnn11 85 '\.Ji~bVlf!l (Babujee and Gnanamanickam, 2000) hr1"llil~tlci.:Je.J~ 
m~VJUe:J~1'l~1n~e:J~'U~'IJ~n-il'111'UVJi'IJLm~tJ L'li'U ~'U ~'Ub~tJ ~~'IJD'U~ bf11Vl~ bb~~1VJtJ btl'U~'U 

" 
bti e:J'l~1f1G'I.Il1'V'lbb 1~1Ke:J~ij rl11~b'Vl~1~(;1~~ e:Jf1111~U1~"lle:J'l hr1 'IJi~f1e:JUtlU 11r11 Vl~ij rl11~G'I1~1im-if1 
vl1mtJ-il'111!1il'UVlni~tJ~'1le:J'lf11ib~~tyb~U 11il ijG'I1b Vl~~1~1m~e:J11 Pyricularia grisea Sacc ;;1.:Je.J~ 1 ~ 
e.J~e.J~Iil"lle:J.:J-iJ11~~~'l 1~tJV'lU f1111~U1~1'Ubb 1.:!1 'Ub '1Jiil~'U~'IJ~n-il11~iim mf!1Vl'U11b~'U ~'U~G'I'l bb~~ . " " 
iim1~~wK~~VJ€l 'UV1f11fi1(;1.:J ~mtl'U(;1.f11'V'l~b'Vl~1~G'I~~e:J f1111~U1~'1le:J'l hr1tl ~'le:JWVl.niJ~1 bb~~ 

" . " 
m1~~'UG'I'l~~b U'UU~~tJ 1 'Uf11im~~'U 1 ~b ~vnv 1 irlb •ihvhmtJ~'U-iJ11 " . 



13 

2.2.1.1 L ~B?I1L VI I'lL ~1"11 VliJ LLri~1,:Jiil~n1~LoU1'VllmtJ • 
L~B~1 P. grisea -:ilvlL'Lh.J~1iu~.:~1un~lJ deuteromycotina VI~B anamorh 

phase (imperfect stage) ~.:~Ltl'UL~B~1~i1m~~t.J~'U~LLt.Jt.J1~mPi'm'V'II"1 (asexual reproduction) 

LL~ Li1 Bi1?1.n 1'¥'1 LL 1Vl~ BlJ L VllJ 1~ ?llJ L :§'B~1b ~1"11 VliJ~ ~ ?1{1-:J LLB ?lbfl?IU B~ ~.:! L tl'U fl1~fl1~~\.J ~'U~LL t.J\.J 
• 

mPlm'¥'11"1 (sexual reproduction) ~.:~~~L~CJm:ffv~1'lltiV1-d'·;h Magnaporthe grisea -:ilV1B~L'Ufl~lJ 
ascomycotina Ltl'U teleomorph (perfect stage) '1JB.:JL~B~1 P. grisea ~fl'l3UJ~V11-:J~'Uqm~lJi1 
"il1'U1'Ubfl~blJ b'lllJ 2n= 14 '1J'U1V1~L 'UlJU~~lJ1ru 40 ~1'ULt.J?I (Mbp) 

~n'l3ru~VJ1-:J;;1ru~1'U'1JB.:JL:ffm11 ~fl1VIil ~~mfl~.:~?I{1-:J~L~CJn'h conidiophores 

Ltl'UL61'U1CJm.:J LLri~L~CJ\.J ~J11'11ri~B'U i1m~?I{1-:J?IUB~~L~tlfl';h conidia B~~\.J~L'JUJvl1'U~1-:Ji1~1'U 
" ~L~CJn·;h basal hilum ~'UBBfllJ1L~v1-ti'tiV1~V1nt.J sterigma ~.:!Ltl'Ut.J~L1ru~1-ti?~{1.:~ conidia 

11"1~.:~?1{1-:J'llB.:J conidia ~~n 3 L'llrl~ i1t: .. l'u.:~~L~CJfl';h septate ~'UB~ 2 ~-u.:~ ~'tJ11.:~1"le:~ui1.:~m1~ ~1 
" " 

LLrl~Vl1CJ LL VlrllJ L'llrl~m.:~nm.:~~~ij~ fl'l3UJ~fl11-:J~J11'11ri~Vlfll1L'Ilrl~~.:J?IB.:J ~\.J ~L 1fli~1Vl1CJ bVltl~ 
conidia ~~i1'1l'U1V1U~~lJ1fll 8-10 x 19-27 'U1b'UL1Jl91~ (Richard and Valent, 1996; Sharma 

d 
et al., 2005) (m'V'IVJ 2.4) 

1-:J~~fl1~LoU1vl1ri1CJ'llB.:JL:ffv~1 P. grisea L~lJ~1fl conidia '1JB.:JL~B?I1LVI~b~fl 
l'!flri.:Jt.J'U~h~Kui11 Lne:~1vi'~t.J?I.fl1'V'ILL1~~BlJ~'V'ImVIlJ1~ conidia ~~?1{1.:~ spore tip mucilage 

(STM) ~.:! L tl'U?11~Lij BflL VIUCJ1B ~~vl1'UUm tl'llB.:J conidia ~.:! L tlu Lfl~.:J?I{1-:JoWLI"1'13~1-ti1 'Ufl1~fi~Lfl1~ 
" tl\.J~1 Vl~-:!~1flJ'U~~ijfl1~?1{1-:J single germ tube ;ff'U LLri~'1JCJ1CJBBfl~'Ui1~'tJ11-:JflfK1tJtlt.Jl91~'1JB 

(hook) (Richard and Valent, 1996) L~tlfll1 appressorium ~.:Jt.J~L'Jru~.:~n~11.Q ~~i1m~'tJ~BCJ 
?11 ~Lfli1 Btl fllJ 1~lJ er ?I tl\.J ~ 1oU 11 L ~ B ~ B tJ ~ 'tJ.:~ L'llrl ~ ~ 1 nJu ~ ~n fl1~?1{1-:J 11"1 ~.:1?1{1-:J fl ~ 1 CJL~ lJ 

(penetration peg) L~vH1um~LLV1.:!~1'U cuticle LLrl~ cell wall 'llB.:J'lJB.:JIKui11LoU11'U.n1CJ1u 

L'llrl~ Vl~-:!~1flJ'UL:ffv?I1LVI~ bdfl~~?I{1-:JL61'U1CJ (hyphae) "iJ1'U1'UlJ1fl1 'UL'Ilri~'1JB.:!IK'UoU11 ~~Vl1CJ~~ 
bfl~bb~r~u~1n~ 1 ~b~'U.n1CJ 1 u 1 i'u V1~.:~~1n~ b~v~1~lJer?lnt.JIK'Ui11 '1J'U1~ L~CJ1nu~~nm~?l{1.:~ 
conidia 'U'ULL~rlb ~m oU1vl16'11CJYi'll~1 1~ CJ~fl1~L ~lJ;ff'U'llB.:J conidia t.J'U bb~rl~~~lJ~'U~tl'Ufl11lJ:ffu~ 
1vi'~u (m'V'I~ 2.5) 

Jt -"=II v d 
L'llB~1 P. grisea lJfl11lJVIr11flVIri1CJV11-:J'V'I'Uqm~lJ~.:JlJ1fl b'UB.:J~1fl?l1lJ1~t1 

u~u~11~Li1nu?l.n1'V'Ibb1~~e:~1J1vi'Ltlue:~~1.:~~ -u~~ne:~ununm~u-ru~1L~mm'llu~i11~i1~'Uqm~lJ 
IK1'UV11'U 1~CJ 1 'U.fl1fl LVIUB LLr~~ .n1fll91~1'UBBfl bQCJ.:J b VIUB'llv.:J\J~~L VJI"11 V1 tJ 'V'I'UU~~'ll1 mL :ffv~1?11b VI~ 
bfl1 VIii'~ n fl11lJVI m nVI m tllJ 1 n ?11lJ 1 ~t) "il1 bb 'U n ?11 CJ~'U~ b :ff e:~ 1vr~.:~~'U "il1'U1'U 552 ?11 CJ~'U ~ 
~1flU'j~'ll1m~.:~~'U 2,2931vL'IlbriV1 (~'UPlfl~ blJ~l~'U1fl1tlJ~U bLrl~flru~, 2554) 1'U'tJ~~bV11"11VJCJ 
b~B.:!'1JB.:!fl11lJVImflV16'11CJV11-:!~'Uqm~lJ'llB.:!b :§'m1?11b VI~ 1 ~1"11 VliJ'V'It.Jl1i1~.:~ fll1~'V'I'U 1 'UU~~b Vll"l~'U "l 
lJ1n 1~CJnm~'j1CJ-:!1'U';h -u~~LV11"1Vl~u:Ou~ 'V'Iui1"il1'U1'U 10 1e:~ 1'1!Lr~Vl VJ1u~bu 'V'Iui1"il1'U1'U 

6 1v 1'1lLriV1 ~1'U?IVI~\1BLlJ~fl1 bbrl~ bfl~lJbDCJ 'V'I'Ui1"il1'U1'U 8 Lbrl~ 6 1v 1'1lbr1Vl l9111J"1~'\J (eJ~U~1'V'I~ 
ru "1\J1.:1 Lil'U'V'I~'U bL;~ ~'UPlfl~ blJ~l~'U1fl1tl)~U, 2554; Levy et al., 1993; Chen et al., 1995; 

Roumen et al., 1997) 
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.fl1W~ 2.4 bfil'a~~~1~"1HJ~b~el':i1 Pyricularia grisea Sacc (n) bfil'a~~~1~"1Je:J~ conidia ~ij 
lil1'W1'U 3 b~~~ .fl1t~11iin~e:J~lil~'Vl'a'a'AU , ("'I) im~tru~"'le:J~ conidia "'Jru~~e:Jmtl'W • 

~ if ~ il II de.. ~ ') II 

b~~~"'l11.fl1ll b(;ln~e:J~'l~'Vl'a'a'A'Um~nme:~'U bb~~ (fil) bfil'a~~'a1~"1Je:J~ conidiophores 

bb~~ conidia 

~ :u 1 : Wilson and Talbot (2009); ICAR (2016); Sharma, Johansen and Midha 

(1998) 

·------------ , 
0 0 

0 ' 
0 ' 

0 ' : : ----+ 
0 • 

0 • 

l 
Conidi ophorl! 

--... -... --- - -;:;-

·-~ 
Lesio n 

AutophagiC 
cell death 

1 

.n1w~ 2.5 1~lil'an1'ab"'i'1vh~1lllii'W"'i'11"1le:J~b~e:J'a1 P. grisea 1~m~:Ulil1nm-a~ conidia :u16l:u~~ 
v 0 

CVA.JIII CVA. • • 1/0 ill/ il.r:::::t. A 

m.H.Jd(;l'U"'J11 lil1n'W'Ubn~m-a~e:Jn"'le:J~ con1d1a b"'l1'Vl1~1ll(;l'U"'J11bb~1bn~n1-abw:U 

lil1'W1'Ub~'U btl u~~ bn~m-a~~1~ conidia tJ'U~11ii'W"'i'11 1 'VI~.ib .yje:Jb "'i'1vh~1lloW"'Ib 'VIl.i 

~:U1: Wilson and Talbot (2009) 



' 
a1un1~UUln1~ ~~11~v1~~~U~~1~cr1u 

' 
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111~~ 2.6 ~n"ttru::mm-a"'.leJ.:Jh~1~~hJii'iTw~h.:~~"'.leHIIii'Ueli11 Hlbbri 1u (leaf blast) eVilb'U 
(collar blast) ~il'a1.:1 (neck blast) eVil (node blast) n1'Ub'U (sheath blast) 

bb6'1:: "tieJ~eJn (panicle blast) 

~l.J1: IRRI (n.d.); Jia (2009); ICAR (2016) 

2.2.1.2 ~n~ru~tnfl111.1.rt~m1:WI.~tlvt1tl 

~ n~ru~ en fl11 l.brt ~m 1:l..Jb~ EJV!1tl~ 1.f\~~1n fl11 1. .V1v1'1 rt1tl'll €1~ 1. ~€111 P. grisea 

l.oV1vl1mtlliiuoV'11 1u~TW~€J~bvt'i1€l~'W~'W 1vi'Vlmhu 1~ tl~1:w11fll.l. LJ~ hfl1 vtiftJtJn 1vi'l.tl'W 4 ~n~ru~ 
~ ' 

~n:Wfl111.oV1vl1rt1tl l.brt~bb~~~mm1'U1nru~1'W~1~~'ll€l~liiuoV'11 bvll.bri hfl1D1if (leaf blast) oV€1~€1 

1~V!l1~fl1D1Dbbrt~bb~'W1D (collar blast) (;11~oV€J (node blast) bbrt~ l.oV1vl1rt1tl~1~oV11 b~tlnl1 

111"11 vtif fl €1~1~ (neck blast) ~ 1 mrn~ru~ m1 1. .V1 v\'1rt 1 t1~ 1.1.(;1 n ~ 1 ~ nu-d' ~ ~ 1. t! u pathosystem 

~~1~nu ~n~ru~e:nfl11'll€l~ 11fl~1:W11tm LJ~m:w1~EJ ~ m11.~1qJ I.~D 1(;l'lJ€J~oV11 ~~-d' 
-a::~::n~1 ~1Dilbbt:-Jrt~~~J1m rt ~n~ru~fl~1ti1'\.Jm il~I.Vl1€J~(;l1~nm~l.l.t:-Jrt ' ~ ~ 

il'll'W1~1.1.(;ln~1~nu1'\.J m1:wn1'1~1~~11~ 2-5 lJrt~l.:wm l.l.rt~fl11:Wtl11i.J1~:w1ru 15-20 l3rt~I.:W(;l1 

~~bbt:-J(l.Q'~1:l..J11fl'lltl1tlrtnrt1:W~'Ubbt:-Jrt11:Wfl'U~1D1 bdt:\J 1 'U 1 'Wmru~hfl1'Ubb 1~ n~1oV11~~bb~~ bb(l~ 
' ' ' 

vJtJ(;J1tl tnfl11fl~1tlfln1vJ1vtif ' ~ 

-a::~::u~nneJ mm1'll€J~ hfl~u 1v1m D mtJ 1 D oV'tJ~€l'lltJ~1Dbbrt~oV'€l~€J'llm~11iiu 
'll'W 1~'ll€l~ l.l.t:-Jrt ~~ 1 vtru n'J1~~D 1 u1~t1~ n~1 l.l.t:-J(l(l nm:w~~ ~tJnu 1vi' ~D 1nru.VtJ~€J 1 D ~~il~n~ru~ 

v ' 

l.l.t:-J(l~1~J1 (;11rtvh l.l.rt~ 1 D~nvtrt~~1 nfl1D 1 DI.~:W€1 
' 

-a::~::~el'a'J-:1 tl1oV11b ~~~~b~:W 1~11~ bd€Jflni.~€J11-d'b.V1v1'1rt1tl b:W~~~~~tJV!:W~ 
~ 

1.1.~n1 1. ~m1 1. oV1vl1rt1tl (;l€J'W11~oV111.1.n1n~ l.fltJ 1.~m flm1~~~i.J11n!)1€ltl bl.t:-Jrt~1~J1m(i v111 ~I. i.J11 ~ 
~n~D~1EJ 11~oV11~1~vtci'UI.~tlvt1ti:W1n 1~ t1 1u1~EJ~ -d' ~Dl1 ilm11~D1~'ll€l~ hfl1vtifD1 nru~u~ 

khanitha
Rectangle

khanitha
Rectangle
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UG'l n-iJTJ 1 tJLLt1'\JJl1 fl L vru mLG'l ~111 fl l?l~ltJ t1 t1 muCJ.:J L VI.U t~'llti.:JU'J~L VI Pll VI CJ vh 1 'IX~tJ~tJG'l n-il TJ hi'~u 
~ ~ ... 

fl'J1:W LG1CJVI1 CJ 

Hi':iJ fl1'J'J1 CJ'l1tJfl11:W L~CJVI1 CJ~1flfl1'J'J~'U1Vl'lltl'l hfl1 mTI tJU'J~L VI PI ~tJ BtJL~ CJ 

YJ~uutJ~ LmVI~ LL~~tVICJ 1V1CJ'V'lu111tJtl 1960-1961 t:JG'lt:J~I?l-if111tJu'J~LVIPIBm~CJ"Vl"'l 5-1o 

L '\.J tl {L~tJ ~ LLG'l ~ ~'l'V'l'U fl1 'J'J~'U 1 Vl'U tl'l h fl:W 1 fl fi'lG1tJ'l'Jtl'U 1 tJ'\.J 'J~ LVI PI YJ ~UUtJ~ 1 tJU 1963 'V'l'U fl1 'J 

'J~'U1V1&1.:Jt:J~1,Xt:JG'lt:J~I?l-if11b~CJVI1CJ'\.J'J~:W1UJ 50-60 L'\.Jt~{L~tJ~ LL~~~fl 5 U ~tl:W1'V'l'Ufl1'J'J~'U1Vlfl~'l 
1 VlqJLVJCJVll 1 '!Xt:JG'lt:J~ l?l~Vl~'l'\.J'J~:W1ru 70-85 L '\.Jt~{L~tJ~ &11tJU'J~ LVIPI~tJ LL~~Lfl1VI~ t:JG'lt:J~ ~?~-if11~Vl~'l 

U'J~:w1ru 8 LL~~ 14 L'\.Jt~{L~tJ~ 1 tJU 1970 LLG'l~ 1980 m:w~1~u ~1VI~'UU'J~LV1Pil VICJ 'V'l'UD'lJVI1fl1'J 

'J~'U1Vl'lltl'l hfll VIm tJU 1982 &1.:Jt:JG'lfl'J~VI'U~tlt:J~t:J~I?l-if11Vll1 '!Xt:J~t:J~I?l~VlG'l'lU'J~:W1ru 60 L '\.Jt~{L~tJ~ 

(Wang et al., 2014) 

2.2.1.3 .WtJLim':i:Wfl'J'Ufl:W~ n~ru~~1tJVI1tJ 1 ':ifll VIii' , , 
~ n~ru~fl1 1:w ~1tJVI 1tJ 1 'Jfll VIii' t1 n mu fl:W 1V1 CJ.WtJ Lifl':i'J:WVI~tl VtJ 1 tJ ~1 tJ:w-if11"1i'l 

~ , , 
.wtJLifl'J'J:W~1tJVI1tJ 1 'Jfll Vlif-n~~ b utJ~1VIii'1m tJ fl1'Jfll:S'VJ L ~m1G11 b Vll?l1 'Jfl ~Vlfl'J1:W L~CJV11 CJ~ LflV1~1 n , , 
fl1'Jb-iJ1vh~1CJ "lit~:WLL"lf:WLdm~t~VI~tlvl1G'11mdm~t~'U~nru~t1m~m.U1vhmCJ LUtJ~tJ &1.:Jt:J~Vi11 'IX~tJ 

~ 

-if11G11:W1'Jt1vl1'J'l~i l?l~tJ fl 'J'Ul!J:S' m bL~~G11:w1'Jt11 '!Xt:JG'l t:J~~?~lJl G11:W1':imL Li.:J~'\.J LL 'U'U'lltl'l VtJ~1tJVI1tJ 

hfllVIift~t~mtltJ 2 ~n~ru~ '\.J'J~flt~'UJ11CJ ~n~ru~flUJJl1'V'l bL~~~n~ru~'\.J~mru 1V1CJ~~n~ru~ 
' 

f)UJJl1'V'l (qualitative traits) Vl~tiVtJ~1tJVI1tJVI~fl (major genes) LUtJ~n~ru~~~flfl1'\Jf):W1V1CJVtJ 
"il1tJ1tJii't~ CJ ri m~~~ L .WCJ.:J VtJL~ mVI~tl 2-3 VtJ 1V1 CJ~ VtJ LL~G'1~~1 LLG1 VJ'l'J~~u m1:w~1tJVI1tJt~t~ n:w1 

~ 

L~tJ-tiVJ m~ n~11 \Jl-J1 VtJ ~1tJVI1tJ 1 'Jfll Vlif~t~nmufl:wJ11 CJ VtJVI~ nd~~:n fl11:W~1tJVI1tJ~"il1L 'V'l1~ nu 
~ , 

L ~ t1 'J1 P. griseo 1V1 CJ VtJ G1 1:W 1 'Jtl n1 'J L -if 1Vi1 G'1 1 CJ'll tl'l L ~t~1Jl t1 ci 1'l G1:W\J 'Jru (complete resistance) 

Vi11 '!X~tJ-if11 1~ LLG1 VJ'l m fl1':i'llt~'l1 'Jfl ~ ~1 r1 ru BVIB'V'lG'l'llti.:JG1Jl1'V'l LL 1V1~ t~:w~~ 1~:iJ ~" ~ t1 m ':ibLG1VJ'ltltl n .... 

'lltl'lVtJ~1tJVI1tJ &11tJ~n~ru~'\.J~:w1ru (quatitative traits loci: QTLs) Vl~tiVtJ~1tJVI1tJ'Jtl'l (minor 

oenes) L UtJ ~ n~ru~'U tl'l VtJ ~ 1tJVI 1tJ 1 'Jfll VIii'~ t1 n mu fl:W Jl 1 CJ VtJ "i11tJ 1tJ:W1 n fll1 AVI~m U tJ n ~:w VtJ 
:, \.1 'I 'U 'I 

1~m VtJ~~:iJ'J~~u m1:W~1tJVI 1 tJ l~G1'l:W1 m Vl:iJ t~tJVtJ~ n~ru~fl rum'V'l n~11~t1 ~ n~ru~~1tJVI1tJ 1 ':ifl 
~ ' 

1 Vlif~t~ nmuF1:wJl1 CJ VtJVIm CJA :iJfl11:W~1tJVI1tJ~1~"il1 L'V'l1~ b~1~~'l nuL ~t~G11 b Vl~?~1 ':ifl b ~t~1V1 b ~t~VI~'l 
" 'I " 'I 

bL~G11:W1'Jt1~1tJVI1tJ 1JlV1~1 CJ 1 L ~tl bLG'l ~ LLG1V1'l'J~~um1:w~.:JLb~ ~ 1tJVI1tJ ~1~tJfi .:J'\.J1tJ nm.:J LUtJm1:w 

~1tJVI1tJ~t~1 'Jfll Vlif~fl.:JVItJt~ci1JltJTu 1V1CJ~ L ~t~G11:W 1'Jm -il1Vi1mCJ 1m tJ'J~~uVI~'l ~'l b~CJnm'J~1tJVI1tJ 
~ 

bb 'U 'U d 11 "~ n ~ru ~ ~ 1 tJ VI 1 tJ bL 'U'U 'U 1'l &11 tJ (partial resistance)" 6/i 'l L U tJ ~ n ~ru ~ ~ 1tJ VI 1tJ ~1~ 
G1:W'U 'Jru 1~w~ n~ru ~~ 1tJ Vl1tJ 1 'Jfll VIii'~ (1 fl fl1'\J fl:W ~'lfl ~ 11~ ~ Lb '\.J 'J b '\.J ~ CJtJl '\.J 1?11:W BVIB'V'lG'l'lJ tl'l 

'\J '\J ' ... 
G1 Jl1 'V'l bb 1 V1 G'1 t1 :w (Babujee and Gnanamanickam, 2000; Ballini et al., 2008; Koide et al. , 

2009) 

'\:J~~utJ:iJm'J':i 1 CJ 'l1fl1 'J~tJ'V'l'UVtJ/QTLs ~1tJVI1tJ hfl1mJ:w1nn-;h 1 oo vtJ Vl~t~ , 
QTLs :iJv11LLVIU'lfl':i~~1CJ~-;n~~'l 121m1:w1"lf:w CJm1tJ1m1:w1"lf:w 3 61i.:J'lJ~~utJ~.:JhJ:iJn1':i~tJ'V'l'UVtJ 

' 
~1tJVI1tJhfllmJ (lman et al. , 2014; Yang et al., 2013 and Wang et al., 2012) ~'ll?l1'J1'l~ 
2.2 6/i'lbL~~~1m1:w1"lf:w:iJ"iJ1tJ1tJVtJLVhnu 7, 11, 0, 4, 3, 19, 1, 7, 3, 2, 23 LL~~ 18 1?11:W~1~'\J 
(Wang et al. , 2014) 1V1CJ~:iJm'J1 1 'lvl1bLVIU'l QTLs Fl1'\Jfl:W~m~ru~~1tJVI1tJbfl1VIm~ii't~CJwh 
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347 ~1bbV!tJ\I (Koide et al., 2009) ~\l~tJum~~vi'TUV11tJbfl1Vl~~ -:ruhmJ1vi'~1~1tl.rrTJ~1th:rum 
' " 

45 bUeJ~b~'Uvl .rr11€i'U&itl1 51 bUeJ~b~'Uvl bb~;n~.rr11'1lil(;l~'U1 4 bUeJ~b~'Uvl (lman et al., 2014) 

1(;1 t.J~'U q.rr 11~1'U1 Vlqj ~ ~ b tJ 'U.rr 11~ 'U bli eJ \1 (land race rice) ih ~ t.J \1 ~'U vl1'UV11'U Pi9, Pit33 bb(;'l ~ 
Pi40(t) ~ ~ bb Vl ~ \1 n 1 b il (;] ~ 1 ~ 1 n.rr 11 tJ 1 Oryza min uta 0. rujipogon bb (;'! ~ 0. australiensis 

(;11~~1~'\J (oU'1111(;'1 ~'UV1~1!;1~t.J1-r(;l'l1 bb(;'l~ 1;1~~~ bfl(;l\11~ , 2552; Koide et al., 2009) ~1tl ' , , 
m1~ n11VltJ1Vl1\lvl 1'U eJru~w5~'UuP!1!;1(;l~vh1 mvi'~m~ 1fl (;'l'U~'U vl1'UV11'U 1 ~fl1 Vl~ b ~ e1 1 ~Vl ~1'\J 

" ' ' 
~ 1 bb VltJ\I'UtJ 1fl~ 1~ 1'1!~ bb(;'l~ m~v1'1\11tJ'lleJ\I ~tJvJ1'UV11'Ub Vl~1tTtJ ~'~1 tJ\J~~utJ~eJ ~1\ltJeJ t.1 22 ~'U 

' 
~1vi'~m~1fl(;'l'U~'U (Chen et al., 2014; lman et al., 2014) 

.,j cj lJ 1 1 vd lJ 1 0 I I 1 1 1 m~1\1Vl 2.2 bbi;1(;1\lt.J'U(;l1'UV11'U ~fl Vl~Vlfl'U~'U tJmbbVltJ\Im\11 'U'U fl~ ~ 'I!~ 

'lleJ\1-rr 11 ~\I~ 'U ·:h ~'U vJ1'UV11'U bfl1 mTI 'U.rr 11 ~1tJ1 Vlqj~~ m~ru~ b U'U ~'U b~ 'U~\IVl~ (;] t.J m l'U ~ tJ 

vl1'UV11'U pi21 ~~~1bbVltJ\IeJ~'U'U1fl~1~1'1!~ 4 ~bU'U~'Uvlelt.J (single recessive gene) eJ~~~Vll1\l 
bfl~el\1Vl~1t.J RFLP 1vi'bbtl G271 bb(;'l~ G317 m~~1~'U (oU'1111(;'1 ~'UV1~1!;1~t.J1-r(;lu bb(;'l~ 1;1~~~ bfl(;l\11~, , , , 
2552; Fukuoka and Kuho, 2001) fl11~!;11~1~rl'llel\I~'U1 'Un1~vl1'UV11'U bfl1 Vl~~1bb 'Ufl(;l1~~1'U1'U 

b~eJi;11bVl~ hfl~1vi'~n1~VJ(;li;1eJ'U~'~1 tJ~eJ'ItJiju&im~bb(;'l~i;1.tl1~bb U(;'l\1 !;11m~r~~1bb tJn1vi'btltJ 2 n~~ 
~el ~'Uvl1'UV11'U hfl1 Vl~bb 'U'U bbfl'U (narrow spectrum resistance gene) bb(;'l~~'Uvl1'UV11'U hfl1 Vl~ 

bb 'U'Utll1\l (broad spectrum resistance gene) ~\I~'UbVl~1d1vi'11\1~1bbVltJ\I'U'U 1fl~1~ 1'1!~-rr11~1~\l 
121fl~1~1'1!~ 
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1'1Tl1{1~ 2.2 ~'U bb":: QTLs fl"J'Ufll:U~n~ru::~1'UV11'Uhfll1'111:lJ"lJa{leU1"J vl1bb'IIIU{I bfl~eJ{I'IIf:U1f.l • 
~b~'Ubel i;l1f.loW'Ufii.~~'U bb"::"llill'l'tleJ{IeU1"J~biJ'Ubb'lll~{loW'U5n'l'l:U • • 

Donor rice Map position 
Chr. Gene Markers 

Variety Rice type (eM) 

1 Pi27(t)* 014 - 28.4-38.8 RM151, RM259 

1 Pip(t) Tetep Indica 114.1 RM246 

1 Pit Tjiahdja Japonica 12.2 t311, t256, t8042 

2 Pi14(t) Maowangu - - Amp-1 

2 Pi16(t) Aus373 - - Amp-1 

2 PiOa(t) Dacca6 - 10.8-1 4.4 RM211, RM5529 

2 Pidl(t) Digu Indica 87.5-89.9 RM262 

2 Pitq-5 Teqing Indica 150.5-157.5 RG520, RZ446b 

2 Pig(t) Guangchangzhan Indica 142.0-154.1 
RM166, RM208, 

Ken53-33 

2 Piy(t) Yanxian No.1 Indica 153.2-154.1 RM3284, RM208 

4 Pi39(t) Chubu 111 Japonica 107.4-108.2 RM3743, RM5473 

4 pi21 Owarihatamochi Japonica 58.6 P702D03 #79,G27 1, G317 

5 PilO(t) Tongil Indica 88.5-102.8 RG 13 

5 Pi23(t) Suweon 365 Japonica 59.3-99.5 -

6 Pi2-1 Tianjingyeshengdao - Allilic to Pi2/9 AP479 1, AP4007 

6 Pi2-2 Jefferson - 58.7 RM198 17,AP5659-5 

6 PiB(t) Kasalath Indica 74.6-78.2 Amp-3 

6 Pi13(t) Maowangu - 74.6-78.2 Amp-3 

6 Pi13(t) Kasalath Indica 67.7-68.5 RM2123, RM20155 

6 Pi22(t) Suweon 365 Japonica 38.4-41.9 -

6 Pi26(t) Gumei 2 Indica 51.0-6 1.6 810, R674 

6 Pi40(t) IR65482-4-136-2-2 0. australiensis 54.1-6 1.6 RM527, RM3330 

6 Pi50(t) Er-Ba-Zhan - 46.8 GDAP51, GDAP16 

6 Pigm(t) Gumei 4 Indica 65.8 (5483, (0428 

6 Piz Zenith - 58.7 z4792, z60510,z5765 

6 Pitq-1 Teqing Indica 103.0-124.4 C236, RG653 

7 Pi17(t) DJ123 - 94.0-104.0 Est9 

8 Pi42(t) Zhe733 - 58.5 RM72 

8 Pi33(t) IR64 Indica 45.4 RM72, C483 

8 Pi55(t) Yuejingsimiao 2 - 99.1-102.1 RM1345, RM3452 

8 PiGO-l(t) Sanhuangzhan 2 - 53.7 RG1034 

9 Pi3(t) C104PKT - 31.3-33.0 40N23r 

9 Pi15(t) GA25 - 31.3-34.9 CRG3,CRG4 

9 Pi56(t) Sanhuangzhan 2 - 31 .3 RM24022 

10 PiG0-2(t) Sanhuangzhan 2 - - R16, R1 4B 

i 
~111 : Wang et al. (2014); Miah et al. (2013) 
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~1'l1.:J~ 2.2 ~'U bb£'1~ QTLs fl"l\Jfl1l~n~ru~l'i'1'U'V11'Uhflhnj'"lle:WU1"J ~1bb'WU.:J bfl~el.:JVI111£J • 
~b~'Ubel ~1£J.W'U5l.,.;'~'U bb£'1~"llil~"lleJ.:J'ti'1'J~ bU'Ubb Vilii.:J.W'U5m'l11 c~e1) • • 

Donor rice Map position 
Chr. Gene Markers 

Variety Rice type (eM) 

11 Pi18(t) Suweon 365 Japonica 117.9 RZ536 

11 Pi38(t) Tadukan Indica 79.1-88.7 RM206, RM21 

11 Pi44(t) Moroberekan Japonica 91.4-117.9 AF349 

11 PiC039(t) C039 Indica 49.1 52712 

11 Pilm-2 Lemont Japonica 56.2-117.9 R4, RZ536 

11 Pi7(t) Moroberekan Japonica 71 .4-84.3 RG103, RG16 

11 Pi47(t) Xiangzi 3150 - 104.2-120.1 RM206, RM224 

11 Pi43(t) Zhe733 - 109.5 RM1233 

11 Piks Bengal, M201 - 115.1-117.3 RM224, RM1233 

11 Pikg(t) GA20 - 119.9-120.3 -

11 Piy(t) Yunyin - 54 RM202 

11 Pizy(t) Ziyu44 - 102.9 RM206 

12 Pi19(t) Aichi Asahi Japonica 50.4-51.5 RM27937, RM1337 

12 Pita-2 Tetep, Pi No.4 - 50.4 -

12 Pi6(t) Apura - 12.2-47.9 RG457, RG869 

12 Pi62(t) Yashiro-mochi Japonica 12.2-26.0 RG9, RZ8 16 

12 Pi24(t)* Zhong 156 Indica 51.5 RG241A 

12 Pi12(t) Moroberekan Japonica 47.9 RG869 

12 Pi20(t) IR24 Indica 51.5-51.8 RM1337, RM5364, RM7102 

12 PiG0-3 Sanhuangzhan 2 - 55.8 RM 179 

12 Pi51(t) Tianjingyeshengdao - - RM5364, RM27990 

12 Pi39(t)* 0 15 - 50.4 RM27933, RM27940 

12 Pi41(t) 93-11 Indica RM28130 

12 Pi157(t) Moroberekan Japonica 49.5-62.2 RG341, RG9 

12 Pi48(t) Xiangzi 3150 - RM5364, RM7102 

12 Pitq-6 Teqing Indica 47.9 RG869, RZ397 

12 Pihl(t) Hongjiaozhan - 47.9 RG869, RG81 

~111: Wang et al. (2014); Miah e t al. (2013) 

1) fl1';i11'1~1 bb Vl 'll'I~ 'Ufl1U fl1l~m~ru~~1'U'V11 'U 1 ';ifl1 VIm 'Uoii'11 
' 

ll1';i11'1~1 bb VIti 'I ~'U~1 'U V11'U 1 ';ifl1 Vl~~m U'U ll1';i';i~ 'U ~1 bb Vlti'l"lJ 'El 'I ~'U /QTls 
' 

'U'U 1m 1ll 1"1fllif11 1V~ tJ ~ 'Ub VI~Td~1lJ1';i tl ~1 tJVl 'El V!Vl1'1~'U6fn';ill1 tJ~'I~'U ~ n VIm'U 1~ ~" ~'U/QTLs 
' ' OJ 

~ Vl ';i1 'U ~ 1 bb VIti'! b VI ~ 1-d ~ ~ ~ fl1 1lJ 1n f{:U VI fl'U bfl ~'El'IVIlJ 1 tJ ~ b~'U b'El 'U 'U bbr.J 'U ~ ~ 'U 6 f) ';i';i ';i lJ"lJ 'EJ'Ioif 11 
' 

( m';i1'1 ~ 2.2) vh 1 ~'!! ntJ -ru'\.J';i'I~'Ui5~1 l.l1 ';i ti~VIml.lfl1';i~1 tJVl'ElVI~'U/QTLs fld\Jfll.l~ n~ru~~1'U V11'U 
' ' ' 

1 ';i fl1 Vlm~Vl f1~'U~Vllll1';i'\.J-ru tJ-r'I~'Utj D ~ ~U'U~Il1';i11'1~1bbVIoJ .:i~ 'U ~1'UVl1'U 1 ';i fl1 VI~'El~1'1 bb~ ~ VIm tJ , , , , 
b~'U n1';i~ ~1'1 bbr.J 'U ~ ~'Uli n ';i ';il.l "lJ 'El'l QTLs fl 1'\J fll.l ~ n ~ru ~ ~ 1'U Vl1 'U b fl1 u1 VI ~ 1 'U ~'Ut5oif 11 

' ' ' 
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Pongsu Seribu21~r'UI"l111J 1'1 1'UV11'Uiil 1nVI'Uq Malaysian ;J.:~iJ 1"1111J 1'11'UV11'U bb uu wide

spectrum resistance ~a 111"11 VIii' vh n 1'H'f~1-:J Pi m~n1 'U th~'l11 n 'j F3 (families) "il1'U1'U 188 

;;'!1CJVI'U6<tJa.:~rit:-J;;'f1J'j~VI11.:~VT'U6 Mahsuri (eia'Ubba) btl'UVI'U6oU11~UCJ1JU~n bb~~VT'U6 Ponosu 
" 'U " " \J q .:::, 

Seribu2 (l'i'1'UV11'U) 1-ti'bl"l~a.:JVI1J1CJ'l1UV1 SSR 1'Ufl1'j;;'f~1-:J linkage map ~maur1~1J 10 1A'j11J1"1!1l 

;J.:~iJ"iJ1'UTU 63 bl"l~a.:JVI1J1CJ t:-J~fl1'jPln'\.oJ1'Vi'U 13 QTLs ~1bbVIU.:J'U'U1m11l1"1!1l~ 1 2 3 5 6 10 11 

bb~~ 12 a5'U1CJI"l111ll'i'1'UV11'U br11 'U 1 Vlii'b~a1bm1~~bb 'U'U QTL b~CJ11 (single QTLs analysis) iJ 

ri1~-:Jbb~ 2 ii.:~ 13 bUa~b~'U~ bb~~a5'U1CJI"l111ll'i'1'UV11'Ubl"l1VIif'I.Ja.:JU'j~'lJ1m F3 b'Vhnu 80 

b tJ a~b~'U~ ~mHu~ 1"1111JI'i'1'UV11'U bU'Vi1~~1'U'il a.:~ 1 u1 'UVI'U~m'jlJ 1'1 1'UV11'U'tl a.:~oUTJVI'U q Pongsu 

Seribu2 b~a'j11Jt:-J~fl1'jbb;;'!V1-:Jaa nbb;;'!V1-:J1 ~b ~'Uii.:~ t:-J~ ~.:~ n~ 1111 il~.:~~'UI'i'1'UV11'U 1 'jfl1 VIii'~ b tl'U~'U 
l'i'1'UV11'UVI~n bb~~~'UI'i'1'UV11'U'ja.:J (Ashkani et al., 2013) 

Jia et al. (2011) il'UV11 QTLs 1"11'UI"lll~n'lofru~l'i'1'UV11'U1'jfl1VIif mCJ11'i'm'j , 
~ 1 'j 11il b ~ a btl 'U oU a 1J ~ 1"1111J l'i' 1 'U V11 'U 1 'j 1"11 VI if 'tJ a .:1 VI 'U 61'1 1 'U V11 'U bb ~ ~ VI 'U 6 el a 'U bb a 1 VI CJ 1 otl b ~a 

'U ' , 

121a1"1lb~Vl :U1flfl1'jVJVJ;;'fauvh1m~b~a"il1'U1'U 61a1"1lb~Vl :u1n~.:~i,1JV1 121a1"1lb~Vl b~aH1t~m'j 
vl1bbt:-J'U~VI'Uum'j1J Pln'lof11'U'IJ'j~'IJ1m Rlls "il1t11'U 227 1.'!1CJVI'U6 lil1fln1'jt:-J1.'!m~VI11.:~.U11VI'U6 

' ' ' 
Lemont (moderately susceptible japonica cultivar) bb~~ Yrt~q Jasmine 85 (moderately 

resistant indica cultivar) lil1fln1'jPlfl'lof1Vi'U"il1'U1'U QTLs ~1"11'UI"l1J~fl'lofru~l'i'1'UVl1'Ubl"l1VIif 
' 

"il1'U1'U 9 QTLs 1V~CJ;;'f11J1'jt1a5u1CJ~fl'loff11~1"1111JI'i'1'UVl1'Ubl"l1mJL~~.:~bb~ 5.17 ii.:~ 26.53 

bUa~b~'U~ iJ~1bbVIU.:J'U'U1fl'j11J1"1!1l~ 3 8 9 11 bb~~ 12 1'111J~1~'U lil1flfl1'j~Vlil'UVI1 QTLs l"ld'UI"lll 
' 

~ fl 'loff11 ~ 1'1 1'UVl1'U 1 'j 1"11 VI if oU1.:! 1'1 'U b tl'U n1'jU 'j~ b:iJ'U ~ fl'lofru ~ m 11ll'i' 1'UV11'U 1 'j 1"11 VIm 'U 1.'! .fl1'Vi 1 'j.:! b1a 'U 

;J.:~ b tl'U;;'!m'Vi~ilm'j~VJ fl1'j;;'f.fl1'Vibb 1V~Gi'a1J 1~vi'1ii.:~ v\'11 ~fl1'jVJVJ~a.:~ hJilr1111J bb 'IJ'j'IJ'j'J'U1J1fl b~a b V1 CJ'U 

tl'U fl1'jVJVJ1.'!a'U 1"1111JI'i'1'UV11'U br11 VIm 'U1.'!.fl1'Vi bb U~.:J~iJ fl1'j'j~'lJ1Vllil~.:J ~.:Jt!'U ~.:JiJ fl~1J'I1n1 ~ CJ 1~ 
' 

~m1i'1bbt:-J'U~VI'Uum'j1J QTLs 1"11'UI"l1JI"l111ll'i'1'UVl1'U1'U;;'f.fl1'VibbU~.:J (field blast resistance) , ' 
. 1'11a~1.:1b'li'U Sato et al. (2006) ~Vlvl1 QTLs mapping ~1VI-rum11JI'i'1'UVl1'Ubl"l1VIif;;'fm'VibbU~.:J 

'iJa.:JoU111~~~'U (japanese upland rice) VI'U~ Norin12 ~a URN12 vl1fl1'jPifl'lof11'U'IJ'j~'IJ1m F3 

"iJ1'U1'U 136 ;;'f1CJVT'U6 :U1nrlt:-J;;'f1J'j~VIl1.:! URN12 ( l'i'1'UVl1'U~ahl"l1VIif) bbG'l~ koshihikari (Ba'Ubba 
, 'U 

~ahl"l1VIif) ~.:Jribtl'UoU11 japonica oU'a1J~~1'U1VJu1-tibl"l~a.:~V11J1CJ SSR ~bbCJnl"l111Jbb\ilfl~1-:J'j~VI11.:~ 
'U 'U 

~amJ "il1'U1'U 125 bl"l~a.:JVI1J1CJ ~1VIr'U;;'f~1.:! bbt:-J'U~VT'Uum'jlJ ~1'UoUa1J~VJ1 'U 1 VlUU'j~b:iJ'U1 'U;;'f.fl1'Vi 
' 'U 

bbUG'l.:J1V~CJ1-tib~a1a1"1lb~Vl AI 79-142 (race 037.3) t:-J~fl1'jVJVJ~a.:~'Viu11 iJ QTLs l"l1'UI"l1J~fl'loff11~ , 
1'1 1'U Vl1'U h 1"11 VIii' "il1'U 1'U 2 QTLs (qBFR3 bb~ ~ qBFR11) iJ ~ 1 bb VIU.:J a ~'U'U 11"111l 1'111l 3 bb~ ~ 11 

'j~VI11-:Jbl"l1a.:~VI1J1CJ RM3513-RM2334 bb~~ RM209-RM5349 1.'!11J1'jt1a5U1CJI"l111JI'i'1'UV11'U 

bl"l1VIif;;'f.fl1'VibbUG1-:J (R2
) bvhnu 8.3 bb~~ 39.2 bUa~b~'U~ 1011mh~u bb~~~.:J;;'fa.:J QTLs lbm1~~ 

bb'U'U multiple analysis ilri1 R2 bvhnu 40.8 b'IJa~b~'U ~ b'li'Ub~CJ1n'Un'U Sabouri et al. (2011) 

m1:U;;'fa'U QTLs mu ~ll ~ fl'lofru~ l'i'1'UV11'U br11 Vlif;;'f.fl1 'Vi bb 'IJ~.:~ 1 'U oU' 11<tJa.:~tJ 'j~'IJ1 fl'j F2:3 "il1'U1 'U 

192 ;;'!1CJVT'U6 :U1fln1'jt:-J;;'f1J'j~VI11.:~.U11BVI~1'U;;'fa.:JVT'U6'1J'j~fla'U~1CJ VTt~6eia'Ubba ~a Tarom , , , 
Mahalli (TAM) bbG'l~ VTt~61'11'UVl1'U ~a Khazar (KHZ) 1 -ti' bl"l~a.:JVI1J 1 CJ SSR ~fl'ja'lJA~ll~1'Ull , , 
1231.50 eM ;;'!~1-:Jbbt:-J'U~VT'U5fl'j'j1J1VICJ1otl SSR "il1'U1'U 74 bl"l~a.:JV11J1CJ ~'Url'U QTLs l"ld'UI"lll 

' ' 
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~n~ru~~1'i.JV11'i.Jbfl1vnrJJ-wi6 interval mapping vrt.rh ii QTLs ri1'Ufll.IA11l.l~1'i.JV11'i.Jhfl1VI~ 

~ .fl1VHb LJ ~\I .X \IVIl.l VI 7 QTLs ii 111' 1 bb VltJ\1'\J'i.J Lfl~ Ll.l L'lll.l 1 3 4 5 bb~ ~ 11 1'11l.l~ 1 ~'IJ .X \1 7 QTLs 

e16u1 EJ AJ1l.l~1'i.JV11'i.J 1 ~1"11 Vl~~mvm LJ~\IfleJ'I.J-if1\l~\l ~\l,r'i.J ~\1(1\1 b U'I.J-ifeJl.I~Vl1\l~'i.Jlm~~l.l~ci'1A'ru 1 'i.J 
\1 \1 " Ill 

m~LJ-ruLJ~\I~'I.J6-if11VIeJl.l 1 ~~1'i.JV11'i.J 1 ~1"11 Vl~b ~m ~l.IPlm.l.flTVi'IJeJ\1~1EJ~'I.J6-if11~eJ 1 LJ 
' ' ' 

'i.J eJ n -:u 1 n -:il V~vi1 bb~ 'i.J~~'i.J on ~~l.l1 'I.Ji.J ~~'111 n~-if 11 b ~ eJ fl'i.JVI1111' 1 bb VltJ \1 ~'i.J 
' 

~1'i.JV11'i.Jhfl1VIm'I.J-if11bbiK1,1'i.J Sreewongchai et al. (2009) -:ilV~vi1bb~'i.J~~'i.J~m~l.I'IJeJ\Ib~eJ~1bVI~ 
hfl1 Vl~~bU'i.J b ~eJ~~1m~m -if1vi1~1EJ~'I.J-if11~~'i.J~1'i.JV11'i.J hfl1 VI~ (avirulence gene) ~\lb ~eJ~1 
~1bVI~hfliim1l.l~l.I~'I.J6~~\Itl'IJ QTLs ~AJ'Ufll.l~n~ru~~1'i.JV11'i.Jhfl1u1VI~ bb~~ 'lieJV~eJn 1'1.J-if11 ' , 
~'I.J6b-:5'1VIeJl.lii~ folru~tini-:ilEJ1J!Pin~1~n~ru~'IJeJ\Ib~eJ~1bVI~ hfl1 Vl~'11iiV~ avirulence 'IJeJ\Ib~eJ~1 bVI~ 

' ' ' 
hfl1 VlmeJ L'llb~Vl TH 16 Pin~11 'I.Ji.J~~'111mb~eJ~1bVI~ bA~iim~m~-:u1EJ~1LV~E.Jvi1m~~l.l~i.JeJ{ , ' 
(random ascospore progenies) ~1'i.J1'i.J 140 ~i.JeJ{ 1Jl-:u1nm~~~l.I~~VI11\Ib~eJ~1bVI~hfl1VI~ 
1eJL'Ilb~Vl 81-2 btl'IJ':il1n~'I.J-if11 (Oryza sativa L.) 1'1.Ji.J~~bV11"11VlEJ bb~~1eJL'I!b~Vl TH16 ~bnu-:u1n 
-if11'1J1{bmJ (Hordeum vulgare L.) ibfl~1~v;m~m~':il1EJ~1'1JeJ\I~n~ru~ avirulence 'IJ'I.J-if11~'i.J~ 

b-:5'1VIeJl.lii~~1'i.J1'i.J 2 ~~EJ~ 1Jlbbn ~~EJ~~'i.JnlK1 bb~~ ~~EJ~eJeJnV~eJn 1'1.J't.h~'111m~-:ilV~vi1bb~'i.J~ 
~'I.Jum~l.l bfl~mVIl.l1 EJLl.lb~n~m -u~~1\l bb~'i.J~~'i.Jum~l.l 1Jl-:u1mb~'I.J~~'I.Jum~l.l~iim~B'1'~~'~ LV~EJ1 i' , " , " 
bfl~eJ\IVIl.I1EJ'11iiV~ SSR ~1'i.J1'i.J 39 bfl~eJ\IVIl.l1 EJ ~\lfl~eJ'\Jfl~l.I.X\1 7 1m Ll.l L'lll.l 'IJ eJ\1 b ~eJ~1 b VI~ hfl1 VI~ ' , 
~\lij~~E.I~~1\Ibb~~~bfl~eJ\I'VIl.J1E.Ib'Vhtl'IJ 11.9 eM ':il 1nn1~VlVI~eJ\I LJ~~'111mb~eJ~1bVI~ hfl1VI~moUvi1 , 
bb~'i.J~~'i.J~m~l.liim~m~-:u1EJ~1~bU'i.J pathogenic bb~~ non-pathogenic 'IJ'I.J-if11~'i.J~b-:5'1VIeJl.lii~ 
whnu 1:1 .X\I~eJ\I~~EJ~m~b-:u~t1Jb~u1~'1JeJ\I~'I.J-if11 bdeJi bfl~1 ~v;l'i'1bbVI tJ\I QTLs ~u11 QTLs 'IJeJ\1 

avirulence gene ii111'1bbVItJ\I'IJ'i.JLfl~Ll.IL'Ill.l 2 ~~VIl1\lbfl~eJ\IVIl.I1EJ Pyms305 bb~~ Pyms435 

eJ6'1J1E.Jrh PVE 1'1.J~~EJ~~'i.JnlK1bb~~eJeJnV~eJfl'IJeJ\I~'I.J-if11 bvhnu 16.69 bb~~ 20.26 ml.l~1~u LV~EJ1-li 

~eJI'i'1bbVItJ\I'IJeJ\I QTLs -d'~mhVI'I.JV~1~bU'i.J Avr-JHN(Lb) and Avr- JHN(pb) ~~\ltl'IJ~n~ru~ 
1 ~1"11 u 1 Vl~bb~~ 1 VI~ fle:J~1\I ':il1flPlfl~1.X\I.Q fl~l.ltini-:il EJ~1l.l1~t11·~\ U'i.J~'i.J~e:J'i.J 1 'i.Jfl1~b~l.l~'i.Jm~ Lfl~'i.J~'i.J , 
b~e:Jfl'i.JVI1~1bbVItJ\I'IJeJ\I avirulence gene ~ii~e:~hA1u1VI~ bb~~1VI~flm1\l 

-:u1 n m~Pi n~1-if1\l~'i.J -:u~ b ~'i.J 1Jl-hii.X\I fl1~-:ilm11 bb~'i.J~~'i.Jum~l.lmu fll.l ' , 
1 ~1"11 VI~.X\11 'i.J~'1.J6-if11V1~e:J b~e:J~1bVI~ 1 ~fl ~e:J b U'I.J-ife:Jl.l~~iim1l.lci'1A' rul.l1n1 'i.J\11'i.JLJ-ruLJ~\I~'I.J6 -if11 

't 't \J IV 't Ill 

vi11 ~tini-:ilE.Jii-ife:~l.I~.X'~~e:J\IV11\I b ~e:~m~ 1 i'LJ~~ LEJ'11'1.J1 ~bnVJ't.J'j~ 1EJ'11U~\I?tV~1 'I.Jfl1'j't.J-ruLJ~\I~'I.J6-if11 
'\J \1 , , , 

b~e:~-run e:~ nu n1~~~u 1V1'1Je:J\11 ~1"11 VI~~ e:~1-:u bnV~1J!Vl n bd e:~ u-:u-:u'IJ'I.Jii 'j1EJ\11'i.J fl1'j11\ll'i'1 bb Vltl\1 ~ 'i.J , , 
~1'i.JV11'i.J 1 ~1"11 Vli!'IJ'I.J~1 'I.Jl.l-if11e:J~1\Ibb ~~VImEJ ~\l-ife:Jl.l~~1bbVItJ\I~'i.J~1'i.JV11'i.J 1 'jfl1 Vlif~m U'I.Ji.J~~ LEJ'11U 

" 
e:J~1\Il.l1 n1 'i.Jfl1~~ (9).J'i.J1?11 EJ~1.J6-if111 ~~1'i.JV11'i.J 1 ~1"11 VIii' ~1 e:J ~1\1'/Je:J\1~1 bb VltJ\1 ~'i.J~\1 n~ 11bb?IV~\11 'i.J , 
(m~~ 2. 7) Vl~\l':il1 flV1~1u~1 bb VltJ\I'IJe:J\1 ~'i.J~1'i.JV11'i.J hfl1 VIii' bblK1 tini-:il EJVIm E.l1 n~l.l EJ\Ivi1 n1~Pi n~1 
b ~e:J 1 ~Vl~1'\J()\I m~vi1VIU1~ Vl~mbii'bb~ Lfl~\1?1~1\1~1\11 .x\IV11\I bfliiVI~mbii' bb~i.J~ n~mm~~e:J'\J?f'i.Je:J\1 
'1Jel\1~'1.J-if11 bde:~ii~'I.J~1'i.JV11'i.Jb V1~1-d'1 'i.J~'i.Jum~l.l b ~e:J 1 ~~n~ 1n m~vi1VIU1~'1Je:J\I ~'i.J vi11 ~m'jU1~'i.J~ , " 
vi1fl1'jfl'i.J~u-d'1LJ1-liu~~1EJ'11'1.J1Jle:~~1\liiLJ~~~Vl5.n1~?f\l?fVI " , 
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.fi1 Yl~ 2. 7 ~1bb'VI'Li-:!EhJ~1'U'VI 1'U hflb'VI~~'W'Ub'UoU1'l 
~1J1: Liu et al. (2010) 

2) 1fl';j-:J?f~1'1bb{;l~'VJ,j'1~'lJeJ'I~'U~1'U'VI1'U1 ';if} 1 VI~ 

22 

• 

12 

f11';ji'J eJu ?l'l.l eJ'I'lJeJ'I~'l.l ~ 1'l.I'VI1'l.l 1 ';iA 1 VI~~ m~ eJ';j1?f1 b VI~ 1 ';iA 1B 1"1lb{;1Vl ~ 1'11 

ih~uu fl1';i"leJU?I'UeJ'I~ Vl{;l1 flVImtJ ?11lJ 1';itl"il1bb 'l.l n ~'l.l~ 1'l.I'VI1'U"lllJ"I1'U ~'lJeJ'I1 U';i~ 'U (encoding 

protein) ~~fl1';ibb'I.Jm~?leJeJfllJ1 ~'11 '\J';i~'UbVI~1-d~VI,J1~"leJU?I'UeJ'Ib~m~mrlJ~?I~'U'UTJ?I1lJ1';imb u-:J1v1 

Vl(;l1tJU';i~b.fi'VI l'i'leJ~1'1b-d'U receptor kinase, proline-containing protein bb{;l~ nucleotide 

binding site plus leucine-rich repeat (NBS-LRR) b'IJ'U~'U ~'11'\J';i~'UbVI~1-d'~m1lJ~1~11J~Bfl1';i 
"leJU?I'UeJ'I'lJeJ'I~'U~1'U'VI 1 'U bA LVI~ 1~ tJ fl~lJ~1 Vlru~ ?!~ ~1~ ru~ ?!~ bb{;l~'WUlJ1fl~?f ~'11fl~'U~ 1'U'VI1'U , .... , u , , 

bALVI~~'IVIlJ~~1v1-run1';i1Am..!~1b~'l AeJ NBS-LRR (Martin et al., 2003; Howles et al., 2005; 

Liu et al., 2010; Wang et al., 2014) U'l~U'U~'U~1'U'VI1'UhALVI~"il1'Ul'U 22 ~'U ~1v1-rum';i1A{;l'Ubb~l 
1vlbbrl Pit, Pi37, Pish, Pib, pi21, Pid2, Pi9, Pi2, Piz-t, Pid3, Pi25, Pi36, PiS, Pil, Pik, Pikm, Pikp, 

Pikh, Pi54rh, Pia, Pbl, bb{;l~ Pita mlJ"1vlU (Wang et al. 1999; Bryan et al. 2000; Sharma et 

al. 2005; Qu et al. 2006; Zhou et al. 2006; Chen et al. 2006; Liu et al. 2007; Lin et al. 

2007; Ashikawa et al. 2008; Hayashi and Yoshida 2009; Lee et al. 2009; Shang et al. 

2009; Fukuoka et al. 2009; Hayashi et al. 2010; Takahashi et al. 2010; Zhai et al. 2011; 

Yuan et al. 2011; Okuyama et al. 2011; Tang et al. 2011; Chen et al. 2011; Das et al. 

2012) '11flf11-;iPlfl~1VI,j'1~'lJeJ'I~'U~1'UV11'UbA1VI~~'I 22 ~'U ~Ul1 ~~'U~1'UV11'UbALVI~~bU'U~'U 
Vl~n"il1'Ul'U 20 ~'U bb{;l~~'U~1'UV11'UhALVI~~bU'U~'U';ieJ'I"il1'Ul'U 2 ~'U "11mhKu Lvlbbn Pbl bb{;l~ pi21 

(Wang et al., 2014) 1~tJ~'U~1'UV11'Ucil'U1VI~'l~~'llu~1'\J';i~'UbbUU NBS-LRR ~mu'U1A';i'l?f~1'1~ 
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Yf\JUeJ~~~Vl'lltl-:J~'UvlTUYl1'UlU~'UvlTUY11'UhAhnJ (20 ~'U) ihYl~-:J~'U Pid2 LLfl~ pi21 ~\,.jijltJ".i~'U 
LL'U'U NBS-LRR 1V1~~'U~-:J?feJ-:JlJ'l1'WV11tJ".i~'ULL'U'U B-lectin kinase protein LLfl~ proline containing 

protein l'l1l1~1~'\J (Liu et al., 2010; Wang et al. , 2014) 1V1~1tJ".i~'U'l1'WV1 NBS-LRR U".i~fle:J'U~':W 

~'UVJ1'UY11'U 1 ".iA 1 VilJ~A1Vl'JTU1"il~LU'U~1'U~LiiV1tJ5 fi1m~e:J~'Ufle:J 1 ".iA'lleJ-:JL;fftl".i1?f1LVill) 1 ".iA 1 Vim'U.rr11~-:J 
LU'U1Ul'l1l.lfl!J gene-for-gene (Flor, 1971) 

3) m".itJ-rutJH~~'w5-rr11vl1'UY1 1'U 1 ".iA 1 VilJ ' . 
"il1flfl1".iYl".i1'\J-rre:Jl.lfl vh LL ViU-:J~'U/QTLs A1'\JAl.l~fl~ru~vl1'UY11'U 1 ".iA 1 VilJ'U'U " . 

m: 'Ul1-rr11"il~th 1 tJ~m".itJ-rutJ".i -:~~w5-rr11VJ1 'UY11'U 1 ".iA 1 Vim ~iJm1l1~-:~ ~'U 1V1~m".it11 LA~t~-:~VIm ~~ LB'U 
'lJ ' ' 

Le:J~1n~:S Vl tl'U ~'U vi' 1'UY11'U L Vi~1,r'Ul.J 1 L U'U LA ~e:J-:1~ tl~1 ~ 1 'U fl1".irlVl L~ eJ fl L ~tl 1 m~l11~-:~-rr 11?11 ~~'U 5 
' 

1 mJ~iJm1l.l L~'U1 'U~ n~ru~VJ1'UY11'U 1 ".iA 1 VilJ LL~ ~-:~A-:~~ n~ru~ L~~~~e:J ~ LL~1 H eJ ~1-:1 1 ".inm~ L;ffe:J 
'lJ 

?f1L Vll'l1 ".iA 1 VilJlJA11~Vifl1flVifl1 ~~1fl LLfl~ LL~fl ~flVlfl1fllJfl1".i".i~'U1Vl'lltl-:J L ;fftl~~1-:J 1t~ 1"11Lf1Yltl'Utle:Jfl1 tJ 
' "I '" 

(111~ LL~ ~ ~ fl1(1 ,r'U 1 ~-:J,r'U ~-:JlJA1 1~ -;J 1 L U'U vi' e:J-:1 1 otlLL Vi~-:J~'U qfl".i".i~Vl1'UY11'U~lJ ~'U Vl1'U Yl1'U ~ eJ L ;ff eJ 

?f1L VIII) 1 ".iAVifl1~1eJ 1"1!Lfll'l Vi~tlfl1".i".i1~vl1LLViU-:J~'Uvl1'UY1 1'UVifl1mh LLVIU-:11 'U~'U~L~~1 (pyramiding 

breedino) ~'U5-rr11L41Vie:J~'Wfl~mu'ULL Vi~-:J~'U5fl".i".i~Vi~-:~~iJ~'Uvl1'UY11'U 1 ".iA 1 VilJLL 'U'Ufll1-:J (broad :> • • 

spectrum resistance) ~1LU'ULLVi~-:J~'Uqm".i~vl1'UY11'U hw~(9).J'U1U".i~'l11fl".i recombinant 

inbred lines (flmH'1~otl1~'U F6) "il1flfleH'1~".i~Vil1-:JL41VieJ~Ufl LLfl~'ll11Vle:Jfl~~~ 105 :J1'U1'U 
" ' 'lJ 

587 ?f1~~'U5 L~tltJ1~11LA".i1~,vl1LLViU-:J'lleJ-:J~'Uvl1'UY11'U1 ".iA 1VI1J 1V1~~'Uvl1'UY11'U1 ".iA 1 Vim 'UL41Vie:J~ 
' 

Ufl,r'U~'Ul1lJfl1".i11-:Jvl1tl~'U'U1A".i1~1"1f~~ 1 LLfl~ 11 ~-:JlJvl1LLViU-:JeJ~".i~Vil1-:JLA~tl-:!Vi~1~~LB'ULtl 
'lJ 'lJ 

RM121-RM319 lJ".i~~~'lti1-:1 1.8 eM LLfl~ RM224-RM144 lJ".i~~~'lti1-:1 3.1 eM l'l1~~1~'\J 

('ll'U1fl1'UI'11-:!~~".iVi~ LLfi~Aru~ , 2555) 'iiJ1flfl1".iYl".i 1'U-ifeJ~mhLLViU-:J QTLs 'lleJ-:J~'Uvl1'UY11'UhA1VI1J 
'lJ 

LL'U'Ufll1-:J 'lltl-:J~'Uvl1'UY11'UhA1VIlJLL'U'Ufll1-:J '1l'U1fl1".il'l 1-:J~~".iVi~ LLfi~Aru~ (2555) ~-:~1~'1.11-rrtl~fl 
" 

~-:~n~11~11 otlU".i~ 1~'11'Ul 'Ufl1".iu-rutJ".i-:J~'U5-rr11L Vi'Um fl'll 6 1 ~VJ1'UY11'U 1 ".iA 1 mTIV1~1 m6mTl.Hut.h-:~ 
' ' ' 

~'U5LL 'U'U t:-J?fl.l fl~'U LLfl ~ 1 otlLA~tl-:!Vi~1 ~ ~ LB'ULtl~1 ~ 1 'U fl1".irl Vl L~ eJ fl ~(9),J'U 1?11 ~~'U5fl fle.J?fl.J fl~'U"il'U 1~ 
' '" ~flt:-J?f~fl~'U~1i'U~ 4 ~lJ~'UVll'UYll'U (q8L1 LLfl~ q8l11) "illflL41VieJ~'i1fl LLfl~tJl1UY1Vl?feJ'Utl'UL;fftl 

?IlL Vil'l hA:Jl'U1'U 8 1t~ b"I!LfiYl ~'Ull?fl~~'U5-if1TU-r'UtJ".i-:J fl'lJ6 ~lJ~'UVl1'UYll'U~".i~~'UAdl~vll'UYll'U 
' ' . 

~tl 1 ".iA 1 VilJ?f-:1 LLfl~lJ~ fl~ru~Yll-:1 fll".iLfl~l'l".i~-:1 Arum~ fll".iVi-:Jvl~ LLfl~-rutJ".i~Yll'UA~1~ nu.rr11 L Vi\im 
'lJ • • 

fl'lJ6 ~-:J?f1l.J1".i(1tJl1 U?fl~~'U5-rrl1U-ruu".i-:J~1~ ULL 'U~tJl~-:1 L?f1~1 ~Lfl~l'l".i1 'Uvr'U~Ufl n-rr11L Vi-d~1 
' , " 

UflflLLYl'U~'U5 fl'lJ6 ~lJA11l.JeJeJ'ULLeJ1~ 
" ' 

fll".iU-r'UU".i-:J~'U6-if11 1 ~vl1'UY11'U 1 ".iA 1 VilJbV1~1 otl~'U5fl".i".i~Vll'UY11'ULL'U'U flll-:1 
' ' ' 

~ eJ L U'U fl(l ~Yl5~1 otltl'U eJ ~ l-:1 LL ~~Vifll ~ L ~ tlfl Vl A1 1l.J L~ ~-:J'lle:J-:1 fll ".iLL ~-:JoV'U 'lJ e:J-:JL ;fftl".i1?f1 L Vil'lb ".iA L ~ eJ 
' ' 

Ltll'l1'U~ ~'Uvl l'UYll'U 1 'U vi''W-ii'l1~lJA11l.l Ltl~ 1~ L"ill~"il-:1 ~ eJ L ;ffe:J 1V1 L ;ffe:JVi~-:1 (race-specific) ~-:~ L U'U fl1 ".i 

L~~LL".i-:JflVl~'U 1 ~vl1L;fftl?flLVil'lb ".iALe:J-:1 LL~fll".i 1 otl~'U5fl".i".i~vl1'UYll'ULL'U'Uflll-:JfllJ-ifeJ:JlnVl~tl fl".i~Vil 1~ ' . 
~1 n1 'U fll".iU -rutJ".i-:J~'U 5 LL 'U'U ~-:! L~l.l L ~ e:J-:J"il 1 fl fl1 ".i LL?!Vl-:1 eJ eJ fl'lltl-:1 ~'U ~tiL ;fftl ".i 1?f1 L Vil'lb ".iAlJA1 1~ . ' ' 
vl1'UYll'U ~ eJ fll".iL -ii'1vh m ~ hJ ?1-:J Vi~e:J vl1'UY11'UUl'U nm-:~ LLfl ~ ~-:~iJ?t.nl~ LL 1 Vl~ e:J~ L .rr1l.l 1 LM ~1-rr e:J-:JB n 

" 
~1~ LL~D"il"ilD'UlJfll".i 1 otlLA~eJ-:JVim~~ LB'ULeJ~L~eJ~ 1~-:JvllLL ViU-:J'lle:J-:1 QTLs ~1~1~ 1 'Ufll".irlVlL~eJ nvh 

• 
1 ~?f1~l".i(1~l ~Yl eJ V1 ~'UVJl'UYll'U"il 1n.rr11?11 ~~'Uhl ~ L -if 1 ~-if 11?11 ~~'U5-ru Vi~e:J~'U5~ VI t~-:~ n1 ".i 1 ~iJ ~'U 

, \J , , 
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~1'U'V11'UbAhu1 bb~~~ci'1ri'qJ~1:W1'Hl'1i';JCJri'V~b~e:Jfl background selection 1'Ui'U BC4 1'!XbVIlie:J'U 

~'Uq-ru1v1~.:~ 98 bUe:J~b~'Uvl 'lle:J.:IU';i~'lf1m-ii'T'"Jb~1VIe:J:Wti~ bb~~ fl'IJ6 (Wongsaprom et al., 2010) 

fl1';j';i1:W~'U~1'U'V11'Ub tl'Ufl1';ib~:wA11:w~1:w1';it:l1 'Ufl1';i~1'U'V11'U 1 ';jfl 1 VIm '!Xilu 

~1CJ~'U6-if11 b~e:J 1 '1X-ii'11iiA11:W~1'U'V11'U~m;ffm'l1bVII'l1 ';iA 1 Vlmvi'e:J~1-:~fl11-:~'IJ11.:~ b~e:J~V~m1:wb~CJVI1CJ 
' ' 

b~e:J.:i":il1flf111:WVImflVI~1CJ'V11-:i~'U~m';i:W'IJe:J.:i b;ffe:J';i1~1bVI!i) br1 1 VllJ Sreewongchai et al. (2010) 

';i1:W~'U~1'U'V11'UbA1VIlJ~1'U1'U 4 QTLs ":il1fl-if11 2 ~'U51vlbbtl ~'U5b~1VIe:J:Wti~ ii QTLs A1UA:W 
' ' ' 

c;lfl'ljt:IJ~~1'U'V11'UhA1VIlJU'U1A';i1:W1'1f:w 1 bb~~ 11 ~'U5 IR64 bb~~ Azucena lj QTLs A1UA:W 
' ' 

c;lfl'ljt:IJ~~1'U'V11'U br1 1 VllJU'U 1m 1:w 1'1f:w 2 bb~~ 12 m:w~1~u vl1fl1';i~~:w~'U5';i~V111.:~-ii'11~e:J-:~~1CJ 
' 

~'U 5 1vi' u ';i~'lf1 fl';i" fl ~~:w F1 u ~ e:J CJ1 '\X~ ~:w ~1 be:J.:i":il'U1vi'u ';i~'lf 1 fl ';i Fz ~.:! F6 bb~ ~ ~'1i1-:i~'U1-if 
' " ' 

bA ~e:J.:!VI:W 1 CJ ~ bB'U be:J'1i1 CJ 1 'U fl1 ';irlV~ b~ e:J fl ":il'U 1v1-if 11 ~ fl ~ ~ :w ~ii ~ 'U ~ 1'U'V11'U 1 ';jfl 1 VllJ b tJ 'U ~1 CJ~ 'U 5 bb Vi' 
'U 

(Homozygous) ~.:~ 4 vl1bbVIU.:i 

2.2.2 bVi~CJn';i:: bV~V~~J1m~ 
b~~CJfl';i~1V~V~~J1m" (Brown planthopper, Nilaparvata lugens Stal) ~V~bU'U 

bb:W~.:i~l'l~oif11 1-:!Pl Delphacidae eJ'U~U Homoptera ~1b~:WlCJ~1:W1';it:lbbU.:i1vi' 2 'IJtiV~ m:w~~';i~~ 
:We:J.:ibi1'U1vi'bbtl 'IJtiV~tlflCJ11 (macropterous form) bb~~'!ftiV~tln~'U (bracrypterous form) ~1b~:W 
1m~P~bliCJ'!ftiV~tlnCJ11ii'll'U1V~ 4-4.5 lj~~b:WI'l';i b~P~~ii'll'U1V~ 3 . 5-4l3"~b:WI'l';i ~1b~:w1CJii:S111l 

" 
U';i~:w1ru 2 ium~ (m~~ 2.8 bb~~ m~~ 2.9) 'llilV~tlnm1~1:W1';imA~e:J'UiJ1CJe:J~CJ~1u1~n~bb~~ 
1n~ 1V~ CJ e:J1~CJ m~ bb~~:w n 1';ivl 1';i .:~:Sil'l ":il ~ e:J ~ m:wu~ b 1 ru 1A'U~'U-if11 b wum~~uJ 1 b .W CJ-:1 b~ nu e:J CJ 

" LV~CJ ~1 bliCJ":i1~11.:1 1 ~u~b 1t:l.lb~'Uflm.:~ 1 UVI~e:Jmu 1 u-if111 ~'llm b ~~ CJ m~ LV~V~~tl11'11~iic;l fl'ljt:IJ~b U'Ufl~:w 
' 

b~CJ.:ib U'Ubbm 1 'Ubb 'U1~.:~\nnilu mu1 UA~1CJVI1n~1CJ LV~CJ fl1';i11.:1 1 ~":il~ b U'Un~:WU';i~:W1ru 8-1 o 'We:J.:~ 
' 

1~iic;ln'ljru~btl'U';iUm~~1CJ1ri'.:~ A~1CJfl~1CJVIe:J:W ii~'ll11~'U 11.:~1~~-:ibb~ 4 -300 'We:J.:~ ';j~CJ~1~ 
" ' 

7-8 l'U ~1Be:J'Uii 5 ';j~CJ~ 'U1'U 16-17 i''U 1-:i":i1';i:S111lu';i~:W1ru 28-35 l'U (m~~ 2.9) ~1b~:wi'mb"~ 
~ 1 t1 e:J 'U ii ~ .:~ bb ~ ~ J 1 1'11 ~ t1 e:J 'U ~ .:~ J 1 1'11 " ~ 1 ~ 'U e:J ~ il u A 11 :w VI 'U 1 bb 'll 'U 'lJ e:J .:~ u ';i ~ 'lJ 1 n ';j 'lJ ru ~ tT 'U 

" 
Vl1 flU ';i~'lf1 m b u 1m.:~~ 1~1 bb:W~ .:i":il~ b U'U ~J 1m~ Be:J'U bb~VI1 flU ';i~'IJ1 mVI'U 1 bb U'U:W 1 n ":il ~ b U'U~J 1m~ 
~1 b~~CJn';i~ LV~ V~~tl11'11~~V~ b U'Ubb:W~.:i~l'l';i~ci'1ri' ru:w1 n'lle:J.:i';i~Uu fl1';i~~l'l-if11 b ~~ tJ'IJiJV~d1~ boWtJ-:1 

" " 
bU'Ubb~~l'l~-if11boWtJ.:ie:J~1-:ib~tJ1 bb~EJ.:ibU'U~1VI~'I11b;ffe:J ~1bVI~'IJe:J.:ibA1UVI~n (ragged stunt) bb~~ 
bAb~tJ1b~tJ (grassy stunt) ~.:~b~:W~~m~'VlU~e:J~~~~I'l-if11:W1n~'U1uBn ci'1VI-ru1-:i":i1';i:Sil'l'lle:J.:ib~~CJ 
m~LV~V~~tl1m~ 
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.n1~~ 2.8 ~m~tru::"lleJ-:Jb~~EJn':i::1~~ilJ1~1~ Cn) th::"ll1n':i BPH ("ll) ~1b~11'JEJ"ll.Y~un~'LI 
(bracrypterous form) bb~:: (~) ~1b~1J'JEJ"lloU~UnEJ11 (macropterous form) . 
Vi:IJ1 : IRRI (2011) 

.n1~~ 2. 9 1-:J\l':i~11ilbb~::':i::£J::m':ib\l'irub~'U blil"lleJ-:Jb~~EJm:: 1~~ilJ11i11~ 
"' 

~:IJ1: IRRI (n .d.); Mochida and Okada (1979) 
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2.2.2.1 ~m~HU~flTH"ill'VllflltJ LLfl~fl11l.JL~tl\lf1tJ 

L Vi~ tJm~ 1~~~J1 ~1fl~~vl1elv'ULLfl~vl1 L~l.Jlml~ 1 otlU1fl~~ (stylet) L ~1~~ ~ fi'U 
~ ~ 

J1 L~tl~'\J~Ldru 1A'U~'UoV11 LVItJeJ"j~~'\JJ1L ~tJ~L~fl'lJtl tJ 1 'U'llfiJ~L~tJ1tl'U ~~f1tltJoU'\J~1tll.Jflll1VI11'U 
~ 

(honeydew) vvfll.J1 L~e:JijL'Vi~tJmd~~~J1mf1~1'U1'Ul.J1fl~~fi'UJ1L~tJ~~'UoV11 ~~vh1~~'UoV11 
~ 

LL~~~eJ1fl1"j1'\JLVI~tl~LL~~ f1~1tJ~flJ1~tl'Ufl1fl '/t~L~tlfll1 "Hopperburn" ~11'ULL"j~l.J1fl ~'UoV11~~ 
LL~~~1tJ 1~tJfl1"j~~n'UJ1L~tJ~~1fl~'U.v'11~~e.Jflvh 1 ~tJ~l.J1ruAflv 1 <jVJfl~ 1 '\J<j~'U LLfl~mft u 1m~"j~ 

~ 

1'U~'UoV11flVlfl~ 'I'll 1 ~Bm1fl1"j~~Lf1"j1~l-1"1ii'1mL~~ fl1"jL~~'l:JL~'\J 1~ LLfl~fl1"j1 ~e.Jfle.J~~oV11flVlfl~ml.J 

1 tJii11tJ L tim~1 n L Vi~ tJm~ 1VJ~~J1mfl L U'ULLl.Jfi~'I.J1flV1~ 'llru~~~n'UJ1 L~ t1~~1 n~'UoV11 L Vi~ tJm~ 1V1 V1 " ~ 

~J1mf1 ~~tJ~ vtJJ1mt1vv fll.J1il1 tJ 1 'UL dm~ v'llv~.v'11 'lt~1 'UJ1m tJ~~ijv~fi'\J"j~flv'\J~~~m~~'U 
' 

"j~'\J'\J fl1 1l.J ~ 1'UVI1'UVI~ v ij fl1 "j~~ ~ ru ru 1 fiJil1 tJ 1 'U ~'U oV 11 L ~ v ~ ~1~ ~1 "j Lf1ijVI ~ tlil :iJl.J 1oU Vl'll 11~ fl1 "j L oV 1 
tJ"' ' \.1 

'Y11mtJ'llv~L'Vi~tJm~ 1VJVJ~J1mfl (utJ~~1 ~'U~~-r~~. 2554) 1VJm'Vi~tJ'lftiVJdij,_b~'ll1m~ijm1l.J 
Vlfl1flVIfl1 tJml.J LL Vl~~~tl~ V1Pl tJ LLfl~fld 1l.J"j'U LL "j~'1Jtl~fl1"j"j~'\J1~~ ~ LL~ fl~1~ tl'U 1 tJ~ 1l.Jfld1l.J~1l.J 1"jtl 

~ ' 
1 'Ufl1"j~1'UVI1'U'lle:J~oV11~ij~'U~1'UVI1'U~hJ L Vlljv'U tl'U~e:J'\J"j~'lf1 mL 'Vi~tJm~ 1VJVJ~J1~1fl,r'U 1 

~1V1-r'\J fl11l.J L~ tJVI1 tJ ~ 1 fl fl1"j"j~'\J1 Vl'lltl~ L Vi~ tJ m~ 1V1 V1 ~J 1~ 1fl 1 'UU "j~ LVI ~1 VI tJ 

Vi '\J ij fl1 "j "j ~ '\J 1 Vl v ~ 1 ~ "j 'U LL "j ~ 1 'U il1 f1 fl fl1 ~ il1 f1 LVI tJ v ~ v 'U ~ 1 ~ LL fl ~ '\J 1 ~ ~ ~ Vll V11 'U il1 f1 
' 

~~l'Uve:JflLUtJ~LVItJVL U'UU"j~~1'VJ fll tJ 1V1 mfi~fl1"j"j~'\J1~f1~~1 Vlqj1 'UU Vi - ~. 2532 ~'U~L~tJVI1 tJ 

Ln v'\J~ ~ 1'U 1 ~ LLfl ~ Lfi V1 fl1 "jfl1 "j"j~'\J 1 V1f1 ~~ 1 VI ruB fl f1~~ 1 'UU Vi.~. 2552 vl11 ~~'U~ Ufl floV11 L~ tJVI1 tJ 
u ~ 

Lne:J'\J~tl~~1'U1 ~ (~"j"ti~Pl h~'UVI{ 2553) LLfl~L~tl~1~V1LfiV1fl1"j"j~'\J1~'lltl~ L'Vi~tlm~ 1~Vl~J1mf11 'U , 
il1f1~~l'UvvflLUtJ~LVItJe:J~1'U1'U 6 ~~VIl~ 11ii'LLtl ~~~~Lfl~ tl'\Jfl"j1'1f51lJ el1'U1~L~~ru tJ1~lJ"j , v 

~~'UVI~ LLfl~ ~flfl'Uf1"j ~~1~fl11l.JL~tJVI1tJLU'U'\J~Ldru fl l1~fll1 60,000 1~ 1V1tJLoV1vl1fl1tJ~'UoV11~e:J~ ' ~ 

1'U"j~tJ~LL~flfle:J~1~V1tJU"j~l.J1ru 40-60 l'U LLfl~V1tll.J1flfll1 60 l'U (ml.Jfl1"joV11, 2557) ' , 
2.2.2.2 U~~ tl~ije.Jfl~e:J fl1"j"j~'\J1Vl'lltl~ L 'Vi~tl m~ 1V1Vl~J1mfl 

fl 1 "j"j~'\J1 Vl'lltl~ L 'V'I~tl m~ 1V1~ ~J 1mfl~'U v ~ tl'\JU~ ~ tJVIfll tJ I u~ ~ tl~ L~ vell'U1 tJ 

LLtl fl1"j"j~'\J1~'lltl~ L Vi~ tJ fl "j~ 1V1Vl ~J 1~ 1fl U ~ ~ tJ~ L~ v el1'U1 tJ1 ~Lfi~ fl1"j"j~'\J 1 Vl'll v~ L Vi~ tJ m~ 1~~ 
~J1mflij~~ih~tJ~ij~1~ (biotic factors) 11ii'LLtl ~'lfm PltJ LLfi~PlmlJ"j"jl.J'lf1~'llv~L'Vi~tJm~1~~ 

~ 

~J1mfl dJ'U~'U BflU~~tJVIti~fie:J u~~tJ1liij~1~ (abiotic factors) 11ii'LLtl e:JfiJVIil:iJ fl11l.JLU'UmV1 ' ~ 

LU'U ~ 1~'ll tl~~'U LLfl ~u ~~ tJ fl1"je.J~ ~~ 1~ I L U'U ~'U u ~ ~ m Vl~1d'Y111 ~f111l.J ~ 1'U V11'U'lle:J~oV11 LLfl ~ 
'\J<j~'lf1mL 'Vi~tJm~ 1~VJ~J1mfl L tJ~tJ'U 1 tJ~ 1 m~l.J L'Vi~ tJm~ 1VJVJ~J1mflijfl1"j'\J-ruvi'1L ~v 1 ~eJ~"je:J~ 

~ 

1 'U~il1'Vi,r'U 1 LLfl ~L ~l.J~1'U1'U '011 ~LfiVJfl1"j"j~'\J1~'llv~ L Vi~ tJ m~ 1~VJ~J1 mfln'U v ~1~fll1~'ll11~ 
LLVI'U1'U'V)fl '1 ~'U~U~floV11'llv~U"j~LV1~1VItJ 

1) u~~tl~ij~1~ (biotic factors) 

fl1"j"j~'\J1Vl'lltl~L Vi~ tJm~ b~Vl~J1 ~1fl1 'U'U1-if11 ~~ij~l~ 1 'lJ"j~'\J'\JtJL1~'1Jtl~'U1 
oV11~1'Uije.J(l~ v fl1"j"j~'\J 1 Vl'll tl~ L Vi~ tJfl"j~ 1~~~J1~ 1 fl LLfl~ ~~ L U'UU~ ~ tJ1 'U fl1"jL ~l.JVI~tl (IV} ~1'U1'U 
'\J<j~'lf1mL'Vi~tJm~1VJVJ~J1mfl ij~~-;1 

1.1) ~'lfV1PltJ (host plant) 'llv~L'Vi~tJmd~~~J1mfiLLfl~Pl~~5"j"jl.J'll1~ 
L U 'U ~ 'll ~ LL lJ fl ~ ~ ~ LL lJ fl ~ Pl ~ "j -if 11 LL fl ~ LL lJ fl ~ Pl ~ "j 5 "j "j lJ '1f 1 ~ 1 off L U 'U LL VI~~ e:J 1 Vl1 "j ~ L U 'U tJ "j ~ b tJ 'll U 

~ ~ 
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Ll Vl~·re.J1PltJ Ll VI~-.:IVIrt'UJltJ Llrt~ll Vl~-.1'1ltl1tJ~'U6 oll11l U'U~'IJenPltJ'1l'e.J-.ll'W~tlfl'";i~ hw1~J1mr~ rn1~~ 
' 

'1l'e.J-.:i'j~ tJ~ m 'jUrt n rn1~ ?f-1'1l'e.J-loll11 llrt~en tJ'1l'e.J-loll11 ii'1'ULLI?li1t:-J r~ t?l'e.J fl1'j'j~'U 1~'1l'e.J-ll 'W~tJm~ 1~ ~ ~ 
" " ' 

J1m r~ ~ 1 n fl1'j'j1 tJ-11'U'1lB-.:~m~m"Joff11 16 n1'JtJ"' noff 11 m"JtJrt noff11Lb uu'U 1w:h'Uti1 (;)m1 eJ 1 ~Ln~ 
" " 

U'1JV11 fl1'j'j~'U1~'1l'e.J-.ll 'W~ tJ m~ 1~~~J1(;) 1r1~1n n11'U 1 ~1 L 'W'J1~'U1'v'l':h'Ui1~1'U1'Uvl'Uoll11VI'U 1ll ti'U 

vi' 11 ~ Bru VI Jlii Llrt~ m1~~'U1 'U Ll tJr~-.:~'U 1l VI~ 1 ~?t~t?l 'eJ fl1'Jl~ ~ru L~u 1(;)'1l 'e.J-.ll 'W~ tJ m~ 1~ ~ ~J 1mr~ 
, " u 

U'j~ fl'e.J'U nuL 'W~ tJm~ 1~~~J1 mr~ ?f1~1'Jtlvl 1r11 tJoll111 'U 'U 1VI11'U 1JlB ~1-.:~\?l 'eJ L ~'e.J-.:1 ~1 nm'JtJr~noff11 
" ~'U6tJ'Vl~51u 1 llrt~ n'1l23 ~-.:~Ltl'U~'U6!il1'U'Vl1'UB~1-.:~t?lm~B-.:~~~t?lBn'U 6 n~tJr~n ~~v111~m'J , , , VI \J '\J 

'J~u 1~'1l'e.J-ll 'W~ t1 m~ 1~ ~~J1 (;) 1r1 1 'Uoll11~'U6!il1'U'Vl1'U?IB-.:~~'U5di1~ 1'U1'U~1fl~'U1 'U fl1'jtJ rt noff11 
' , " 

\?lm~B-.:~n'U (Bii'IJ1~ m1ru~tJ'J~l?f~\J, ?t11lllti 'j'JtJm~~ Llrt~ ?116(;1 'Vltll~'IJ'J, 2546) vh1~LU'U?f1LVI(;) "' , , 
Vl~-.:it?l'e.Jm'j'j~'tJ1~'1l'e.J-.ll'W~tJm~1~~~J1mrt Gurr et al. (2004) 1Jlm'JPlfl'\~1'J~'U'Ulh11"1'1l'e.J-.:i~'IJ 
m Pi' tJ'1l'e.J-lll~rt-.:~ 1~ tJ~~'J~uuiJn f"li'Vlm1 'U'U1oll11 1 ~i1?tm'W?f~~rtfi'U~'U1oll11'e.J ~1-.:~ ~-.:~~'U LL~r~-.:~Pi'(;)'J 

, " " 
fi'j'j~'IJ1~~~fl'e.Jtlfn'Ufl~ L 'W~ tJ m~ 1~~~J1mr~ 1~1 ~i1tJ~~1ru?t-.:~~'Uvl1fl11~l~tJVI1tJ 1 ~nut:-Jrtt:-J~ (;)oll11 

' " 
1Jl fl1'j~ ~ fl1'j'J~uui1L11"11 'U'U1oll11L tl'Um'Jrt~ m'Jvi'1rt1 t~?tm'W Ll1~ii'B~ lil'U'Vl'U 1 'Ufl1'Jt:-Jrtt:-J~(;)off11t?l'e.J , 
1 ~'1JB-.:~Ln~mmr~ ~r~-.:~ Bm~-.:~ EJ'-.:~i1'j1 t1 1vl'~ 1 n m"J'1l1 t1 t:-Jrt t:-J~ (;)~ 1n~'IJ~tJ r~n1 'U 'j~uui1L1 1"11 'U'U1oll11B n 

" 
Jl1t1 ~-.:~flii'1tJtl'Utl'Ufl1'jPlfl~1'1l'e.J-.1 it~-r(;)ti ~'U'Vl~VI'U Llrt~flru~ (2553) vl1fl1'jPlfl~1fl1'j~~fl1'j'j~'U'U 

" 
i1nf"1L~'e.Jrt~~1'U1'Ull~rt-.:~Pi'm·ih11~tJ1off~'IJ~i1~Bn~bVI~'e.J-.:~ Llrt~~'e.Jfl~'1l111JlLLn 1~~'e.Jfl L'li'U 

" ~'U~mLn llrt~m~~~'Vl'e.J-.:1 ~'IJ~n L'li'U u1u llrt~~fl'Vl'e.J-.:1 L~mtl'ULLVI~-.:~J1VI11'U Llrt~~-.:~~~LL~r~-.:~Pi'm 
, " '\J '\J 

5'j'J~'IJ1~ ~1flfl1'JPlfl~1'W'U11LLtJr~-.:~i1nf"1 (E-E site) i1~1'U1'Ul'W~tJmd~~~J1mrt llrt~ll~rt-.:~Pi'(;)'j 
" 5'J'j~'IJ1~ ~1flfl11Ll tJr~-.:~ mu fl~ (control site) ~-.lll~rt-.:IPl(;)'J5'J'J~'IJ1~i1~1'U1'U~1fl'W'e.J 1 'Ufl1'jfld'Ufl~ 

' " , 
~1'U1'U'1l'e.J-.ll'W~tJm~1~~~J1mrt ~-.l?f'e.J~flii'B-.:~nu-.:~1'Ui~tJ'1l'e.J-.1 'U~U L~tJ-.11'J'J5'U~ Llrt~flru~ (2554) 

~1J1Pi n~1tJ~~ 1 rutJ'j~'IJ1 mL 'W~ t1 m~ 1~~~J1mr~~ b tJ~ tJ'U ll tJrt-.:~(;1 rt B~ ~ ~ mr~ llrt~ l tJ~ t~u l V1 t~u 
tJ~~1t:lJPl(;)'joll11llrt ~Pi'mo'J'J~'IJ1~1 'Ulb tJrt-.:i'U1~1nil blrt~ 1nrt~1flrl'U'U1~Urt n~'IJL?f~~ 1~ t~i1m'J ~~~u 

'\J '\J '\J , 

LL~r~-.:~1 'Ull tJr~-.:~~i1m'jtJrt n~'IJ~ Bfl~l Vl~'e.J-.:1 Llrt~~'1l11 'W'U'i1i1 tJ~~1 ru LL~r~-.:~Pi'(;) 'j5'J'J~'IJ1~~~1 fl'W'e.Jt?l'e.J 
" " fl1'jrt~tJ~mrufl1'j'j~'U1~'1l'e.J-.ll 'W~tJ-.:~ m~ 1~~~J1(;)1rt 

1.2) ~'U5m'J~fl11~vl1'U'Vl 1'Ul'W~tJm~ 1~~~J1mrt 1 'Uoll11 u~~iJ'Ui1m"J~-ll?f~~ , , 
1m .ff~'U6vl1'U'Vl1'U ?f1~1'Jtl fl1'Jrt ~m 1~ l~ tJVI1 tJ'(J 'e.J-.:1 t:-Jrt t:-J~ (;)oll11 ~ 1fl fl1'j'J~'U1~'1J'e.J-ll 'W ~ tJ m~ 1~ ~~ 

' 
J1 mrt ~'U6vl1'U'Vl1'Ud ~~n~ 'U6fl 'j'J~~n~ 'U vl1'U'Vl1'Ut?l 'eJ l 'W~ tJ fl 'j~ 1~ ~~J1 (;) 1rt~-.1~ ~n~ fl ~t:l.J~'(J 'e.J-.:1 

' ' 
~'U6~hh Vl~1~?t~t?1Bm'Jb~~rub~'U 1(;1 m1~'e.J~'j'e.J~ fl1'J11-.:~1 ~bbrt~~n1 ~'1l'e.J-llb~rt-.:~ (~'j'W-lf'i' h~'U'Vl{ 

' u " 

2542) m"J~~'U6off11i1?t1m'Jt1vl1'U'Vl1'Ut?1Bm'J'j~'U1~'1l'e.J-ll 'W~tJ m~ 1~~~J1mrt 1Jlt!'U ~~n~n~ru~ 
' 

nrt 1nm'Jvl1'U'Vl1'Ut?lmL~rt-.:~'e.J ~1-.:~1~B~1-.:IVI~-.:~ Vl~'e.JVIrt1tJ'e.J~1-.:~~1~n'U l <d'U AJ1~vl1'U'Vl1'U'1l'e.J-1Yl'IJI?l'e.J 
'W~~fl1'j~'1J'e.J-.1 bl~rt-.:1 (antixenosis) i111~ EJ'U ~-.:IVI~'e.Jt:-Jrt b~tJI?l 'e.J~lhi'Vl tl1'1l'e.J-.llb~rt-.1 (antibiosis) llrt~ 
AJ1~'Vl'U'Vl1'U'1l'e.J-.:i~'IJI?lmL~rt-.1 (tolerance) ~'j'W-lf'i' h~'U'Vl~ (2542) fl~1111m1~vl1'U'Vl1'U'1l'e.l-.loll11 

Ll uu antixenosis Llrt~ antibiosis ?f'e.J-.:~~n~ru~di1LL 'U1 hr~~~~m~vl''U 1 ~bb~r~-.:~u-ru l'l1llrt~~tlll'U1 
' 

LU'U 1 u 1B 1 'Vlu1 VI~1Jl ~-.:~m'JtJ-rul'l1en~Ln~mtJ1 'U 6-7 en t~<U'tJ ~'U6oll11LLI?l~'U6i1~ n~ru~'Vl1-.:~?f~'j~ , , ' 
i'Vl m'Vl1-.:~ mt~m'W Llrt~fl1'jt:-J~(;)?f1'J~1Lfli1LL(;) n~1-.:~ n'U 1 tJ ?f1'j~1Lfli1~off11t:-J~ (;)~'U~1L tl'Uu~~t~VI~ n~ 
~-.:~~ ~VI~B<U'u1~ b'W~ tJ m~ 1~ ~~J1mr~ ~-.:~~'U6oll11~vl1'U'Vl1'U B1~ t:-J~ (;)?f1'J~~~ L~'e.J l 'W~ tJ m~ 1~ ~ 

" ' 
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~J1mc;'lVIVIfh.JJ1 bi CJ-:J 1 'U(;)'UoVTJci-:~ j;J(l1 ~m.m-:~iiB'twn fl1'JI'l1CJ b ~:~.nnn~'U 'U'U1VI bb(l~J1VIirnl'i'1(1 VI (1-:J 
" 

'J:m~fl1'Jb'U'U 1'11 ei e:J'UCJ11'U 1'U bb(l~ 1'11 b~:u1 CJiim CJ ~'U (Painter, 1941) \11 n~'Ulin'J'J:U'Ue:J-:JoV11~'Ul5 ' ' , 
(;)1'UV11'U~-:J n~11iij;J(l'Vll 1 ~b ~iCJm~ 1V~V~~J1mc;'l(IVI~1'U1'U 1 'U'U1oV111~ 

1.3) bb:U(l-:JPl l'l'Jli'J'J:U'li1~ biJ'U bb:U(l-:J~iil.h~ 1CJ'll'Ul 'Ufl1'JfnU fl:U fl1'J'J~U 1 VI'U tl-:1 
" ' 

b ~i CJ n'J~ 1V~VI~J1mmb UU ~ -:J~'U~'Vll 1 ~'J~UUlJb11"11 'U'U 1oV11iif111:ui.'I:UVI (I Pll'l'Jli'J'J:U'li1~\l~'Vll(l1 CJ , " 
b ~ i CJ n 'J~ 1V~ VI ~J 11'11(1~-:J 1 ~ bb(l~ 1'11 b~:u1CJ 1'11:U bb~'liu VI'U e:J-:1 bb:Uc;'l-:11 'U n1'Jb U'U~ ~ 11 'U 'V11-:~ 1"1lt~1VI1 'J 

" b~iCJm~ 1V~V~~J11'11(liil'lmli'J'J:U'li1~~-:~1'11J1bb(l~l'i'1 b u CJ'U 1V~CJ'J~CJ~ 1 ~'Ue:J-:Jb ~iCJm~ 1V~V~~J1mc;'l 
" 

\l~ii~-:Jbbl'l'UbUCJ'Ubb(l~l'i'1J1~iru11~1ri'ty 1~bbn :U1'Ub ~CJ1~V~1 ~ (Cyrtorhinus lividipennis) bU'UI'i'1 

J1V~V1n'U 1 ~'Ue:J-:Jb ~iCJ m~ 1V~V~~J1m(l vh 1 ~(IVIU~:u1ru(l-:~ 1~:u1n 'J~ CJ~~1Be:J'Ubb(l~~1 b~:u1 CJ'UtJ-:Jb ~i CJ 
" m~ 1V~V~~J11'11(1\J~iil'lmli'J'J:U'111~'1i1 CJA1UA:utJ~:u1rubb:U(l-:J ~1J1~~1ri' ru 1~bbn bb:u-:~:u:u 1(11A"Il1VI~e:J 

~ , v , 

~U'Uth (Lycoso pseudoannulata) bb(l~bb:U-:J~:Ub~CJ1CJ11 (Tetragnatha maxillosa) Ae:JCJ~Un'U 
b~iCJn'J~1V~V~~J11'11c;'lbU'Ue:J1V11'J 1~~m~1~t]~n'J'J:U'Ue:J-:J:U1'U~1J1~V~1~ (Cyrtorhinus 

lividipennis) 1 'Ufl1'JVhmCJ1 ~b~iCJm~ 1V~V~~J1m(l bb(l~b~i CJ~ n~'U~b ~CJ1 b U'Ubb:U(l-:1~1 J1~-:J'J~CJ~ 
1'11eie:J'U bb(l~ ~1 b~:u1 CJ tJ 'J~~Vl5.fl1~'Ue:J-:J~1 b~:u1 m ~I"! bli CJiim 1:U~1:lJ1'J()vl1mCJ 1 ~ b Vl~t~1~~n11~1 
b~:u1m~l"l~iitJ'J~~Vl5m~1 'Ufl1'Jvi'1mCJ 1 ~b~iCJm~ 1V~V~~J11'11c;'l:U1nii-:~ 51 but~1b~'U~ bbc;'l~~1J1V~V1 

" " 
1 ~vi'1mCJ1 ~'Ue:J-:Jb~iCJm~ 1V~V~~J1mc;'l1~~n111 ~b~iCJ~n~'U~b~m (Vl'J-:JCJI"l Vi~'lj~n(l bb(l~ bnm~~m:u 

"' ' 
bbtl1V~t~n-rn, 2547'U) bb(l~ ~'1lu-li'CJ1(;ljt1 bb(l~ U'J~iV16 ~'UV11t~~CJ (2541) ~u11bb:U(l-:JPll'l'Jli'J'J:U'll1~ 

' " 
~1:1J1'J()(!VIfl1'J'J~U1VI'Utl-:Jb ~i CJn'J~ 1V~V~~J11'11(l'J~CJ~I'i'1eJ8'Ubb(l~~1 b~:U1 CJ 1~ 1V~ CJ bb:U(l-:J:U:Ub ~CJ1 CJ11 

' 
bbc;'l~bb:U(l-:J:U:U1(11A"Il1 iim1:u~1:U1'J()~1b~iCJmdV~V~~J11'11(11~ii-:~ 2.7 bb(l~ 3-4 ~1/1''U , 

2) D\l~CJ~hJii~il'l (abiotic factors) 

fl1'J'J~u 1V~'U8-:Jb~i CJ m~ 1V~V~~J11'11(11 'U'U1oV11 \11 n\1 ty'VI1.fl11~ 1(1 n~8'U~ 
bnV~~'U 1 'U 1(1 n 1~ci-:~ j;J (I eJ ~1-:~m n ~ e:J~'U~ m 'Jj;.l(l j;J~ l'loV11VI(l1 CJ IU'J~ b Vll"l1 'U be:J b :UCJ VI~-:J\11 n m'JtJ 51~ 
b ~ CJ1vi'11 ~'J~uu m 'JU(l n.V11 bb uu~-:~ b&i:uffi ~j;J(lj;J~ 1'1~1 b tJ~ CJ'U:U1 b U'Ufl1'JU(l n.V11 ~1 CJ~wfl ~j;J(l j;J~t>l 

" " , 
~-:~ bb(l ~ 1'18U ~'U e:J-:1 ~ eJ \1\1 ~ CJ m 'Jj;J ~ t>1 ~-:~ b U'U~ 'U~~ 1 'U1'U:U 1 n bb(l ~(;)1'UV11 'U ~ eJ b ~ i CJ n 'J ~ 1V~ VI ~J 11'11 c;'lvl1 
" " 

1 ~ii m'Ju-ruu'J-:J~1CJ~'Ul5-rr11VI~-:J\11mT'U:u1 bb(l~~U\l~CJ fl1'Jb~l.Jj;J(lj;J~t>1 b~ 'U 'J~uu m'J~V~m'JtlCJ 
' ' ' 

m'J1oV~1'JU8-:Jtl'Url1~VIbb:U(l-:J (Dale and Kenneth, 2012) U\l~CJ~hJii:Uil'l~ci-:~j;J(l~e:Jm'J'J~U1VI 
'U8-:Jb~iCJm~1V~V~~J11'11(11~bbn 

2.1) f111:UbU'Un'JV~bU'U~1-:J'U8-:J&'i'U (soil pH) bb(l~ ~CJ1'U1mb\l'U (nitrogen 

fertilizer) f111:UbU'U n'JV!b U'U~1-:Jiij;J(l~8fl1'Jb\l~tyb~U 11'1 fl1'J 1 ~j;J(lj;J~t>l'U8-:JoV11 bb(l~iJ-:~b~CJ1oVe:J-:JtlU 
fn 1:U~1:1J1'J() 1 'U m'J(;)1'UV11'U bb:U(l-:J'U e:J-:JoV11 ~'J~-:~Pi h ~'UV11 (2542) n~11-i1 bb:U(l-:J bb~(l ~'liUV~ \1 ~8 ~ 

" 
81Pl CJb\1 ~ty b~u 11'1 bb(l ~'U CJ 1 CJ~ 'U ~u'U (;)'U Vi'll~ tJ ~ n 1 'U &1 'U ~ii 'J~ ~u pH ~ 1-:11 n'U bb:U (1-:JU 1-:J'lllJ VI 

b\l~tyb~u11'lu'U(;)'U'ili'll~tJ~n1'U&i'U~~rh pH < 5.4 ~wi1Vi'll~tJ~n1'U&i'U~iirh pH bU'Un(l1-:J 

Salim, Saxena and Akbar (1990) 1~~n'lj1j;J(ln'J~VlU~8~'U~oV11Vl'Ub~:U~8fl1'JboV1vl1mCJ'U8-:J 

b ~i CJ n'J~ 1V~ VIVI~-:J'U 11 ~U11(;)'UoV 11~U(l n 1 'U&i'U b~:U \1 ~m 'U 11'1 'J b'J'U b ~:U~'U bb(l~lj1 ~ bb Vl~ b~ CJ:U(l VI (1-:J 
" fl1'Jj;J~t>l allelochemicals 'U8-:J(;)'UoV11(1V!(l-:J b~i CJn'J~ 1V~V~VI~-:J'U11 ~ biCJ-:JU'U~'U5oV11~U(l n 1 'U&i'U 

' " 
b~:U b\l~ru b~U 11'11~~ tl1 CJ~'U bb(l~b ~:U~1'U1'U 1~'J1VIb ~1 "lt-:~VI:U1 CJii-:~m 1:U(;)1'UV11'U'Utl-:J (;)'UoV11 ~tlbb:U(l-:1 

v ' 
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~;w1~..:~ 1VJCJ'Vl1..:J 'Vl"i..:JCJI'l ~~~~n~ bb~~ bnCJ"i~G1mlJ bbn1V1Bn-rn (2547n) Pin~1m"ib~l.J"i~~ufl11l.J 
"' ' 

lii'1U'Vl1'U'1JB..:Ji' 11~u6 '1111 VJBnlJ ~~ 105 {;]m 'v'l~ CJ m~ 1V1 V1~hl11'11~ 1V1 CJ1 otlU'U'1l11 1 u m"itHu pH 
' '\J 

'1JB..:J ~u 'v'l u-J1 lii'u.U 11~1~uu'11 11 b V1 CJ..:J B ~ 1..:1 b~ CJ1 G11l.J 1 "itl b ~l.Jm 1l.Jiii'1u'Vl1u {;] m 'v'l ~ CJ mdVJ VJ~tl1 m~ 
'\J 

1~l.J1nn11m"i 1~q mb uu{;]1..:~ 11V1CJ~~1nm"ii'VJ~'I!timwil~t1Jb~'\J 11'1'1JB..:J bbl.J~..:J bb~~n1"iG1tlV1lj~VI11'U 
' " ' 

'1lfl..:Jbbl.J~..:J 61l..:~m"iPln~1ti~~G1BV1fl~fl..:Jtl'Ufhn~11 Panda and Khush (1995) Vi11bblJ~..:J'\J1..:J'IloUV1~~ 

b~~rub~'\J 11'11~~uulii'uYl'll~u~n 1 u~u~iifl11l.Jb uumVJ 
u '\J 

U~~uuiin1"i1 itJ CJ bflii1 'U n1"ib ~l.J i:.J~ i:.J~ 1'1'1JB..:Ji'11 tl'U fJ ~1..:1 bb 'v'l~VI~1 CJ 
' ' 

n 1 "i1 i tJ CJ bfl ii '1l B..:~ bn ~ 1'1 "i'Vl n i'u d ~ ..:~ d ..:~1 ~ u "i ~ '1!1 n "i b 'v'l ~ CJ n "i ~ 1V1 VJ ~ J 11'11 ~ b ~ lJ lJ 1 n ~ u ' . 
'v'l'Vl6ru1 U'U'Vl~1"in1"i bb~~ ~l'l'v'l"i bVimlJ1 (2553) n~1111 n1"ib~~rub~'U11'1'1lB..:Jb'v'l~CJm~1VJVJ~J11'11~ 

• ' u 

G1l.J~'U 6ti'u n1"i 1 -tit! CJ bflii1V1 CJ bu'v'l1~tl CJ~iit u 11'1 "ib~'U G1..:~~u~~ij n 1"i1 iu CJ bfliil.J 1 n b uu "i~ CJ ~ b 1~ 1 
, " \J , 

CJ11'U1'U~~nB 1 ~ bi1VJ?f.f11'v'lbb 1 VJ~Bl.J~ b~B{;]B n1"ib~~t1! b~'\J 11'1'1lfl..:J b 'v'l~ CJ m~ 1VJV1 ~J1m~ 1~ b U'UB ~1..:~~ 
lii'ui'11~ii1 u 11'l"ib~uG1..:~ (t~u mAiilJ1n) b'v'l~CJm~ 1VJV1~tl1m~~~B~"iBV11~~n111'1ui'11~iiu mAli 

\J , \J , 

11Bmb~~~~bb 'v'l~'1JCJ1CJ~u6l.J1nn11 b'v'l"i1~ 1 u 1mb~uvh 1 ~iim"ib~~ru b~'\J 11'l'Vl1..:J 1 '\Jl.J1n bb~~b"1f~~'1JB..:J 
• u 

lii'ui'11ii1;1m'v'lmutl1 (G1~u~ ~'U'Vl~G1~mV1, lJ. u. u .) ~..:Jb Vll.J1~ bbrln1"i'1l CJ1CJ~u6'1JB..:J bbl.J~..:Jbb~~~1BB'U 
' ' 

b'v'l~ m 'v'l~ CJ m~ 1VJVJ~tl1m~ ~..:~~~iim1l.J{;11l.J1"it11 um"iB~"iBVJ'U'Uiii'ui'11 1~l.J1n~ubb~~ii1..:J~"i:Sil'l 
'\J 

~u~..:~ '1Jru~~~1b~l.Ji'm'v'll'lbiiCJ~~~1 1 mu 11..:11 ~l.J1n~'Ubb~~ii:Sil'lm1u1u~u uCJ1 u 1mb~u1 ulii'ui'11 
u ' 

'lh CJ b ~l.Jfld1l.J'Vl'U'Vl1'U{;]fl(;1.fl1'v'l bb 1V1~Bl.J hlb Vll.J1~G1l.J 1 ~tl'\Jb 'v'l~CJm~ 1VJVJ~tl1m~ 1~b U'UB~1..:J~ 
2 .2) G11"ibfliirh~V1 bbl.J~..:J (insecticide) m"i 1oU1;11"ibfliiVI~Bi;11"i~1 bbl.J~..:Jb uu 

Bn~..:~u ~~ CJ 1 u n 1"ithm1 m u m"iuB..:~ ti'u n1~ V1 b 'v'l~ CJm~ 1V1 VJ~J 11'11~ b ~ B~ VJm"i"i~u 1 V1'1J B..:~ b 'v'l~ CJ 1 u 

~u~ bn~l'l"im~1'U 1 Vlt1hXulJ11oU1;11"ibflii ti'umn ~..:~ b U'UG11 b Vll'lVI~..:J'1JB..:Jm"i"i~'\J1VJ~"i'Ubb "i..:J bnV11oU1;11 "i 
u • ' 

~1 bbl.J~..:J B ~1..:~ hl t1 ni6 vh 1 ~G11"i~1bbl.J ~..:~ hJG1l.Jn'Vl~~:.J~ 1 u m "i~ VJU "i~'ll1 mbbl.J ~..:~ 1 ~B ~1 'U"i~~u~ 
'" "I '" 

r11u Al.J1~ bb~ ~ ff..:~ n B 1 ~ bn VJu ru V11 n 1 "j'(;1 ~1..:~ r11 1l.J 1'11u 'Vl1u {;] B i;11"i bfl ii'1l B..:~ bbl.J ~ ..:~ bb~ ~v111 ~ Pl'l'l "i 
• " '\J 

u"i"ilJ'Il1~t1nv11mCJ~..:~~ub~CJMl1'v'lG1lJV1~'1lB..:JoUb1~1 uu 1i'11 u~'/11 i'..:~~mul'l"i (2545) 1;1"i'\.JH11 
" ' . 

G11"i 1 'v'l~'Vl"ifl CJ~G1..:J bfl"i1~vi bb~~G11"ii:.Ji;1l.Ji;11"i 1 'v'l~'Vl"ifJCJ~G1..:J bfl"i1 ~VIllJ1;11lJ1"itl~Vl n1"i"i~'\J1V1'1Jfl..:J b 'v'l~ CJ 

m~ 1VJVJ~J1m~ 1~ bb~~ff..:~v11mCJlJ1'Ub~CJ1VJV11 ~ n1"i 1 otl1;11"ibflii~Vl i;11"i~1.U,!u~~ 1 um~lii'u 1 ~b~l.J 
" ' 

eJI'l"i1n1"ifl'U (feeding rate) Vl~m~l.JeJI'l"i1n1"i'1JCJ1CJ~'U~ (reproductive rate) '1JB..:Jb'v'l~CJm~1VJV1 
~J1m~ (1;1~'U~ ~'U'Vl~G1~mV1, lJ. u . u .) U~l.J1 ru{;] flfld1l.J b i'l.Ji''U'1lfl..:JG11"ibfliitln n1VI'UV11 ~m~lii''UeJI'l"i1 

' " ' 
m"im CJ~1JJ-a'VJ b~'U 1 'UU"i~'ll1 n"ibbl.J~..:~~1 otl'VlV1~B..:J'1lru~~ i:-l~'1l fl..:Jfld1l.J b i'l.Ji''U'1lfl..:Ji;11"ibflii~~tln n1VI'UV1 

" ' " ' 
Vi b U 'U i:.J ~ lJ 1 ~ 1 n ~..:! ~ 1'Ui;1~ "ii 'Vl CJ 1VI~fl'v'l ~ ~ n "i"il.J '1J fl..:! bbl.J ~..:!Vi "i fJ Vl ~ 1 n n 1"i G1l.J ~ 1;1 tl'\J 1;11 "in 1 ~ Vl bbl.J ~..:! 

(Desneux et al., 2007) ..:J1'Ui~CJ 1 'Ufl~l'lb~CJ1 nun~ 1nm"i~'U~1'1Jfl..:Jb'v'l~CJm~ LVJVJ~J1 m~*b1Ju1 u 

~'\J'Vl'\J 1'V1'1Jfl..:JG11 "ibflii n1 ~Vl bbl.J~..:J 1 'U n1"i n "i~lii'u n1"i~'\J~'U 6'1! fl..:J~1 b~l.Ji' CJ b 'v'll'l bli CJ {;] Bl.J1ii n 1"iPl n~1 
' ' 

bbG1V1..:~1~bi1u(i..:~u"i~~'V16m'v'l1;11"ibfliin1~V1bblJ~..:~ b~u 1mB~1"1f~B1;1 bb~~ bVJ~'Vl1blJ'Vl~u m~lii'um"i 
' 

b~lJLU"i~'U'1JB..:J{;]Bl.JbG1~l.Jb'v'll'l'll1CJ "male accessory glands (MAGs)" '1JB..:Jb'v'l~CJm~LV1Vl~J11'11~ 
1;11"ib VI~ Td'~..:~ ~:.J~ 1 u m"i b ~l.J m11J V1 n'1J B..:J 1 ~'1JB..:J~1 b~l.Ji' CJ b 'v'l ~bii CJ ~~tl n n "i~lii'u~1u n 1"i~:.J1;1l.J~'U 6 

" ' . 
(Wang et al., 2010 bb~~ Ge et al., 2010) Yu et al. (2012) n~11l1LU"i~'U'1JV..:J{;]Bl.Jb{;1~l.Jb'v'll'l'll1CJ 

VI~..:~ m"i~:.JG1l.J~u6~ VJ~..:J LVJCJii m"ib ~l.Jfl11l.J b i'l.Ji''Ll'1lB..:J 1mB~ 1"1f~B1;1~BruVI .n:W {;]1..:~ 1 b~B b Vi CJ'\J ti'u . . " 
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'j~l91u 1 tJ'j~ t1 ri e:Jtl n1'j"C.JG1:W~tl6 bb~ ~ 1 tJ 'j~'t.J'1l e:J~ -r~ 1 'li til1 b~:w1 tJ b Vi P1 bii tJ ri e:Jtlbb~~V!c;i'~ n1'j"C.J G1:W~t16~ , , 
e:JUJV!Jl:Wvh~., ~VlnFn1:Wb .rr:w.rrtl'1le:J~ 1{;1'je:J~ 1"1l'We:JG1 iim1:w bb{;l n~1~G1~n111:Wii n1'j 1 iG11'j 1me:~~ 1"1l'We:JG1 

, \J I , \J 

n1'jtiG11'jfi1~t'l bb:W~~"Il'Dt'lb~tl1~t'l~e:Jtl't..IV!mtJ 1fl~~bb~~ 1 m:W~ni5 b 'lit~ C.JG1l.J'j'Jl.Jtl't..IV!mtJ 1 til1bb~~ 
C.JG1:W'j1:w ti't~nuG11'jn1 ~ t'11"11.W"I1 e:J1"ilv111 ~ bnt'l C.J~V11~{;1'j ~.rr1:w ti't~ nu"iJ t'Jtl'j~G1~ri'n 1 'j 1 -rr"il~v111 ~bb:w ~'~ , 
tl1u til1 ~ e:JG11'j bAii"ll-Dt'!Jtl bb~ ~ C.J~ C.J ~ {;11 tJ 'j~'t.JVI~e:J G11'j:tl1 bAii~ "il~~\IC.J ~ ~ eJ n1'j b ~ml 1tl1ti:W 1 n~t~1!il 

2.3) ~UJV!i;]:W (temperature) n1'jb tl~tJ't..lbb tl~~'1Je:J~G1i11'ViiJ:WmmPl~~C.J~ 1 ~ 
1~n~e:~tl~tl b~e:~ 1 ~bnt'IG1Jl11~ bb 1t'l~e:~:w~ b Vl:W1~G1:w~e:~ m'jb"iJ~ru b~'U 1{;1'1le:J~ 1 'jflbb~~bb:W~N e:~ruV!n:W~ 

v , "U 

G1\l~tl v1'11 ~ bb:W ~~VIm tJ"Il'D t'l ii'j~ tJ ~Yl n til1 bb~ ~1 \1 "il 'j:Si {;1 ~tl ~~ 'j1:w1 tJ Ci~ b v-~i tJ m~ 1t'l t'l~J 1{;11~ 
\J 

~G11:U1'j(l b"il~ru b~'U 1{;1 bb~~bb v-~~~t~m!ile:~ ~1~:w1n 1 tlb 1~ 1eJ't.J'j1t'J b ~1 tl'j~"l11mb v-~i tJm~ 1t'lt'l~tl1 {;11~"il ~ v , 

.o::::J IIV ~ I C:0: .d c::t. ~ c::t. QJ d 

l.Jn1'jbb'Vi'j'Vi't.Jlie:JtJ1~'j1t'Jb'j'Jb:We:JeJUJV!Jl:WG1\1'1Jtl 'ViV15UJ1 tl't.JV1~1'jn1'j bb~~ "i]{;lf'l'j bVJtJ'jl.J1 (2553) 
, , \J '\J 'I 'I 

'j1 m1t1-:l1 1t'l tJtln ~ n1'jb"il~t!J b~'U 1{;11 't.J'j~ tJ~1 'lib Ut1til1ei e:Jt11 in~ 1 7 ltl bb~~"il1 ntil1eJe:Jt11 i b 1~1 

16 1t~1t~m'j~e:JnA'j1'lJb~m"il~t!Jb~'U1{;1bUt1tii'1b~:w1tJ til1b~:w1mv-~P1biitJ 1 til1 G11:W1'jm1'11'liA~~~~ 
100-300 'We:~~ 1t'ltJ~bY-~itJmdt'lt'l~J1mmv-~PlbiitJ 1 til1 G11l.J1'jm1\11'll11il:w1ntl'j~:W1ru 8 ~1t1"We:J~ 
~ eJ m 'jvJ1ti1Vl~ ~ 'je:J 'U bb~ ~ G11:W 1 'j m "il ~rub~ u 1{;1 bb~ ~ bb v-~ ~~ t~61!il 3 -&1 ~tl ~ eJ m 'jvJ1ti1Vl~ ~'je:J u v , , 

bb~ b~e:Je:~ru·vw:WG1~~tl 'j~tJ~ 1 'li"il ~1 iL 1m L v; tJ~ 3 i't~ n"il~Yl m tJt~til1eie:Jt1 LL~~til1eJe:Jt11 inm L v; tJ~ 
, "U "U 

12 i't~ 1 t1 n1'j"L~'U 1{;1 LUt1til1 L~:wi'tJ 191~Jtl 1 't.Jn1'jvJ1ti1Vl~~'jeJ'lJ L v-~i tJ m~ 1t'lt'l~J1m~ ~~G11l.J1'j(l 
L~'U1{;1LL~~LLV'I~~t16L~:W~t11!ilei~ 5 ~tl vl1tltltl ~~eJUJV!JliJ~G1~~tl Li"'itJm~1t'lt'l~tl1{;11~Li"'P1LiitJ 

'I " 'I \J \J 

1 til1 G11:W1'jm1\11'1l11ii'L~:W~tlei~ 320,000 ~1ti'WeJ~~e:Jn1'jvJ1ti1Vl~~'jeJ'lJ b~mv-~itJmdt'lt'l~J1{;11~ 
ii n1'j"L ~:w ~ 1tl1ti:W 1 n~tl"il ~~ \IC.J~ ~e:Ji"' ~ ~ m'j:w n1'jfl't.JV!1~ eJ ~ ml'l tJ Vl~eJ.W'lJml'i' tJ 1 V!:W 1t'l tJ"il ~e:Ji"' tJV'I 

"il 1 n.W'l!m!'l tJ L~:w Fi e:~vi't~.rr11~ ei e:Jtl LLeJ 1 tlV11.W'lJm 1'1 tJ 1 V!:W LL~1tl1'u til1 ~\9ll tl1 L tJt~1e:~ 1e:~ 1 m:i1 V!:W L ~e:J 1 ~ 
G11l.J1'j(l b i1v1'1mtJi11~ L Uti LL Vl~~eJ11'i'tJ 1 V!:WJt~ C.J~'1le:J~e:J UJV!Jl:W~G1~~'t..IEJ\11 tliie.J~ ~ eJ n1'jn 'j~vltln1'j 

, \J '\J 'I 

b~:W'1leJ~tl~:w1ru1tJ'j~'t.J'1leJ~~eJ:WbG1~:WLV'IPl'lJ1tJ (male accessory gland: MAG) '1JeJ~LV'IitJm~1t'lt'l 
~tl1{;11~ L~eJVlt'IG1eJ'UC.J~'1JeJ~~ruV!iJ:W'j~\9)'U~1~ 1 tl'UG11'jfl1~t'l LL:W~~~fl11:W L .rr:wit1~1~ 11 tJ'j~'t.Jb Vl~1.Q' 
"il ~ ~ ~ C.J ~ ~ e:1 n 1 'j L ~ :w A 11 :w t'l n '1J eJ ~ 1 'li '1l eJ ~ til1 L ~ :w 1 tJ b Vi P1 Lii tJ "il ~ (1 n n 'j ~til t1 ~ 1 t1 n 1 'j C.J G1 :w ~ t16 

\J , , 

(Wang et al., 2010) ~ruV!iJ:W~~~~tl1tlu"il~Utl"il~~~C.J~~e:Jm'j'j~'lJ1t'l'1leJ~Li"'itJm~1t'lt'l~J1m~ 
'j't.Jbb 'j~mn 1 't..IV!mtJlfftl~~iim'jtl~ni11 
, \J 

tle:J n"il1 nd eJ ruV!n:W ir~ii~VJ6Vi~ ~e:Jn1'j"L "il~ru L~'U L(;1'1JeJ\I~\IoW"I1LL~ ~bL:W~~ 
, \J v 

G11l.J1'j(lvl11 ~'j~ 191'U fl11:W vl1't.JV11ti'1JeJ\I.W'lJL tJ ~ tJ't.JLL tJ~\11vl b 'lit~ n1'jb tJ ~ tltl LL tJ~~'(J e:J~51 {;1 e:J1V!1'j bb~~ , 
LLeJ~~1~ V11\l LAii (allelochemicals) m tJ 1 tlvlti.W"Il'j1l.J~~c;i' n~ru~V11 \l"'ru \J1tli Vl tl1'1leJ~.W'lJ iie.J ~ v1'1 .... 

1 ~.W"I1G11:W1'j(lvl1't..IV11tl~e:J n1'jb ·ihv1'1~1 tJ'1leJ~ bb:W ~~ 1!ilm n~'t..IV!~e:J~t'l~\1 (~'jf'l~ Pi h~t~VJ{ 2542) 
" 

Wang et al. (2010) 'j1tJ~1tln1'j"PJn~1~VJ6i"1~'1leJ~~ruV!iJ:W~~~1'j~l91util~Lb~ 22 Ci~ 34 

e:J\1 PlWilm ~ tJ ~ ~ ii C.J ~ ~ e:~ c;i' n~ru ~ n1'jvl1 t1 VJ1 tl'1l e:~~.rr 11 G1e:J~G11 tJ~ t~6 ~ii ~tl vi'1t1 V11tl ~ 1~ nt1 1!il Lb ri 
' 

~t1~i11 IR26 ii~t1 Bphl LL~~~t1~.rr11 IR36 ii~t1 bph2Lt'ltJ1i~tl~.rr11 TN ~LU't..l~tl~ele:JtlbLeJ 
L Utl~ti6L tl~ tJ'U LYJ tJ'U A11:Wvl1't..IV11t11 t1 'j~tJ~vltl n~ 1'1le:J~.rr11~tl6 IR26 LL~~~t16 IR36 ~ m v-~ i tJ , , , 
mdt'!t'l~tl1m~~e:JtJ., ~~~~L~e:JeJUJV!JliJL~:W~tl"il1n 25 Ci~ 34 eJ~Pllb"l!m~tJG1 LL~~fl11:Wvl1't..IV11tl 

I , " 
~ .d d q, d d o:::t..d I Q..l d I Q..l 

~t'l~\lb{;l:WVlb:We:JeJUJV!Jl:WG1\I(l~ 31 LL~~ 34 eJ\IPl1L"llm"lltJG1 e:JUJV!Jl:WV1LL{;ln{;11\lnti:WC.J~(;le:Je:Jm1n1'j 
, \J 'V 'I \J 
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b~'1~b~'U11'1'lleJ'IU'J~'Il1mb-wit.~m~1~~~J1m~ 1~t.J~~G'i'le-J~~m)m1m'J'JB~~il'l eYm11119),Jtl1n1'J 

'1Jv'll'i'1b~:w1t.J eYm1n1'Je-J~:W~'U5 Fn1:W~f1'1JB'In1'J11'11~ bb~~m'JV1n1~ bbl'lf1~1'1tl'Um:W'J~~'\J'lleJ'I • 
eJtuVIJliJ (Liu et. al. 2004) 1'U~'U5-rr11t;'l1'UV11'Ubb~~~'U5eiv'UbbeJ~~ijtJ'1:w1ru oxalic acid 

, '\J , , 

~ bbl'l n~1'1tl'U oxalic acid ~~'1!~~1'1~'Ub \J'U~1'JoV'\J 1~ bb:W~'IVI~eJ~1 'J~'\J ~'~ m'Jn'U el1V11'J 1 'U~'U6.rr11 • 
t;'i'1'UV11'U ~ v b -wi t.1 m~ 1~~~J11'11~~ ~m 'UtJ'1:w1ru ~'~ ii 'J1 t.J'I1'Ul1'W'l ~ n 'J'J:w m'Jn'U v 1V11'J'll eJ'I b -wi t.1 

m~ 1~~~J11'11~iirn1:w~:w~'U6nutJ'1:w1ru oxalic acid 1 'Ut;'l'U.rr11 bb~~tJ1mru m'Jn'UV1VI1'J'll eJ'I 

b'Wit.~m~ 1~~~J1m~~~~'ln1'Jb~:W'lleJ'ItJ'1:w1ru oxalic acid 1'Ut;'l'U.rr11b~:W~'U ~1f1e-J~n1'Jflf1'1~1'1JeJ'I 
Wane et al. (201 0) eJUJVIJliJ~'Im~vh1 ~1'111:wt;'i'1'UV11'Ub -wit.~m~ 1~~~J1m~ 1 'U~1t.J~'U6.rr11~~~'1 

, \J \.1 , 

b~eJ'1~1ntJ'1:w1ru oxalic acid 1'Ut;'l'U.rr11 

2.2.2.4 1 u 1v 1 VJU bb~~i'l11:WVImnVIm t.J'lleJ'I b -wi t.Jm~ 1~~~J11'11~ 
U'J~'Il1mb -wi t.1 m~ 1~~~J1m~~1:W1'Jf1tJ~ul'l1 b~eJFn1:WeJ~'JeJ~ H\~1 'UVIm t.1 

'U 

ll .. ... ~ !:"1 ') QJ .IQJ .I.J .I I 

~Jl1'W bb 1 ~ ~ v:w ~ 1:w1 'JfleJ'W t.1 -w bi'l ~ B'U t.1 1 t.1 b~ bf1 ~ b~ t.1 eJ 1 P1 t.1 ~ :w:w 'J~:wbb~ ~ u 'J'Ub u ~ tJ 'U u 'J~'Il1 mv tJ 
• 'U 

1'1~ el~ b 1~ 1 1~ t.J'W'\Jl1 b'Wi t.Jf)'J~ 1~ ~~J11'11~~:W1~1f1~Jl1'WJli1 ?11~1'11 bb~~~Jl1'W bb 1~i1 el:W~ bbl'l f1~1'1 
'U 

tl'U Vl~eJ :w1~1 n~1'1-;{'U~~~ii'JtJbb '\J'\Ji'l11:W'J'Ubb 'J'I1 'Um 'Jb .rr1vhmt.J~'U6·ih1 bbl'l n~1'1tl'U ~'I~'U6.rr11~ 
'\J 'I , , 

cJl1 'UV11'U ~ eJtJ 'J~'Il1 n'J b -wi t.1 n'J~ 1~ ~ ~J 11'11 ~ 1 'U.;{'U~VI~'Iv1 ~~ ~ ei v'U bbv ~ vtJ'J~'Il1 n'Jb -wi t.1 n'J~ 1~ ~ 
~J1m ~ 1 'Ub 'lll'l.;{'U~~'U 'UeJ n~1 mJ'U~'Iii 1'111:WVIm nVI~ 1 t.1 1 'U f11'J b .rr1vr 1mt.1~'U6.rr11~ii ~'UcJl1'UV11'U • 
bbl'lf1~1'1tl'U b~t.Jf11'111:Wbbl'lf1~1'1-d'11 "1u1v1Vlu" (biotype) (Claridge and Hollander, 1980) 

m'Jbn~ 1v 1eJ 1 VJu1 Vll.h \J'Um~u1'Um'Jm'J~w.J'U1 bb~~tJ~ul'l1 b~vm1:we1 ~'JB~'llv'lbb:W~'~ ('J1:w(i'lm'J 
'U 

eJ~'JeJ~ bb~~iim'J~w.J'U1l t.I'\J'UcJl'U.rr11 Vl~vm'J 1 offcJl'U.rr11 b -lJ'Ubb VI~ '11 ~~1'Jel1VI1'J bb~ ~11'11 ~ b ~B'll m t.1 
'U 

b~1~'Uq) (Claridge and Den Hollander, 1983; Diehl and Bush, 1984) ~vb-lJ'UtJ~~:W~'U5 

'J~VIl1'1~'U 5-rr 11 tl'\J bb:W ~'I bb~ ~~ Jl1'W bb 1 ~ {{ el:W ~'I~ eJ b \] 'Ull \O),J 'U 1 f11 'J~1:W'J~VIl1'1~'1ii~il'l bb~ ~ • 
~m-w bb 1~i1v:w 1 'U'll'U1~J'U ~1 nm'JtJ~u 1'11 ~'~ n~11vi'11 ~b -wit.~ m~ 1~ ~~J11'11~ bn~ m'Jn~ 1 t.J~'U5 ~'~ 

' 
~~Vf1mbi11 bb:W~'~ b VI~1J'Un~ ~~1m'Jm .rr1vi'1m t.1~'U6.rr11 cJl1'UV11'U hi' v111 ~bn~ b \J'U 1 u 1v 1 VJU1 Vlll~'U • • 
bb~ ~~'U nm'J:w~ fl ntJ ~u b tJ~ t.~'U1 tJ b VI~ 1J'U ~~~1m 'Jfl ~ 1t.JV1 v~ 1 tJG'i~'U~ eJ 1 tJ vi' 11 ~ij~ n"trru~VJ1'1 

, 'U 'IJ 'I 

~'U~m'J:w~tJ~u1'11b.rr1nu~m-wbb1~i1v:w bb~~~'UtfcJl1'UV11'U1VIlJ'l hi' (Jl:w'J Dl'11'111~~'~. b~l'lu l'l'll'ln,; 

bb~~ ~'Jb~'ll U1~~i~Vl~, 2554; Saxena et al, 1983) . , 
1v 1v 1 VlU'lJv'lb -wit.~ m~ 1~~~J1m~~~-;ij nn'U~1 'U'I1'Ui-;ijm~ t.~1 nu.rr11t;'l1'UV11'U 

'U 

b'Wit.1m~1~~~J1m~ ii~1'U1'U 4 1u1v1VJu tJ'J~f1eJ'\J~1t.J 1u1v1Vlu 1 bb~~ 2 iim'Jm~~1t.Jtl'UB~1'1 
bb 'W ~VI~ 1 tJ 1 'U Vll tJ b m ~ tJ 1'1 ~ l 'U eJ eJ f1b U tJ '11 cJl bb ~ ~ b m ~ tJ 1'1 ~ l 'U eJ eJ f1 1 ~ tJ fl n "tr11 'U orr 11 ~ 'U 5 cJl 1 'U V11 'U • 
Mudgo ~'lii~'U Bphl (Jena and Kim, 2010) bb~~1u1v1Vlu 3 b-lJ'Ubb:W~'I~1~~1nVl~~B'I1'U 
~v'ltJ~u~m'JhWvi'1f11'Jfln't11tl'\J.rr11~'Uqt;'l1'UV11'U ASD7 ~ij~'U bph2 (Panda and Khush, 

1995) G'i1'U 1 u 1v 1 VJU 4 b-lJ'UtJ'J~'I!1mb -wit.~m~ 1~~~J1m~~'J'Ubb 'J'I:w1n~1:w1'Jm.rr1vi'1mt.J~'U6.rr11 , . 
~ii~'U Bphl bb~~ bph21~ bb~1lJ~1:W1'Jflb.rr1vl1~1t.J.rr11~'Utf Rathu Heenati ~ii~'U Bph3 

~'U6.rr11~ii~'U bph2 -wu'l1 iil'l11:weiv'Ubbv~v1u1v1Vlu~-wu1'Ubm~t.~1t;'l b~t.~n111u1v1Vlu 4 
, 1 Cl.l (' I.J' c:J~q t.1 d 1.1 d J' 

(Chang, Zhu and He, 2013) bbl'l'W'U~'ll11Vl:Wt.J'UI'11'UV11'U Bph3 ~1:W1'JfiV1~~1'11'UV11'Ub:WeJ~m-w~t.J 

m~1~~~J11'11~1u1v1VJu-d'b.rr1vi'1mt.J ~'IJ'U U'J~'I!1mb-wit.~m~1~~~J1m~~1lJ~1:W1'Jm.rr1vi'1mt.J 
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~'UqiTJ1~ 1 ~:i1~'U~1'UV11'UL~EJn11 1 u LeJ 1 VlU 1 1 'U'Uru~~th~'1!1n'H~~EJmd~~~J11'11~~611d.JTHl 
Li1vh~1EJ~'UiTJ~:i1~'U Bph1 LL~~ bph2 1\9l~~L~EJmJ'J~'1!1mLLd.Jr;1'1L'Vl~1,1'U11LU'U1u1v1VlU 2 

LL!;1~ 3 1'11d.J~1~'\J (m~~ 2.1 0) 

th~ L V1Pl1 V1 EJ:i1m'Jfim·n 1 u 1v 1 VlU'lleJ'I L ~~ EJm~ 1~~~J1mr;1 LL~~rl'U'Vl1~'Uum'Jd.J , 
~1'UV11'U~'ILL~u ~ . Pl . 2518 (~'J~-:JP11~1'UV1{ 2553) 1'Uv~l'!:i1m'Jfin~1L~vri''U'Vl11u1v1Vlu'llv'l 
L~~EJm~ 1~~~J1m~ 1 'Uth~LV1P11 VltJ~uLViEJ'I 1-4 1 u 1v 1 VlU 1~EJn1'J'J~'\J1~ 1'U'Ii1'1LL 'Jn 1 u 1v 1 VlU 1 

LL~~ 2 :i1tJVl'IJ1V11 'Un1'JL iTvhmEJ~'U6i111\9l'J'ULL 'J'I L ~eJ'I~1mn~l'l'Jm 1 iW'U6i11~1~~1'UV11'UL ~~ EJ 
' ' ' 

m~1~~~J11'!1!;1 LL~:i1m'J'J1EJ'I1'UL~EJ Jairin et al. (2007) L~EJ1nu1u1v1VlU'lleJ'IL~iEJm~1~~ 
~J1m~ 1 'Uth~LV1P11 VlEJ~u:i1v~1'1ii'eJ EJ 4 1 u 1v 1 VlU 1\9l:i1un1-.ilEJ1 'Uth~LV1P11 VlEJ1\9lvhm'JPin~1fn1d.J 
1'ULL 'J'I1 'U m'JL i1vhm EJ~'Uqi11~:i1~'U ~1'UV11'U L ~~ EJ m~ 1~~~J11'11~~1'~1 ~u11611d.J1'J~ LLEJnrn 1d.J 

LLI'ln~1'1'lleJ'ILLd.J~'II'l1d.Jfn1l.l1'ULL'J'In1'JLiTvi1!;11EJ~'Uqi111\9ld.J1n(i'l 7 n~l.l (Thanyasiriwat et al., 

2009) ~'161eJ~I"l~eJ'Itl'\J Yl~Jil~'l,_; LVl'l{]n,_; LL~~r1ru~ (2554) vhm'JPin~1th~'1!1mL~~EJm~1~~ 
~J1mr;11 'UL 'lJI'l.fl11"lL'VltieJI'leJ'U ~1'1 ~u11 611d.J1'J~-.il~n~d.J 1 u 1v 1 VlU'lleJ'IL~iEJm~ 1~~~J1m~u1L 1ru 

' 
~'U~~'In~111\9ld.J1n(i'l 91u1v1Vlu 1~EJ~1'U1'U 31'U 91u1v1Vlu ~u11LU'ULLd.Jr;1'1n~d.JL~d.J~:i1m'J 

' 
'J1EJ'I1'U 1\9l'LLrl 1u1v1V1U 2, 3, LL~~ 4 l'lld.J~1~'\J 'UeJn~1nJ'ULU'U1u1v1Vlu~1~611d.J1'J~~1LL'Un1\9l'J1l.l 
~'I~'U 6 1u1v1V1U 1\9l'LLrl UKPHS1, UKTK2, UKUT1, UKLS1, LL~~ UKST1 ~1nm'Jfin~1i1-:J~'U 
LL61 ~'11 'IX L ~'U11th~'1!1 mLLd.J ~'~ md.J61.fl1~ li'J'Jd.J'1!1~:i1rn1d.J'Vl~1n'Vlm EJ'llv'l1 u 1v 1 VlUtJ~tJ'U n'Um EJ 1 'U 

tJ'J~'1!1m~~u1 'U61m~u'J'Jd.J'1!1~ ~'~ mn~vm'JrntJI"ld.J ru u~~u'Uf1'11~:i1iv~61~u~-ti~ L~'U 1\9l11m'J , , .., 

L tJ~ EJ'ULL '\.Jr;1'11 u 1v 1 VJU~ Ln~~'U,r'ULn~~1nm'J 1-tl~wi~1'UV11'U~~~ vn'U'Vl~mn~~1 n m'J L tJ~ EJ'ULL '\.J(;l-:J , 
~'Uum'JW11EJ 1 'UU'J~'1!1m'lleJ'I L ~~ EJ m~ 1~ ~~J11'11~ LeJ'I Vl~eJ Ln~~1n m'JL tJ~ EJ'ULL U(;l'l'lleJ'I~ ~'UVl~~ , ' 
~'1~1eJ1PlEJmEJ1'U~1'lleJ'IL~~EJmd~~~J1m~ Uairin et al., 2013; Ferrater et al., 2013) 

I I I 1.1 

'UeJn~1n Jl1~Vl 2.10 LL~1 fJ'I:i1n1'Jfln~1L~lJL~d.JL.WeJ~1LL'Unncid.J'UeJ'IL~~EJ 
' 

md~~~J1mmL61~'11'iXL~'U11 611EJ~'Uqi11~:i1~'U Bph1 ~~611d.J1'J~~1'UV11'U~eJn1'JLiTvhmEJ'lleJ'I 
1u1v1V1U 1 LL~~ 3 LL(;l~ i11611tl~'Uq1~~:i1~'U bph2 ~~611d.Jl'J~~1'UV11'U~eln1'JLiTvh~1EJ'lleJ'I 
1u1v1V1U 1 LL(;l~ 2 LL~~i11611EJ~'Uq1~1 ~:i1~'U Bph3, bph4, bphB LL(;l~ Bph9 ~~611d.J1'J~ 
~1'UV11'U~eJn1'JLiTvhmEJ'lleJ'I1'1JLeJ1VlU 1, 2, 3 LL!;1~ 4; LL~~ ~1V11ni11~:i1~'U bph5, 8ph6 LL(;l~ 
bph7 ~~~1'UV11'ULoWEJ'ILLr11u1v1VlU 4 LvhJ'U (Khush and Brar, 1991; Panda and Khush, 

199 5) 1 '\J LeJ 1 Vlm Vl~611d.J1'J~ Ln~~'U 1\9ll'lr;1el~ L 1m~1n n1'J~:i1tJ~ ni11611EJ~'U5~:i1~'U~1'UV11'Ub Vi EJ'I~'U .., ' 
L~EJ1 LL~~tJ~n~~~eJn'U ~~vh 1 '!X~'U6i11 L Vlci1J'U61ruL~ EJI"l11d.J~1'UV11'U LL~~Ln~L tJ'U1 u 1v 1 V1U1 VI~~ 

'U , \J .... 

611d.J1'Jmi1vhmEJi11~'U6L V1ci1J'U 1\9l LL~~1Vl1n:i1m'J'J1d.J~'U~1'UV11'U'VlmEJ 1 ~'U Vl~eJ'VlmEJ 1 QTLs 
' . 

n~~vh 1 'iXLn~rl11d.J~1'UV11'UL~~EJm~ L~~~J11'11~~1"1'1Vl'U (BPH durable resistance) 



33 

.n 1'Vl ~ 2.10 r11111 ~ 1'U 'Vl1'U "ll e:~~"li11 ~ e:~;l'J"lfU ~ ~ bb~ n ~ 1 ~ nu "ll eHlb'Vl ~ fl n ~~ 1~ ~ aJ 1 ~1~ 
(a) ;f1"lfil~ 1 6i1111~m"liTvh~1fl6i1floWu5~hHi~u~1'U'Vl1u (b) ;f1"lfil~2 6i1111~t;1 • 

tl o Q./ d'd.ctd d oe::. II o cv d'd.c:::t.c::t 

b "ll1'Vl1~1 fl£i1fl'Vl'U5'Vl1lfl'U Bph 1 u~~"lf'J"lf'U ~3 £i1111~m "ll1'Vl1 ~1fl£i1fl'Vl'U5'Vl1lfl'U • • 
bph2 . 
Vi111: Pathak and Khan (1994) 

2.2.2.5 ~i.Jlim~1lmUfl1J~m~ru~~1'U'Vl1i.JLY-liE.Jm~111111l~J11'11~ • • 
m 11J L~ m,n E.J"ll v'l t:-J m-J ~ wli' T"J eJi.J L ~ v'lm ~ 1 n nTH oil Tvh ~1 E.J"ll v'l L v.l i E.J m~ bl1111l 

~J1m~ L Ui.J'uruvn~l?i'v-:J1~-rum~LLm "ll ~'~ L Ui.Jt:-Jr;j~1111 tJ~m~Ai.J'I,j1 LL ~ci-:J~i.Jlim~1JI'i'Tu'Vl1i.JL ~v 
" 'IJ • 

1111 tJtJ~~E.J nl'l1 m iJ m~u-ruu ~'l~i.Jlj olJT"JU 1 LLr;l ~-rr 1l~i.JLii el'l~el 1~11 L Ui.J~'UlfolJ1l~?f11J1~~tJ -ru ~l " , , , 
L o/fl flU?f.f11Y-lLL ll1l~e:l1J~n~ru~~1'1""]1~v~1'1nl1'1"lll1'1 1~LLrl ?f.fl1Y-lfll11J Lfl~CJI'l"llv'l hfl Lbr;l ~bb1Jr;l'l 

m11J bb ~'~ bb~'l bbr;l~J1vi11J-rr'l bi11CJ bUY-l1~ b Ui.Jbb ~ci'l~i.Jlim~1JI'i'1i.JVI1i.J~v b Y-li E.J m~ b111111~J1mr;1 Plt'l~~ 
' 'IJ 

~1ri'ru 1 'U~~uum~'\Jr;1 noil111 i.J'U~~Ui.J 
" 'IJ • 

bb ~ci'l~i.J5m~1J"llv'l ~i.J 1'1 1i.J Vl1i.Jb Y-l i CJ m~ bl1111l ~J 11'111;1 Y-lU 1 i.J~i.Jlim'J1JolJ1l • • 
~i.Jbiiv'l bb~~-il1lU1 ii n1'JU11J11 m iJ n1'Ju-ruu~'l~i.J6-il1l b ~el~l'l n1~'J~U111l'll B'l bv-li () m~ bl1111l~ • • 
tl1mr;1 fli.J B~1'1~m~B'I U~~Ui.J bVlflb iJ br;l ~~l.fl1'v'm~~'l1i.Jl~E.JVI1'1~1i.J~b 'U1J-if11 fl1lmJ1v ~1'1 

' 
~1111 b ~l 1~ii m 'JA'U Y-l u 1'11 bb ~Ll'~ ~i.J 1'1 1i.JV11i.J 1 ~~ 1 b ~1J ~uii m ~'J 1 E.J'I1'U m"JA u Y-lu 1'11 bb ~Ll'~ ~i.J 
l'i'1i.JV11i.Jbv.liE.Jm~111111l~J11'1 1 !;1Ui.Jbfl~b1Jb"ll1J-if1l1J1"il1i.Jl'U 29 ~'U (Ali and Chowdhury, 201 4; 

Wang et al., 2015) ~h1-ruliJ1n-il1lU~n~uq~ubiiB'I (0. sativa) LL~~~uqu1 L'lii.J 

0. australiensis, 0. eichingeri, 0. latifolia, 0. officina/is, 0. rujipogon, 0. glaberrina bbr;l~ 
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0. minuto m:w~A'1~'\J (Hu et al., 2013; Fujita et al., 2013) (V11d'1.:J~ 2 .3) 1~viimd'1fi~'U~'Ub~e:J 
Plfl~1VIU1~ bb~~n~1fll'll.:J1 ~?i.:Jc.J~1~bn~w.n:w~1'UV11'Ubb~T~1'U1'U 4 ~'U 1vi'bbn Bph14, BPH26, 

Bph3 bb~~ BPH29 ~.:J~~'Uiil'i'1bbVIU-:Je:J ~u'U1fld'1:w1'if:w 3 12 4 bb~~ 6 V11:WIA'1~'\J (Duet al., 2009, 

Tamura et al., 2014; Liu et al. , 2014; Wang et al. , 2015) i11th~e:J1vi'11bU'UbbVI~-:J~'UtH1d'd':W 
' ' ' II d 0 Q.l I d d I d..:ll Q.J I d 0 Q.l 

Vl1'U Vl1'U bb:W~.:JVl ~1 fl qj:W 1 flbb VI~ .:JVI'U.:J :W fl1 d'd'1 V.:J 1'U11:W V 'U VI~ fl:W 1 f1 fl11 21 V'U ~1VId''U fld 1:W 

~1'UV11'Ub~~vnd'~1~~~J1Vl1~ bbD-:Je:Je:JflbU'U 11 ~'Uiil 1 ni11tJ~n bb~~~mh'U1'U s ~'U 
'U 

lil1fli11D1 0. officinolis, lil'1 'U1'U 2 ~'U lil1f1i11D1 0. australiensis bb~~~fl 2 ~'U lil1f1i11D1 

0. minuto bU'U~'U (Liang et al., 2008; Rahman et al., 2009) b~e:JhJ'U1'U:W1diimd'd'1V.:J1'U11 
~ 'U ~ 1 'U Vl1 'U b ~ ~ V f1 d' ~ 1 ~ ~ ~ J 1 Vl1 ~ tJ d' ~ :W 1 ru 20 ~ 'U ~ ij f11 d' d' ~ 'U \9\' 1 bb VI U .:J 'U 'U 1 fl d' 1 :W 1 'if :W 

' 
~u fi11:W~:W~'U5'1Je:J.:J ~'U~ 1'UV11'Ub VI~ 1d bb~~ 1 u 1e:J 1 VJ tJ 'lle:J.:J b ~~ vm~ 1~~~J1m~ iim1:w~:w~'U6bb uu 

gene-for-gene ~.:JbU'Ufi11:W~:W~'U5~iifl1d'~'UDe:JV1'Ubfl~'ll (Chang, Zhu and He, 2013; 

Kobayashi et al., 2014) 

~'U~ 1'U V11'U b~ ~ v n d'~ 1~ ~ ~J 1m~ ?i1'U1 VI qJ ~u11 b U'U ~'U b~'U (dominant 

genes) b'li 'U Bphl, Bph3, Bph6, Bph9, BphlO, Bph12, Bph13, Bph14, Bph15, Bph16, 

Bph17, Bph18, Bph20, Bph21, Bph22, Bph23 bb~~ Bph24 bU'U~'U e:J~1.:JldnV11:W~'U~'U 

~1'UV11'Ub~~vm~1~~~J1Vl1~~bU'U~'Uvle:JV (recessive genes) b'li'Ufl'U b'li'U bph2, bph4, bph5, 

bph 7, bhpB, bhpll bb~~ bph19 bU'U~'U ~'U~1'UV11'UbVI~1d ~1'Ubb~1bb~1~.ffbVJ fiUfiV11.:Jvi'1'U 

bfl~e:J.:JVI:W1 v~ bB'Ube:J b i1:w1'li1 v 1 'Uf11d'1 1.:J 1'1 1 bb VIU.:J ~'U ~.:J ~'U ~ 1'UV11'Ub ~~ vm~ 1~~ ~J1m~~ b U'U~'U 
Vl~f1bVI~1.Qiil~iil'i'1bbVIU.:J'U'U1fld'1lJ1'iflJ~1n~:a~ti'ubfl~e:J.:JVIlJ1V AFLP, RAPD, RFLP, SSR Vl~e:J STS 

bU'U~'U 1~V~'U~1'UV11'Ub~~vm~1~~~J1Vl1~iimd'f1d~lil1VIii'1vi'1~-:J 121fld'1lJ1'iflJ bb~~u-J1iiby;V.:J 
61fld'1lJ1'iflJbVllti'U ~iifl1d'fl'U~'U~'U ~1'UV1 1 'UlJ1 fl ~~~ ~e:J 2, 3, 4, 6, 11 bb~~ 12 V11lJiA'1~'\J 

' 
tJd'~mru so btJe:J1b~'U~ 'lle:J.:Jmd'm~lil1VIii'1'lle:J.:JI'i'1bbVIU.:J~'U~1'UV11'Ub~~vm~1~~~J1m~ lil~ii 
l'i'1bbVIU.:Je:J~u'U1m1JJ1'1llJ 4 vl1 'Ubb'll'U~'U bb~~1m1JJ1'1llJ 12 vl1'Ubb'll'UV11 (.rn~~ 2 .11) 

" 
c.J ~ lil 1 f1 f11d'Pl f1~1~'U Lifld'd'lJ ~1'UV11'U b~~ V fld~ 1~ ~~J 1 Vl1~ b VI~ 1d ~u-J1 , 
' 

~'Uqf1dd'lJ~1'UV11'UYliilil'1'U1'UVImV~'U (polygenes) Vl~e:J fl~lJ'lle:J.:J~'U b~vn11 QTLs ?l1'UlJ1f1bb~1 

lil~ 1 ~fl11lJ~1'UV11'U~fi.:JVl'UlJ1nn11 ~'UVI~my;v.:J~'Ub~V1~e:J~I'i'1bb VIU.:J 1~1'i'1bb VIU.:JVI~.:J'U'U 1m 1lJ 1'1llJ 
" fl11lJ~1'UV11'Ub~~vm ~1~~~J1m~~fld'UfllJvl1V QTLs ~uiilJ1flf111 30 QTLs ~iimd'd'~'U , ' 

l'i'1bbVIU.:J'U'U1m1lJ1'1llJ 1, 2 , 3, 4 , 6 , 7, 8 , 9 , 10 bb~~ 12 mlJIA'1~'\J (Alam and Cohen, 1998; 

Huang et al. , 2001 ; Su et al. , 2002; Soundararajan et al. , 2004; Liu et al., 2009; Chang, 

Zhu and He, 2013) 'Ue:Jfllil1f1~'U~1'UV11'UVI~fl (major genes) bb~1 cJ.:Jii~'U~1'UV11'U~bU'U~'Ud'e:J.:J 
(minor genes) ~nlil'1'U1'UlJ1f1~1vi'iimd'A'U~'UI'i'1bb VIU.:J 1 'U~1V~'U~i11~1.:J 1 ~.:J~'Ui11~ii~'U Vl~e:J 
QTLs ~ mufllJ~ m~ru~~1'UV11'Ub ~~ vm~ 1~~~J1Vl 1 ~1il~ii n~ 1nfl1 1lJ~1'UV11'U b~e:Jc1u ~.:J md'b i1 

' 
vh m v bb~~sde:JlJ bb '1llJ m 1lJ b~ VVI1 v eJ'Ub ~ e:J-:JlJ11il 1 n f11d' b i 1vi' 1 ~ 1 V'll e:J.:J b ~~ v n d'~ 1~ ~~J1 Vl1~ 
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No. R gene SourceNariety 

Mudgo, C022 (IT 000588), TKM6, Milyang30, Milyang34 (IT 006216), 

Nampungbyeo, Chilseongbyeo, Andabyeo, Kanto PL4 (IT173362), 

1 Bphl 
Cheongcheongbyeo, Changsongbyeo, Baekunchalbyeo, IR26 (IT001886), IR28 

(IT001892), IR29 (IT001893), IR30 (IT001899), Hangangchalbyeo, 

Yeongpungbyeo, Namyeongbyeo, Gayabyeo, Samgangbyeo, Namcheonbyeo, 

MTU15, IR26, IR28, IR29, IR30, IR34, IR44, IR45, IR46, IR64 bb~~ MGL2 

2 bph2 
ASD7, ASD9, IR 1154-243, Norin-PL4, Hwacheongbyeo, PTB18, PTB33, H105, 

Palasithari 601 , HS, IR32, IR36, IR38, IR40, IR42, IR48, IRSO, IR52, IR54, IR65 

Rathu Heenati, PTB19, Gangala, Horana Mawee, Muthumanikam, 

3 Bph3 Kuruhondarawala, MuduKiriyal, PTB33, IR56, IR58, IR60, IR62, IR68, IR70, IR72, 

IR74 

4 bph4 
Babawee, Gambada Samba, Hotel Samba, Kahata Samba, Thirissa, Sulai, Vellai 

lllankali, Heenhoranamawee, Kulu Kuruwee, Lekam Samba, Senawee and IR66 

5 bph5 ARC10550 

6 Bph6 Swarnalata, 0. officinalis (acc.00896) 

7 Bph7 T12 

8 bphB Chin Saba, Col. 5 Thailand and Col. 11 Thailand 

9 Bph9 Pokkali, Balamee and Kaharamana 

10 Bph10 0. australiensis and IR65482-4-136-2-2 

11 bph11 0. officinalis, DV85 and IR54751-2-44-15-24-3 

12 Bph12 0. officinalis, 0. latifolia, B14 and IR54751-2-34-10-6-2 

13 Bph13 0. eichingeri, 0. officinalis (acc.00896), acc105159 and IR54745-2-21-12-17-6 

14 Bph14 0. officinalis, Rl35 and BS 

15 Bph15 0. officinalis and BS 

16 Bph17 Rathu Heenati 

17 Bph18 0. australiensis and IR65482-7-216-1-2 

18 bph19 AS20-1 

19 Bph20 0. minuta (ace. 101141), IR71033-121-15 and ADR 52 

20 bph21 ADR52, 0. minuta (ace. 101141) and IR71033-121-15 

21 Bph22 IR75870-5-8-5-B-2-B and IR75870-5-8-5-B-1-B 

22 Bph23 IR71033-121-15 

23 bph24 IR73678-6-9-B 

24 Bph25(t) ADR52 

25 Bph26(t) ADR52 

26 Bph27 GX2183 

27 Bph28(t) DV85 

28 BPH29 TR539 ( 0. rujipogon) 

~l.l1: Ali and Chowdhury (2014) 



OMbp OMbp 9~12 OMbp 

· t(Bph13 BgJ:15 B 17 
bph19 Bj)h20 

18.$1Mbp 18.03Mbp - 1S.61Mbp 

[Bph14 . • 
37.31Mbp * bph11 36.06Mbp . 31.22Mbp 

Oht3 Chr4 

-

·tee~ Bj)h3 

Cht6 

OMbp OMbp 

15.18Mbp . bph7 13.&4Mbp 

30.36Mbp 
Chr7 

36 

bph2 
Bph10 
Bph21 
Bph9 
Bph18 
Bph1 

.n1'V'l~ 2.11 ~'lJ~h'lJ'V11'lJL'V'l~EJn'i::1~~~J1~1"'U'Ubfl'ib:Ub6!f:U"!i'11 :il1'lJ'l'lJ 5bfl'ib:Ub6!f:U H1LLri 

bfl'i1:u16!f:u 3, 4, 6, 7 LL" :: 12 ~1:u~1~u ~'V'l'U~'lJ~1'lJ'V11'lJL'V'l~EJn'i::1~~~J1m" 
:il1'lJ'l'lJ:U1n 
d 
'Vl:U1 : Chang, Zhu and He (2013) 

1) 1r~~'li:!~1'1 bb~::Vlul~'lle:J'I ~'U~1'U'V11'Ub 'V'li EJm:: 1~~~J1m~ 
A11:U~1'U'V11'Ub 'V'li EJm:: 1~~~J1mm U'lJA11:Ui:l1ll1~rJ'lle:J'I.rrTd 1 'Um~.Uu 1~ 

V!~e:J'Vl 'U ~e:J b 'V'li m1~:: 1~ (;] ~J1~1~ ~11!~'1 m ~~'U l'i'1'lle:J'I.rr11~ 1n r111:u b~ EJ'\1!1 EJ 1 'lJ m~ b .rrTvhm EJ'lle:J'I 

b 'V'li EJm:: b(;l(;l~J1m~ ~ n~ru::m1:u~ 1'W'V11'U'llt~'l.rr11'V11-:J:'ii1 bAij'Vl~m1ru;)1'lJl'V1 E.ll'lle:J'I.rr11 ~ij ~~~e:J ... 
'V'lt]&im~:u bb~::m::u1'Wm~b:u bb 'Vl'Ue:J~~:U'lle:J'I b 'V'li EJm:: b(;l(;l~J1m~ vh 1 ~.rr11E1u ~'~ m~b ~:u~'U,j1'U1'U 
'lle:J'IU ~::'ll1mb 'V'li EJm:: b(;l(;l~J1m~ bb~::vh 1 ~.rr111~-rur~11:U b~EJ'Vl1EJ~(;l~'l 1 'U~'U5-rr11~1'U'V11'U 

' 
b 'V'liEJm:: b(;l(;j~J1m~ .rr11~::u-rul'l1~1n m~b .rr1vhmEJ'lle:J'ItJ~::'ll1mb'V'liEJm:: b(;l(;l~J1~1~ vh 1 ~.rr11 
1:1 1:U1~rl e:J ~~e:J(;l~'U~'I1 ~e..m~~~ 1~ 1 'lJ m~b .rr1vhm EJ'lle:J'I b 'V'liEJm:: b(;l(;l~J1m~ 1 'U.rr11 .rr 1 1~::bbi:f(;l'l 

'IJ 

~ n~ru::~1 'U 'V1 1 'U ~ eJ 1 u 1t~ 1 'VlU 'lle:J'I b 'V'l i EJ n~:: b(;l(;l~J1~1~ b(;]EJ 1:1 1 :U 1~rJ,j'1 bb 'U n n~ 1nA11 :U ~ 1'U 'V11 'U ~ eJ 

bb:U~'I'lle:J'I~'llbU'UI:Il:U~n~ru:: ~'~-d' (~~'V'l'IPl h~'U'Vl{ 2542) 

1.1) A11:U~1'lJ'V11'lJ 'll e:J'I~'lJ~e:J'V'lt]&im~:u'lle:J'Ibb:U~ 'I (antixenosis) dJ'Un~ 1n 

A11:U~1'U'V1 1 'U'lle:J'I.rr1 1 b ~e:J<U'(;l'lJ11'1 EJ'U~'I m~b .rrTvhm EJij~~vh 1 ~,j1'U1'Ub'V'li EJm:: b(;l(;l~J1~1~ ~b .rr1 

vh~ 1 EJijtJ~:u 1 ru ~ (;] ~'~ n~ 1n n1~~ 1'U'V11'U~ n~ru::d ~:: hl bt eJ ~ eJ m~ b ~:utJ ~::'Ill m'Vl~mu fl1'U 

'V'lt]&im~:um~~~:~:u~'Uq fl1~11'11 ~ m~fi'Ue:Jl'Vl1~ bb~::flTj~e:JEJ~(;l"ii:um'Vll~ 'Ul'IA~'Im~vh 1 ~bb:U~'I 
e:J(;le:Jl'\1!1~~1 EJ 1 'U~I:f(;l 'lt-:Jbfl(;l~'U~1 mJ~~EJ'V11'1~ru\J1 'Ul'V1EJ1 ~:~~~l'Vlm bb~:::'ii1 bAffi 'U~'ll , ... 

1.2) il11:: EJ'U ~'I'Vl~e:J ~ ~ b~ EJ ~ t~:'ii1l'V1 EJ 1'll e:J'I bb:U ~'I (antibiosis) b'\J 'lJ n~ 1n 

A11:U~1'U'V11'U"ll e:J'I.rr11~ bbi:f(;l'l~ n~ru::~ij~~~l EJ~m-:J~'j:'iil ~ b 'V'liEJ m:: b(;l(;l~J1~1~ b~e:J b 'V'li EJ m:: b(;l(;l 

~J1m~b.rr1vhmEJbb~::(;l(;lfl'Utl1biEJ'I~1n.rr11 ~::~'1~~1~b'V'liEJm::1(;l(;l~J1m~ ije)mlm'jmEJb~:u 
'IJ 

:u1 n~'U "ll'lJ1(;1 bbm~J1VliTnl'i'1 ~(;1~'1 'j:: EJ:: b 1mm'jb U'UI'i'1rie:J'U~(;l~'l 1'11 b~:u-1 EJijmEJ~'U i:llb Vl~"lle:J'I fll'j ' , 
~1'U'V1 1'U~n~ru::d bfl(;lb ~e:J'I.rr11~~~~:~1'j~ b U'U'Yl~~m 'V'liEJm:: b(;l(;l~J1~1~ 

1.3) A11:U'Vl'U'V11'U"lle:J'I~'ll~mb:u~'l (tolerance) bU'Ufl~ 1n'Vl~e:JA11:Ui:I1:U1'jrJ 

"11 e:J'I.rr11~ b~~ru b&iu 1~ "11 EJ1 EJ~'U6 bb~:: 1 ~~~~~ (;l 1:1 1 :U1'jrJodt~:u bb"ll:U~1'U~ b~ EJ'\1!1 EJeJ'Ub ~e:J'I :U 1~ 1 n m 'j 

b .rr1v'hmEJ"lle:J'I: 'V'li EJm:: b(;l(;l~J1~1~ b(;]EJ~~~~(;l"lJe:J'I-ii'11 hJ~(;l~'I'Vl~e:J~(;l~'lb ~EJ'I b~ nue:J EJ 
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vr~'l~1nilm1 1Ai;1tl~u~huvnu~ ~~~m~ 11illil~J1m{;l 1~~1 ~ ~~ ~'lu~~uuil 
' 

"ii1t!1t! 4 ~u1~~~n Bph14, BPH26, Bph3 ~~(;1~ BPH291~iJm"Jf!im~n1A'J'l(!~1'l~t!]1t!VI11:U~i;1~{;1 
~ ~e:JPim~nvrth~"llfl'l~tl~1t!VJ1tl~ VJ~Td Pim~n fl1'JI'leJ'tJ(ftle:J'l ~~ e:Jtl m~:U{;l'l~ -ihvhm~ ~~{;1~ ~ ~e:J 1 '!XVJ'J1'U 

'U 

~'l1A"J'l(!~1'l1 'IJ"J~u~v111 'IX ~nlil n11~~"lil'le:Je:J n"lle:J'l ~u ~~{;1 ~~'l ~{;1 1 'IX.if11il A11:U ~1t!VJ1tl ~~ e:1 ~ ~~ ~ 
mdlillil~J1m{;11-fftJ1m~1~~1tl~1'l1 "lle:J'l~u<if111u~u Bph14 ~~(;1~ BPH26 uu1A"J1:u1"lf:u 3 ~~{;1~ 
12 l'll:U!;\'l~u 1tJ'J~tl~vl11'1X<if11~fllilf'l11:Uiii'1t!Vl1tlfleJ coiled-coil nucleotide-binding ~~{;1~ 
leucine-rich repeat (CC-NB-LRR) ~'lb'Uu1tJ'J~t!'llUiilVJ~'l1t!f'l'JeJ'Uf'l'1'1 NB-LRR (Duet al., 

2009; Tamura et al., 2014) ~'l~Ut!U'J~~.nVJ.niJr1:unumi'1~nu1tJ"J~t!lii'1t!VI1t!bA1uY'l'll 
'U ' 

(R proteins) fl1'J~~(!Iil'le:Je:Jn"lle:J'l Bph14 ~~m~~tl salicylic acid vl1fl1'J~'l~t1Jt1J1t:Uvl11'1X~nlilfl1'J 

(!~(!:U'!Je:J'l ~~f'l{;11{;1(! (callose) 1u1vJmeJ:U"lleJ'llii't!<if11 ~~{;1~~~1'1(!1'JEJ'U~'lVJ~tJ<au (trypsin inhibitor 

production) Vl~'l~1n~~~:U{;l'l~ .if1Y11m~ ~'lvl11 '\Xi;11ilell'l'J1fl1'Jfltl ell'l'J1fl1'J~~~tll~~'U 11'1 ~~{;l~~lilm~ 
m'J~ Ut!vl1Be:Jtl ~~{;j~v111 'IX~~~ ~m~ 11illil~J1 m{;l m ~1 tl~(!lil ~'lvl1tle:J'l ~~En nu fl1'Jvl1'l1tl"lle:J'l ~u 

' 
BPH26 ~'l~~ 1 UEJ'U~'lfl1'Jflt!e:l1VI1'J"lle:J'l~~~~m~ 11illil~J11'11{;1 1 u1 'I"Jme:J:u ~'lm~~~v111 '\X(!1'Je:l1V11'J~ 
~ ~~~m~ 11illil~J1m(;llii'e:J'lfl1'J~ tJ~ ~u1 tJ ~'l~{;lvl11 'IX51'l'J1fltl{;llilG1'l ~tl(!lilVJ1m~:u(;l'le:JiilmVJ1'J ~~{;1~ 

' 
m~1tJ1u~~lil ~1u1u~u Bph3 uu1A"J1:u1"lf:u 4 iln~:u~u"ii1t!1tl 3 ~u~~~En<ifeJ'ltl'Ufl1'Jvl1VJth~ 

' ' ' 
"lle:J'l lectin receptor kinases l'l'J'l~~e:J~:U'U1'l1 Vie:J~~Iiltl'U~1!'l~"lf(;l~ (plasma membrane) Viil 

vr'IJ 1~ mu A:U m 1~~" lil'le:Je:J nv111 '!XIii'u<if111ii'1t!V11t!~ ~~ ~m~ 11illil~J11'11{;1 ~~(;l~AJ1:U Iii' 1t!VI1tl~f'l'lVItl 
' 

~~e:Jt1m~~~mdlillil~J1mm.if1v11{;11~ (Liu et al., 2014) m1Pin~1~t1 BPH29 uu1A"J1:u1"lf:u 6 
'U 

~u 11m 1 1'1 e:J'U (It! e:J'l"ll e:J'l<if 11 ~~ eJ t1 m ~ ~ ~ m~ 11illil ~J 11'11 G1 ~-if 1 vl1 m ~ ~ ~il n'Jiil salicylic acid 
'U 

~ 'l ~ t1J t1J 1 ru ~ ~ eJ EYu ~ 'lVJ~eJ ~ n ~~ n n 1 'J(! ~1'l jasmonic acid/ethylene-dependent pathway 

~'l~{;lvl11 '!XIii'u<if11Umnu1:u1 'IX~~~~m~ 1lillil~J1mm.if1v11m~ ~'ln{;l 1n~'ln~11ilm1:uf'lt11~f'l~'lnu 
n1'JI'leJ'U(ftleJ'l"lleJ'lY'l'll~~eJUeJ'lfltl biotrophic pathogens (Wang et al., 2015) 1u~uq<if11 
lii'1t!VI1t!ViiJ~tl Bph 14 

m 1 1'1 eJ u (It! e:J'l ~ ~ eJ" 11 .n £1 r1:u nu v111 'IX Iii' u.if 11 (!1:U 1111 Iii' 1t!VJ1 u ~ eJ m 1 ~-if 1 
'U ' 

v11m~'lle:J'l ~ ~~~m~ 11illil~J1m{;l 11il ~5'J'J:U'Il1~~11 tJvi'1 nG11'l1 tlm"J'Tu~'l~ru ru1ruue:1 n ~ VJI'll1il~'l 
" "' ' 

~~ '\.Ji;jn'\.J{;l e:J:U~t!1 ~ <if1:u1~~"lfG1~Y'l'll ~'lm~~~ ~ Ut!(!1'J~~Iil:U1nu ~~:U{;l'l11il~l'l'J'l vr~e:Jm~~~~Ut!(!1'J~ 
Yl'll~{;l~l'l~tllJ1 ~~m tlu fl1'J~'l(!1'J 1 UEJ'le:J'lrlU'J~ ne:Ju ~1'11 ~ilvr'IJ1~1 tlfl1'Jvl1'l1tl"lle:J'l ~ulii'1t!VJ1tl 
~'lit! ~1VJ1nY'l'll~nhA~<if1vl1{;11~~~~nm~~tl~~eJ~'l~t1Jt1J1t:U"lleJ'l recognition of pathogen VJ~e:J 
microbe-associated molecular patterns (PAMPs or MAMPs) 11il ~ pattern recognition 

receptors (PRRs) ~Ut!n1'JI'le:J'U(ftleJ'l'!leJ'l.niJr1:unu~~~~n11 PAMP-triggered immunity 
.., ' 

1 u n1 1 Pi n~1 ~tl., ~~ ~1 nu .n £1 r1:u nu ~ ~ eJ bf'l ~~{;1 ~ ~~:u {;1 'l fi eJ herbivore-associated molecular 
I " ' 

patterns (HAMPs) ~tlu~1u~1~'1'mnm~:u{;l'l11il~l'l'J'l ~'lm~~~~tlu1tJ"J~t!1A~tl VJ~e:Jmlile:J~mu 
~tlulii'u ~~{;1~ damage-associated molecular patterns (DAMPs) ~Ut!~1t!~Y'l'lll'le:J'U(ftle:J'l~~e:J~n 
~~:Ui;1'lvl1{;1 1 ~ ~'l ~n lil ~1 nm1:u ~~ ~vr1 ~"lle:J'l ~ de:1 ~~ e:J'U~ ~ 1 ru~ ~~:U{;l'l ~-if 1v11m ~ ~'l ~ tlu n 111'1 e:Ju (ftle:J'l~ 
~vrlle:Jt!tltl~'l~~m~~~m~11illil~J11'11m<if1v11m~ ~~{;l~hA~.if1v11m~ (Heil, 2009) 
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fl1'W~ 2.12 hJL~j;lm-a~e:~ua'Uv'l"l.lv'I~'U"li1'lbdvt~ m 'W~f.lm:: '(~~~J, ~, j;l b 'lh~h;m.J 
"' 

~:u1: Chang, Zhu and He (2013) 

·t.m mnn.ifc'J'IA'U'W'\.r;h m~m::~u 1 ~~tJoUTJ (?ltJU?ftJ tl'l b ~mJ t~'lntJnTH oii'1vhrn C.J'lltl'l bb~~'ILiil C.J PRRs , 
b'liu rn1~~1tJ'V11tJ b'W iC.Jm::Liillil~tl1(?11~'lltl'loUT"J~~~u Bph3 uu1m1~1'1l~ 4 ~'lm;ut~nm::~u;u1n 

"' ' 
HAMPs ~~1tlUb'WiC.Jm::11illil~tl1(?11~ Vl~tl DAMPs ~Vl'lJ?t~1'1~tJbti'IVI~tlm;u;u::bUtJ1'1J1~~'1 2 mru 

(Hogenhout and Zipfel, 2015) 

eJ t! ~L~uVl'lJ~ t1 b uu n1~~'~~ qJ qJ 1ru~~ fl11~ ~1 r1 qJ t1 ~ 1'1 ~'~ ~ t1 n1 ~(?I t~u ?tu tl'l 

b~t11Jt!'ltltJn1~boU1'Vh~1C.J'llt!'li"l(?l~Vl'lJ ~1?flil~n1~fltJ'WUl1 Ca2
+ MAPKs bb~:: OsRac GTPase 

"' ' 
~U'VlU1'V1~1rlqJ~t~m~(?ltJU?ftJtl'l'llti'IJ,JiJ~~n'U1'U~u-ii'11 (Chang, Zhu and He, 2013) m~ut~'lntJ 

m~ boU1 vhrnC.J'lJtl'lb'WiC.Jm::11illil~J1m~~bi11il;u1neJt~~~'UVl'lJJu ~rn1~iu-fft~umn 1'11~-wumn 
bb~:: ~fl11~~1ri'ru~u-ii'11b~tltlnb'WiC.Jn~::Liillil~tl1mmoii'1vh~1C.J At! Jasmonic acid (JA), 

C1J '\J I 1.1 I 

salicylic acid (SA), bb~:: ethylene (Et) vhi'u-ii'11(:..J~(?l~tJ ;u1nVin~11moU1'l~tJ Chang, Zhu and 

He (20 13) 1~?!~1'1L~blil~ m~(?ltJU?ftJtl'l'lltl'l~tJboU1b~tltlm'Wi C.Jm::11i11i1~tl1mm oii'TvhrnC.J ~'~~ dJu 
"' 

m ~(?I t~u?tu tl'l'll t~'l.niJ fi'~ tl'U'lltl'loU11~ b uu ?11 C.J~w5~ 1tJ'Vl1tJ b -w i C.J m:: Llillil ~J 1m~ bb~:: m ~(?I t~u ?tu t1 '~ "' , , 
'lJt~'l.niJfi'~nu'lJt~'~-ii'11~btlu?t1C.J~wh1t~ubbt~ (m-w~ 2.12) 

'U , ' 
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2) n1'l11'lvl1bb Y,U'l~t!l'i'TUVI1tl'V'li tJm~ 1~~~J11?11~ 
n1'l11'lvl1 bl y,,j-:J ~tl mufl:w~ m~ru~1'11t!VI1tll 'V'li tJ m~ 1~ ~~J1m~'Utlble.Jtl~ , 

Yl't~um'l:w en~tJ-y,~nm'lm~~1tJ(;)'1'lle:J'l~t!~Pi'mn 1~tJ~~vl1bUtlm'J1t~tb~'l11m~iJm'lm~~1tJ(;)'1 
' 

Vl1'lYI't!~fl'l'l:W~'l (segregation population) l'llt! tb~'l11tl'l~fle.J~:W-8'1itl~ 2 (F2 population) 

th~'l11 n 'l~ n e.J ~:w n ~'U (backcross population) th~'l11 n 'l~ fl eJ :w iJ bb t1 t1 v1 B t1 b'U 'l~ ~ 1 tJ 

(recombinant inbred line) bb~~th~'l11fl'l Double haploid b~e:Jhi\b~'l11tl'l~iJm'Jm~~1tJ(;)'1 
CU V ~ 0 Q.J d d Q~ d I I I 

Vl1'l'V'ltl5n'J'J:W bb~1 ~1 fltlt!VI1 n1'Jfl~ b~ eJ fl bfl 'J e:J'lY,:U 1 tl~ belt! bel VI bb~ ~'lfl11:W bb\?1 fl \?11'l'J~Y,11'l'V'l eJ bb~ ~ 
' 

m.J1 tl~ n~ru~l'i'1t!VI1tll'V'litJm~ 1~~~J11?11~ y,~-:J~1n~ri'~l~e:Jmfl~e:J'lVi:w1tJ 1:wl~n~~~1:W1'lt1 bltJfl 
' 

m1:w lbl?l n~ 1'l'l~Vil1'l~1 t~YI'w5vl eJ bb:W bl~1 "L11 bfl ~e:J'lVi:w1 tJ 1:w b~ n~ ~'l n~ 11:w1 ~1 t~1 Vlthh~'l11 m~1-if 
' ' 

~~1-:J lle.Jt!~YI't~um'l:w (b u~tJu l Vit~u nuYI't~6vl ml:W ll~~~ n e..~~:w-8'1~t1~ 1) ~1 mJt~i lm1~~m1:w 
, , \1 , 

b ~e:J:W 1tJ'l'l~Vil1'lbfl~e:J'lVi:U1tJ 1:w b~n~ bb~~~ n~ru~~1 t~1 VIU b ~e:J~ m1'lvl1ll VIU'l bfl~e:J'lVi:U1 tJ 1:wl~ n~utl 
' ' 

lbe.Jt!~YI't!lifl'l'l:W'll e:J'l-if 11 1~ tJoJ 1-if e:J:W~ u 'l~'l11 n 'l'lle:J'l t'i't~-if 11 lb~ ~~ l'i't~~iJ ~ n~ru~ 1'1 1t!VI1tl ~ eJ b 'V'li tJ ' ~ 

m~ 1~~~J1m~milfl 'l1~~m1:w~:wYI't~6nuvi'1 ll VIU'l'lle:J'llfl~e:J'lVI:U1tJ 1:w b~ n~ ~iJ m'l~~11-:J1i'ut~ 
' 

1fl'l 1:w 1"1l:w~1'l1 'Utlbbe.Jt!~YI't!~m'l:w (m'l1'l~ 2.4) (;)'1e:Jci1'l b 'lit! Jairin et al. (2007) 11'lvl1 bb VIU'l 

'lle:J'l~tl Bph3 ~~:wYI'w5num1:w1'11t!VI1tll'V'litJm~1~~~J1m~~1n-if11 Rathu Heenati 1~t~1-if 
U'l~'l11m~ne..~~:wn~u BC3F2 ~'l bn~~1fln1'le.J~:W'l~Vil1'l-if11YI't!6 Rathu Heenati nuYI't~6 'll11~e:Jfl 

~ ' ' 
:W~~ 105 bb~1VI~~e:J'Ufl11:WI'i'1t!VI1t!1~tJ1-ifu'l~'l11n'Jb'V'litJm~ 1~~ ~J1m~~brl'U'l1'U'l1:W~1fl~~1'l1 
'lle:J'lU'l~bVIP11VItJ 'V'l'Ul1 ~t! Bph3 iJvi'1bbViU'le:Jciut~1m1:w1"1l:w~ 6 bb~~e:Jci1n~~~tl'Ubfl~e:J'lVi:W1tJ 

~ ~ 

1:wl~~~ RM588 bb~~ RM589 ~e:J:IJ1iJtl1'JPlfl~1'V'l'U ~t! Bph4 iJvi'1bbVIU'l1n~~~n'U~t! Bph3 'Uti 

1fl'l1:w1"1l:w~ 6 ~'le:Jci'J~Vil1'lbfl~e:J'lVi:W1tJ1:wl~fl~ RM586 lb~~ RM589 vl1n1'i"Plfl~11t!U'l~'l11m F2 
~ ' 

(TN1 x Babawee bb~~ Babawee x 'll11~e:Jfl:W~~ 105) n1'lrltl'V'l'U~t!1'11t!VI1tl Bph31t!~1tJYI't!~ 

-if11~1tJY1't16 Rathu Heenati bb~~ PTB33 ~'l~1tJYI't!6-if11~'l~e:J-:JiJfl11:WI'i'1t!VI1t!~e:JU'l~'l11ml'V'litJ 
' ' 

m~ 1~~~J11?11~~1-ifVI~~e:J'U~~t1TUt!i~ tJ-if1 1t!1t!1'll1~ (I RRI) bb~~ tJ'l~1:W1'lt11'11t!VI1t!~mJ 'l~'l11 m 

l'V'litJm~1~~~J1m~1t~u'l~bVIP11VItJ Btlb~tJ Yl~uutl~ lltJ~tl1:W ~tl U'lfl~1bVIf"1 bb~~m1 (Jairin et 

al., 2007) ~t!l'i'1t!VI1tl Bph3 iJ n~ 1n fl11:WI'i'1t!VI1tl~e:J fl1'l b -if1'V11m tJ'lle:J'l b 'V'li tJ m~ 1~~ ~J 1 1?11~ 
th~ n e:J'U vi'1 tJ fl11:W'l1 e:J'U'll e:J'l bb:W ~'l1 tl fl1 'l 1-if~'lJm ~ tJ (An itxenosis) fl1'l'le:J ~:Ui 1?1 'lJ e:J'l bb:W ~ 'l'U tl~ '11 

en~tJ (Antibiosis) bb~~fl11:WVIt!VI1tl'lle:J'l~'l1~e:Jfl1'l~~ntl'lle:J'lbb:U~'l (Tolerance) (iPl'l\?1 ~'ll~bfl\?1 
\1 'I , , 

bb~~flru~, 2553) ~e:J~fl~e:J'ltl'U'l1t!i~tJ'lle:J'l Sarao and Bentur (2016) ~vl1n1'i"Plfl~1n~1n~m1:w 
1'11t!VI1tlbb'U'U anitxenosis bb~~ tolerance 1 t~-if11YI't16 Rathu Heenati ~1flfl~ 1nfl11:WI'i'1t!VI1tl~ 

' 
VimtJ~ n~ru~-d~-:Jv111 ~~t!1'11t!VI1tl Bph3 ltlt~ll Vi~-:JYI't~~m'l:w~~1ri'qJe:Jci1-:J~'l1 t~m'Ju-ruu1'lYI't!~ 
-if111 ~l'i'1t!VI1tll 'V'litJm~ 1~~~J11?11m ~e:J~~m1:w b~tJVi1tJ 

~'l'V'l'lPl h~t!VI{ bb~~flru~ (2552) 'l1tl'l1t!l1 ~t!~t'11t!VI1t!~e:JU'l~'l11fl'l 
l'V'lit~md~~~J11?11~~1t!1m1) 1vi'lln~t! Bph3, Bph11, Bph12, Bph14, bb~~ Bph15 bb~~t'J-:JiJ 
Yl't~~-if11~iJ~t!t'11t!VI1t!'U1'l~t! l'lit! Bph13, bph16, Bph17, Bph18 bb~~ bph19 ~t'J-:J1:J1vi'oJ1m 
Pl fl~1 bb~ ~VI~~ e:J'U tl'U b 'V'li tJ fl 'l~ 1~~ ~J 1 1?11 ~ 1 t!U 'l~ b VI P11 VI tJ ~1 fl fl1'JU 'l~ lilt!fl 1 1:W t'i' 1t!VI1tl'lle:J'l 

Yl't~6-if11 Rathu Heenati ~iJ~t!1'11t!VI1tl Bph3 bb~~YI't!6'lJ11~e:Jfl:W~~ 105 ~'lbtlt~YI't!6~e:Jtlbbe:J~e:J , , , 
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L Vol~ tJ fl1~ LVl V1~tl1(;11 "1 tl1~ tJ~~tl fl~ 1 LL(;I~1~tJ ~ LL(;l fl fle:J L\11 tJ'Vl \11 ?le:J'U fl11lJ'IleJ'U LL(;I~eJ\1111 fl11 fit! 

~'~ m\1111~ n~ru ~A11l.l ~1ti'V11t!thiil~ L~ tJ1-iJeJ'I ti'u~u'Vl~~ LAii.n 1 tJ 1 u ~u-if11~ ?~1l.l 111:1 Eru ~'~ m1fiu 

'lle:J'I L Vol~ tJm~ L\11\1l~tl1(;11r;'l 
Hou et al. (2011) 1~~\1lvl1LL~tl~~tl6fl11l.l LLr;'l~lLfl11~~~tl6fl11l.lfl11lJ 

' ' 
~1ti'V11t!LY-l~tJm~1V1\1l~J1(;11r;'l'lleJ'I~tl Bph22(t) LLr;'l~ Bph23(t) 1uu1~'1l1m~n~?ll.loff1~ 2 (F2) 

~1~~1flfl11~?1m~'l,d1'1-if11?11tJ~t!q WB01 ~'11''U~tl~1ti'V11tl~1fl-if11th Oryza rufipogon Griff. 

ti'u-if11~tl~fl1?11tJ~t!q 9311L\1ltJ1otlLfl~eJ'I'VIlJ1tJLlJL(;I~r;'l simple seguence repeat (SSR) ~1tl1tl 
141 Lfl~eJ'I'VIl.l1tJ 1 tlfl11~1 u1 'V1UU1~'1l1 m F2 LLr;'1~1-ff~1VI-ru~\1lvl1LL~tl~ ~tl~'ln~11 1 t1 m1Pin~1 
fl11l.l~l.l~tllh~VI11'1~1 LL Vltl'l'lJeJ'I Lfl~e:J'I'VIl.l1 tJ Ll.l Lr;'l fl(;l LLr;'I~'\JuVin-if e:Jl.lr;'lfl11l.l~1ti'V11t!L Y-l~tJ m~ L\11\11 

' ~ 

~J1m" L\1ltJ'Vl\1l?le:Junuu1~'1l1mLY-l~tJm~1\11V1~J1m"1uu1~L'V1Pl~tl Y-l'U11 ~tl Bph22(t) LLr;'l~ 
Bph23(t) ii~1LL'VItl'le:J~'Ut!Lfl1 LlJ L'11lJ~ 4 LL(;I~ 8 ii~1LLVItl'leJ~1~VI11'1Lfl~eJ'IVIlJ1tJ RM8212-RM261 

~ ~ 

LLr;'l~ RM2655-RM3572 (;11lJ~1~'U 
' ' 

Yang et al. (2012) ~1flfl11?1~1'1LL~t!Vi~u~m1l.lLYle:Jri't!VI1~1LLVI'll'l~tl 

~1ti'V11tl L Vol~ tJm~ LV1\1l~J1m" 1 u-if11?11tJ~t1q RBPH54 ~'Iii LL Vl~'l~tl~m1l.l~1fl-if11th Oryza 

rufipogon (Griff.) Y-l'U~t1~1ti'V11ti~LUt!~tl~e:JtJ~1tl1tl 2 ~t11~LLrl bph20(t) 1~VI11'1Lfl~eJ'I'VIlJ1tJ 
RM435-RM540 'Ut!Lfi1LlJL'11lJ 6 LL(;I~ bph21(t) 1~VI11'1Lfl~eJ'I'VIlJ1tJ RM222-RM224 'Ut!Lfi1LlJL'11lJ 

10 (;11lJ~1~'U ~1 mTt!vl1fl11?1~1'1LL~tl~ LL 'U'Ur;'I~LBtJV1m'I~1LL Vltl'l'lle:J'I~t! bph20(t) ~1t!LL 'lJtl~tl'lJeJ'I 
Lfi1LlJL'1flJ 6 'V-l'U11Lfl~eJ'I'VIlJ1tJ~LBt!LeJ1mJ~L~lJL-iJ11u-d1'11~VI11'1 2.5 eM 'lJeJ'I RM540 
.q,d 0 .d ~ ..d QJ lid 

lJLF11eJ'I'VIlJ1tJ SSR ~1t11tl 2 Lfl1eJ'I'VIlJ1tJ fle:J BYL 7 LLr;'l~ BYL8 'Vl'lJt11'UVI1'lJt11'U'V11tltltl bph20(t) 

~1flfl11vl1 LL~tl~ fl1tJ.ll 1Y-lvl11 ~fl1\11 fl1111~tl~1ti'V11tl bph20(t) tl1~~e:J~~ 75 kb LL(;I~ L~e:JlJ LtJ'I 

nu PAC clone ~e:J P0514G12 ~'ILUt!-iJe:JlJ(;I~iifl1111tJ'I1t1~1fl-«u:51t1~1~'UL'U?I'lleJ'I-if11 
~ ~ 

Nipponbare LL~ EJ'11ll?l1l.l111:1?1~1'1 LL~tl~ m tJ.ll1Y-l'lJ e:J'I ~tl bph21 (t) 1~ u ~ ~'1Ju1~ii fl11Lflr;'ltl~tl 
~1t!'V11t!LY1~tJm~1\11\1l~J1(;11r;'l~1n-if11th 0. rujipogon 'Ut!LF11LlJL'11l.l 6 ~1LhLL~1L\1ltJiim1~'1~eJ 
~t11VIll~l1 BPH29 (Wang et al., 2015) 

~ t1 ~ 1tl 'V11tl ~ 1 n-il 1Tlh Oryza rufipogon (Griff.) iim1l.l 1'1 1tl Vl1tl ~111 ~ 
Lvh~m1 e:~~1'111nmlJY-lu11iim11-tlu1~ LtJ'IlU~1mL Vl~'~~tllim1ll11\~ L~eJ'~~1nm1lll'i'1uVJ1t1~1~ 

' 
"'~ Lnu1 u~~v111 ~LLlJr;'l'liim1~~u11 u 1e:~ 1 Vlu1 Vl11-ff1"'~ LL"~5nu1~fl11~e:~~1 tllJ'lJeJ'I-if11th~u5~ L tlu 
~ ' 
LL 'U'U AA genome ~'I L Ut!LL 'U'U L~ m ti'uti'u-if11U~fl Oryza sativa L. ~'lvl11 ~ii~1tl~tl~m~l.l 111vh'l 

tlt!l.l 1 n L~ eJ LU~ tJ 'U L Vi tJ'U nu-if 11'U 1'/lU \115t!~ ii1u LL 'U 'U ~1 till~ 1'1 tlt!l.l 1 nvi' 11 ~" fl ~ ?!ll~1~Ju 
~ ~ 

~mUt!VI~tl ~'ltJ1fl~e:Jfl11U~n'lJtJ1tJL~eJ~~tl1~eJ1u (Yang et al., 2012) Huang et al. (2012) 

lLfl11~~ QTLs fi1'U ~l.l ~ n~ru ~~1t!Vl1t!LY-l ~ tJ m~ L\11\1l~J 1(;11(;1 1 u-i111th Dongxiang (oryza 

rufipogon Griff.) L\1ltJ1offul~'ll1fll-if11 2 Ui~'ll1fl11~LLrl BC1F5 ~1tl1tl 202 ?11tJ~t!6 
' 

LLr;'l~ BC3F3 ~1tl1tl 195 ?11tJ~t!q ~'11~~1flfl11~?1l.li~VIl1'1-if11?11tJ~t!q Dongxiang (wild rice) 

LUt!?l1tJ~t161~ LLr;'l~ Xieqingzao B (indica) LUt!?l1tJ~t!6-ru vl1fl11lLF111~~ QTLs ~fi1'Ufll.l 
' ' ' 

~n~ru~~1t!Vl1t!LY-l~tJm~1\11V1~J1m" Y-l'Ul1 ii 2 QTLs ~m'Ufll.l~n~ru~m1l.l~1t!Vl1t!LY-l~tJ 
' 

m~L\11\1l~tl1mr;'l1t1-if11th Dongxiang 1~LLrl q8ph2 ii~1LL'VIt1'11~VIl1'1Lfl~eJ'I'VIlJ1tJ RM29-RG157 
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U'U1fl'j1111'1!11 2 LL~~ q8ph7 eJ~'j~Vr:h-:~Lfl~eJ-:!VI111V RM11-RM234 U'U1fl'j1111'1111 7 i1LtleJ~L~'U~ 
f11 'j LL?f ~-:~ eJ eJ n'll eJ -:Jfl1111 LL tl 'jU 'j1'U ~ f'l'l~ru ~YJ1 'U 1 vn:J (Phenotypic variation explained (o/o): 

PVE (o/o)) LVhflU 21.8 LL~~ 67.1 LUeJ~L~'UiJ ~111~1vlU 

L~eJ-:JliJ1n~'U~1'UVl1'U~~'U~UU'UI'!1LL'VIti-:J~1-:11 vh~~-:1 121fl'j1111'1111 Li1eJ1oU 

~'UL 'VI~1,!'UL ~eJtl-rutl'j-:J~'U6-D'111 ~~1'UV11'U~m ~~ vm~ 1~~~J1m~ LL~~fl-:~ L?f~111 ~Ln'l3mmtl~ n 
' ' ~ 

eJ~ 1-:1 LL ~~'Vi~ 1 v 'Vi~-:Jlil 1 n~ Ln'l3~ 'j mtl ~ m1'U 6 ~ 1'U Vl1'U 1 tl 'j~ v ~'Vi~-:! n ~u~u-;h:Wtl 'j~'lJ1 m L~ ~ v 
~ ' 

n'j~ 1~~ ~J1~ 1~~?f11J1'jtl L-D'1vh~ 1 vi'U6~ 1 'U Vl1'U1t'llil 1n LVI~ e.Jmi~-:~vh 1 '!Xuni~v'Vi~1 v., 
' ' I 

n~11~1fl'U~-:J?f1111~~1'Ulil1nL 'VII')~ Ln~:ff'UL~ v1 flU n1'j~U m~vm~ 1~~~J11il1~ 1u 1B 1 VJu1 'VIlJ 1 

1~ VU ni ~ VU1-:J n~11 L ~eJ';hm'j L tJ~ V'U LL U~-:Jvl-:1 n~ 11 L~m.ij' eJ-:1 flU n 1'jL tJ~ V'U LL U~-:J'llil~ LL~~U~111tu'll el-:1 
' 

lil~'UVl~~ft-:~~1m~w11tJ1 'U~1 LL11~-:~ 'VI1eJun1~vu1-:~n~11L ~e111 L U'U~ n'l3ru~~t~nmufl11 ~1 v ~'ULL~ ~ 
• q \J , 

~1 VVl eJ~Vl1-:J~'Ulim'j1J ~-:~vh 1 ~Lfi~ m'j~'U'Vi11'11 LL 'V!ti-:J~'U~ LRm-D'eJ-:~flu 1 u 1eJ 1 VltJ U'U 1fl'j 1111'1111'lleJ-:J 
' 

L ~~ vm~ 1~~~J11il1~ vh 1 ~Vl'j1U~1 LL Viti-:~ ~'U~tl 1lil ~L U'U?f1 L'VIIil'Vi~ n'lleJ-:Jf11'jLL£J nfl1111LLiiln~ 1-:1 
' 

'lleJ-:~1u1B1VlU'lleJ-:JL~~vm~1~~~J11il1~ (~'j~-:JPl h~'UVl~ LL~~flru~ 2556; Jairin et al., 2013) 

~-:Jlil~'l111 tlfln 1'jPin'l31 L~eJ~'U'\111 ~'U~ mu r1111 u 1B 1 VlU1 'UL ~~v m~ 1~~~J11il1~1 'U eJ'U1fllil ~ eJ 1 tl 
~ ' 

~m U'Un11LLV n 1 u 1eJ 1 VlU'lleJ-:J L~~ v m~ 1~~~J11il1~151 'VIlJ 'UeJn L 'Vi'UeJli11nm1V1~?feJUflU~'U6-D'11 
' 
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Gene Chr. Parentage used Reference 

Bphl 12 IR28 x Koshihikari Hirabayashi and Ogawa (1995) 

12 Mudgo x Nagdongbyeo Cha et al. (1999) 

12 Norin-PL3 x Tsukushibare Sharma et al. (2003) 

12 Cheongcheongbyeo x Hwayeongbyeo Cha et al. (2008) 

bph2 12L IR1154-243 Murata et al. ( 1998) 

bph2 12 ASD x C418 Hong et al. (2006) 

bph2 12 Nipponbare x Kasalath Gamalath et al. (2009) 

Bph3 6S PTB33 x RD6 Jairin et al. (2007) 

6S Rathu Henati x KDML 105 Jairin et al. (2007) 

Bph3 4S Rathu Henati x 02428 Liu et al. (2014) 

bph4 6S Babawee x IR24/Tsukushibare. Kawaguchi et al. (2001) 

6S TN 1 x Babawee Jairin et al. (2010) 

6S Babawee x KDML 105 Jairin et al. (2010) 

Bph6 4L 9311 x Nipponbare Qiu et al. (2010) 

Bph6 11 IR54741-3-21-22 Jena et al. (2002) 

Bph7 4 - He. (2007) 

bph7 4 T12 Kabir and Khush (1988) 

bphB 4 Col.ST Col.11 T Nemoto et al. (1989) 

bphB 4 Chin saba Nemoto et al. (1989) 

BphB 4 - He. (2007) 

Bph9 12L Nipponbare x Kasalath, Norin-PL3 x Pokkali Murata et al. (2001) 

Bph9 12L Karahamana Su et al. (2006) 

Bph10 12L Oryza australiensis Ishii et al. (1994) 

Bph10 12 IR31917-45-3-2/IR54742 Lang and Buu (2003) 

bph11 9 - Takita (1996) 

bph11(t) 3 Oryza officina/is Hirabayashi et al. (1998) 

bph12(t) 4 Oryza officina/is Hirabayashi et al. (1999) 

Bph12(t) 4S Taichung Native 1 x 814 Yang et al. (2002) 

Bph13(t) 2 Oryza eichingeri x 02428 Guoqing et al. (2001) 

Bph13(t) 3S Oryza officina/is Renganayaki et al. (2002) 

Bph14 3L BS Huang et al. (2001) 

Bph15 4S BS Huang et al. (2001) 

Bph17 4 Rathu Heenati x 02428 Sun et al. (2005) 

Bph18 12 IR31917-45-3-2 Jena et al. (2006) 

bph19 3 AS20-1 Chen et al. (2006) 

Bph20(t) 4 IR71033-121-15 x Junambyeo Rahman. (2009) 

Bph21(t) 12 IR71033-121-15 x Junambyeo Rahman (2009) 

Bph22 4 Oryza rufipogon Hou et al. (2011) 

Bph23 8 Oryza rufipogon Hou et al. (2011) 

Bph25 6S ADR52 Myint (2012) 

Bph26 12L ADR52 Myint (2012) 

Bph27(t) 4L Balamawee x 02428 He.et al. (2013) 

Bph27 12 GX2183 Huang et al. (2013) 

Bph28(t) 11L DV85 x Kinmaze and DV85 x 9311 Wu et al. (2014) 

BPH29 6S Taichuang Native 1 x TR539 (Oryza rufipogon) Wang et al. (2015) 

~111: Ali and Chowdhury (2014) 
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2.2.2. 6 m1tl1'Utl1~~'UB'UT"J~TU'V11'U b Vi~ CJ m~ t~~~hl11111!;1 
' ' 

m1tl1'Utl1 ~~'U6-i1111 ~~1'U'V11'U~ m Vi~ CJ m~ t~~~J1m!;lt!'U iim1Pi mni'<il CJtl'U 
' ' 

eJ~1·:m1\:~'lJ11~ ~~bb~m1~'UA'U'Vl1 ~'Ubth'VlmCJ m1ci1CJ LeJ'U~'ULth'Vl~1CJ 1 tl~?11CJ~'U6~~eJ~m1 
" ' 

tl1'Utl1~~'UB m1?1~1~tl1~'1l1m!;l n~?l~~ii ~'U b D1Vl~1 CJ Lb!;l~m1fi'~ b~ eJtl!;l n~?l~1 ~ii~ m~Hu~~eJ~ 
, q '\.1 'U 

1111~ 1411~ ~ eJ~n11 11~ fi~ m1rh '<il ~ ~ 'U ~hJ ~ e1~n1 1~ii v\'1 bb Vlti~eJ ~1mHl~ fl'U ~ 'U b 'IJ 1Vl~ 1 CJ 
" 

(Linkage drag) b'li'U 

~1V'l~l'i h~'U'Vl~ LL!;!~I4ru~ (2552) 1~tl1'Utl1~~'UB-iJ111 ~~1'U'V11'UbV'l~CJm~ t~~ 
' ' 

~J11111!;11 'UU1~b 'Vll"f1 'VlCJ t~ CJ1 offm1tl1'Utl1~ Lb 'U'U~?I~tl~'U 1 offf"i~?I~1~Vl-h~~'U B~1'U'V11'U Rathu 
' " ' 

Heenati oV11~'UbiieJ~'lleJ~I"f~~~mbU'U?I1CJ~'U61~~'U~1'U'V11'U Bph3 LL!;!~oV11~'UB'll11~eJtl~~~ 105 
' ' 

LU'U?I1CJ~'U~~'U t~CJ1iLI4~eJ~Vl~1CJ RM589 ~iiv11LL'Vlti~1n~:a~n'U~'U~1'U'V11'U Bph3 LL!;!~ 
L14~eJ~Vl~1CJ RM190, 803 127.8 bb!;l~ GT111'Utl11~~1111~~tl'\~UJ~14UJ.fi1V'l'Vl~~~ (tl~~1UJ 

- ' ' 
eJ~ 1~ L!;! ?I bb!;l~ m1~ 14~~1'll eJ~ bb u ~?In) 1411~Vl eJ~ Lb!;l ~ eJru'Vl fl~ bb 'IJ~?I n 1111~ i:i 1~'U bb!;l ~1~ LLCJ n , , 'U , 

Linkage drag 1~Vl-;h~e)!;l~!;l WK 'lleJ~~'U Waxy ~iiv11Lb'Vlti~eJ~1n~:a~n'U~'U~1'U'V11'U Bph3 'U'U 

tmt~t"ll~ 6 ~1tl~'UBoV11 Rathu Heenati ~!;ln11Pim~1V'l'Ul1 ?11CJ~'UBoV11tl1'Utl1~~1"i'~b~eJn1~ 
' ' ' 

~1'U'V11'U~eJ LV'l~CJm~ t~~~J1m!;I1~VlmCJtl1~'1l1m bb!;I~EJ~I4~~n'M'ru~~'U 1 b VliieJ'UoV11~'U~'ll11~eJn 
~~~ 105 

L~111U 14'1l']tl,; bb!;I~I4UJ~ (2554) 1~~~'U1oV11~'U~oUCJ'U1'Vl 1 1~~1'U'V11'UbV'l~CJ 
m~ t~~~tl11111!;1 L~CJ 1 offb14~eJ~Vl3.11CJ L~L!;! ~!;l'lh CJ1 'Utl11fl~L~eltl vl1tl11ci1CJ~'U~1'U'V11'U Bph3 ~1tl 
?11CJ~'U~~ ~eJ introgression lines ~~1~~1tltl11~?1~1~Vll1~oV11'll11~eJtl~~~ 105 Lb!;l~ Rathu 

Heenati L~CJ1-ffm1tl1'Utl1~~'UBLL'U'U~?I~tl~'UboV11tl~~'UBoUm.J1'Vl 1 ~'Ufi~i1~ BC3F1 b~eJ?I~1~ 'I , 'U , 

tl1~'1!1m~?l~tl~'Ui1~ BC4F1 fi~ BC4F3 bb!;I~U1~b~'U1411~~1'U'V11'UbV'l~CJm~ t~~~J1m!;l'lleJ~oV11 
?11CJ~'U~U~'Utl~~ L~CJ1-ffL14~eJ~Vl~1CJ RM170 bb!;l~ RM190 ~~b~eJ~LCJ~tl'U~'U Bph3 Fl~L~eJn1'ULL~ 
!;l~.a-1~'U 141\J f"i tl'Ufl~ b~ eJ tl ~ tl'M'UJ~'V11~~'U ~!;! tl1 11.h~ L~'U 1411~ ~ 1'U'V11'UL Vi~ CJ m~ L~ ~~J 11111 !;IV'l'Ul1 

' " 
-iJ11?11 CJ~'UBU1'UU1~~1'U 1 VlfUii 1411~~TU'V11'U 1 'U 1~~'U~ tll1~'U5oUCJ'U1Vl 1 

, 'I QJ 't 

Toojinda et al. (2005) 1~~~'U1oV11~'U5'lJ11~eJtl~~~ 105 ~1CJ15m111~~'U 
' 

LL!;!~ OTL ,J1u1u 5 ~n'M'ru~ 1~LLn ~n'M'ru~'Vl'U~eJ?ImV'lJ1vb~u'UV'l~u ~1'U'V11'U~eJ h14'lleJ'U 1 'U 1 Vlif 

~1'U'V11'U~eJ t 1141 Vlif ~1'U'V11'U~mV'l~CJm~ t~~~J11111!;1 1411~VleJ~ Lb!;l~~n'M'ru~~L~m.VeJ~tl'U14rufiTW 
' 

tl111.1~~~ 3 ~tl'M'ru~ 1~LLrl (tl~~1UJeJ~1~t!;l?l (amylose content), ~ruV!JJ~LLU~~n 
(gelatinization temperature), LL!;!~I411~14~~1'lltl~bLD~~n (gel consistency) t~CJ1-ffbl4~eJ~Vl~1CJ 
t~ b!;l ~!;l'll1 CJ 1 'U tl11fl~ b~tl tl t~ Clvl1 tl11Fl ~ b~ eJ tl~'UoV11 Lb 'U'U 11 CJ~'U ~1tlU 1~'1l1 tl1..x~Vl~~ t~ CJ1 off 

bl4 ~eJ~Vl~ 1 CJ t~ b!;'1 n !;'11 'U m 11"1 ~ b~ eJ ntl 1~'1l1 m bb~1vi' 1m 1tl1~ L~'U'Vl n~ n'M'ru ~~1~v1 1m 1tl1'Utl 1 ~ 
' ' ' 

~!;ltl11Pi tl'M'1V'l'Ul1 tl1~'1l1m~1~1'U m1F1~ b~eJmYu iim1~~ L~'Utll1oV11'll11~eJ n~~~ 105 bL!;I~ 

Suh et al. (2011) 1~vl1n1111~~'U~1'U'V11'UbV'l~CJm~t~~~J1~1'U Bph18 ~~ 
bU'U~'U~ 1'U'V11'UbL 'U'U tll1~~eJtl 1~'1l1 mL Vi~ CJ m~ t~~~J11111!;1 ~ 1 tloV1TLh Oryza australiensis 
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b.rr1~.rr11G'11tJ~'Uq Junambyeo (Oryza japonica) ~li~n~ru~~~tl~bb~1 hwn1'HJG'Illfl~'UVl1 
G'l1tJ~'U~1'u Junambyeo hm1offbfl~tl'l'v'ill1tl 7312.T4A dJ'Ubfl~tl'IVillltJ STS 1'Ufl1';iri'(;lb~tlfl~'U 
btl1Vill1tl (Foreground selection) bb~~R(;lb~tlflbb'U'U Background selection l(;ltJ1-ffbf1~tl'IVill1tJ 
SSR ~1'U1'U 260 bf1~e:J'I'v'ill1tl~'lm~lil1tlvj'1~'1 12Lmllll'llll r-J~fl1';i"Plfl~Tr~u-;h .rr11~1~~'U~'U 
~1'UV11'U Bph18 G'l1ll 1';ifi~1'UV11'U~mh~'ll1fl';ib'V'I~ tJ m~ L(;l(;l~J1 m~ 1 'Uth~ bVl~ bfl1Vi~ bb~~ 

' 
li~n~ru~~'Ub'v'iile:J'U.rr11~'Uq Junambyeo 

Qiu et al. (2012) ~\9ll'U1G'I1tJ~'Ul~.rr111ilTUtltJfl11'1Xli~n~ru~~1'UVl1'U~1'UVl1'U 
' 

b'V'I~tJm~l(;l(;l~J111l1~l(;ltJ';i1ll~'U~1'UVl1'U BPH12 bb~~ BPH6l(;ltJ~'U~1'UVl1'U BPH121il111bb'v'i'tl'l 

e:J~"li1-1 1.9 eM 'U'Ulfl';illlL'llll 4 ';i~Vil1'1bf1~e:J'IVill1tJ RM16459-RM1305 G'l1ll1';ifle:J6'U1tlf111ll 

~1'UVl1'UbVhnu 73.8 b'l.Je:J·h~'UI?i' fl1';i11'111l1bbVi'tl-:~ QTLs 1-ff'\.J';i~'ll1m F2 lil1flfl1';ir-JG'Ill';i~Vil1'1 

93-11 nu 814 1v11'u~'U~1'UV11'Uiil1fl.rr11~'U6 814 (indica rice) ~-:~libb'v'i~'I~'Ulim';i';ilJ~1'UVl1'Uiil1fl 
' ' 

-rr11'Lh 0. latifolia lil1fl,!'Uvl1fl1';i';i1ll~'U~1'UVl1'U~'IG'Ie:J'Il(;ltJfl1';ir-JG'Ill~'Uq';i~Vil1'1 near-isogenic 

Line NIL-BPH12 nu NIL-BPH6 ~li genetic background b'v'iile:J'U.rr111i11'\.Je:Jtlfl1~'Uq Nipponbare 

vl1fl1';iri'(;lb~tlfllil'U1~ pyramid line (PYL) ~li~'U BPH12 bb~~ BPH6 b~tlvl1fl1iVl(;IG'ie:J'Uf111ll 
~1'UV11'Ubbll~'l lim1llbbl?lfl~1'11 'Uf111ll~1'UV11'U"ll tl'l.rr11bb 'U'U non-preference Vi~tl antixenosis 

b~m'\.J~tJ'UbVitJ'U';i~Vil1'1-rr11G'I1tJ~'Uq'\.J~u'\.J~-:~ near-isogenic Line (NILs) bb~~ pyramid Line (PYL) 

n'UG'I1tJ~'UqLLl.i Nipponbare 'V'I'Ul1b'V'I~tJm~1(;l(;l~J11?11~1im';i~\9ll'U1fl1iblil~q,Jb~'ULI?li1bb~~lie)l?l';i1 
fl1';i';itl (;l~i111~ ~ 1'U'U.rr11 NIL -BPH12 bb~ ~ NIL-BPH6 L 'V'I ~ tJ fl';j~ l(;l (;l~J 1 mmn B1 '1X.rr11~'U 6 

' 
PYL-BPH12+BPH6 btl'Uv:l"l.!e:J1PltJ~i~~lieYI?l';i1fl1';iblil~q,Jb~'Ull?l (population growth rates (PGR)) 

~~1fll1~'Uq NIL-BPH12, NIL-BPH6 bb~~ Nipponbare bbG'I(;l'leJI?l';i1fl1';iblil~q,Jb~'Ull?lbVhnu 46.4, 

26.8 bb~~ 72.1 b'l.Je:J{b~'UI?i' l?l1ll~1~'U ~'lr-J~ 1 'IX8'1?l';i1fl1';j';jf)(;l~il?l"lltl'l bbll~'l~(;l~'llllfl fll1~'U6~1i~'U 
' 

l?i'1'UV11'Ub 'V'I~ tJ m~ L(;l(;l~J1m~ ~'U b~ tJ1 bb~~ 1l.lli~'U~1'UV11'Ub~ tJ r-J~Iil1fl fl1';i"Pl n~1v111 'tXt! n'\.J~'U'\.J';i-:1 
~'U6Vl';i1'Ur-J~m~Vl'U~li~mbl.l~'llil1 flfl~ 1flf111ll~1'UV11'Ubb 'U'U antixenosis bb~~ antibiosis "ll tl'I~'U 

' ~TUV11'U ~-:~ b tJ'U-rr t~l.l ~~lim1ll ~1 r1 rull1 n1 'U fl1';i'\.J ~'U'\.J';i-:J~'U6-rr111il 1'\.J e:JtJ m1 'IX~ 1'UV11'U b 'V'I~ tJ m~ L(;l(;l 
'\J v , , 

" "" 0 
G'I'U11?11~ 

Hu et al. (2013) ';i1ll~'U~1'UVl1'Ub'V'I~tJm~1(;l(;l~J1m~~'Ub~'U~1'U1'UG'I1ll~'U 
(Bph 14, Bph 15, Bph 18) b.rr1~-rr11~'U~fl1G'I1tJ~'Uq~~'Uq 9311 bb~~.rr11~flr-JG'Ill L(;ltJ1ibf1~t~-:~Vill1tJ 
Lll b~ n ~"li1 tJ1 'U fl1';iri'(;l b~ t~ n~1ll nu n1 ';jr)(;l b~ t1 n ~ n~ru ~YJ1 'U1 VJti tJ ~u'\.J ';j -:~~'U61il'U1~-rr11~1i ~'U 

' ' ' 
~1'UV11'U~-:~~li Vi~'I~'U G'lt~'I~'U G11ll~'U bb~~1l.lli~'U 1111ll~1~u Vi~'llil1fl,!'Uv11m';i'\.J';i~b:iJ'U';i~~u 
m1ll~ 1'UVl1'U"lleJ'I~'Ub~eJ(;lr-J~ n ';i~Vl'U"ll t~'I~'U~ bbG'i(;l'leJ t~n b~ml n b'V'I~ tJ m~ L(;l(;l~J1m~ b .rr1v11~1tJ 

~ ~ 

'\.J';i~ L:iJ'U 1 'U';i~tJ~~'Un~1 bb~~';i~tJ~-rr11 b lil~ru b~u 1111 b~ll~ v11m';i1(;1J1Vl11 nll~Vl11'Ubb~~erm1m';i';ieJ(;l 
v ~ 

q~ 0 Q.J 1 i1 .d c.i c::ll i.l ~ Cl.l .o::::!J CV il d 
"1.11\?l"lle:J'I bbll~'l mllm(;l'U r-J~ fl1';jVJ(;J~e:J'I'V'l'U11 "tJ 11VllltJ'UI?l1'UVl1'UVl'IG'I1lll?l1lJ';i~(;l'Uf111lll?l1'UVl1'UVl 

~fll11i~'U~1'UVl1'Ub~tJ'IVi~'IVi~tlG'Itl'I~'U ( 14/15/18~ 14/15> 15/18~ 15> 14/18~ 14~ 18>none) 

l?l1ll~1~'U bb~~~'U~';i~i!'Uf111ll~1'UVl1'U~~'I~~(;l~eJ Bph15 ~~1ri'q,JG'I1tl~'Uq pyramiding Line 
' 

li~n~ru~Vl1-:Jfl1';jbfl~l?l';i~'U1b'v'lile:J'U-rr11~'Uq 9311 
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2.3 nTm£Jn Linkage drag 1fi£JLeULfl~eJ.:JVI~1£J~ha'ULa"li1£JL'Un11Af!L~an 
"linkage drag" btl'U~'U~m1~ Vi~eJ ~'Uvi'bJ~eJ-:Jn11 ~-:~btl'U~'Uvi&i~l.l1tl'U?f1EJ~'U~vi'l11l.l1H1 'U 

n11u1'ut.h-:~~\.nfl~EJn11~?f~~'UG b "li'U ?f1EJ~'Utfl ~~'U~1'UV11'U 1 1fl bbrl~bblJrl'l 1~EJ~'UbVI~1db tl'U~'Uvi 
q , 'I q 

~ fl 'J11J 1n"';a~VI~el bn1~ &i ~ tl'\J ~'U b iJ1VIlJ 1 EJ vi?t'U l<iJ ~-:I~ ~~1~ EJ ~vi1'11~VI'"h'l ~'U b iJ1VIlJ1EJ bbfl ~ ~'UvihJ 
~el-:Jn11 1n"';a~tl'UlJ1f1 vh 1 ~m1cl1 EJVleJ~Vl1-:I~'U'Qf1';i11J1 'U~'U~~'U"!JeJ-:J~'U~'I?feJ'I~'Jd~m1cl1EJVleJ~ 1 tJ 

'i , \.1 'I 

~d Vtl'Ubbfl ~mnvi~~ bbV n~1 nn'U 1 'U f)'j~'IJ'J'U f111bb U-:J~'J"!Jel-:1 b61lfl~ ~'I~ ~~f111bbfl m u~ EJ'U~'U~'J'U 
bfl1b1Jb61!1J (recombination or crossing over) 1'U1~v~11J1eJSB?f (meiosis) ~.:~tT'U 1'Uf111bbVn 

linkage drag 1~vm1u1''UU1-:I~'U~oW'11bb'U'\JlJ1~1~1'U~'IVh1~mn L~eJ'I~1n~eJ-:~1iu1~'111m~n~?flJ 
"!J'U 1 ~ 1 VI tl) Vl~el ~ ~ 1'U 'J'UlJ 1 f1 b ~ eJ fl'UVI1 ~'U oif 11vi ~ ~ 'U vi~ el-:1 n 11~-:1 ?f eJ-:1 ~ 1 bb Vlti-:J'U'U bfl 1 blJ b61!1J 

bb~u~yU'Un11bbVn linkage drag m~vi'11~~1Vbbfl~~m11JbblJ'U~11J1f1~'U 1~vm1'111Lfl~eJ-:!VIlJ1V 
~ LB'UbeJ1J1"1l1 v 1 'Uf111~~ b~eJn ~-:~m~vi'11~v 1 iLfl~eJ-:JVIlJ1 EJ~ LB'ULeJvi~m11J1n"';a~ n'\J ~'U~'I?feJ-:1'\.J'U 
1fl1 11J b61!1Jm"ll1v~~L~eJn~'Uoif11vi~err~~r~vi~eJ-:~m1 l'i'1eJ~1-:~viu1~?f'Um11J~1 L ~~ 1 'Uf111LLvn linkage 

drag 1 'Uoif11 1~Lbri 

Wen-qiang et al. (2009) bbVn linkage drag 1~VI'J1-:J~n"Mru~~1'UV11'Ubfl1VIif (Pi25(t)) bbfl~ 

~n't'!ru~"!leJ-:~~r~~~~ 1~Lbn ~n't'!ru~LlJ~~?flJ\)1ru (spikelet fertility (qSF-6)) LLfl~ ~1'U'J'UL1J~~~eJ 

11-:1 (number grains per panicle (qNFGP-6)) ~~hLLVILl'I'U'Ubfl1b1Jb61!1J 6 ~-:J~'I?feJ-:JLtl'U~n't'!ru~ 
vii1fl'J11J~lJ~'UG~eJ~n't'!ru~m11~~r~~~~ 1~Vvl1f111bLVn linkage drag 1'UU1~'111n1oif1'J 
recombinant inbred lines (RIL) ~1'U'J'U373 ?f1V~'UG ~1nfl~?f1J1~VIl1-:l Zhono 156 tl'U 

' '\J :::> 

Gumei 2 ~ 1 ntT'U1 oif Lfl ~eJ'IVIlJ 1 V ~ bB'U beJ"Ii'J V ~ ~ b~ eJ n ~'U1~i 11vi iJ fl'J 11J ~ 1'U Vl1'U bfl1 VIii LLfl ~ 
4::11 Q,J ~ d 6' 

lJfl n't'!ru~ LlJfl ~Vl?f1J'U1ru 
'\J 

Jairin et al. (2009) vl1f111LLVn Linkage drag 1~VIl1-:J Bph3 bbfl~ W,ll eJ'r~~r~ L~eJ1m~oif11vi 
~~'U Bph3 bbfl~ Wxb ~1f1f111Pin't'!1~'\Jl1 ~'U~1'UVl1'U Bph31'U~'U~oif1'J Rathu Heenati 

~~hbLVIL1.:~1n"'n'U~'U waxy (Wx) vi?t~1-:J granule-bound starch synthase (GBSS) ~-:J~1btl'U 
~1VI-r'Um1~.:~Lm1~vi'eJ~11J1r~?t 'U'Ubfl111Jh1J 6 ~-:~~1~v~vi1.:~,R-:~?teJ-:~~'Uu1~mru 380 kb 1~verr~~r~ 
W_ll Ltl'UeJ'r~~r~viv111 ~blJ~~~U~lJ1rueJ~11J 1r~?tfieJ'Uoif1.:~?f-:~ Vl~eJ ~n't'!ru~oif11?fmL~-:J LL~1 U1bbn11Jn11 

'\J ' 

u1'Uu1'1~'U~~eJ-:~ m1oif11 b~1~1'UV11'Ub ~~ v m~ 1~~~J1~1r1 (Bph3) bbrl~~fl ruil1Vi n11'VJ'I~1Jfl"'1 v 
tl'\JoU1'J"!J1'J~eJnlJ~~ 1051~v1vi'vi'1f111bWf1 Linkage drag 1'UU1~'111moif1'J BC3F2 1~VIl1'1~~?f1J 

Rathu Heenati bbfl~ KDML105 ~1'U'J'U~'IVI1J~ 2,343 ~'U ~1ml'U1oifLfl~eJ'IVIlJ1Vb1Jbfl~flvieJ~ 
1n"';a~ n'\J~'U~'I?feJ-:J'\J'U 1m blJ b61!1J 6 vi'1 m1~~ b~ eJ n~'Uoif11~'U1~oif11 ?f1V~'U6u1'Uu1-:~vi?t11J11t1 

' ' 
~1'UVl1'U~mVi~vm~ 1~~~J1mf!eJ~1.:~n11.:~"!J'J1'1 Lbfl~~-:~fl.:~~ n't'!ru~~'U 1 LVIi1eJ'Uoif1'J~'U~"ll1'd~eJn 
lJ~~ 105 ~1f1f111bbVn Linkage drag ~.:~n~11 ~eJ.:~ti~1'U'J'UU1~'111mmnfi-:~ 2,343 ~'U Lb?f~.:~1~ 

L ~'Ufi-:~ 1Bm?f m1vi~ ~ 1~ ~'Uoif11vi~~'Uvi~m m1me1m?tu eJVlJ1 n ~.:~J'U m1~ ~ L~eJ n 1 'UU1~'111 mvi~ 
m1m~~1vl'i'1Lbr~~"ll'U1~u1~'111m1 Vlt\1 ~.:~Ltl'Um1L~ 1J 1eJ m?t1 'Un11 1~~'Uoif11vi~eJ-:~m1 ~.:~~1 LU'U 

n11U1''UU1'1~'UGbb'U'UlJ1m\J1'Un1~Vl11~mm~eJ'I~1n~oU'eJ~1n~VImVU~:5'v L"li'U bL1'1'11'U ~11oif~1v 
'I 'I d.!l v 

bbfi~1~V~b 1r11 b U'U~'U Lb~ L~m11LeJ1bfl~eJ-:JVIlJ1V~ LB'UbeJlJ1"1i1 v 1 'Un11~~ L~eJn~'UL il1VIlJ1 v~.:~ 2 ~'U 
vi' 11 ~ n 1 1 f1 'U Vi 'U ~ 'U oif 11 vi~ eJ .:~ n 1 1 b ~ 1 ~ 'U L ~ eJ .:~ ~ 1 n ?f 11J 1 1 t1 ~ ~ b~ eJ n hi'~.:~ bb ~ 1 ~ v ~ ~ 'U n "'1 
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(G'l~'\11~ bn ~,nl.J, 2557) 1~b'V1 tJ.:Jbbfi-ff11b vJ1t1\.~ ~LJ~~G'luihuvnm~~~l.I1'1JeJ-:J8u~1~ ~B.:Jm~1 u~'ll 
• • v 

J1ilu b'liu b~V16ll~ (rapeseed) Brassica napus L. :5'~B~i.U1-11'1 Brassicaceae bUU~'llJ1ilu~iJ 
'lJ~lJ1flJn1~e.J~~ b Ut.!eJU~U 3 'IJB-11rm ~B.:J\11nJ1iJU'lJ1~l.lbbfl~tt1 b VI~B-1 ~.:JUB n\11n\l~e.J~~ b ~m UU 

tl1ilu~1VI-rum~vhmV11~bb~1 fl.:JbUUl~tl~UVI~n 1 um~e.J~~1 u 1B~b"llfl1u'VIi'lJtJ 1 ~LJ uru'VI1n1~bfi~ 
• • v 

Linkage drag 'IJB.:J~'ll'll'W~.fl'V1u11l.l1nn11 46 b'lJB~b~tJ~ 'IJB.:Ji1u~~iJB~ 'V1Uiim~~1tltlB~'VI1-1 
i1uum~l.l~1l.lntJ'IJB.:JG'lB.:J~n~ru~uu 11"1~ 1l.l 1"1ll.l A8 ~B ~ n~ru~m~r~~fi.:J'IJB.:J'lJ~l.l1rum~5~~n 1 u . ~ 

bl.l~~ (low seed erucic acid content trait) bbfl~~n~ru~m~f!~fi.:J'IJB.:J'lJ~l.l1tuJ1~tJ1ubl.l~~ 
(low seed oil content trait) ~.:Jm~1'1lilu5~~muum~1'1lilu'll'W~1mwi'1 9 btlum~1'1liltJbbuu1~ 

~ 

~l.l ~1~'V1Ul.l 1 n 1 uJ 1iJU \11 nbl.l~ ~'IJB-1 b ~'V'lS/i~ ~.:Jt11l.l1e.J~ ~J1iJu 1 tJ L ~-1'V'l1 ru'll~iJ~B L~ tJ nbu'V'l1d 1 

m 1um (Canola oil) ~-1t!u m~LbtJnei'"~fi'IJB.:J8u~mul"ll.IG'lB.:J~n~ru~.fl~.:JiJm1l.I~1Aru1 um~ 
• v 

i1~tJ1G'l1tJi1u6'1JB.:JL~'V'l'li~ (Cao et al., 2010) • 

2.4 m~LJi'uu~.:~.Wufi'li11 • • 
m~LJ-ruLJ~.:Ji1u6-ff11iJVI"1 tJiTI~tJ B ~ num1l.l b Vll.l 1~ (;'{l.J 1 tJ n1~L~ Bn 1 -if bbfl ~U\1 :5' tl~ 1-161~ b uu 

" <t 'U I 

~1tl1VItJ~1um~b~Bn1-iiiTim~LJ-ruu~.:Ji1u6-ff11 L'liu m~A'~L~Bn'VI~ (mass selection) m~ . . ~ 

A~L~Bm1l.l (bulk selection) m~A'~L~BmLuu~u'lJ~~l'~ (pedigree selection) ~.:ILL~"~iTibUU 
m~A'~ b~ Bn~'llG'l1 tJ~u6~ bbfi~L uum~G'l~1-1G'l1tl~U6U~G'l'VIi~n~ n~ru~'VI1-1~U6m~l.lbb uu~u6bb VI 

, 'I q 'I 'I 

~G'l1l.l1~t1111G'l1 tJi1u~~A~b~Bn 1 LJ1 oiiLJ~~ 1tJ'llu1 u~1u~1-11~B 1 'lJ bLr~~5niTIVI~.:J~'UtJl.l1 oiinul.l1n 1 u 

-11tJ~1uLJ-ruLJ~.:Ji1u6-ff11 ~B m~LJ-ruLJ~.:J~tJ6LLUUe.JG'll.ln~u (backcross breeding) LUuiTI~tJn 
'I 'I , , 

'lJ -ruLJ~.:J~tJ 61 m tJ m~LJ -ruLJ~ -1i1u61 ~n~UG'l 1 tl~tJ6~iJ ~ n~ru~ ~ B~ LL~1 LL~ fl-11"1-1'1J1 ~~ n~ru~U 1-1 
, 'I , " 'I 'U 

LJ~~m~ b'liu ~1U'V11Uhl"l bbfl~bLl.lfl-1 iTim~e.JG'll.ln~u"'ii~LJ~~nBU~1tJG'l1tJi1u6m~ (donor parent) . ~ 
bbfi~G'l1tJ~u6~-ru (recurrent parent) iln 1ioff11~u6~ bL~'IJ1~~ n~ru~U1-1'\.J ~~m~Ltlui1u6-ru 

'I 'U 'I 'I 

L ~B-ru ~ n~ru~~ ~B-1 m ~'\.J -ruLJ ~ -1~1..!6 \11 ni1u6~ L Ut.!G'l1 tl~U 61 m~ mii 1 m~e.JG'll.loff1l.I~~VI11-1 G'lB-1G'l1 tJ 
'I 'I 'I 'I 

~u6~-1n~11\l~ 1~~ur~n VI~.:J\11nt!u111~ur~n~1~vhm~e.JG'll.ln~u,.nfl.:JG'l1tJ~u6-ru'VImtJ 11"1~-:J b ~B 1 ~ 
'I 'I 'IJ 'I 'U q 

1~-ff11~il~m~ru~~~L VliJBUG'l1tJi1u6-ru'VI n'lJ~~m~ Lbr~~ilm~L ~l.l~ n~ru~~~B.:Jm~\11 nG'l1 tJ~u61 ~ • • • 
L~tlnG'l1tJ~u~.fl11 near-isogenic Lines ~.:JG'l1l.l1~tl1 iLUUbb VI~.:J~u~m~l.l1 wn~LJ-ruLJ1-1~tJ~I"l~.:J 
~B1'\.J VI~B1iLUU~tJ6lVI~ • 

n1~LJ -ru 'lJ ~-1~u 6-ff 111 ~ ~ 1u 'VI1U 1 ~1"1 bbfl ~ Lbl.l r~-11~ tJ1oiiiTI n 1~'\.J -ruLJ ~ -1V;Ju 6 bb u u ~.:Jb~ l.l • • • 
(conventional breeding) m~vh 1~ mn b ~ B-1\1 1 n" ~A~ b~ B n~ u-ff 11\11 n ~ n~ru~~'\.J ~1 n n ~1 tJ 

G'l1 tJ ~1VI~BYJ1 u1 'VIt] ~-1t!u n1~bbG'l ~.:JB B n'IJB-1~ n~ru~~G'lu1\J ~.:JiJB'VIfi'V1fi'IJB-1~-1bb 1~fK Bl.l b off1l.l 1 

b~tJ1-ffB.:J v111 ~m1l.lbL~uE111 um~A'~b~Bnr~~"-1 Lb"~m~LJ-ru'lJ~.:JY;Ju6-ff111 ~~1U'VI1u1 ~1"1 bb"~bLl.lfi.:J • • 
bUu~ n~ru~~iJm1l.lsB'u~BtJtJ 1n 1 u m~A' ~ L~ B n~1 tJYJ1 u 1 'VItl b ~ tJ.:JB ~1-:J b~ tJ1 5 n~-1 m~'VI~ G'lBU 

~n~ru~l"l11l.IG'l1l.l1~t11 Un1~~1U'VI1U 1 ~1"1 Lbfl~bbl.I".:J 1 t.!Lb~"~'\.J~~'ll1m~\I~A~ b~Bn~B-11-b'Lb ~-1-111..! 
~~tl~b1fl1 bbr~~fi11 i~1tJG'l.:J U\I~DUL'VII"l1 u 1"8~1.fl1'V'lboff1i1U'VIU1'VIl.l1 n~u1 um~u-ruLJ1-1~u~-ff11 

~ v 

iJm~LJ~~tJn~1 oiib!"l~B-1VIl.l1tl 1l.l bfl~fll.ll'li1tJ 1 uiiu~BU m~A'~ b~Bn (marker-assisted selection: 

MAS) B~1~LL 'V'l~VIfl1tl~1l.l nu m~LJ -ruu~.:J~U6bb uu ~.:Jb~l.l b~B b~lJ'lJ ~~~'VIfi.fl1'V1 m~A'~ b~B n • • 
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nT~I9{;1 L~e:m~--w br1~tl'lVI111EJ 111 L~n~dlil~l9{;11i11 n~1 'U 1 vnJ1(;1 EJm'l 1lJiH1'VI5~~'lltl'l~'l bb 1 (;l~e:J11 b -if1111 
' 

LM EJ1-ift~'l bb~ ~?!11111~ 19 {;lb~ t~n 1~ ~'l bb~ 1~ EJ~~'U n~ 1 ~ t'11 19ty fim1111 11~19 {;] b~tl n 1~VIm EJ ~ n'l'!ru ~ 
~-rt~wi''U ~'lLY'U t:.J~m119{;lb~t~n~'liim111bblJ'U~1 bb~~'ll1EJ~{;l1~EJ~b1~11'Um1'\.H\Ju1'l~'Ut1-if111 VI 

' ' 

"'v d <0 G "' .I"" al "" If v 2.5 n11 b"I1Lfi1B.:IVI111li{;]LB'ULB b'Un11u1Hu1.:1'W'Ull"!J11 • • 
m1'll~u'll1'l~'U6-if11 b U'U m~'IJ1'Un11~'nl'U1?!1EJ~'U5-if111 Vlii~n'l'!ru~~~111r11111~tl'ln11 L'll'U 

' ' ' 
t:-J~t:.J~~?!'l u-ru~11~~1 'U?!m~Lb 1{;l~t111mlJb V1111~?!11bb~~~1'U'V11'U~t~11r1bb11~'l n11'll~uth'l~'U6-if11 

" ' ' 
1(;1EJ'*11 UVI~tl n11U~'\JU1'l~'U5Lb '\J'\J111~1\i1'U lil~Vh m1'll1~Lii'U~n~ru~ Lb~~l9{;1 L~tl n?!1EJ~'U6m11 

, , at.!l , 

1~~'ll1~?!'lrl~~tl'ln111{;1 EJ'*11 Ulil~ 1 i16i!'l bn~~n~ru~ifru~1'Ul'VI m (morphological characters) 

Vl~e:J~n'l'!ru~~'ll11n!) (phenotype) Li1EJ'le:Jci1'lb~m ~'l~n'l'!ru~~U11n!)dbU'Ut:.J~Iil1nm1bb?!(;l'le:Jtln 
'llt~'lm 'U 1 'VIU ?!.fl11~bb 1(;l~e:J11 bb~~b U'Um119{;lb~e:Jnlil1n~n~ru~~'ll11 n!Jmlilvh 1VIt:.J~~1~f1m{;l brl~e:J'U 
1 Ulil1 nm111 b U'U lil~'l1~ b ti tl'llil1 n t:.J~'lltl'lU~ fi~m if11~'U51~VI':l1'l ~'Ufl'IJ?!.fl1~ bb 1 {;] ~tl11 (genotype 

by environment interaction) 

UlillilU'Ubr1~tl'lVI111EJ~b~'UbeJ~m111111-ll'n'Ut~ ci1'lbb ~~VImEJ 1 'Um1'll~u'll1'l~'U6-if11 btit~'llil1nm1 
q \I 'I 'I 

~{;ln~11VI~e:Jm1-;ij'1 bb 'Un~'lii~i~ 1{;1 CJtl1PlCJ~ n'l'!ru~~1 'U 1 'VIUvh 1~ CJ1n 1{;1 CJ bU~1~?!1CJ~'U6-iJ11~ii . ' 
~n~ru~r1~ 1CJr1~'ln'U vh1 VIm 111 bbli'U ~11'U n11R{;l b~ t~n~ {;]~'! 1'U m1'll~u'll1'l~'U6-if 11ii n11 

' ' 
'll1~ CJ n~1oUbr1~t!'lVI111 CJ~ b~'U bt111 1'1l1 CJR(;l b~tl n t~ci1'l bb ~~VIm CJ~111tl'\J n11'll'Tu'll1 'l~'U5bb '\J'\J 111 ~ 1\i1'U 

'I 'I , cl.!i 

Ltit~'llil1n br1~tl'lV1111CJ~ b~'Ubt~'ll1CJ 1 'Un11R{;l b~ t1 n?!11111fiR{;l b~e:Jn~n~ru~~~tl'l n11VI~ 1CJ 1 ~n~ru~ 
~~e:J11n'U1~ b ~m ~11'll1~~'V16m~1 'Un11t:.J~~~'U~-if111 VllJ 1 t~ci1'lii'll1~~'V16.n1~ m11oUbr1~tl'lVI111CJ 
~b~'ULt~1 'U~'U~e:J'Un11'll-ruu1'l~'U5bb uu~'lb~11 ?!11111~ 1-tl11i11. 'UVImCJ.ff'U~eJ'U L 'll'U m 1R{;l b~e:Jn~t:.J?!11 

' ' " 
m119{;1 b~tlfl~'U-if11~iJv'U~~eJ'ln111 'U~ nt:.J?!11~iJm1m~lil1CJ~11'Ui1~1'l1 bb~~n11'VI(;l?!e:J'Ur11111 
u~?t'VIB'llt~'l~'U5 btl'U~'U (51CJ'VIu ~~'Um, 2546) ~'lLY'U m1'll'Tu'll1'l~'U6-if111VIii~n~ru~~1'U'VI1'U 

'I , , '\.1 'I 'I 

b'V'l~CJ m~ 1{;l{;l~J1m~~'l?!11111~n 1~vh 1~ 1{;1CJ 1 ibr1~tl'lVI11 1CJ~LB'Ubt~'ll1CJ1'Ufl11R{;lb~e:Jn L ~t~'ll1CJ 
b~11'll1~~'VI5.n1~fl11R{;l b~e:Jn ~'U1~CJ~b1~1 ~{;lbb 1'l'l1'U1 'Un11{;1 bb~-rn'l'f1 19{;1 b~tl n1 'UU1~'lJ1m~ii 

" 
-;ij1'U1'U111nii'll1~~'VI5.n1~?!'l~'l~ n~ru ~ b ~'l'll~mru Lb~ ~r1 ru.n1~ Lb~~ fl11R{;l b~ t1 n~1 CJ br1~tl'lVI111 CJ 

" ' 
~ bB'U btl db u 'U n11 19 {;] b~ tl n lil1 fl ~1 'U 1 'VI u1{;1 CJ ~ 1 'l 1lJii ~ 'V15'V'l ~ 'lJ tl'l ~ 'l bb 1 {;] ~ tl11 b -if 1111 LM CJ 1-if tl'l bb~ ~ 
?!11111~R{;lb~e:Jn1~~'lbb~1~CJ~~'Un~1 (?!~~1 bn~'l111, 2546) 

' ' 
m11.U Lr1~tl'lVI111CJ ~ b~'Ubtl '1l1 CJ1 'U n 1119 {;] b~ t1 n b u 'Ui6m1'll ~'\J U1'l~'U5~tiCJ111-ll' n'U t1 ci1'! 

' ' 
nl1'l'll11'l1 'U'l1'U 'll-Tu'll1'l~'U15-if 11 b ~tl~'nl 'U1?!1 CJ~'U 6-if111 VIii~ n~ru~~ 111~ ~ tl'l n11VI~tl n11 b ~11 

' ' ' 
~n~ru~'IJ1'l~ n~ru~ 1 Vln'U?!1CJ~'U5~ii~n~ru~~'U 61 ~ ~tl~bb~1 b 'll'U ~n'l'!ru~~'VI'U'VI1'U~e:Jm111 brl~CJ(;l 

' I " 

~ Lfi (;lliJ1nU'<il ~CJ~iJ~i~ bb~~ 1lJii~1~ ~ (;11e:J m?! m11~~ n~ru~~1lJ~ tl'ln11~'l~ {;1111 nu ~ n'l'!ru~~ 
~tl'lfl1119{;lb~tln (linkage drag) Ulil~CJ~bU'U~1 fl1VI'U{;lf11111~1b 11il'lltl'l fl11U1~~ml1-ll'Lr1~tl'lVI111CJ 
~ b~ 'Ubt11 'U'l1'U 'll-Tu U1 'l~'U 5-if 11 1~ bb n -;ij 1'U 1'U 'lJ tl 'l V'Ub {j 1VI11 1 EJ r11111 bblJ 'U ~ 1'lJ tl 'l ~ 1 bb VI L1 'l 

' ' 
~'U btl 1VI111 CJ'\J 'U 1m 111 1"1111 1~ CJ ~vl1'l1~VIl1-:J br1 ~ti-:JVI11 1 CJ ~ b~'U btl nu ~'U btl 1VI111 EJ m 1~ t1 CJ n--J1 

5 b"l1'U~11tl~bbn'U (centimorgan: eM Vl~tl VIL11mbt:-J'U~) 'lJU(;lbb~~-;ij1'U1'Ubr1~ti-:JVI111CJ~b~'U~1.U 
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Dfl n~t.n~:W~'UB';i~VI-h:J~'Ufl'U?I.fl1V'Ill11'!~a:w fl11:W~:W~'UTI'lla-:J~'U t 'Ufl1';iVh-:J1'U~1:Wtl'U 'll'U11'\'lla-:J 

'\.J';i~"U1m~t-b't'Ufl1';i~l'll~an ll~~-;l1'U1'Ufi~-:J~t-b't'Ufl1';i~l'll~an {tht~Vlu l'i'~'UI'\1, 2546; Collard 
' 'U 

and Mackill, 2008) 

fl1';i'\.J';i~CJ n~1ilfl~a-:JVI:W1 CJ~ lB'Ula'lh t1 t 'Ufl1';i~l'll~ ant 'Ufl1';i'\.J-ru'\.J ';i-:J~'UBoU11~UCJ:W tin'Um n 
' ' ' 

?11:W1';itHlD-'l1~ 5 ';iDll'U'U ~-:J-d (?I~V'I';i lfl~-'l1:W, 2557; Collard and Mackill, 2008) 1~\u1 
'U ' ' 

1) fl1';iti lfl~a-'l'VI:W1 CJ~ lB'U la t 'U fl1';i~';i1"il?lau l ~a~'U um';i:w~t it 'U fl1';i'\.J -ru'\.J';i-'l~'UB (marker-
' ' ' 

assisted evaluation of breeding material) 2) fl1';itotllfl~a-'l'VI:W1CJ~lB'Ula'li1CJt'Un1';i~l'\l~ant'U 
fl1';i'\.J-ru'\.J';i-'l~'UBll'U'U(:.J?I:Wfl~'U (marker-assisted backcrossino; MAB) 3) fl1';itilfl~a-'l'VI:W1CJ 

' ' ::. 

~ lB 'U la 'li1 CJt 'U fl1 ';i';i1:W ~ 'U (marker-assisted pyramiding) 4) fl1 ';it off lfl ~a-'l VI:W 1 CJ ~ lB'U la'li1 CJ 

~m~ a n-B'1 i'U ll ';ifl1 t'U 1'\.J ';illfl ';i:W fl1';i'\.J -ru '\.J 1-'l~'U ~ (early generation marker-assisted 

selection) ll~~ 5) fl1';it ilfl~a-:JVI:W1 CJ~ lB'Ula 'li1 CJ t 'U fl1';i~\1ll~a n~1:wnu fl1';i~\1ll~ an~1 t~Vl1 'U 1 VJ\J 
(combined marker-assisted selection) ~1:wc;\'1~'U 



d 
\J'VI'VI 3 

n11~uvn QTLs fl'l\Jfl3.1fl'n~ru~~1'U'VI1'U hfl1Vimu-H11fl1EJcW'U5 IR57 514 
' ' 

3.1 \J'VItJ1 

IR57514-PMI-5-B-1-2 Vl~m~tJnn't.t1~tJ~1hH1 "IR57514" LtJu~1tJ.Wu6<U'11~1~-rum·HJ~ll 
' 

iu5:u1n~muV5~tJoU11'U1'U1"1!1~ (IRRI) th~ L Vlf'IVl~hJtJu~ LL(;l~ 1~-ru m~~~L~elf1~~f.l1UVl ~(;lfl'l 
' 

oU11Vlll1tJ (D:U:UU'U~B f'l'U~i~tJoU11'Ufl~~1"1l~ll1) 1utJ yj.f'l. 2530 ~m~w~~L~'UVl'ULL~'l t:J(;lt:J~I'l~'l 
' 'lJ 'lJ 

LL(;l~tHu~11~~1'UL"lll'l~'U~m~mJ1eJ'U 1~mo~1~u~nru~u~'\.J(;ln-if11LWU~lJtl11"1l'l (Jonodee et 
'lJ ' ;:, 

al., 2006; Ouk et al., 2006; Romyen et al., 1998; Jerakongman et al., 1995) ~'lii'ntJ~~~u 
D ill'V11fl11ll 1~LL tJ'UB'U"llB'lU~lJ1Wtl1 eJu oU11~1 tJoWu5d1~:U1f1f11~t:J~lJoW'U5 LL UU t:J~lJVlm tJVl1'l"llB'l 

... ' ' 
IR43581-57 -3-3-6/KDML105 (IR55017)//(IR21836-90-3) IR18197 /IR4570-124-3-2-2-2 ~u-h 

v v v 

£iL~BoW'Ul'im~ll"lJB'l~1tJoW'U5-if11 "1J11~Bf1ll~~ 105 Ll1~~f1tJ 19 LL(;l~£iL~BoW'Ulim~ll"lJB'l~1tJoW'U5oU11 
q 'I 'I 'I q 

~ii~m~W~~ 1~t:J(;lt:J~I'l~'l ~1'UVl1'UbflLLlJ(;l'l Vl'ULL~'l~ ~tJ1~'UhLL(;l~611~t1JL'li'U oU11oW'U~ IRS, IR24, 

TKM6, TETEP, IR44, IR46, IR54, FR13A LL(;l~ PTB18 LU'U~'U vhm~'\.J(;lf1~~L~Bf1oW'U5L~BU 2532 
'lJ ' 

1 u 1fl~.:Jm~ 1 VltJ-~~ ru ~miJVl~~BUoU11VlmtJ :u1ntTuv\'1m~Vl~~Bu~~L~Bniu6<U'11~f'l'UJi~tJoU11 
' 'lJ 

LL(;l~~miJVl~(;IB'l Lfl~B'1i1tJ mfll'l~i'uBBn LUtJ'l L wuB ~~L~Bn~1tJiu6<U'111 u 1fl~'lm~:uu 1~~1tJiu5 
' ' 

IR57 514-PMI-5-8-1-2 ~~Vll1'lU 2533-2537 LL(;l~1~iim~Vl~~Bu1 'U'~~,'U~U(;lf1oU11B1~tJtl1eJu1 'U~ll 
'lJ ' 

LL~tl11 "ll'l 1~ m~Ul1oU11~1 tJoW'U5~'lf1~111 ~t:J(;lt:J~I'l~'l~~1L~lJB~'l~m~tJn~ LL(;l~~f11yj LL~'l1 'U'VI(;lltJ 
' 'lJ 

Vlfl.:J~ £iflWI11~LlJ~~~ LL(;l~~f11!tW~Vl~'l~'U~1~mm~1U~1lJ1~~tJ-ru~1LoU1tlU~U~'\.J(;lf1oU11B1~tJ 
' ~ 'lJ 

tl1eJu B~1.:Jbnmll oU11~1tJiu5 IR575141ll1~-rUfl11lJUtJlJU(;lf1fl~1'lLLyj~VlmtJ L~B'l:U1f1f1Wm~ 
' 'lJ ' 

f11~'!1'l~lJLL(;l~-rutJ~~Vl1U (cooking and eating quality) EJ'l1~L'\Ju~tJBlJ~U"llB'lLf11!tmm bL(;l~ 
~U~bflflb~tJL~BVl'l~f1oU11£i~n'l!tW~LL~.:Jm~~1'l ~1U Lyj~1~£itJ~lJ1WB~1lJb(;l~~.:J (AC = 26-34 
'U , , 'U 

L UB {L~'U ~) LL(;'l~fl WVI flihL\j'l~ f1~'l (ASV = 1-2) ~'l~ B'l1 oUB WVI fliJ Lb(;l ~~~ tJ ~ L1 (;11 f11~'VI'l~ll1 ~ 
'I 'U 'I 'U 'I 'lJ 'I 

-if11~f1U1U 
' 
Kate-ngam et al. (2011) 1~i~u1~1tJ~U~oU11 IR57514 1~iifl11lJ'VIBll ii~wm~f11~'!1'l~ll 

LL(;l~~utJ~~Vl1Ufl~1tJoWU5"1J11~Bf1ll~~ 105 1~ tJ 1 oULfl~B'lVllJ1tJ ~ bSULB ~'l-if11~1tJoWU5tJ~utJ~ 'l~1~ 
' ' ' 

L~Bii f11~Vl'l~ f1:U~£i~ f11!tW~tJllb VltJtJ1 bb(;l ~iin~U'VIfllJ 1~ tJ EJ.:Jfl'l~ f11!tW~~ L~ U"lJB'loV11 ~1tJoWU5 
, 'I , 'I 

IR57514 \11-J ~B 1~t:J(;lt:J~I'l~'l VlULb~.:J VlUtl1vl1lJUU~~'U bL(;l~~1ll1~t1tJ-ru~1LoV1tlU~U~'\.J(;lf1oU11 
'lJ 'lJ 

m~tJJ 1eJu 1~~ ~'l L U'U ~n Lb U1Vl1'l'Vld.:J1 u f11~~ ~ U1~1 tJoWU5oV11d1 ~ L uu~ tJBlJ~U"lJB'l~U~1fl fl 
' 'lJ 

EJ.:Jfl'lfl11lJ~1lJ1~~ 1 U f11 ~ 1 ~t:J(;l t:J~ 1'1 LL(;l~ fl11ll ~1lJ1 ~~ 1 U f11~U~U ~11 ~ b oV1 nu'iffu~'\.J(;l f1oV11B1 ~ tJ 
'lJ 

tl1 eJu1 u u~ b 1 ru ~ lJ Lb~ tl11"1l'l1~ ~ 1 b VII'!~ b~ B ntJ ~u tJ ~ .:JoV 11 ~ 1 tJ .Wu 5\1 L ~ B .:J :u 1 nii ~ n'l!tW ~ 
, , 'I 'I 

Vl1'l n1~ Lf1~~'~ ~~u., ~ ~ LL(;l ~tJ ~u ~ 1 L:ii B B ~ fl1 tJ 1~ ~ fl11 ~fl11ll bfl~ tJ~ 1 u'iffu~ tJ (;I n-b'11 ~ .:J n~ 11 
I " " 

:uu1~oV11~1 tJ~u5~ L~U Jasmine IR57514 1~tJoV11~1tJiu5-b'11 L~1'\.J~u'\.J~.:Jd 1~ LL~~'l~ n tJfl1~ 
' ' ' 
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"lle:J..:Jfl1'Wl'UV11'U~mhvhlJ~'-t.JV'lr;r'Ulu~'U~tJ"noffTJ eJ1b.fle:J 11~'U'1fT~i1'\J ~..:~vr1VJ e:J'\Jr;'l':i1'1151.U 1'Utl 
~ ' 

~,_h~?!'U\huV11J1vl1lJ (~Vl~m=11'U~1: ':iPl.VJ':i. ?!~V'l':i bfl~..:J1lJ) ~..:~~e:Jl11h1~..:~~e:J1VIlib'U'U 
., ' ' 

"-D'11b~1VIe:JlJ11~'U" ~e:Jl111'Utl 2555 Khanthong et al. (2012) hi'l:oJ'U1fl~'UIJl1'UVI1'Ubl"l1VI~b-D'1~ 

?!1tJ~w1-D'11 Jasmine IR57514 ~iil"lru.fl1V'lfl1':iVI..:J~lJI"l~1tJ-D'11"ll11Vle:JfllJ~~ 105 bbr;'l~1~~\9l,J'U1 
' ' ' 

?!1tJ~'U6l V11idJ'Uoff11 b VI.UmVIe:JlJ ~1'UV11'U 1 ':il"l1 VI~ 1Vl tJ fl1':il:oJ?IlJ':i~V111..:~-D'11 ?!1tJ~'UthJ-ruth..:~ fl"ll 6 
' ' ' 

~ii~'U~1'UV11'Uhl"l1VI~ qBll bbr;'l~ qB/11 'IJ'U1m1l11'11lJ~ 1 bbr;'l~ 11 b'U'UG'f1tJ~'Uq1,X~'U~1'UVI1'U 
hr11 VI~ bbm:r;r n'l'Jru ~-rr 11 b V1.UtJ1 n'IJ-D'11?!1 tJ~'UTI Jasmine IR57514 ~ii r;r fl'l'Jru~ r1 ru.n1V'll"l ~1 tJ 

' ' 
"ll11Vle:JfllJ~~ 105 bbr;'l~ VI'UJ1vl1lJO'IJV'lr;r'U b.iJ'U?!1tJ~'U5-r'IJ Jasmine IR57514/RD6-Blast No.334 

' 
vhm':itJ-r'UtJ':i..:~~'UTI~'U 1~?!1tJ~'U6off11 b V1.UmV1e:JlJ~1'UV11'U 1 ':il"l1 VI~ 

' ' ' 
off 11?! 1 tJ ~'U -6 IR57514 b .LJ 'U?! 1 tJ ~w5-D 11 ~1 ,X l:oJ" l:oJ ~ ~?! ..:~ VI 'U bb ~..:~ bbr;'l ~VI 'U J 1vi 1lJ O'IJ Vi r;r'U 

' ' ~ 

u-r'IJ~11~~1'U~'U~tJ~n-D'11e:J1?ltJJ1~'U'U~b1ru~lJJ11"ll.:~ (Kate-ngam et al., 2011; Jongdee et 

al., 2006; Ouk et al., 2006: Romyen et al., 1998; Jerakongman et al., 1995) ~ 1 n fl1 ':i 

VI V1?! e:J 'IJ l:oJ r;'l l:oJ ~ ~"ll e:J.:Joff 11?! 1 tl~'U TI~ b~'U1 'U 11"1 ':i .:1 fl1':ii ~tl bbr;'l ~~ \9l,J 'U 1~'U TI-ff 11'U 1J 1~ 'U 1V1 tJ1.ff 
' ' 

bVII"l1 'U 1r;'l~~h.fl1V'l1'UU V'l.Pl. 2556 V'l'Ul1 ?!1tJ~'UTI-ff11 IR57514 ?!1lJ1':itl~1'UVI1'U br11 VIm 'U?!.fl1V'l 
' 

bb Ur;'l..:!VIVJ?!e:J'IJ?!1tJ~'Ulh "ll~~'U~tJ" n-D'11m?ltJJ1~'Umr1~:6'Ue:Je:J m5tJ..:~ b 'VI'Ue:J ~.:~iim':i':i~'IJ1VJ"lle:J.:J 1 ':il"l 
' ~ 

1 VI~ b .iJ'UtJ':i~:S1VIfl6"1 tJ 1V1tJ1 'UU~..:~ n~11dV'l'Ufl1':i':i~'U1VJ"lle:J..:J1 ':il"l1 Vl~~?!1lJ1':it1 b -D'1vhmtJ-D'11?!1tJ~'UTI 
' I ' 

u-r'Uu 1 ..:~ n"ll6 ~ii~'U~m':ilJ~1'UV11'U 1 ':il"l1 VI~ qa111 '\.J'U 11"l':i 1lJ 1'11lJ 11 ~1noU11b~1VIe:JlJu"1~ bb~1li 
?!1lJ1':itlboU1vl1r;'l1tloU11?!1tJ~'UTI IR57514 (~V1~e:J~1'U~1: m. 6':itJVI5 ~~'UV1111"l':i..:!fl1':ii~mbr;'l~ 

' ' ~ 
~\9l,J'U1-D'11'U1J1~'U 1VltJ1otlb Vll"l1 'U 1"~~1.fl1V'l) ~..:J~'U fl1':ifl'UVI1~1bb Vltl..:J~'U/QTLs 1"11'\JI"llJ"'fl'\.'Jru~ 

' 
~1'UVI1'U 1 ':il"l1 VIm 'U.ff11?!1 tl~'U-B~..:~n~ 11~~ b .u'U~'U;i1'U fl1':i~e:J tle:JV1fl1':i'l111 u1 .rru "j~ 1tJ'1ltn 'Ufl1':i ' ~ 

tJ -r'Uu':i ..:~~'U 6-D 111 VI tJ 1 'U e:J'U 1r1 ~ ~1 noffmJr;'ll"l1 1lJ?!1lJ 1':i t~1 'U fl1':i~ 1'UVI1'U 1 ':il"l1 Vl~"ll e:J..:JoU11~'U -6 
, 'I \J 'I 

IR57 514 ~m .iJ'Uoffe:JlJr;'l~b.iJu,_h~ 1tJ'1lt1mh..:~lJ1n ~~~b~~tJlJI"l11lJV'l~e:JlJ1 'Ufl1':iVI1bb VI~.:J~'U5fl1':ilJ 
~ ' 

~1'UVI1'U 1 ':il"l1 VI~ bb VI~.:! 1 Vlli~ii 1"11 1lJ:S 1 b V'l1~ ~ e:J~'U ~Ur;'l n-ff11"ll e:J..:!U ':i~ b VI P11 Vltl ~.:! '1111 tJ ~ fl1':ifl'UV'l'IJ 
~ . ~ 

bb VI~..:J~'Uum1l..I~1'UVI1'U1 Vlli b~m ~l..I~Vll"l11l1?!1m1 t~1 'U fl11~1'UVI1'U 111"11 VI~ bbr;'l~~.:~b .Uum':i1 off 
' 

tJ ':i ~ 1tJ'1ltJ ~1mb VI~..:J~'U um1l..l~ii 1"111lJVI m flVIr;'l1 tJ 1 ,X bii VJU':i~ 1tJ'1ltJ?! ..:~?! Vl ~ .:~ fl1':ifl'U Vl1 bb VI~..:~ 
' ~ ' 

~'Uum':il1~1'UVI1'U 1 ':il"l1VI~~m .Uuoffe:Jl..l(;lb de:J..:~~'U~~1A'ru~e:J fl11~\9l,J'U1-D'11 1 VltJ ' ~ "' 

3.2 -r~f:ltl':i::~.:~fi"lle:J·:in1':i1~tJ 
' 

b~e:Jfl'UVI1~1bbVItl'l"lle:J'I QTLs l"ld'UI"llJ"'fl'l'JUJ~~1'UVI1'U hr11 VIm u-ff11?!1tJ~'UTI IR57514 
' ' 
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3.3 1fin1'~~1bil'Lin1'~1~v 

3.3.1 ~1VoW'L!B'VJmb~ (Plant Materials) • 
.rr11l."f1EJ~'W\hblJ IR57514 VI~B IR57514-PMI-5-B-1-2 b'\J'U.rr11l."f1EJ~'UG~Vhm'je-Jl."fll • • 

~'W6~l."f()TuV3~ EJ-rr11'j~'VI'hnh~b VII"! (IRRI) ~ 1'WV11'W 1 'ji"J1 VIm 'Wl."fi1Trm tl~.:~tl~ n.rr11 L "lll'l~'W~tl~ n 
• OJ OJ 

.rr11B1Plml1~'Ui111"1l'l~l'UBBnbOEJ.:JbVIi1B (&\~~B~1'U~1: ~'j. 6'jEJVl5 ~~'Wm 11"l'j.:Jn1'j1~mb~~~WJ'U1 
• OJ 

-rr11'U1J1~'U 1~EJ 1 oifb Vll"11 'U 1~~:S1i11'Vl) 
.rr11~'UG~B "ll11~Bnll~~ 105 (KDML105) bU'W.rr11~ilEJlltl~nll1n1'Wb"lll11~'W~tl~n.rr11 

• OJ OJ 

B1PlEJJ1~'U~.:!i111"1bVIi1B bb~~i111"1l'l~l'UBBmombVIi1B"llB.:Jtl'j~bVli"'1VlEJ btiB.:J~1mU'W.rr11~iJr1rum~ • 
n1'jVI.:J ~ll bb~ ~-rtJtJ'j~Vl1'U ~ ~ b~ BVI.:Jl."f nbb~1 ~~n n~'UVIBll bb~~BB'UUll ~ .:1 bU 'U~il EJlltl~ n"lJB.:J 

q , , , \.1 

bn~mm bb~B~1.:~1 'jfll111llotl11l."f1El~'W~'ifi1 1"111liBB'WbbB~B hr11VI~ ~.:~~mU'WUt1)V11'j~~tJ~'U "l 
Jt d !.1 QJ ~ d Q.J .c::i dl 

"lJB.:J~'UVltJ~n"ll11B 11"\EJ'U1~'Ui11 1"1 b VI'UB bb~~i111"1\11~1'UBBn b!:W.:J b VI'UB 
OJ 

3.3.2 n11oWWJ'W1'1.h::"lf1n1 (Population development) 

~WJ'U1tl'j~'lf1m.rr11 byjB 1m 'W n1'jfl'UVI1~ 1bb VIU.:J"llB.:! QTLs mtJI"lll~n~ru~~1'UVl1'U • 
11r11 VIm 'Uotl11l."f1EJ~'U5 1Rs7s14 1~ EJn1'je-Jl."fli~'U5'j~VI11.:~-tl11l."f1EJ~'U5 1Rs7s14 bU'Ul."f1EJ~'U5bbl1 

, , q " 

bb~~ .rr11~'WG"ll11~Bnll~~ 105 bU'W~'WG~B (IR57514/KDML105) 1~EJ1~vhn1'je-Jl."fli~'U6 • • • 
ru I"''U~1~EJ.rr1TVl~ru 1~n bb~~vhm'jtJ-rtJtJ'j.:J~'UG~1EJ16bb tJtJ~tJtJ'j~-1&1 (pedioree method) 

'U , q q :::, 

vhm'jl"l~ b~Bn~'U6.rr11~ne-~l."fl!bb tJtJVI~.:J bli~~~B~'U (single seed descent) ~'W1~.rr11tl'j~'lf1m 
• OJ 

I I I lJ 

recombinant inbred lines (Rils) i1~'UVi F8 ~1'U1'U 97 l."f1EJ~'W6 (i11~Vi 3.1) ~1n'IJ'UV11.:JVI'\.hEJ • • 
tl~u&im'jfl'UVI1bb~~1 itJ'j~ 1EJ'lftJ~1 n~'W.rr11 (Rice Gene Discovery Unit) 1~111th~'lf1mdl!Tvh 
n1'jl"l~ L~ Bn bb~ ~~ WJ 'W 1~ B 1 'U 1~"J'j .:~n1'j'll-rtJtJ ~ .:~~'U ~.rr11"1J B.:JV11.:JVIU1 EJtl~u&i n1'jfl 'WVI1 Lb~ ~ 1 .if 
tJ'jdEJ'lftJ~'U.rr 11 ~.:J~'U \11 B'U ~.:! bb~ n1 'j e.J l."fll bb~ ~tl ~ nl"l ~ b~ B n~.:J'VIll ~ 1~-rtJ 1"111l!B'U bi"J'j1~vi~ 1 nVIU1 EJ 

OJ • 

tJ~u&J n1'jfl'UVI1 bb~ ~ 1 .iftJ'j ~ 1EJ'lftJ~'U-rr11 

3.3.3 n11~~1·:JbU:.J'U~oW'Wqn11ll (Map Construction) 

l."f~1.:Jbbe-J'U~~'W5m'jlJ1~EJ1 oiftJ'j~'lf1m.rr11 Rlls ~1'U1'W 97 l."f1EJ~'U6 ~1n~e-Jl."fl!'j~'VI'-J1.:~ 
• ' OJ 

' ' ' Q.J ~ ..::!ll 0 dl .::::::l.c::::lil 0 I 

IR57514 ntJ "ll11~Bnl!~~ 105 bb~~ bmB.:!VIli1EJ SSR ~1'U1'U 97 bmB.:JVIli1El VlllmbbVI'W.:Jm~~1EJ 

mBtJI"l~li~.:J 12 11"l'j Lll1"1lll (\111'j1.:J~ 3.1) LvlB 1 oif~1VI-rtJl."f~1.:Jbbe-J'W~~'W5m'jlJ 1~-rtJm'jtJ'Ubi"J'j1~vi ' . . 
~1n (&\~~B~1'W~1: ~'j-~svn-rl1111 ~'WVJtJ'juJ bb~~l"lru~) 

• OJ 



. . . . . . . 

. . 

. 
+ + 

X 

JR$7514 1 

. . 

I • Single seed descent . . . . 

+ + + + + + + + 

97 recombinant inbred Unes 
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KDML105 

. . . . . . 
Single seed descent . . . . . . . . . . . . . . . . . . . + + + + + + + + 

.fl1'W~ 3.1 .ff 'lJ (;) v 'lJ n 1 ".ioW ~ 'lJ 1 'IJ ".i ~ "!11 n ".i recombinant inbred lines (Rils) lii' 1 'lJ 1 'lJ 

97 il1t~.w''IJ51(;1u15bbuu~h.Ju".id'~ • 

(;11".i1'1~ 3.1 bfll~v'I'VIll1fl simple sequence repeat (SSR) lii'1'1J1'1J 97 bfll~v'I'VIll1tl 
'I.J'IJ1FI".i1ll1'l1ll"li11~'1 121FI".i1ll1'l1ll 

bf'lbli'l'llll "ii1'U1'U bf'l~tl.:J'VIll1~ SSR 

1 13 
RM495 RM84 RM220 RM243 RM23 RM3412 RM562 RM5 RM246 RM8097 

RM212 RM5781 RM3285 

2 8 RM154 RM279 RM174 RM424 RM341 RM263 RM6 RM208 

3 5 RM3202 RM569 RM5761 RM16 RM168 

RM335 RM119 RM273 RM252 RM7187 RM317 RM3474 RM3534 RM280 
4 10 

RM559 

5 9 RM153 RM122 RM159 RM169 RM516 RM3838 RM164 RM26 RM334 

6 8 RM170 RM204 RM314 RM121 RM564 RM541 RM7309 RM30 

7 9 RM5711 RM11 RM182 RM3826 RM1132 RM18 RM234 RM248 RM172 

RM152 RM38 RM72 RM44 RM515 RM3459 RM210 RM256 RM149 RM447 
8 12 

RM458 RM264 

9 4 RM316 RM5799 RM219 RM7306 

10 6 RM222 RM216 RM258 RM228 RM333 RM591 

11 5 RM116 RM202 RM287 RM209 RM224 

12 8 RM20 RM19 RM101 RM1047 RM309 RM463 RM235 RM12 
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3.3.4 n1'l'lh:aih.Jfl1111~lTU'Vl1'1J hfl hnJ (Evaluation of blast resistance) 

l.Jd::: bij 'U fl11l.l 111 1'U Vl1 'U \91 €l b ;ff €l 'j 1 G'l1 b VI (VI b fl1 vnJ'l 'U 'I.J 'j::: "ll1 fl 'j i 11 Rl Ls "iJ1 'U 1 'U 
' 

97 G'l1 CJ ~'Utf Lin CJ1•ti\;ffeJG'I1 b VI (VI hfl1 VI~~ bfh.J 'j1LJ 'j11J "il1fl~'U ~ 'I.J" ni11 €11 ~mJ 1~'U lil1'U 1 'U , ' , 
11 1eJ L'l! b" VI Lin CJiii11G'I1 CJ~'UB eJeJ'U bbeJ \91 eJ hfl1 VI~~ dJ'U~'UB111(VJ 'j\i1'U sariceltic bb" :::~'UG fl"ll 6 

.. , cl.9 , 

b U'U~'UG(VJ'j1"iJG'IeJUeJ€l'UbbeJI'ieJ L 'jfl1 VI~ bb":::iii11~'UGb:5'1VIeJl.li1" b U'U~'UG(VJ'j1"iJG'IeJU~1'UVI1'U 1 'jfl1 VI~ 
, , q !11 

11·:Jbbe.J'Ufl1Wlln"eJ..:JbbU'U~11€l~1..:JG'Ill\j'juJ (completely randomized design: CRD) lil1'U1'U 3 6111 
' v v e:::f q Q.l 0 .<:::11. QJ .::;:,j 

'll..:lll"ll'U (VI €l 'U fl1 'j In 1 b 'U 'U..:J 1'U ln..:J'U 

3.3.4.1 b;ffm1G'I1bVI(VJ hfi1VI~ 
' 

n1 'j'\.J 'j::: bli 'U fl n~ru::: 111 1'U V11'U L 'j fl1 VIm 'U ~"~ ~ ..:~d 1-ir b ;ffeJG'I1 b VI (VI L 'j fl1 VI~ li11'U 1 'U 
' 

111eJL'Ilb"VI '\.J'j:::mJUvl1CJ 41eJL'Ilb"'Vl1vi'bbn TH196031 TH196036 (t~fUfl1'jeJ'Ubm1:::~"il1fl 
' 

Pl'U cl1 ~ CJi 11 e:l'U" 'j1"llliTU) TRG 1 bb"::: TRG2 b U'Ub ;ffeJ1eJ L'll b"VI1 Vll.i~iifl1'j'j:;:LJ 1\n bb" :::G'I1l.J1'jf:lb -rr 1 , ' 
vhmtJi11 b VIUCJ1G'I1CJ~'U~'I.Jfu'I.J1..:~ (fl"ll6-I11'Ub&\CJ) ~ii~'Uqm'jl.JI111'UVI1'U q8l11 U'U 1m Ll.l L'lll.l 11 

"il1 ni 11 b:5' 1VI eJl.liJ" 1 'U G'l.fi1'V'I bb 'I.J" ..:~'I.J" n-if 11m~ mJ 1 ~'U.fl1fl (VI :::i''U eJ eJ m5 CJ ..:~ b VI.U eJ (tvi'fu n1 'j 
\1 

eJ'Ubfl'j1:::~"il1flVItbCJ'I.J rh1~m'jfl'UVI1bb"::: 1-ir'I.J'j::: LCJ"lltJ~'Ui11) bb"::: 7 1eJ L'~~b"VI bU'Ub ;ffm1G'I1b VI (VI hfl 
' ':..1 ' 

1 VI~~'V'I u1 'U«'U~ 'I.J ~ ni11m ~ mJ 1~'U"ll eJ..:J'I.J 'j:;: b VI P11 VI CJ bb~::: 1vi'ii fl1'j~ n~1m 1l.!VI~ 1flVI~1CJV11..:J , 
~'U um'jl.J Lin CJ1-ir bfl ~eJ..:JVIl.l 1 CJ AFLP 1 'U m 'j~ln n ~m ;ff eJ 'j1 G'l1 b VI (VI L 'jfl1 VI~ b VI~ 1d (m'j1..:J~ 3.2) 

' ' ' 
(~~nl'imh'U#l1: \n'j. nruru1ru\i P1'16ruru1 bb~:::flru:::) t~nCJieJlJ~YJL 'U1 Vlth:::~ufl11l.l~1'UVI1'Uhfi1VI~~..:~ 

v QJ d.! Q) u 'lJ 

71eJ L'l!b~VI "lleJ..:J'I.J'j:::"ll1m Rlls ~..:~ 97 G'I1CJ~'Uq 1vi'fufl1'jeJ'4bfl'j1:::~"il1flVItJ1CJ'I.Ji)tl~m'jfl'UVI1bb~::: 
1-ir'I.J'j::: 1CJ"llt1v'Ui11 

3.3.4.2 fl1'jb(VJ~CJl.lG'I'I.JeJib ;ffm1G'I1 bVI(VJ hfl1 VI~ 
' 

b 'V'I1:::b~ CJ..:J b ;ff€J'j1G'I1 b VI (VI h fl1 VI~~..:! 11 1eJ L'llb~VI U'U €l1VI1'jb~ CJ..:J b ;ffe:l vl1fl1'jb ~l.l 
' 

liJ1'U1'Ub;ffeJ'j1G'I1bVI(VJ hfi1VI~ 1~n CJ'I11bb~'Um:::~n1~meJ..:J~bfl'Ub ;ffm1G'I1bvt(VJ hfl1 VI~ b~t.lfl'll starter , ' 
"lJ e:l..:J b ;ffe:l ~vl1 fl1'jbfl'U1 iJ. 'U ~ b~'U ~ij €l f.'U VI il ij -20 €l..:JP11 b'll~ b6li tJ G'l lJ 1 b~ t.I..:JU'U €l1VI1'jb~ t.l..:l b ;ffm1 

, ' \1 

(~..:~tb:::neJu1'1.Jvi'1tJ l'U 25 nfl.l ~1~:::bBtlln 20 nfl.l Yeast extract 2 nfl.l bb~:::'I.Jfu'I.J'1mmvi'1ml1 
' 

"il'U1vi''I.J1mm 1 ~(VJ'j bbih'I111'1.J~..:~~1b;ffeJ~eJruVI.flii 121 eJ..:JP11b'll"b6litJG'I fl11l.l~'U 15 'I.JeJ'Ui!~eJ 
' \1 

(VJ1'j1..:JU1 'U1'U 1s 'U1VJ bbil1bVI~..:~1'U"il1'Ub~tJ..:~b;ffeJ) "il1tl~'U'I11€l1VI1'j~1vi'1'1.Jul.l~eJruVInii 
, \1 

25 eJ..:JP11b'll~b6litJG'I mt~1~bbG'I..:~yj"eJm'jG'Ib~'U~hu'Ub1m 141'U bbil1vl1fl1'jm:::~'U1~b;ffeJ'j1G'I~1..:JG'I'I.JeJi 
\1 ' 

Lin tJ 1-ifoifeJ'U'I.J~1mb U'U'I.J~e:Jin b ;ff€l~~~1VIU1"lltl..:l€l1VI1'j (scraping) bbil'1~1t.l€l1VI1'j~iib ;ffeJ'j1G'I1 bVII')L 'jfl 

1VI~ 1'1.Jul.l.fl1tJ1~bbG'I..:~ black light bU'Ub1~1 48 .fi'1 Ll.l..:~ "il1tl~'Ub~l.ltl1n~'U'I.J"eJ~nb;ffeJ'I.J'j:::lJ1ru 
5 ii~~~m "..:~ 1 'U"il1'UeJ1VI1'jb~ tJ..:Jb ;ffmbil1 1-irbb vi..:~bbn1'1.J~ e:Jinb ;ffeJoy~nbU1 1 ~~1VItJ1"lleJ..:J"il1'U€l1VI1'j b~tJ..:~ 
b ;ff €l 'j 1 G'l1 b VI (VI h fl1 VI~ b ~ mn 'U bM tJ 1"' 'I.J €l of "lJ €1..:1 b ;ff €l 'j 1 bb il'Tu u 'I.J'1l.l 1 ru "''I.J eJ1 "lJ €)..:! b ;ff €l 'j 1 vi' 1 tJ 

' 
heamacytometer .fl1tJ1~nileJ..:~~"VI'j'j"PltJ bb~:::'I.Jfufl11l.lb-i!l.l-i!'U"lleJ..:JG'I'I.JeJfl~whnu 5 x 104 G'I'I.JeJ1 

~eJii~~~m b~l.lb"il~m~'U o.s b'I.JeJ1b~'U~ neJ'Ufl1'j 1-ir..:~1'Ub~eJ1 ~G'I'I.JeJ1Lm:::~~nnu1 ui11~~..:~~'U 
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d Jl 'i'lll ,JI .d Jlcls) "' 
\911'31~'VI 3.2 L"lfv~1L'Vi~ L 'afl L Vi11 n!;I1JL"lfv bbt;t~bb 'Vit;'t~'VI111"1.1v~L"lfv'VI L-li'f:Un1'3'\.h~b1l'Ufl1111~1111'3fl • • 

1um'3~1'U'VI1'U 1 'afl l Vi~"l.le:J~'I.h~"lf1n'a Rlls 

1 TH196031 

2 TH196036 

3 TRG1 

4 TRG2 

5 THL219 UN 

6 THL557 UN 

7 THL690 6 

8 THL810 3 

9 THL1081 3 

10 THL717 11 

11 THL84 7 

Vi111VL'Vi~: (-) Vl1J1CJ~'I11J1~~1?lfl~1JL:ff8 . ' 
(UN) Vl111CJ~.:J 1~Vl11Ufl~11~-B'I?lL~'U (Unknown) 

' 

3.3.4.3 fl1'H\9l~CJ1l~'U-iJTJL~8vl1fl11'1J" m :ffv11i.'l1LVl\9lb1f11 Vi~ 
" ' 

fl11 b\91~ CJlJ ~'U-ifT1 L ~ 8 1m 'U fl11'1J1~ biJ'Ufld111~1'UV11'U b1f11 Vl~ vl1fl11L\9l~CJ:lJ 
LlJ~I?l-iJTJ'IJ1~'111fl1 Rlls ~1'U'J'U 97 i.'l1CJ~'Uij i.'l1CJ~'Uihb~ (IR57514) Lb"~~'UGviB ("ll1'JI?l8fl11~~ 

' ' ' 
105) LL"~~'UG\911'J~i.'IBU~b'IJ'U~'UG~1'UV11'U (b~1Vl81JU") LL"~~'UGel8'ULL8 (fl"ll6 bb"~ sariceltic) 

' ' ' 
m L 'l"l1~ 1 ~.:J 8flLL~'JtJ1CJ"'~'IJ" n1 'U m l?lVl"lJ 11?1 CJ'\.J" n-if1l'Vl"1J"~ 4 ~'U 1cltJ CJLL81J 11J b.U CJlJsV" L~ \91 

'U 'I 'U 'I 'I 

(21-0-0) b~8~'U.ff1'JlJV1CJ 7 l'U LL"~ 16l'U Lb~'J'IJ~eJCJ1~~'Ufl~1b~~rub&itJb\9l~'U~'Ufl~1lJV1CJf11U 
' " ' 

21 l'U "1i.:~'l"l~81J~1Vl-rum1'\.J" m:ffv (inoculation) ~'JCJi.'l'IJB{"lJB'IL:ff811 i.'l1 LVl\91 hf11 Vl~~b\9l~CJ1J1J1 
" ' "' ' 

(-rr'U\91B'UVl 3.3.4.2) 

3.3.4.4 m1'1J"m:ff811i.'l1b'Vl\91 bf11 Vl~ 
" ' 

t1'1i.'l11"~"1 CJi.'l'IJB{"lJB'Ib:ff811 i.'l1LVl\9lb1f11Vl~~b\9l~CJ1J1-Jmul?lvi 'U"'IU'U ~'U 
' 

fl~1-if11~iJmCJ 21l'U 1~~l~'I~'Ufl~1 ~d~u11t'UG'I'I"l"1i.'l&in"ll'U11?1 60 X 90 b61l'U&iL1J\911 ~iin11 
' 

tJ 11~tl 111.n1 CJ 1 'lJ L ~m U'U fl11 L ~lJ m 11J~'U 1 ~ L VllJ 1~i.'l1J nu fl11flB b1f1"ll 8'1 b:fftl11i.'l1 LV! \9lb1f11 Vl~ , ' 
~1n,r'U Lnu 1 n 'U~iil?l b U'Ub 1"1 24 i1 11J.:~ muf11J8ru'Vl.nii Lb"~f1'J11J:ff'U b ~B 1 ~i:li.'l.n1'1"l Lbdl?l~BlJ~ 

' ' " 
LVllJ1~i.'l1J~Bfl11b.ff1vi1mCJ~'Uoif1'J"llB.:Ji.'l'IJB{b :ffv11 i.'l1b Vl\9lb1fi1Vl~ ~1 fl,j'UtJ1 CJ~'U fl~1BBfl~1flG'I 

' 
'l"lmi.'l&ifl1J1L~CJ.:J1 11 'Ubi'lb~B'U 
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3.3.4.5 m'im1"il11'n.J~111rufl111lb?ic.~V!1CJ"!JeJ~nTHn~ 1 'jfl1 u 1 VIm t~i11 
vl'1 m 11 ~ 1::: ~ u fl1111 'i'U bb 1 ~ "lJ eJ ~ 11 fl1 mTI t~ G'l1 c.~~ t~ 5i 11 ~ 111111 'VI~"' eJ u 

' ' 
Vl~~"il1fl~1'Ufl1'io~l'i'1CJG'ItJeJ{"!JeJ~b~m1 bblK1 7 1t~ 1~c.~ihnrusv1m'i1 ~fl:::bb'U'Ufl1111 b?iCJVI1CJ Vl~e:J m1 

1~'i:::~'Ufl1111'i'Ubb'i~"lle:J~hfl bbu~b'IJ'U 7 1:::~u ~~m'i1~~1fl:::bb'U'Ub'IJt~'li1~~~bb~ o- 6 m11i6m1 
' 

"lle:J~ (Roumen et al., 1997) ~~'i1CJ~:::bBCJ~~eJ 1tJtf ~'i:::~'Ufl1111'i'Ubb 'i~bvhnu 0 - 2 bbG'I~·r:hoV'11 
' 

ilm111~1'U'VI1'U~e:J hfl11'1~ (R) ~'i:::~'Ufl1111'i'Ubb 'i~bvhnu 3 - 4 bbG'I~~-:hi11ilfi1111~1'U'VI1'U~eJ hfl 
' 

1:::~utJ1t~n~1~ (MR) bb~:::~'i:::~ufl1111'i'Ubb'i~bvhnu 5-6 bbG'I~~-hi11hJilfi1111~1'U'VI1'U~e:Jbfl 
' d d 

(S) (m'i1'1'VI 3.3 bb~::: m~'VI 3.2) 

3.3.4 n1'11Lfll'11:::~ QTLs fli1'\Jfli:IJ~n~ru:::~1'1J'V11'1JhfliLVI~ • 
fl1'iibm1:::~ QTLs b~tlfl'UVI1('\'1bbVIt.i'I~'U/QTLs fi1'\Jfl1l~fl~ru:::~1'U'V11'U hfl hnJ'IJ'U 

' 
1fl'i 1111SZJ11oV11U'i:::ne:Jul'i'1 c.~ie:J11~~ilfi11:1J~1 ~ru ,]1'U1'U 3 G'i1'U 11'1 LLn ie:J11~Yl1 'U 1 'VIU"!Je:J~~ n~ru::: 

~ v ~ 

~1'U'VI1'U hfi1VI3:1"lleJ~tJ'i:::"lnm Rlls ,]1'U1'U 97 G'I1CJ~'U5 (blast resistance data) oVeJ11~~1 t~1 'VIU ' , 
"lle:J~U'i:::"ll1m Rlls ,]1'U1'U 97 G'I1CJ~'Ui~ 1~mfl~e:J~VI111CJ SSR ,]1'U1'U 97 bfl~tl~VI111CJ (genotype 

data) LL~:::oV'mJ~bL~'U~~'U~m'i11 (genetic map) ("i11fl'1X1ie:J 3.3.3) 1t~m'iiLfl'i1:::~ QTls Hfi6 

simple interval mapping (SIM) 1~c.~H1tJ'iLLm11 nQTL (Tinker and Martha, 1995) iLfl'i1:::~~ 
1,000 'ie:J'IJ 1~c.~il'li1~fl1'iiLfl'i1:::~VJfl 5 eM ~fl1111flm~bfl~e:J'U (Type I error) 5 LUeJ{b~'U~ 
tl1'\ll'U~~1 LOD score 111flfll1 3 

3.3.6 n1'11Lfll'11:::~fli11:1J!;l1:1J1'1(1L'IJn1'lvfi'IJ1Eifli11:1J~1'U'VI1'1J QTLs (R2
) 

dJ'U fl1'ii bm1:::~fl1111 G'l1111'if:l1 'U fl1'ie:J5'1J 1 CJfi11:W ~ 1'U'VI1'U "lJ e:J'I QTLs ~ 'l"l 'IJ (R2
) ~ eJ 

~n~ru:::m1:W~1'U'VI1'Uhfi1VI3:1 (phenotypic variance explained) 1~c.~1mtJ'iLbm:IJ STATGRAFIC 

plus 3.0 
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lil1'a1.:1~ 3.3 n1'a\il'a'Jlii~Hl'UU"i~1ruf"l11~ b~tJVI1tJ"tJB.:Jn1'abfllil hf"lb 'U 1 VI~ viHil 'L! n1'aU'a::biJ'L! 

f"l11~~1~1'at11 'L!m'a~1'L!'V11'L! hf"l1u 1VIm'L!tJ'a::"lnm RILs 

-:;:::~Ufl11:W':i'UI.I.':i~ 
~n~ru:::'tlt~~ Ut-JiltJ'U 1 ui11 

n1-:ith:::Ul'U • 
'tlt~~1-:;fl1u1'Yil7 fl11l.J1'UI.I.':i~ 11 

0 bi~nTH -rrlvtlmEJ~lm~er;n t ~A 1 'IJ 1 'V!:W' 

1 ~~~'llll11l~'U'Ul~b~nn1l 0.5 :w:w.bi~m~?lh:~?~tJ€!1 R 

2 ~~~'llll11l~'U'U1~ o.5 -1.o :w:w.hmm~?~~l,:jG'ftJ€!1 

bbe.J~~tJ~l,:jn~:w5,:jb~mml'U'Ul~ 1-3 :w:w. ~~b'Yill11~,:jnm,:j bb~::: 
3 " 

~~J11111~111l:W'U€JtJ bi:Wm~?l~l,:j?ftJ€!1 
iibb~mtl'lJ~tJm~?llEJ~?Il:I.Jl~(l?f~l,:j?ftJ€JTI~ '11'\Jl~l'i',:jbb~ 3 :w:I.J.~'lJ1tJ 

MR 

4 " bb~~~~b 'Yill11~,:jfiGn ·m~:::~Jll11l~ bb~,:j t~m€1'\J 
5 iibb~m'Vliiv'U~~IK'IJ 4 bbl'lL u.rrllb~:w~m~bb~,:jb~EJl 

1 u.rrllbb ~,:jb ~m bb~~~~~€J€J,:j?ftJv1'11€J.:Jb ~€J~lmn:wlEJ 
s 

6 

V1~1tlbVIIil: 11(R) Vl~.n~n.:J oUlliJm l ~(ill'L!'Vll'L!I?ie:J br11 'U 1Vlmlil~ (MR) Vl~l ~n.:J oUlliJflll~(ii'TW'Vll'L! • 
l?ie:J hr11 'U 1 Vlil~~vi''UtJl'L!nm.:J (s) Vl~l~n\l -illleJB'L!bbBI?iB b r11 'U 1 Vlil 

0 1 2 3 4 5 6 

.n1-w~ 3.2 n1'a11il'a::~uf"l11~'a'Ll bb 'a.:J"tlB.:J 1 'af"lb u1 VIm 'Ll"li'111i11~~ n"ttru::"tlB.:Jbb~~~ t1nvh~1tJ . ~ 

bliltlbb U.:JBBm tl'L! 7 'a::~u 

~~1: Sreewongchi (2008) 
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3.4 ~rlflTl'VI~rle:J.:J 

n1'iR'trvn QTLs fld'Ufll.l~ mH1J~~1t!'VI1t! hAL VIm t~.rrT"J?f1tJ~'t.n5 IR575 14 ~1t.tlt!~1t11~ tJ1 off 
' ' 

Lh~"ll1fl'i recombinant inbred lines (Rils) -;i'1t11t! 97 ?f1tl~t!6 ':\11flrlc.J?fl.l'i~'VI -h~.rr11~W5 
' " ' 

IRS7 5 1 4lb~~.rr11~t115'lJ11~Bnl.l~~ 1 OS (KDML 105) ~~lJ'i1tJ~~lBtJ~'lJB~CJ~n1'i~1btlt!~1t!\>l~d 
' 

3.4.1 n1'i~~1.:Jbb~t!~.W'Unn"a'll.l (Map construction) • 
n1'i?f~1~ blc.Jt!~~tll'in'i'il.l.rr111~tJ 1 offt.fl~B~'VIl.l1tl SSR -;i'1t11t1 97 lfl~B~'VIm tJ ~?f1l.l1'ifl , 

bbtl n fl11l.l bbt'l n ~ 1 ~ 'i~ wh~vi mblJ (IRS75 14 lb ~ ~ KDMLlOS) ~ ~ n 'i~ ':\11 tJ lil1 fl 'i B 'U fl ~ lJ ~ ~ 
' 

12 1m1l.l1"lll.l (m'i1~~ 3.1) ~hi'vhm'i~1t~L'VIthh~"ll1fl'i RILs -;l1t11t! 97 ?f1tJ~w5 ~~ bl~~~?f1tl , 
~w5':\l ~:Wm'ibil~ recombination 'lJB~I'\'1 t.b wu~t.fl~B~'VIlJ1tJ~ t.Bt~ bB~vhm'it'l'i1':\l?tBu bbt'l n~ 1 ~ nt~1 u , 
t'lll.l~t!lifl'i'il.l~1~1ul.l1':\11fl?f1tJ~t!tht.lJ (IRS7 5 14) bb~~~t~6viB (KDMLl OS) l~Bvl1fl1'iibfl'i1~~ ' , , 
~t~li m'il.l 1~ tJ n1'i bnu.rr Bl.l ~ ~1 t~1 'VI u 'll B~ u 'i~"ll1 n 'i RILs ~u 11 bt.c..~t~ ~ ~t~lim'il.l -i111 ~1~ ':\11 n 

' " , 
U'i~"ll1fl'i Rlls 1~t.bc.J tl~~t! qm'i l.l -;)1tl1tl 12 linkage group 1vltllJfl11l.ltJ11'i1l.l 1,417.9 eM 

(eentimorgan: eM) :U 'i~ tJ ~ vh ~'i~'VIl1~ bfl ~ B ~ 'VIl.l 1 tJ ~ bB t1 lB u t~1fl 'i 1l.l 1"lll.l 1~ tJ bU ~ tJ '\J 'i~ lJ 1 ru 

14.62 eM bb~~iJ-;]1t!1t!lfl~B~'VIl.l1tl SSR ut~1fl'i1l.l1"lll.l1~tJbU~tJ'\J'i~l.l1ru 8 lfl~B~'VIl.l1tl~B 
1A'i1l.l1"lll.l (m~~ 3.5) 

3.4.2 n1'i't.h~bi'l'UI"l'J1l.l~1'U'VI1'Uhi"ILV1:U (Evaluation of blast resistance) 

CJ~fl1'iU'i~biJtlfl11l.l~1tl'VI1t!hfl1mJ 1t~'\J'i~"ll1m.rr11 Rlls -;l1t11t! 97 ?f1tl~t!6 bl~~ 
' 

?f1tl~t!6bbll IRS75 14 bl~~~t~6lfiB KDMLlOS 1~tJLofft.~B?f1l'VIt'lbfl1mJ-;i'1t!1t! 111B1"1J b~Vl WUl1 
' , ' 

b~B?f1b'VIt'l hfl1 VI~~~ 11 1B 1"llt.~Vl ?t1l.l1'im1B 1 ~\ilV~mm'i'lJB~ hfl1 VIm~~ bt.~~?f1lJ1'imt. tJnm1l.l 
' 

ll t'l fl ~ 1~'i~'VIl1~-if11 ?11 tl~t~6lfi mt.lJ1~ B ~1~-a'V! l':ilt! 1V~ m ~B?f1 l 'VIt'11 'ifl1 'VImB 1"1J l~ V1 TH 196031 , , 
TH196036 THL219 THL690 ll~~ THL810 ~'Ul1 .rr11?11tJ~t16 IRS7514 ll?fVI~eJ1fl1'i~1t!V11t! 

' 
'i~\>lum1l.ll~tl'VI1 tJ 1 t!'i~ \>lu.rr11iJ fl11l.l~1t!V11t!~B hfl1 'U 1 VIm~~ (R) ll~~.rr11~t16 KDMLl OS ll ?IVI~ , 
B 1 m'iti Btl t.t.B 'i~ \>l u m1l.l b~ tJ'VI1 tJ 1"' 'i~ \>lu.rr1111J:U m1l.l ~ 1tl V11tl ~ B 1 'i fl1 u 1 VI~ (S) bb~ ~ 1B 1"ll b~ V1 

TRG 1 TRG2 THLSS7 ll ~ ~ THLl 081 ~'Ul1 .rr11?11 tJ~t16 IRS7 514 ll?IVI~B1 fl1'i~1t!V11t! 'i~\>lu , 
fl11l.l l~ tl'VI1 tJ1 t!'i~ \>lu .rr11iJ fl11l.l~ 1LJV11tl ~ B hfl1 'U 1 VIm~~ (R) ll~ ~-if11~LJ6 KDMLl OS ll?IVI~ , 
m m'i~1LJV11LJ'i~ \>lum1l.l t.~tJ'VI1tJ 1 tl'i~ \>lu -i111:U fl11l.l~1LJV11tl ~B 1 'ifl1 u 1 'VI~'i~\>lu'\J1t1 nm~ (MR) 

?i1t~1B1"llb~Vl THL717 ll~~ THL84 .rr11?11tJ~LJ6 IRS7514 ll?fVI~eJ1n1'i~1t!V11tl'i~\>lum1l.ll~tJ'VI1tJ , 
1 t1 'i~\>lu.rr1 1iJ fl11l.l~ 1t!V11t!~ B hfl1 u1 'VI~'i~\>lu'\J 1t! fl ~1~ (MR) ll~ ~orr 1 1~LJ6 KDMLl OS ll?IVI~ , 
m fl1'i~1tlV11tl'i~\>l'Um1l.l l~tl'VI1tl 1 tl'i~\>luorr11lJfl11lJ~1t!V11tl~B 1 'ifl1 'U 1 'VIffi~~ (R) (t'11'i1~~ 3.4) 

fl1'ifl'i~':il1 tJtil1'lJB~~ n~ru~~ 1LJV11tl hfl1 'VI~'lJB~'\J 'i~"ll1 m RILs -;i'1LJ1tl 97 ?11 tJ~LJ6 , 
t.~BVlVI?tBunu b ~B?f1 b 'VIt'l hfl1 VI~~~ 11 1B 1"llt.~Vl ~u11 :U m'im~':\11tJiil1~'~ bb~'i~\>lu.rr11 ~1t!V11tl~B , 
bA1 u 1 VIm~~ (R) 1 '\J ':\! LJ fi ~ 'i~ \>lu -i111 ti Btl t.t. B ~ B bA1 u 1 'VI~ (S) ml.l n1 'ii' m~ \>lu m1l.l 'iLJ t.t. 'i ~ , 
'lJB~fl1'ibilV~bfl ~~fl1'i1~rl1fl~lltlt!bUtl'lh~~~ll~ 0 fi~ 6 (Roumen et al., 1997) 1V~tJlJfl 1 'i 
fl'i~':\11 tJ lil1'lJB~~ n~ru ~vn LJ1 V1U.fl1 tJ 1 t!U 'i~"ll1 m Rlls b~ B flflb ~B ?11 b 'VIt'11 'ifl1 VI~ bb~~ ~ 1B 1"ll b~Vl " , 
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1'11'i1.:!~ 3.4 'i::~UF1111l'i'Ubb 'i.:J"tlv.:J hfl1 V1:UI:ueU'11a1~~'U5 IR575 14 bb6l:: ~'UG"tl1111Hl nll::il • • • 
105 b~eJI:lnb~eJ'i1(;11b'VI~hfi1VIlJ:S1'U'J'U 11 1vbll11b6'1VI beUTVh6'11~ 

'U • 

IR57514 

TH196031 0.3±1.0 

TH196036 0.0±0.0 

TRG1 0.0±0.0 

TRG2 0.0±0.0 

UN THL219 0.7±0.6 

UN THL557 1.5±0.6 

6 THL690 0.0±0.0 

3 THL810 0.0±0.0 

3 THL1081 0.0±0.0 

11 THL717 3.7±0.6 

7 THL84 3.3±1.2 

'Vi1J1m'Vi~ : (-) 'vUnCJ fi-:~ hJ11ii':ijlilfl ~ lJ L~eJ . ' 

m~th:aihJ 

A11JJ~'IJLL ~<ll 

R 

R 

R 

R 

R 

R 

R 

R 

R 

MR 

MR 

(UN) VllJ1 CJfi-:~ 1lJVJ ".i 1tJ n~lJ ~oUiilb~ tJ (Unknown) 
' 

(n) (11) 

r TH196031 
10 50 

IR57514 I IRS7S14 
I = so 

I 
:: <10 

I 
' c: 5 I = .oo 

I ~ 30 
~ 30 

1 j 20 
E 20 

I 
E 

"' I 
kOM U OS i 10 z 10 

0 · ...... • • 0 

Disease severity 

(FI) (" ) 

TRGl 
<10 

IRS7514 
50 IR57514 

.. 55 

II 
:: <10 

I 
.. 30 

~ ~ ,§ 
0 

25 0 30 
20 KDMUOS .. 

j 15 1 20 

§ 10 I E 
z 5 I I i 10 

• • 
Disease severity 

KDML105 

5.2±1.6 

5.3±0.9 

2.2±2.1 

3.4±0.7 

5.3±0.6 

4.0±0.0 

5.0±0.6 

5.0±0.0 

3.7±0.6 

0.0±0.0 

0.0±0.0 

-
TH196036 

I • I I 
Disease severity 

TRG2 

kOMUOS 

I • I • 
Disease severity 

n1~'lh::Lij'IJ 

A11JJ~'IJLL~<Il 

s 
s 

MR 

MR 

s 
MR 

s 
s 

MR 

R 

R 

- --·-·····--··---··· ~, 

kOMU05 . -• 

• -
.n1~~ 3.3 m'im::lil1~~1"tlv.:J~n'l3ru::!ii'1'UVI1'Uhfi1VIa!'l'U'lh::"ll1m Rlls :S1'U1'U 97 a1~~'U~ 

b~vl:lm~ml1b'VIIilhfi1VIlJboU1vl16'11~ (n) TH196031, ("ll) TH196036 (fl) TRG1 
'U • 

bb6'1:: ( .:!) TRG2 \il11J~1~tJ 
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(fl) 
THL219 

('U) 
THL557 

Disease severity Disease severity 

(fl) 
THL690 

(~) 
THL810 

50 "1187514""''''-···-·· -·············-···---····-··· ...•.........••...... ._ .......... . 40 
JR57514 

.. 35 

Disease severity 

(\1) 
THL1081 

Disease severity 

('II) 

.E 30 -
:;::25 
0 
... 20 .. 
.D 15 

§ 10 

z s 
0 

(U) 

F.
·-·--·-.m~II:IO,-

-.¥--·--¥··--····¥·-- --

- -

I ..:1:1::::• 
Disease severity 

THL84 
35 ......................................................................... . 

.. 30 .. 
,§ 25 
'Q 

20 
KD~fLJOS 

1 ;: E~J--i14-
i 0 ·:1_-=i ~ ~•--

- ---------

Disease severity 

THL717 

• I 
Disease severity 

.fi1'Vl~ 3.4 m-an-a~:ij1tl~1"lleJ.:l~n~ru~t~h'W'VI1'Whflh'l~l:uth~"ll1n1 Rlls ~1'1.11'1.1 97 ~1tl~wi • 
b~e!tlnb~e!~1 b'Vi~ hflb V13J b"li'Tvh~;~1tl (n) TH1L219, ("ll) THL557 (f!) THL690 

" . 
(.:~) THL810, (:ij) THL1081, (u) THL84 bb!;l~ ("ll) THL 717 ~1:ua1~'U 
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Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 

0.3 RM495 4.7 RM154 2.2 RM3202 5.4 RM335 3.0 RM153RM122 6.0 RM170 
9.3 RM569 6.4 RM159 12.9 RM204 

13.6 RM279 10.0 RM5761 15.0 RM314 

17.0 RM64 
22.6 RM220 

33.6 RM174 

42.2 RM243 
46.3 RM169 51.1 RM424 53.5 RM121 
52.0 RM516 

56.0 RM23 62.6 RM1 19 60.8 RM3836 63.2 RM564 
62.5 RM3412 

69.0 RM562 71 .0 RM341 72.6 RM273 73.2 RM541 

79.0 RM252 74.2 RM164 

65.5 RM7187 

96.0 RM317 
94.9 RM16 99.3 RM3474 100.3 RM7309 

98.5 RM5 102.6 RM263 103.0 RM3534 105.1 RM30 

111 .3 RM26 

115.2 RM246 116.2 RM334 

125.6 RM6 122.6 RM166 126.9 RM260 

129.0 RM6097 129.6 RM559 

135.6 RM21 2 

142.4 RM5781 

154.1 RM206 
154.6 RM3285 

Chr.7 Chr.S Chr.9 Chr.10 Chr.11 Chr.12 

24.2 RM571 1 3.3 RM152 0.0 RM316 9.5 RM222 30.5 RM116 9.4 RM20 
0.8 RM5799 12.0 RM216 13.5 RM19 

15.0 RM38 
6.8 RM219 

50.0 RM202 

60.0 RM287 
64.5 RM209 

67.0 RM11 45.0 RM72 48.8 RM258 46.2 RM101 

70.6 RM182 53.0 RM1047 

73.2 RM3826 52.9 RM44 

83.3 RM1 132 
RM228 73.0 RM309 72.5 

93.9 RM234 72.2 RM515 77.0 RM333 75.5 RM463 

96.1 RM18 75.7 RM3459 63.0 RM591 

85.0 RM210 
115.1 RM224 

116.0 RM248 96.6 RM256 91.5 RM7306 
104.3 RM235 

118.6 RM172 
103.7 RM149 107.4 RM12 

109.3 RM447 
114.0 RM458 
119.9 RM264 

.n 1'Vl'Vi 3. 5 """' " 0 

12 hl'~b11b6ll11 ~~1~1il1m.h::"ll1m Rlls lii'1UTW bb~U'Vl'VlU 5n ~~lJ"ll e:J~"ll111i11U 'JU • 
QJ ~ I I 

97 ~1~'VlU5 1il1nr~~~11~::'V!11~ IR57514/"ll 11 lil eJ n 11 ::~ 105 t.b::nen.J~'J~ • " . . 
brl~e:J~'V!111~ SSR lii'1U'JU 97 brl~e:J~'V!111~ 

: 
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3.4.3 n111Lfl'i1::~ QTLs (QTLs analysis) 

'11flfl1111.:!~1LL Vl'tl-:J QTLs lii'1'UV11'U br1 hnTI 'U.ff11~'U5 IR57514 hwH1 thLLfl'DJ 
' 

nQTL (Tinker and Martha, 1995) ~.:~iLm1~VIL~tJ1off.ffeJl;j~~1Aq]1 ~1'U1'U 3 ?i1'U th~fleJ'U~lltJ 
.ffmJ~YJ1 'U1V1U"lleJ.:J~m~ru~lii'1'UV11'U~m~m1~1LVIVI bA1VI~"lleJ.:Jt.h~"l11fl'J Rlls ~1'U1'U 97 ~1tJ~'U5 

" , ' 
.ffm.m~L'U1V1U"lleJ-:!Lfl~eJ.:JVI1l1tJ SSR ~1'U1'U 97 Lfl~eJ.:!VI1l1tJ 1'Ut.h~"l11m RIL ~1'U1'U 97 ~1tJ~'U5 

" ' 
LL~~LLj;J'U~~'U5fl111l"lleJ.:JU1~"111fl1 Rlls Y~'U'hw QTLs fld'Ufll.l~ n~ru~lii'1'UV11'U bA1 VI~~1'U1'U 

' ' 
6 QTLs iJ ~ 1 LL Vl'tl.:JeJ ~ 'U 'U Lf11L1l L'lfl.l 4 5 10 11 LL~ ~ 12 ml.l~ 1 ~'U L ti eJ-:!'11 m iJ 'U ~ 1 LL Vl'tl-:J~ iJ 

" 
fl11Y~'U1 Vlll~.:~L1tJn11 qBL4, qBL5, qBLl 0.1, qBLl 0.2, qBL11 LL~~ qBL12 Vl11l~1~'U L~tJ QTLs 

~.:~VIndeJ~1mK:S~n'ULfl~eJ.:JVI1l1tJ SSR ~"ll'U 1'U~1"ll'U1'UYJ1tJ (flanking markers) nu QTLs ~.:~n~11 
1vi'LLn RM119-RM273, RM516-RM3838, RM222-RM216, RM333-RM591, RM209-RM224 LL~~ 

RM101-RM1047 Vl11l~1~'U (Jl1Yl~ 3.6) ~.:! QTLs f11'Uf11l~fl~ru~IJi'1'UV11'UV11'Ubf11wJl'U.ff11 , 
~1tJ~'U5 IR57514 .n~11l11tleJ6'U1tJ~fl~ru~m11llii'1'UV11'U~m~eJ~1LVIVI hA1 VI~ ru 1~tJ~IJi''Ufl~1~eJ ' , 
L~eJ~1'U1'U 91eJL'1fL~V1 U1~fleJ'Uvl1tJ TH196031 TH196036 TRG1 TRG2 THL219 THL557 

THL690 THL810 LL~~ THL1081 L'Vlltl'U 44.97% 68.23% 49.65% 59.89% 37.98% 30.13% 

22.91% 33.26% LL~~ 18.39% m1l~1~'U ?i1'U~m~ru~f1111llii'1'UV11'UhA1VI~~eJ1eJL'1fL~V1 THL 717 

LL~ ~ THL84 'VI u 11 QTLs f11'U Al.l ~ n~ru ~vi' 1'U V11'U hA1 VI~~.:~~ eJ .:~1eJ L'lf L~ V1 ~ .:~ n~ 11 ~1'U 1 'U 
' 

4 ~1bbVI'tl.:J 'U'ULfl''JL1JL'1f1J 2 6 7 bb~~ 8 1J1'11fl.ff11~'U5 KDML105 eJ~1~VIl1.:Jbfl~eJ.:JVI1J1tJ 
' " " ' 

RM341-RM263, RM564-RM541, RM182-RM3826 LL~~ RM210-RM256 Vl.:J~~1LLVI'tl.:J~11l11tl 

eJ6u1tJ~ n~ru~m11llii'1'UV11'U~m~m'I1LVIV~ hA1 VI~ ~.:~~eJ.:~1eJ L'lfL~Vl Lvhnu 12.76% LL~~ 9.72% , 
V111J~1~'U (~111.:!~ 3.5) 

j;,j ~ fl11i Lf111 ~v; ~ 1 bb VI 'tl.:~ QTLs f11 'U fll.J ~ fl~ru ~ IJi' 1'U V11'U hA1 VliJ'l 'U off 11 ~ 1 tJ ~'U 5 
' ' 

IR57 514 Y~'Ul1 qBL12 L tJ'U~1 LL Vl'tl.:JVI~ n~m'U~l.l~ n~ru~~.:~n~11 eJ~'U'U LA1L1l L'lfl.l 12 "ll'U1'U~1 
Vl1tJ 1~mfl~eJ.:JVI1l1tJ RM 1 01-RM 104 7 iJ1~tJ~vh.:~1~VI11.:~ Lfl~eJ.:JVI1l1tJ~.:J~eJ.:J'U'U 1m Ll.l 1'111l Lvh nu 

4.8 eM LL~~~11l11tleJ6u1tJ~n~ru~IJi'1'UV11'UhA1VI~~m~eJ~1LVIV~hA1VI~~1'U1'U 91B1'1fL~V1 b'vhnu , 
37.75% 63.29% 44.63% 53.07% 33.74% 30.07% 24.24% 30.63% bb~~ 4.85% V111J~1~'U 

(Vi111.:!~ 3.5) 'U eJ fl '11 n.ff11 ~1 tl~'U 5 IR57514 lJ~'U5fl111JIJi' 1'UV11'U hfl1 VI~~ L tJ'U ~'UVI~ fleJ ~'U'U 
' , " 

1r1111J 1'1f1l 12 LL~1J'UE!.:~Y~u11.ff11~1 tJ~'U6~.:~n~11diJ~1LL Vl'tl.:~"lJeJ.:~~'U5m11llii'1'UV11'U l1r11 Vl~~iJ 
' ' 

fl111llii'1'UV11'U1eJ.:J~.:J1J1 (minor QTLs) ~1'U1'U 5 QTLs ~.:~d 
qBL4 ~1LLVI'tl.:~u'ULfl1L1lL'1f1l 4 "ll'U1'U~1Yl1tJ QTLs vl1tJLfl~eJ.:!VI1l1tJ~LB'ULeJ RM119-

' " 
RM273 iJ 1~ tJ ::v11.:J1~VIl1.:J LA ~eJ.:JVIl.l 1 tJ VI.:~~ eJ.:J L vh nu 10.2 eM ~11l 11tl eJ 6u 1 tJ ~ n ~ru ~ f1111l 

lii'1'UV11'UbA1VI~~m~eJ~1'U1'U 71eJL'1fL~V11vi'LLn TH196031 TH196036 TRG1 TRG2 THL219 

THL557 LL~~ THL810 LVlltl'U 12.49% 12.46% 11.42% 11.72% 8.76% 5.59% LL~~ 11.06% 

m1l~1~'U qBL5 eJ~'U'ULA1L1lL'1f1l 5 "ll'U1'U~1Yl1tJvl1tJLA~eJ.:JVI1l1tJ RM516-RM3838 iJ1~tJ~v11.:~ 
1~V1-i1.:~ LA~eJ.:JVI1l1tJ~.:J~eJ.:~ Lvhnu 8.8 eM eJ6'U1tJ~n~ru~m11llii'1'UV11'U bA1VI~ L vh nu 15.29% 

13.65% 5.41% 10.68%7.55% LL~~ 4.27% ~m~eJ~1'U1'U 61eJL'1fL~V1 TH196031 TH196036 

TRG1 TRG2 THL219 LL~~ THL690 VI11J~1~'U (V1111.:!~ 3.5 LL~~ Jl1Yl~ 3.6) 
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Chr.4 Chr.5 Chr.10 Chr.11 Chr.12 

5.4 RM335 3.0 RM153 RM122 9.5 RM222 30.5 RM116 9.4 RM20 
6.4 RM159 12.0 RM216 13.5 RM19 

qBLJO. J 
TRGI 

TRGI 
TRGI TRG2 50.0 RM202 

TRG2 
TRG2 THI%0~1 

Tlll960~1 
THI%0~1 THI%036 60.0 RM287 

THI96036 
1"11196036 THL810 64 .5 RM209 

THL219 THI..219 48.8 RM258 48.2 RM101 qBL/1 
TIIL557 

48 3 RM 169 THL690 53.0 RM 1047 TRGI 
TRL810 52 0 RM516 TRG2 

qBLS TIIJ96031 
62.6 RM119 60.8 RM3838 

qBL4 Tlll96036 
72.5 RM228 73.0 RM309 TIIL219 

72.8 RM273 77.0 RM333 75.5 RM463 
74.2 RM164 TID..I081 TEIJ-557 

79.0 RM252 83 0 RM591 TEIL690 

85.5 RM7187 qBL/0.1 
qBLJJ 

TliL810 

THL1081 115.1 RM224 Tlll.1081 

96.0 RM317 
99.3 RM3474 104.3 RM235 

103.0 RM3534 107.4 RM12 

111 .3 RM26 
116.2 RM334 

1289 RM280 
129.6 RM559 

fl1'W~ 3.6 bbe.J'LI~-w\J5n'a':i1l"tleHiaV11 bb~~HI~1bb'ViU.:! QTLs 19i1'U'Vl1'Lihf'11'VI~ ~1'LI1'LI 6 QTLs • 
(qBL4 qBLS q8L10.1 qBL10.2qBL11 bb~:: q8L12) U'Libf'l':ib1lbllll11 4 5 10 11 

bb~:: 12 lil111~1~U ~.:~1\9i~1m.h::'tl1n':i Rlls ~1nfie.J~1J IR57514/"tl111i1Bn1J::~ .. 

qBL10.1 eJ~'j~Vrh~bfl~eJ'lV!lJ lEJ RM222-RM216 'U'Libfl'jblJb&VlJ 10 ~'j~EJ~-vil-:J'j~Vfll'l 
bfl~B-:JV!lJ 1 EJ~'lG1eJ'lbVhtl'U 2.5 eM eJB'UlEJ~n~ru~fllllJ~ll'W'Vll'W bfl 1VI~b'Vlltl'U 6.20% 10.51% 

12.92% 16.08% bbt=l~ 6.08% ~Bb~B~l'Wl'W 5 1B b&Vbt=l'Vl TH196031 TH196036 TRG1 TRG2 

bbt=l ~ THL810 lilllJ~l~'U qBL10.2'U'Wbfl'jblJb&VlJ 10 'j~Vfll'lbfl~B'lV!lJlEJ RM333-RM591 

~'j~EJ~-vil-:J'j~vdl-:Jbfl~B'lV!lJl EJ~'lG1B'lbVh tl'U 6 eM BB'Ul EJ~n~ru~mllJ ~l'W'Vll'W hfl 1 VI~~ m ~B 
1Bb&Vbt=l'Vl THL1081 b'Vlltl'U 4.73% bbt=l~~~YllEJ q8L11 eJ~'j~Vfll'lbfl~B'lV!lJlEJ RM209-RM224 

'U'Wbfl'jblJb&VlJ 11 ~'j~EJ~-vil-:J'j~Vfll'lbl"l~B'lV!lJlEJ~-:JG1B'lbVhtl''U 50.6 eM BB'UlEJ~n~ru~fllllJ 
~l'W'Vll'W hfl 1 Vl~b'Vlltl'U 13.15% ~Bb~el 1-eJ b&Vbt=l'Vl THLl 081 (\ill'jl-:J~ 3.5 bbt=l~ ilTW~ 3.6) 
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m';i1-:i~ 3.5 lii'1u1u QTLs ~1bb'VI'Li-:~uu1fl';iL:U1szt:u bfl~v-:~'VI:u1EJ~haube~~1n~:a~ tl~:u1ru bb!;l:: 

Isolates 

TH196031 

TH196036 

TRG1 

TRG2 

THL219 

THL557 

THL690 

THL810 

THL1081 

THL717 

THL84 

Vif1'Vl1-:ij;J!;lm::'VlU'tlv-:1 QTLs ~ijj;J!;l~vn1';ibb~~-:~e~e~n'tlv-:l~mtru::~hu'Vl1'U 1 ';iflL VIii 
~~Ufl'Ub~EJ1if15 simple Interval mapping (SIM) 

Peak 
Percent 

QTLs Chr. 
Markers 

LOD 
Additive variance Total 

interval effect explained11 Rz (%) 
value (Rz) (%) 

qBL4 4 RM 119-RM273 10.3 IR57514 12.49 

qBL5 5 RM516-RM3838 4.8 IR57514 15.29 
44.97 

qBL10.1 10 RM222-RM216 8.8 IR57514 6.20 

qBL12 12 RM101-RM1047 54.4 IR57514 37.75 

qBL4 4 RM 119-RM273 9.3 IR57514 12.46 

qBL5 5 RM516-RM3838 6.9 IR57514 13.65 
68.23 

qBL10.1 10 RM222-RM216 10.5 IR57514 10.51 

q8L12 12 RM101-RM1047 114.6 IR57514 63.29 

qBL4 4 RM119-RM273 3.8 IR57514 11.42 

qBL5 5 RM516-RM3838 4.9 IR57514 5.41 
49.65 

qBL10.1 10 RM222-RM216 8.4 IR57514 12.92 

q8L12 12 RM101-RM1047 68.4 IR57514 44.63 

qBL4 4 RM 119-RM273 5.5 IR57514 11.72 

qBL5 5 RM516-RM3838 8.2 IR57514 10.68 
59.89 

qBL10.1 10 RM222-RM216 13.4 IR57514 16.08 

q8L12 12 RM101-RM1047 87.3 IR57514 53.07 

qBL4 4 RM 119-RM273 9.3 IR57514 8.76 

qBL5 5 RM516-RM3838 10.6 IR57514 7.55 37.98 

q8L12 12 RM101-RM1047 150.3 IR57514 33.74 

qBL4 4 RM 119-RM273 4.2 IR57514 5.59 
30.13 

q8L12 12 RM101-RM1047 64.8 IR57514 30.07 

q8L5 5 RM516-RM3838 6.9 IR57514 4.27 
22.91 

qBL12 12 RM101-RM1047 70.2 IR57514 24.24 

qBL4 4 RM 119-RM273 10.2 IR57514 11.06 

q8L10.1 10 RM222-RM216 10 IR57514 6.08 33.26 

qBL12 12 RM101-RM1047 62.4 IR57514 30.63 

qBL10.2 10 RM333-RM591 7.7 IR57514 4.73 

qBL11 11 RM209-RM224 24.5 IR57514 13.15 18.39 

q8L12 12 RM101-RM1047 8 IR57514 4.85 
- 2 RM341-RM263 6.5 KDML105 5.62 
- 6 RM564-RM541 4 KDML105 5.77 12.76 

- 7 RM182-RM3826 4.7 KDML105 5.69 

- 7 RM182-RM3826 6.4 KDML105 10.87 

- 8 RM210-RM256 11.5 KDML105 8.25 
9.72 

Note: 11 The amount of phenotypic variance explained by each 
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~"llil1nfl1';iVl\9l~a.::~A~,rQvh1~Vl'.i1'\J~1LLVIU-::1'1Ja.::i QTLs Vl"'n~vl1VIU1~Ad'IJAlJ"'m~ru~ 
' 

~1'UV11'U hA 1 VIm 'UoUTJ?l1tJ~'Ufi IR57514 i1~1LLVIU.::Ia~'IJ'U1A';i1lJ 1"1!11 121\9ltJ?l1lJ1';itlafi'IJ1tJ"'n'Mru~ ' ~ 

A'd1lJ~1'UVl1'U~aL:ffa?l1LVI(>) hA 1VI~"iJ1'U'd'U 91a1"1!L~Vl (m';i1.::1~ 3.5) ';i~~'IJA'J1lJ~1'UVl1'U hA 1 VIm 'U 
' 

1.h~"111m Rlls "il1'U'd'U 97 ?11tJ~'U~ 'V'I'IJ';h ~'UoU11 Rlls ~i1~1LLVIU.::i qBL12 L~tJ.::i~1LLVIU.::!L~tJ'd 
?11lJ1';itl~1'UVl1'U~am';iLoU1v11~1tJ'lla.::~L:ffa?l1LVI(>) 1 ';iA 1 VIm~~.::~ 11 1a 1"1lL~Vl Lu1tJ'IJL illtJ'Un'U?l1tJ~'U5 

' ' ' ' 
Rlls Vl~L~tJ.::!LLfl q8L4 Vl~a qBLSVI~a q8L10.1 Vl~a q8L11 ~1LLVIU.::!L~mL"li'Un'U LL~~'U Rlls Vl~ 

~1LLVIU.::i QTLs ~1'UVl1'UbA1VI~ 2 ~1LLVIU.::!LU'U (q8L4 + qBL12) Vl~a (q8L5 + qBL12) Vl~a 

(q8L10.1 + q8L12) mlJ~1~'\J 'V'I'IJ':h ?11tJ~'U~~.::~n~11~A11lJ~1'UVl1'U~m~a?l1LVI~bA1VI~~.::i 
11 1a 1"1lL~Vl L"li'UL~tJ'dtl'UtlU~'U Rlls ~~L~tJ.::ILLfl qBL12 L~tJ-::1~1LLVIU.::IL~tJ1 ~ml1nfl1';iU';i~LiJ'U 
A11lJ~1'UVl1'UhA1VI~EJ.::i'V'IUBn11 ~'UoU11U';i~"l11m Rlls ?11tJ~'U5~~~1LLVIU-::1'1Ja.::l QTLs ~1'UV11'U 

' 
hA 1 Vl~\11noU11?11tJ~'U5 IR57 514 ~.::~~~~1LL VIU.::I~'ULim';ilJA'JUAlJ"' n'Mru~~1'UV11'U hA 1 VI~~~ 

' ' ' 
QTLs "iJ1'U'd'U 3 Vl~a 4 QTL/~1LLVIU.::i (poly QTLs) 'IJ'U1A';i1lJ1"1llJ ~'da~1.::!L"li'U Rlls ~i1~1LLVIU.::i 
qBL5 + qBLl 0.1 + qBL11 VI~ a qBL4 + qBL5 + qBL12 VI~ a qBL4 + qBLl 0.1 + qBLl 0.2 + 

qBL12 LU'U~'U tl1V11n?l1tJ~'U~,j'U 1 ~~1LLVIU-::1'1Ja.::~ qBL12 a~~'dtJ\l~?l1lJ1';itlL~lJ';j~~um1lJ 
~1'UVl1'U~afl1';iL oU1vl1m tJ'lJa-::1 L~a?l1L VI(>) 1 ';ii"l 1 Vlm~Vln 1a 1"1lL~Vl~vl1fl1';iVl\9l?laU 1 'UA~.::Id LL~~VI1noU11 

' ' 
?11tJ~wfl\9l1~~~'U~m';jlJ~1'UVl1'U 1 ';iA 1 VI~ qBL12 \l~~.::~~~v111~.U11?11tJ~'U~,j'U 1 ~m1lJBa'ULLa~a 
L~a?l1LVI(>)hA1VI~ ((>)1';i1.::1~ 3.6) 

' 
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3.5 aih.l~1V~·mnT~'VI~~a.:~ 

n1'JA\JV!1 QTLs fld'\JI"llJ~n~ru~~TU'VI1Uhr11Vlmui11?11tJ~'UB IR57514 L~tJ1-ffL;ffB~1?11LVl1?1 
' ' ' 

br11 w.J"ii'1u'Ju 11 1B L"11Ll:1Vl m~?t1\~LLt:.JU~~uum~lJ:u~ml"i'tJVl~ nm~m~:U1tJ~'J'lJB..:J~'ULL1:1 ~ 
' 

Ll"l~B..:JVllJ1tJ~ LBULB uu Ll"l~ LlJ L"11lJ ~1Uf11~'\J'JUf11~LL1:1m'\J~tJu~u~'JU'VI1..:J~uum~lJ ~..:~Ju m~Vl1 
' 

~~tJ~V11..:~uu~t ulJ~..:JB1f'i'tJI"l'J1lJ~'lJB..:Jn1~Ln~~rlBlJu Luiu1 u n1~LL 't.J..:~L"111:1~ LL uu1lJ tBSB?I ~1un1~ 
iLm1~'l-1~1 LL VltJ..:J'lJB..:J QTLs mu l"ll.l~n~ru~~?tu1:uuu Ll"l~ LlJ L"111Ji11 :u~ml"i'tJ'\J ~~'lJ1m~~ m~ 

' 
m~:U1tJ~'J'llB..:J~n~ru~Yit u1 VlU Vl~B~n~ru~~1U'VI1Ubl"l1 VllJ ~..:~:u~~im.Ji:1~"1~t1J1 "ii'1u1u 3 ~1u 
AB iBl.ll:'l~n~ru~VJtu1'VIU (~n~ru~~1'UV11Ubl"l1Vl1J) iBl.ll:'l~tu1VJu (SSR markers) LLl:'l~LLt:.J'U~ 

~ ~ 

~uum~l.llil1f1'\J~~'lJ1n1 Rlls "ii'1UTU 97 ?f1tl~'UB '11f1f1f11~iLI"l~1~'!.1vh11XV1~1'UiBl.ll:'IV11..:! 
' ' ~ 

~'Uul"11?11?1~~"1~ru ~..:~d 1) "ii'1U'J'ULL1:1~~1LLVltJ..:J'lJB..:J QTLs l"ld'\JrllJ~f1~W~~1'UV11'Ubl"lLVllJ'\J'U 
' ~ ' 

Ll"l~Ll.IL"11l.l 2) f11~LL?f~..:JBBf1'1JB..:J QTLs ~B~n~ru~~1'UV11Ubr11Vl1Y (phenotypic variance of 

blast resistance) 3) ~'\JLL'\J'\Jf11~LL?f~..:JBBf1'1JB..:JLL~l:'l~ QTLs (dominant LLl:'l~ additive 'lJB..:J 
~ 

Bl:'l~l:'l~1UV11U t ~1"11 VllJ) LLl:'l~ 4) V1~1'\JLL Vl~..:J~l.I1'1JB..:JBI:1~1:1~~1UV11u11l.I1:U1n?f1tJ~u5~BVl~B mJ 
' 

(Collard and Mackill, 2008; ?f~"v'l~ Lf11?1..:11l.l, 2557) LL~L~B1~~1LLVltJ..:J'lJB..:J QTLs uu1mLl.IL"11l.l 
' ' 

LLth"ii'1L U'U~B..:J~m~'\J~~Lil'UI"l'J1l.I~1'UV11'U br11 VllJ (validation of blast resistance) L ~B ~'U!:J'U 
'\J~~i'1V1Bm"v'l'llB..:Jf11~~~L~Bf1~'JtJLI"l~B..:!Vll.l1tJ~LB'ULB~Btllf1tl:a~n'\J QTLs 

~ 

3.5.1 '\J~z"!f1n~~1mum~f\'uV!1 QTLs fi1'\Jfll.l~n~ruziK1u'VI1Uhfl1Vl~ 
' 

'\J~~'lJ1m~U1l.l11 m 'Uf11~?1~1..:! LLt:.J'U~~uum~lJ LLl:'l~iLI"l~1~'l-1~1LLVltJ..:J QTLs fl'J'\Jfll.l 
' ' 

~f1~W~~1'UV11'U L ~fl1 VllJtl~fl'J1lJ"1~ rul.l1f1 L ti B..:J'l1f1~B..:JL U'U'\J~~'lJ1f11~~f11~f11~'11tJ~'J?f..:J LLl:'l~~ 
~ ~ 

'll'U1~m V!1Ul.l1 f1"v'lB~:U~?f1l.I1~~1?1~1'1Vl1~1LL VltJ..:!'lJB'I QTLs l"ld'\Jfll.l~n~ru~~.:~n~11 1 ui11?11tJ~'UB 
~ ' ' 

IR57514 1~ '\J~~'lJ1f1~ recombinant inbred lines (Rils) ~~Ltlu'\J~~'lJ1mm1~ (perment 

population) LtiB.:~:u1mL~l:'l~~uiJ~n~ru~ L uu Le1Ll.lhn?t LnBUVJn ~1LL VltJ'I'\JU LA~ Ll.l L"11l.l ~~'\J LL uu 

LU'U 1:1 (AA: aa) ~.:~Ju '\J~~'IJ1f11~'1f1~1'J?f1lJ1~~111lJ1'1JtJ1tJ~'UB LL~~L~lJ"ii'1'U'J'U1m~tJhlvh11X 
' 

~'Uuf11~lJL'lJ~tJ'ULL'\J1:1'11'\J ?f1lJ1~~vl1f11~Vl~Vle:l..:J~11~~'1~LU'U~f1~ru~VJtu1VlU m 'ULVlU LL~~ QTLs 
' 

mapping ~'JB~1'1L'llu ?f1lJ1~~U1lJ1Vl~?fe:l'U L~ B~'UfJ'Ufl'J1lJ~1'UV11'U bA1 mJl~Vll:11tlfl{'l Vll:11 tJ 

?tmu~ LL~~VlmtJu Ltlu~u ~'ILL1?1n~1.:~:u1n'\J~~'lJ1m Fz ~Ltlu'\J~~'lJ1m.a-11"1~11hl?t1lJ1~~vr1m~ 
'\J~~LiJu~n~ru~~1UV11U t ~A1Vlm~VlmtJA{.:~ VlmtJ?tmu~ LtiB.:~:u1niB"ii'1n~L~B'~'llB'I "ii'1u'JULl.l~~ 
m:u hJ Li'l tJ'I"v'lB '\J~~nBunu~uum~l.I~'Ju1 Vlru fY.:~L uu Le1L VlB t ~ 1"11n?t 1 u.:~1ui~tJd1 ii11'\J~~'lJ1m ' ~ 

Rlls ~i1n1~~~L~Bf1LL'\J'\J single seed descent LU'Uf11~L~lJLBf11?t1un1~Ln~~flBlJ'lhuiu 
(?f~"v'l~ Lf11?1..:J1l.l, 2557) LL~~-rrB~~n'\J~~m~Vl~'l'llB'Im~1iLJ~~'lJ1mm'J~ fiB ?f1l.l1~~1iiBl.ll:'l~tu 
' ' ~ 

1V1U LLl:'l~LLt:.J'U~~uum~l.l iBlJI:1L~lJtl'\Jf11~iLI"l~1~'!.1 L~Bvl1f11~fl'UV!1 QTLs 'UBnLVl'UB'l1f1~f1~ru~ 
' ~ 

~1'UV11'U hA1 VIm~ L 'llu Vl'U~ B?f.fl1'J~fld1lJ Ll"l~tl~~'l~~:ail?1 (1 ~fl LLl:'l~LLlJi:'l'l~1'11) LLl:'l ~ hJ~:ai 1?1 

(VlULLtl.:~ Vl'U~Bu LLl:'l~VlUV!U11) Ltlu~u Li'ltJ'ILLA?f1tJ~u6l~?t1tJ~u5Vl~'I~~Vl11.:~~mL:J ~~ n~ru~~ 
' ' "' 0 V I ~ 

?f1flt1J1 LV!l:11'U 



! 

67 

3.5.2 ~1bb Vi'IJ:i"l.lv-:1 QTLs fl1'llfi3J~n~ru::~TIJ'VI1'U hfll Vl~l:uif11~1t.1~'UB IR57 514 • • 
tl1';ifi'tl~1fl~.:id'V'lu\0\'1LL Vlti.:!"l.le:J-:1 QTLs fi1Ufi1J~tl~ru~~1'UV11'U hfl1 mJl 'U"/JT'"J~'U6 

' ' 
IR575141il1'U1'U 6 QTLs i11'i1LL'VIti.:~e:J~U'U1fi13J1'111l~ 4 5 10 11 LL~~ 12 ~11J~1~U 1~EJ~I'i1LL'VIt.i.:~ 

" 
'/Je:J-:1 qBL12 L'\J'U QTLs Vl~tl~fi1Ufl1l~tl'l~ru~~1'UV11'U bfl1 VI~ tJ~fi~EJ1'1Je:J.:IL~m1?11LVI~ bfl1 Vim 'U 

U';i~'ll1m Rlls ~~'U Rlls ~i1LL~~hJi1 QTLs fldUfl1l~tl~ru~~1'UVl1'U1';ifi1VI~ (~1';i1-:i~ 3.5) "il~L~'U 
' 

1~11 ~'U Rlls ~i1LfiEJ.:~ qBL12n?l11J1';i~~1'U'V11'Uhfl1mJl~~.:~ 111e:J1'11L~Vl L'VIi1e:J'U~'U Rlls ~i1 
QTLs VI~1EJI'i1LLV1tl.:i LL~~1Vi1tl~'U Rlls hJi1 qBL12 ';i~~Ufi111J~1'UVl1'Uhfi1VI~"il~~~~.:i 

L'li'UL~EJ1num1Pimn'1Je:J.:! ~~m ne:JB'UVl{~n~ LL~~flru~ (2555) vl1tl1';i'Pin~1fl111lil'1l~'U6"l.le:J.:I~'U 
~1'UV11'U bfi1VI~ qBLl LL~~ qBL11 U'U 1m11l 1'111l 1 LL~~ 11 "il1n"I111L~1VIe:J1JU~ ~e:Jtl1';i'Lf\~ bfl1 u 

1 VI~LL~~ 1 ';ifl1 Vl~flm1-:i 1~E.Jvl1tl1';i'Pimn1 'Uth~'ll1m"li'11L'VIfJEJ1 n'IJ6 ~i1fl11111l~'U~1'UV11'U1 ';ifi1VI~ 
~.:i?le:J-:1 QTLs (qBLl LL~~ q8L11) vl1tl11Vl~?le:JUfl111l~1'UVl1'U bfl1 Vim 'U?l1EJ~'U6"/J11~i1';i'ULL UU 

' " 
tl11111l~'U (oene combination) 4 1ULLUU U';i~tle:JU~1EJ 1) ?l1EJ~'U6~i1LU'V'l1~ qBLl 2) ?l1EJ~'U6 

::, \J q , 

~i1LU'V'l1~ q8L11 3) ?11EJ~'Uq~i1~.:~ qBLl LL~~ qBL11 LL~~ 4) ?11EJ~'Uq~1~i1 qBL L~EJ Vl~?le:JU 
~11Jnu"/J11~'U6 tl'IJ6 LL~~ ~'U6L~1VIe:J1JU~ 1-ffL~e:J?l1LVI~bfi1VI~IiJ1'U1'U 41e:J1611L~Vl 'V'lUl1 ?11EJ~'Uij 

q , , 'I 

"11111~ 1~i1~'U~1'UVl1'U 1 ';ifl1 VI~L~CJ "il~~e:J'ULLe:J~e:J 1 1fl1 u1 VI~LL~~ 1llfle:J11.:1 L'li'UL~CJ1nU"/J11~'U6 tl'IJ6 
' 

1 'U'IJUJ~~?l1CJ~'Utfl~i1 qBLl "il~LL?l~.:ifld11J~1'UV11'U~e:J 1 1fl1u1 Vim 'U1~~UU1'Unm.:~ LL~~ 1 1fl1 Vi~fle:J 
11-:ie:JCJ1 'U1~tii'U~1'UVl1'Ui:i.:~tJ1'Unm.:~ ~1'U"Ii'11?11CJ~'U6l~i1 qBL 11 "/J1T~~LL?l~.:i~tl~ru~~1'UVl1'U 1 1fl 

" ' 
1 VI~L'li'UL~mnu~'UqL~Tvmllu~ ~.:~LL?t~-:~1 ~L~'Ul1 qBL11 ~m U'U~'Uqm11l'VI~n~?t11l11~~1'UV11'U 
tl1';i'Lf\~bfi1VI~ ~.:i?le:J~fliKe:J.:~nu Wongsaprom et al. (2010) ~Pin'M1~'U~1'UV11'Uhfi1VI~Iil1'U1'U 
2 l'i1LLVitl.:idL'li'Un'U LL~~1111J~.:!?le:J.:i QTLs (qBLl LL~~ q8L11) L"li'11'U~'UqL~EJ1n'U"/J11?11CJ~'UqJ'U 
"il~LL?l~.:i~tl~UJ~fld11J~1'UV11'U bfl1 Vlm~~n-J1"/J11~i1L fit~.:~ QTLs L~CJ1 Ltie:J.:i"il1tl~'Uli'fl';i11J~.:i?le:J.:i 

' 
m"ili1m1~-:~L?t~1ln'ULL~~n'U~e:J~n~ru~~1'UV11'U 1 1fi1VI~ 

e:J~1.:1 hn m1J tl1 ';i~?l1 CJ~'U6~i11'\'1 LL Vlt.i-:1 ~'U~1'UV11'U1J1tltll1 1 1'\' 1 LL Vlt.i-:1 t.i1"il~ ~tll1 
' 

?l1CJ~'U6~i1L fiCJ-:1 QTLs Vl~mfiCJ-:~1'\'1 LL Vitl.:!L~EJ1 L tie:J.:I"il1nL~m1?11L VI~ hfl1 Vl~i1fl111l'VImn'VImCJ 
' ' 

Vl1-:i~'Uum';i1J?l.:i U1 n tlUtl11L "/J1vi'11 ~~'U"/J11J'U ~e:J.:ii1U"il~ CJVI~1CJU"il~CJ~ L~e:JeJ1'U1 CJ~ e:Jtl11 L "111 
' " 

vi'1mCJ 1~LLn L~e:Ji1~'Uqm11l~L"Ii'1vi'1mCJ?l1EJ~'U6~1'UVl1'U1~ (virulence gene of blast) ~'U"I111i1 
~'Uli'fl';i11J~e:J'ULL'€l LL~~?!Jl1'V'l LL 1~iKe:J1l~ L VI1J1~?11J~ e:Jtl1';i'L"/J1'Vll~1EJ'IJ'€l.:!L ~e:J?l1LVI~ 1 1fl1 VI if ';i11Ji:i.:l 

' ' 
L1~1~L~e:JiJ'1Je'r?l~'U"/J11 Ltie:J.:I"il1tlV'U~1'UVl1'U 1 ';ifli1fi111JiiJ1L 'V'l1~L"il1~"il.:i~e:JL ~e:J?l1LVI~ 1 1fl Vl~e:JL~e:Ji1 

' 
tl11~w.J'U 1 L ~e:J L "111vi'1 m EJ 1.W.~ 1~ CJ~ ~'U"I111 ir.:~fl.:~i1~'U ~ 1'UV11'Ue:J~ ~.:~i1m11J fliK1 CJ fl~-:1 nu'Vl~ n m1 

" 
fld11J~1'UVl1'ULLUU~'U~e:J~'U~Lfl~';i~Vil1-:i~'llLL~~ 1 1fl~'ll (Flor, 1971) 

qBL 12 L U'U~'Uqm11l'VI~ n'IJe:J.:~~n~ru~~1'UVl1'U 1 ';jfl1 VIm 'W"Ii'11?11CJ~'Uq IR57514 

e:J~U'U 1fl 11l 16111l 12 1~Vil1-:!Lfl~'€l.:IVI1J1 () ~ LB'ULe:J RM 101-RM 104 7 ~.:l"il1 tltl1';i';i1 EJ-:11'UI'i1 LL Vitl-:1 ~'U 
" 

~1'UVl1'U'V'lUl1 1m11l1'111l 12 i11il1'U1'U~'U~1'UV11'Uhfi1VI~1J1ni:i.:~ 18 ~'U (Wang et al., 2014) 

1~CJU~L1ru~.:~n~11i1~'U~1'UV11'U hfl1 VI~U1-:i~'U1~~u 1111 1fi~'UL~CJu{e:JmL~1 1~ LLn Pita (Bryan 

et al., 2000) ~.:ie:l1"ilLU'U1tJ1~111'i1LL'VIt.i.:~ qBL12 '1Je:J.:i"li'11?11CJ~'Uq IR57514 m"ilLU'U 1 1'U 18 ~'U 
~.:111~11 Ltie:J.:!"il1n"li'11?11CJ~'U6 IR57514 i1~'Uum11l~Vimn'VI~1CJ~1~-rum1t:-J?l1J"il1tl IRRI L'li'U 

' ' 
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'IJ11VIelfll.J~~ 105, tl1l.'l~nE.J19, IRS, IR24, TKM6, TETEP, IR44, IR46, IR54, FR13A bbfi~ PTB18 
' 

b tl'U~'U ~~b:fim~''Ul'ifl';i';il.JbVI~Tdii~m~ru~vn:m1';ibfl~IW;i~~~'U., 1~bbnt:.Jfit:.J~I'li.'l~ ~1'U'V11'U br1 bbfi~ 
' I " 

bbl.Jfi~ 'Vl'Ubb~~ bbfi~'Vl'Utl1vJ1lJO'U~~'U btl'U~'U (Kate-ngam et al., 2011 ; Ouk et al., 2006; 

Romyen et al., 1998; Jerakongman et al., 1995) 

3.5.3 m~t-ihh::1u"lf'th:l1nn1~~'UY4U~1LL VIU~"lle:Hl QTLs f'l1Ufll.J~n~ru::~1'U'VI1'U 1 ~fl1VI3J • 
L'UeU11a1uww:i IR57 514 L'Um~tl~ut.l~.:~wu5"1i'11~1'U'VI1'U hf'l1VI3J . . ' 

bfl~eJ~VIlJ1E.J~b~'UbeJ~'IJ'U1'U~1Vl1E.J'IJeJ~ qBU21~bbtl RM101 bbfi~ RM1047 ~~b'\J'U~'U 
Vl~fl'IJB~~n~ru~~1'U'V11'U 1 ';ifl1 VIm u-if11oW'UB IR57514 ll';i~ E.J~lti1~';i~V111~ bfl~eJ~VIl.11E.J~~i.'leJ~'U'U 

' 
1fl';i1lJ1'11l.JbvJ1tl'U 4.8 eM i.'leJV!fl~tl~tl'Ufl1';i';i1E.l~1'U'IJtl~ Collard and Mackill (2008) ';i1E.l~1'UH11 

';i~ E.J~lti1~';i~VI11~bfl~El~VIlJ1E.J~bB'Ubtltl'U~fl~ru~~ ~ El~fl1';if'1V~ b~t~n11Jfl1';ilti1~n'Ubfl'U 5 eM ~~.Q'b~eJ 
flV~fl1';ibflV!fl1';ibbfiflb tJ~ CJ'U~'U~1'U'IJEJ~ 1fl';j 1l.J 1'11l.J vh 1 ~fl11l.JbblJ'U~1'1JEJ~fl1';jf'1VJ b~tl fll.11fl~'UVI~tlfl~11 
1~8n11 Vl1fl bfl~EJ~VIl.11 CJ~bB'U btlll';i~ E.J~lti1 ~'il1fl~ n~ru~ b U1VIl.11E.J~vh fl1';jf'1VJ b~tlfll.11 mn'U 1 tJ'il~vl1 
1 ~m1l.J bblJ'U~1'1Jt~~m';if'1V~b~ t~mT'U 1 flV~ut~ E.Jfl~ml.11 t1~1E.J ~~Ju bfl~t~~VIm E.J~ bB'Ubt~~ilm1lJ 
1mi':UV~n'U qBL 12 i.'l1l.11';im111 tJ1-ifb tl'Ubfl~ti~VIl.J1CJ 1l.Jbfi~~·lh E.J 1 'Ufl1';if'1V1 b~Bn1 'U~1'U~1'Ufl1';iU~'UU1 ~ 
~'UB-iJ11~ 1'U'V11'U hfl1 VIm~ l'lt~ hJ1 'Utl'U 1 1"11'1 tJ ~ 1~ hnml.J ~ 1 bb VI'Ll~'IJtl~ QTLs fl1'U fll.J~ n~ru~ 

' ' 
~ 1'U'V11'U 1 ';ifl1 Vlii~~VI n ~1 bb VI'!J~ bbfi ~ bfl ~eJ~VIlJ1 E.J ~ bB'Ubtl~ iJ fl11l.J 1n~:UV1 ~~fl~ b tl'U-iJ Ell.Jfi b \1 ti~~'U~ 

'U 

'V1';i1'U b V1 E.J~bb VI~~~'Ulifl1';il.1~1'U'V11'U 1 ';ifl1 Vlilbb VI~~ 1 VllJb vl1J'U ~~J'U fl1';ill fl1';iU';i~blJ'Ufl11lJ~1'U'V11'U 
' 

hfl1 VIii (validation of blast resistance) 1V~ E.J 1-ifbfl~ti~VIl.11E.J ~ bB'Ubm VI~ 1-d'li1 CJ1 'U fl1';if'1V~ b~ t1 n 

~n~ru~~1'U'V11'U 1 ';ifl1 VIii 1V~E.J1-if~'U~1'U~'Ulif11';ilJ'IJEJ~i.'I1E.J~'U5-iJ11~bbl'lfll'l1~n'U Vl~t~l'l1~tl';i~'l11m 
"' ' ' 

b ti'U~'U b ~tl b U'Ufl1';i~'U~'Ul1 bfl~tl~VIl.J1 E.J~ b~'Ubtl~~n~11i.'l1l.J1';ibl1-ifb U'Ubfl~tl~ntl'li1CJ 1 '1Jfl1';jf'1VJ b~tln 
~n~ru~~1'U'V11'U 1 ';jfl1 Vlm~VI~EJ hJ 

U'il'ilu'Um';itl~uth~'W'U5-if11~1'U'V11LJ 1 ';jfl1 Vlffi 'Utl';i~ b 'V11"11 'V1CJUE.Jl.1Hf~'Ulim';il.1~1'U 
'I <t 'I 'I 

'V11'U'U'U1m1l.11'11l.J 1 bbfi~ 11 (qB/1 bbfi~ qB/11) ~llbbVI~~~'U~fl';i';ilJ~1'U'V11'U'il1fl-iJ11b:5'1VItllJUfi 
(Noenplab et. al., 2006) bb~~ qB/2 bbfi~ qB/12 'U'U1fl';i1l.11'11l.1 2 bbfi~ 121V~E.J~'Ulim';il.1~1'U'V11'U 

' 
hfl1VIillJ1'il1floU11~'Ut5 IR64 bbfi~ Azucena (&1V~I'lti~1'Uiil'1: Vl';i. thCJ'Vlli ~~'UV11) lil'1El~1~b'li'U 

' ' 'U 

oU11b:5'1VItllJ11~'U~1'U'V11'Uhfl1VIii'U'U1fl';i1lJ1'11lJ 1 bbfi~ 11 (Kate-ngam et al., 2014) 

n'IJ6 ~1'U'V11'Uhfl1VIilu'U1m1l.11'11l.J 1, 2, 11 bbfi~ 12 1'11mh~u CPI~.n1 nt~~'U'Vl{l"i'n~ bbfi~flru~, 
2555; Wongsaprom et al, 2010; Sreewongchai et.al., 2010; Pinta et al., 2013) 'il1 n n1 ';i 

&lV~ml.J~~ bi.'l~l.Jfl1';itl~n-if11 b VloUE.J1~'U5 fl'IJ6 i.'l1 E.J~'U5tl~utl';i~ (~'Ub~E.J) 1 'U~'U~tlfinoU11tl1PlCJtl1~'U 
'U 'I 'I 'I 'U 

' v 
V q dril eR !11 V t{ V I .::::liei V i.1 V iJ ~ 

.fl1 fl 191~1'Utltl flbtW~b VI'Uel 'll~'IJ11~'U~VI~ flfi 11'Ul.J~'U~fl';i';il.J 1911'U'V11'U qB/11 'il1 fl'IJ11 b'il1VIell.J'Ufi 

~'U-J1 oU11bVIoUCJ1i.'I1E.J~'Uqtl~'Utl~~ fl'IJ6 ~1'U'V11'Ubfl1VIil qB/11 (fl'IJ6-~'Ub~CJ) llfl11l.Jb~CJVI1E.l'il1fl 
fl1';iboU1vl1fi1CJ'IJtl~ 1 ';jfl1 VIm 'Ub 'IJI9l~'U~~~n~11 bb1'1b~tli.'l1 b Vll'l1 ';jfl1 VlmlJi.'11lJ1';im -if1vT1mCJ-iJ11~'U5 

' ' 
IR57514 1~ (&1V~\1lt1~1'Uiil'1: V!';i. tbCJ'Vlli ~~'UVll 1fl';i~fl1';il~Clbbfi~~~'U1-if11'U1tl1~'U1V~CJ1-if 

' 'U 

b 'V1 r11 'U 1fl ~ ~h.n1~) ~ ~J'U n1 ';irl 'U ~ u ~ 1 bb VI'Li~ QTLs 1"11 u fll.J ~ n~ru ~ ~ 1'U 'V11'U hfl1 VIm 'U-if 11 
' 

IR57 514 ~~ll~'UVI~fl~El qBL12 ~~ bU'Ubb VI~~~'U~fl';i';il.J~1'U'V11'U hfl1 VllJBflbb VI~~VItl~1 'Ufl1';ioW~'U1 
~'Uq-if11~1'U'V11'U hfl1VI:ffi'UEJ'U1fll911 ~llfl11l.1~1'U'V11'Ubb 'U'U n-1'1~ (broad spectrum resistance) 
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t>lm~m1?11bVII?)hflhuJ'~iirr:m.JVI~1nVImCJ'V11..:1~'Uqm1lJ 1~CJi6m1111Jm'U (gene pyramiding) 
I I I I 

b.rr1~·ih1?11CJ~'U~Viii~'Uqm1lJ~1'U'VI1'U qBl1 bb~~ qBl11 Vl~v.rr11~'U~B'U 1 Viii~n'l3ru~Vi~a~bblK1 
b~eJ b ~lJ~~fl11lJ?i1lJ11t:l1 'Un11~1'U'VI1'U L1fl1 VIlli ~.rr11~'U~,r'U 1 ~..:~ b U'Un11b~~CJlJfl11lJ~~alJ~'Uria 
bbtll "'JUWVI1n111~'1J1~"1Jel..:ib ~eJ?i1 bVI~ l1fl1 VliJ~iifl11lJVI~1nVIm CJ'VI1..:1~'UDn11lJ 

~ ' ' 



, 

: 

~ 
'U'VI'VI 4 . ... ... 

n11cW~'IJ1cW'IJqn11:uif11 b VIUEJ1VIB:UViii£iu Bph3 ~1'1J'VI1'1Jb 'W~ an1~ 1~ ~ihl1~1~ 
Q,l il Q.l ~ 

'i\11n~1'1J'W'I.Jt5n11:U111'Uf1EJ'W'IJ5 IR57 514 ... ~ ~ 

4.1 UVI'Lh 

oV11 b VIUCJ1 (glutinous rice) b U'UoV11~'lJ~ n tl'Ul.J1 n1 'U b"ll~VI1'1.1l1fl ~~1'U €1€lflb5CJ'I b VltJe:lbbrt~ 
Jl1 fl b Vlij €l"ll€l'l'l.J~~ b VI PI 1 VI CJ ~'I.Q'b ti €l'I:V1 fll~~l ~ bbrt :6~'U5~~:U fl1~U~L.Il fl~ii fl1 ~~UVI €IV! tl'U:U 1 ~'I bb\>1 

u~~~u~~ 'lJ~~"1J1mG'11'U 1 Vlru1 'U.Il1fi~~1'UBBn b5CJ.:Jb VI.Umbrt~mr~ b V1.UeJu~L.nr~.V11 b Vliim b U'U€11V11~ . . ... 
VI~ n ~",r'U~'Iii m~'llrt n<V'11 L VIUCJ'dn'U €1~1" Lb ~~VIrt1CJ bn~mmbL VIU:U~VIflfl~1b~B'U :u~'llrtn<V'T1 

~ . ~ 

LVIUCJd b ~BU~L.Ilfl bb\>l:v~'l.Jrtn<V'11 L~1LV~mu~1 ~oV11"1l11V~€lfl:U~~ 105 b~€1G'1'11 ~nu h'I~VI~€loWBA1 
~ 

r~'Unm" <V'11 L Vlum~.:Jt:.~ni'Unu Ln~~~m 1 'Umr~~~1'UBBn L5c.~" b VI.UB bbrt ~mr~b V1.UBmB~1'~CJ11'U1'U 
~ 

i1:u:uu'Uiim~t11<V'11 L Vltlm 1 'll1-ti'b U'Ui'~fi~U 1 'UB~G11VIm~:umVI1~"1l'U:U"lltJb~CJ1 t:J~~G1~1~'Ubi1B'Ibbrt~ 
, 'I 'I , 

m~t:J~~ Lb U'loV11:U1flll1CJVh 1 ~~~G11V1m~:u\>11" 1 iim1:UVJB'Ifl1~oV11b Vl'iJCJ1 1 'U'IJ~:u1ru~:u1n~'U 
<V'11 b VIUCJ1 L U'UoV11~iib:u~V~oV11G11~~"1l11~'UL~BU.:J LL~1:u~ 1~<V'11G1n~~u~1~ V~ n'U b Vltlm LL tl'U • • 

LLrt~ii~ n~ru~ 1G1 'l.J~~n BU ~1mb U'l"lliJV~B ~ 1:u Lrt b V: r1 ~'U L tJ 'UG'11'U 1 V1qj'l.J~~:u1 ru 9 5-100 L'll B~ L~'U WI 

iiLLU'IB~1:uLrtG1 €l~bViCJ'Ib~flU€JCJ'lJ~~:U1tu 0-5 b'll€1·h~'UWI VI~BhliibrtCJ (B~B'U'IA UCJlflfl, 2550) 
~ . 

fl1~U~L.Il floV 11 b VIU CJ1G'11'U1 VI tU"ll €I 'I'll~~ b VI Pl1 VI CJ €1 ~1 'U.Il1fl ~ ~:r'U €1 €1 fl L5 CJ'I b VI.U €1 bbrt ~Jl1fl b VI.U €1 ... ~ 

'U€1 n :u 1 n-d'VIrt1 CJ'll ~~ b VI P~1 'U L "ll~~'U~'l.J rt noV' 11 ~:u mJJ 1L "ll'ltl iJc.~:u'l.Jrt n<V'11 L VIU c.11 b 'li'U n'U LV~ CJ bu~1~ 
~ . ~ 

'lJ ~~ b VI Plfl11 ~'Iii~ 'U~'l.Jrt floV11 b'VIU CJ1 fll1 85 b 'lJ B{L~'U Wi"ll€1'1~ 'U~'l.J rt floVTJ~'IVI:UVI bbrt ~U~L.fl fl 
~ ~ 

oV11 b VIUCJ1 b U'U €11VI1 ~VI~fl"ll€l'lfi'U.fl1 CJ 1 'U'll ~~ b VIP! (Esterik et al., 2008) G'11'U 1 'U'l.J ~~ b VI PI bl CJ V~'U1:U 

'l.JrtfloV11b Vl'iJCJ1'lJ~~:U1ru 10 b D€l~b~'UWi"ll€l'lt:Jrtt:J~~oV11~\IVI:UVI 
~ 

<V'11 L Vl'iJCJ1btlV~:U 1n m~nmCJ~'Ut:i"ll B'loV11 b~1~~" ~1 Lb VIti 'I ~'U Waxy ~mur~:u'lJ~mruB ~ 1:u Lrt G1 • • 
~'lii~1bLVIt.i'IB~tJ'ULfi~L:UL"Il:U~ 6 iiVIU1~~'1bfi~1~~LB'U1"11ii granule bound starch synthase 

(GBSS) LV~CJii~'U~b~CJ1oVB'Inu'lJ~:u1ruB~1:uLrtG16'1'1Lbrt~~1 ~1'U1'U 2 ~'llbbtJU 'lJ~~nBu~1CJ 
~ ~ 

~"'~"' WX' mur~:u'lJ~:u1ruB~1:uLrtG1G1'1 bbrt~~"'~"' wJl mur~:u'IJ~mruB~1:uLrtG1~1 ~"~'U~'I6'1B'I . ~ . 
~'l.J bb uu-d'\>1 B:U11~t11:u11 -ti'bLCJ n<V'11~ii'l.J~m ruB~ 1:u LrtG1 ~1bbrt~G1'1BB n:u1 n n'U :v1 nJ'U 1~iim~A'U~u 
~ ~ 

m ~b 'lJ ~ CJ'U bb 'llrt'I:V1floV11 b~1 b U'UoV11b Vl'iJ c.11 LV~ CJ m~ L ~:u~'U"ll B'lb u 6'1~1'U1'U 23 b uG1 ~~"u ~L 1 ru 

exon2 "ll€1'1 Waxy gene iit:.~rtvh1-H'<V'11b~1b'll~CJ'UbU'UoV11LVIUCJ1 ~'liit:.~rtvh1-H'LnV~vi'1bbVIt.i'IVI~V~ 
fl1~bb'llrt~'!XG1n€l'Url1VI'UVI (premature translation stop codon) ~ 78 bp downstreme t111'l.J~ 

0 0 0 

m~i~'U1 Lfl~€l'IVI:U1CJ~b~'Ub€1Vim'lvl1Lb'VItl\l ~'U61i.:Jiim1:u~1 b ~1~L:U1~:U'I (gene specific marker) 

b ~€11 <&1 'Ufl1~~1 bb 'U n<V'11 b Vltlm bbrt~olf11 b~1 i1~Bl1 Wx-Glu-23 ~1VI-ru 1 <&1 'U m~'l.J~u'll~'I~'UtflV~ CJ 1 i • • 
bfi~B'IVI:U1CJ~b~'Ub€1'1i1CJ1'Ufl1~~VIb~€lfl (Wanchana et al., 2003a) 



71 

.n11 b'VIi1CJ1~'tni n"ll 6 b'IJ'LI~'U5~1~-ru ~eJ\I"il1nn·aJm~.n11 1 titJ 2520 u-rU'IJ~\l~'U5:U1n 
't 't , " 

.n11b..ij1"ll11\9leJnl.l~~ 1051\9lCJ-r\l~bbml.ll.l1~ 20 n1rtbb~\9l ru ?1'1'1!n'l1'LI'Vlr;r\l\l1'Utl~l.l1rub~m1ti&ibbvl\l 
" 

tl~~b VJI"11 vmvh 1 '!Xbii\9lm~nmCJ~'Liq"lleJ\l~'LI Waxy Uti 11"1~ 1l.l 1"11l.l 6 b tl~CJ'U:U1n.n11b..ij1bU'U.nT"J b Vlilm 

6/t\l~eJlJ1 b tlt1~t16.n11 b Vli1CJ1~ilCJlJtlrtn bbrt~ b tlt~~ilCJlJ 1 t~m~u~1.nfl1 t1tl~~ b VJI"11\9lCJ bUYl1~.n1flbwueJ . " 
bbr~~.n1fl~~1'UeJeJn b5CJ\lb wueJ e1 ~1\11 ~n~1lJ.n11 b Vli1CJ1~'U5~\ln~11 EJ\lfl\li1fl11lJBeJ'UbbeJ~eJ m~b .n1 • 
vl1rt1CJ"lleJ'l1 ~fl bbrt~ bbl.lrt\l 1\9l CJ btl'Vl1~ b Vl~ CJ m~ 1\9l\9l~J1~1r~ 6/t\l~m U'Ubbl.lrt'lf'i' m.n11~i1m1l.l~11"1 ru 

" v 

l.l1n~m.mt:.J~~.n11 b tieJ\l:U1m Vl~CJ"'1il\9lifG'f1l.l1~fl bfl~eJ'LI~1 mbrt~G'f1l.l1~m~eJnfi'l1mf'i'CJ 1~ 1\9l CJ btl'Vl1~ 
b Vl ~ CJ n ~ ~ 1 \9l \9l ~ J 1 ~ 1 r~ '11 il \9l tJ n CJ 11 G'f 1l.l 1 ~ fl b fl ~ eJ t1 ~ 1 CJ bb r~ ~ eJ Vl CJ V~1 tl1 t1 ~ ~ CJ ~ VJ1 'l1 n f1 bb r~ ~ 1 n r~ 
1\9lCJfl1f'i'CJm~bbG'frtl.l'1l1CJ ~\lvi'11 '!Xm~~~U1\9l bU'Uu~n ru n11'leJ~1\l~1\9l b ~1 ~\l,f'LI m~~WJ'LI1~'U5.n11 • 
b Vlilm ~1'LIV11'Lib Vl~CJ m~ 1\9l\9l~J1~1rt~\l~m U'U\l1'LI1~ CJ~i1m1l.l?l'1Fi'ru hJ bb ~m~~WJ'L11~'L16.n11 b..ij1 

v • 

1 '1Xi1fl11l.l~1'LIV11'LI b Vl~CJ m~ 1(91 (91~ J1 mr~ 1 t1 m~u-ruu~'l~'LI6-b'11 b Vli1 CJ'"J 1 'IX~1'LIV11'LI b Vl ~ CJ m~ 1(91(91 • • 
~J1mrtG'f1l.l1~fl1 i~'Linm~l.l~ 1'UV11'LI:U1n.n11 b..ij11 t1m~ri1 CJVleJ\9l~'LI 1 tl EJ\l.n11 b Vli1 m 1~\9lCJn1~t:.JG'fl.l • 
"' ~ "' 
Vl'Linml.ln~~l.l'l11~ • 

bb Vl~\l~t1um~l.l"lleJ\l~t1~1t1V11tib Yl~CJ m~ 1(91(9l~J1~ 1r~~1 -tit t1tl~~ b VJI"11 VJ CJ1 t~u:u:uut~ 1\il bbn • • 
~'LI~1'LIV11'LI Bph3 ut11fl~1l.l1"11l.l 6 Glt\lY~U1'LI~'Liq.n11 Rathu Heenati .n11Yrt1dJeJ\l"lleJ\ltl~~bV11"1 
l"l~r;r\lm bbrt~G'f1CJ~'U5 PTB33 -ii'11vr'Libi1eJ'ltl~~bV11"1Bt1b~CJ (Jairin et al., 2007) bbrt~~'Linm~l.l:u1n • • 
.n11vr'Lib~eJ\l"lleJ\lB'Lib~CJanG'f1CJ~'Liq~eJ Abhaya i1~t~qm~l.l~1'LIV11'LI 11ilbbri Qbph6 bbrt~ Qbph12 

u'LI1fl~1l.l1"11l.l 6 bbrt~ 12 ml.l~1~u 6/t\l~'Liq.n11~\lG'feJ'l~i1~t1 Bph3 i1m1l.l~1'LIV11'LI~eJtl~~'l11m 
b'Vl~ CJm~ 1\9l\9l~J 1mr~~1 otlVl \9lG'feJU~G'fmut11~CJ.n11'U 1'LI1'111&i ( IRRI) bbrt~EJ\lG'f1lJ1~fl~1'UV11'U~ eJ 

tl~~'l11mb'Vl~CJm~ 1\9l\9l~J1mr~1 'Utl~~bV11"11 VJCJ B'Lib~CJ Yl~tltlti~ biCJ\9l'LI1l.l ~'LI U\lflfl1bV11"1 bbrt~ m1 

(Jairin et al., 2007) ~'U~1'UV11'U Bph3 i1nr~1nfl11lJ~1'LIV11'U~eJn1~b.n1vi'1mCJ"lleJ\lb'Vl~CJm~1\9l\9l~ 
J1mr~ tl~~neJU~'"JCJ fl11lJ'I1eJU"lleJ\lbbl.lrt\l1 'Lin1~ 1 ifi'l1mf'i'CJ (anitxenosis) m~~eJ\9l;a1~"lleJ\lbbl.lrt\lU'U 
Vi'l1mf'i'CJ (antibiosis) bbrt~fld1lJVl'UV11'U"lleJ\l-vi'l1~eJm~\9l\9ln'LI"lleJ\lbbl.lrt\l (tolerance) (11"1~~ G'f"ll~bn~ 

'U , , 'I 

bbrt ~flru~, 2553) :u1 n nr~1nfl11l.l ~1'LIV11'U ~\ln~ 11vi'11 'IX~'LI~1'LIV11'LI Bph3 b U'Ubb Vl~\l~'Liqm~l.l 

~~1Fi'rueJ~1\l~'l1 'Um~u-rutl~'l~'U6.n11 1 '1X~1'LIV11'Lib Vl~CJm~ 1(91(9l~J1mr~ 
v • • 

u:u:uu'UG'f1CJ~t16.n11 b..ij1~i1m~u-rutl~'l~'U51 'IX~1'LIV11'Lib'Vl~ CJ m~ 1(91(9l~J1mr~ BphJ1\9lCJ1 i 
'I 'I 'I 'I 

bfl~eJ\l'VIlJ1 CJ 1l.l brtnr~ ~ b~'LibeJ'1l1CJ 1 'Um~l"i'\9l b~eJni1G'feJ\lG'f1 CJ~'U5 1~ bbtloUCJ'LI1Vl 1 ( CNTl) bbrt~ G'f1CJ~'U5 • • • 
"ll11\9leJnl.l~~ 105 (KDML105) 1\9lCJG'f1CJ~'U5-tiCJ'L11Vl 1 b'IJti.n11b..ij1G'f1CJ~'U5tl-rutl~'lrtnt:.JG'fl.lnr;ru 

, 'I 'I '\J 

oti'1~t1~ BC4F5 :U1nAt:.JG'flJ~~VIl1\l CNTl bbrt~ KDML105 ~i1~t1 Bph3 vl11VI1~-if11~t15oUCJ'LI1V11 . " . 
~ G'f1l.l1~fl ~ 1'U VJ1'Lib Vl~ CJ m~ 1\9l\9l ~J 1 ~1r~ ijr;r n~ru~ hJ1 1 ~ eJ'1l1\lbbG'I\l bbrtdJtl~mru eJ ~ 1l.l 1r~ G'f~ \l 
(Saisamai 2013) ?i'd'U~'U5"lJ11\9leJnl.l~~ 105 6/t\lbU'U~'U5.n11b..ij1'U1J1~'LI11~eJ'1l1\lbbG'f\l ' . . 
vhm~u-ruu~\lrtnt:.JG'fl.lnr;ru-ti''d~'LI~ BC3F5 :u1nAt:.JG'fl.l~~VIl1\l Rathu Heenati bbrt~ KDML105 

, '\J , 'U 

(Jairin et al., 2009) ~\lG'feJ\lG'f1CJ~'Liqif1~-ru~'Liqm~l.l~1'UV11'Ub'Vl~CJmd\9l\9l~J1mrtl.l1:U1n.n11 
~'U5vr'Lib~eJ\l~'U5 Rathu Heenati ~'li1~'LI~1'LIV11'LI Bph3 i1~1bb'VIU\leJ~u'LI1fl~1l.l1"11l.l 6 . . " 
(Jairin et al., 2007) 1\9l CJi1 n1~~1 CJ\l1'Ul1i1~'Liqm~l.l~1'UV11'Ubb uu nl1\l~G'f1l.l 1~fl~1'UV11'Ub'Vl~ CJ 

m~ 1\9l\9l~J1~1rt~i1m~~~U1\9l1 titl~~bV11"11 VJCJ 11ii'VImCJtl~~'l11 m 
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m".iu-ruu".i-:J~'U5.UTJ 1 ~~1'UV11'Ub V'l~ CJ m~ 1~~~J1 m~ 1~ CJ1 -&'bbVi~-:J~'U5m".il.Pil1n.U11~'UbihJ-:~ 
' ' ' 

~n'I.J".i~G1'UD~Vi1 Linkage drag "li-:~~niJrrm~ru~~hJ.W-:~'I.J".i~G1-:~ri'&i~:w1vi'1CJ 1'Wmru'lla-:J.U11~'U~ 
Rathu Heenati V'I'Ul1 ~'U~1'UV11'U Bph3 iJ~1bbVitJ-:Ja~1n~:U~nuel'~~~ W_xD 'llB-:1 Waxy gene 

~fl1'U fl:wrr n~ru~'I.J~:w1ru a~ 1:w 1~G1G1-:J'U'U Lfl".i 1:w 1'11:w 6 ~-:~G1a-:~~'UiJ".i~CJ~vt1-:J".i~Vl11-:~n'U'I.J".i~:w1ru 
' " 

380 kb ~-:~,!'U ~'UG1B-:J~'U~-:~iJrrn~ru~dJ'U Linked genes m".i~~'U~1'UV11'U Bph3 bb~~ W_xD allele 

a~1n~:U~n'U:w1nvh1~bn~D~Vi1 Linkage drag 'lJB-:1 W_xD allele 1'Um".i~1CJVlB~~'U~1'UV11'UbV'I~CJ 
m~ 1~~~J1m~ Bph3 b .U1~oU11G11CJ~'U~'I.Jfuu1-:~ v1'11 ~oU11G11CJ~u~'I.Jfu'I.J1-:~~1'UV11'Ub V'I~CJm~ 1~~ 
~J1{?11~"il1n~'U Bph3 ~niJ'I.J~:w1rua~1:w1~G1G1-:~ ~-:~,!u Vi1n~a-:~m".i'I.J-ru'I.J".i-:~~u5.U11~1'UV11'Ub V'I~CJ 

" ' ' 
m~ 1~~~J1m~~iJ~'U Bph31 ~bU'U.U11~iJ'I.J~mrua~ 1:w 1~G1~1~t1nfl1'Ufl:W 1~CJel'~~~ w.xP "il~~a-:~ 

" ' 
vhm".ibbCJn Linkage drag ".i~Vil1-:J~'U~-:JG1B-:J "li-:~m".iu-ruu1-:~~u~1~CJi5:w1{?l".i~1'U,!'Uvh1~~B'U 
.U1-:~m n D"il"ilU'UiJ m".i'l11bfl~B-:!Vil.l1 CJ 1:w b~n~~bB'UbB:w1·1h CJ A'~ b~Bn 1~ CJ bWn~ u~-:~n~11~ BCJ'1n~:U~ 

' ' " 
tl'UbU'U(;.J~611b~"il l'i'1B~1-:Jb-d'U Jairin et al. (2009) ".i1CJ-:11'Un1".ibbCJn Linkage drag ".i~Vil1-:J Bph3 

Lb~~er~~~ W_xD 1~CJer~~~ W_xD 1'Um".i~\Oll'U1~u5.U11'll11~an:w~~ 1051~~1'UV11'UbV'I~CJm~1~~ 
' 

~J 1 {?11~ 1~ CJ1-ff bfl ~B-:!Vil.l 1 CJ ~ bB'U btl~ B ~1n ~:U~ tl'U ~'U ~-:~ G1B-:il.l 11"1 ~ b~ B n ~ 'U oU 11"il'U1vi'i 11 
" 

'll11~an:w~~ 105 G11CJ~'U5u-ruu".i-:~~G11:W1".it1~1'UV11'U~B b V'I~CJm~ 1~~~J1m~a~1-:~n1'1-:~'lJ11-:J bb~~ 
' ' 

f1-:~fl-:~rrn~ru~m".iVI-:J~:wbb~~-ruu".i~Vl1'UbVliia'U.U11~'U5'll11~an:w~~ 105 (el'~~~ w~) m".i1 -&'bbVI~-:~ 
' ' 

~'Uqm".il.l "i11ni11tJ 1Vi~B.U11~'U~~'ULiia-:~ l~CJ ?hu1 Vi qj~ n'I.J".i~G1'UD~Vi1 Linkage drag 1~ CJ~'U 
b'I11Vil.J1 CJ~ 1"11'U fll.l rr n~ru ~~ ~a-:~n 1".i~ n b ~Bl.J LCJ-:itl'U ~'U ~'U., ~ fld'U fll.Jrr n~ru~~hJ.W-:~'I.J ".i~G1-:Jrl 

' I ' 

n1".ibbCJ n Linkage drag 1~ CJ m".i'I.J-ruu 1-:~~'U ~Yl"llbb uu:w 1 {?l".i~1'U "il~vh1vi' CJ1 n b~ B-:J"il1n~ a-:~1-ff 
'I.J".i~"ll1m~n (;.JG1lJ~iJ'il1'U1'U:W1n b ~Bi"l'UV11~'U.U11~iJ~ 'U~~a-:~m".i~-:JG1B-:J~1 bb VitJ-:J'U'U Lfl".i 1:w L'll:W b U'U 

" 
n1".ib ~l.l LB mG11 'U n1".i 1~ ~'U.U11~ bfl~~flBlJU b 'Uotl'U".i~Vil1-:i~'U~-:JG1B-:i~h bb VitJ-:i'U'U lfl".i ll.l l'lll.l b ~B-:i"il1 n 

~u~-:~G1a-:~a~1n~:U~n'U:w1n 1amG1~"il~bn~~ flB:WUb u-tl'U~-:~iJ1amG1uaCJm:w1 LJ~1CJ ~-:~,!u ~-:~~a-:~ 1-ff 
" 'i11'U1'U~'U.U11~ b U'U'I.J~"Il1 m~ii'll'U 1 ~ 1 Vlqj bb~D"il~U'U m".iLbCJn Linkage drag m~vh 1~~1Clbb~ ~n 

1"111l.l bbd.l'UEJ1l.l1 n~'U 1~ CJ m".it11 bl"l~B-:JVi:W1CJ L:Wb~ n~~LB'UbB:w1-d1 CJ 1 'Um".il"i'~b~ an "li-:~ m~vh 1~ CJ m".i 
' 

1 ibfl~B-:JVi:W1CJ~bB'Uba~iJm1:w1n~:U~ nu ~'U~-:~G1a-:~uu 1m 1:w L'11:wm-d1 CJA~ b~B n~u.U11~iJel'~~~ 
' """" Vl{?leJ-:Jn1".i 

D"il"ilU'U m".i~\Oll'U 1G11 CJ~'U6.U11 b Vl1JCJ1 1 ~~1'UV11'U b V'l~ CJ m~ 1~~~J1 m~ b ~a~~ 1"111l.l b~CJVi1 CJ 
' ' 

"il1n n1".i".i~'U1~'lJB-:ib V'l~ Cln".i~ 1~~~J1{?11~ EY-:~iJ1d.l:w1 mr n bijm VI CJ'U tl'U n1".i~\Oll'U1G11CJ~'U5.U11 b~11 ~ij 
' 

1"111l.l~1'UV11'U~Bm".ib .UTv\'1mCJ'llB-:Jb V'I~CJ m~ 1~~~J1m~ b ~B-:J"il1n.U11 b Vi1JCJ1b U'U.U11~iJm".iu~1Jl!"l 
bUV'I1~~'UVi~B'U1-:i~'U~ bb~~iJ~'U~'I.J~ mb'U 1 mu1 'Ub'lJ{?l~iJn1".i'U~lJlfl.U11"1loU~d 1~bbtl Jl11"1 bViliB bb~~ 

" " 
m fl{?l~l'UBBmu CJ-:~ b Viii B'll mth~ b VIP~ 1~ CJ~'U~ci1'U 1 Vi qj b U'U b 'lJ{?l'\J~ n.U11mil' CJJ 1~'U~-:~iJ m".itl~ n.U11 

b V!CJ-:JVi~-:i".iB'U~BU vh 1m 'UeJ~{?lD~Vi1n1".i".i~'U1~'lJB-:ibV'I~ CJ"Il'iJ~d1&JiJm 1l.l1'Ubb ".i-:i:W1mJn bb~ b~B 
n~ 1b 'I.J ~ CJ'U 1 'I.J m ".ib 'I.J~ CJ'Ubb tl~-:~'llB-:JG1Jl1V'I.fJlJB1n11"1 ci-:~(;.J~ 1 ~~ruVi .fJlJ'llB-:1 1~ n~-:~~'U ci-:~(;.J ~vh 1 ~ 
~~mm'I.J~CJmb'I.J~-:~ m".im~"il1CJI'i'1'lla-:~ti1~'U1&JG1J1bG1:wa bn~-tJ~Vi~J1vl1:w ~u~~-:~ bb~.,~iJm".i 
".i~'U1~'llB-:J 1 ".ifl bb~~bb:W~-:Jb~l.l~'U "il1nU".i1n[J n1".iru~-:~n~11ci-:J[;.J~ 1 ~b V'I~CJn".i~ 1~~~'l11{?11~u'Uiin1".i 
".i~ u 1 ~ :w 1 n ~'U 1 'U ~'U ~ tl ~ n.U 11 ·~nil' CJJ 1 ~ u bb~ ~ ii'u i''U ~-:~iJ 1"1 1 1:w 1'U bb ".i -:~:w 1 n ~-:~~'U -t1 "il ~u 'UiJ m ".i 
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'j1a-:!1'U bb VI~.:!~'U~m'jlJ.ffTJLVIiia1~1'U'V11'Ub ~~am~ L~~~tJ1~1~~fl f1'1J 6 (RD6-8ph3) ~ij f11'j 

~1a'Vle:J~~'U~1'U'V11'U Bph3 Ut!LmLlJL"'!lJ 6 "il1ni11~t!bile:J-:~'1le:J.:Jth~b'Vlf'l~'Ub~m11a~t!ey PTB33 

(Jairin et al., 2007) bb~1~iif111'Vl~?ffl'U~11lJ~1'U'V11'Ub~~am~1~~~tl1~1~bde:J.:~~'U ru Vltha 

tJ5u&i f11'jfl'UVI1 bb~~ 1 itJ'j~ 1a"lfu~'Ui11 ~u11 i11?11 a~'Uq~.:~n~11 bb?t~-:~~ m~tru~fie:J'Uoff1.:~ ~Btl bbe:J 

b~fltlf1'lh~"lf1f1'jb~~am~L~~~tJ1~1~ fl'\J~'j1"1f61ii th'U bb~~ n1bb~.:Jb~"lf'j boffTvhma ~.:!tT'U 
'U ' 

mru"il~vl1f11'j"U{'UU'j.:J~'U6i11 b Vliim 1 ~~1'U'V11'Ub ~~am~ 1~~~tl1m~tT'U ~.:~iim1lJ:il1b U'U~fl.:JVI1 
' ' 

bb VI~ .:J~'Ulim'jlJ ~1'U'V11'U 1 VlliVI~fl?f~1-:J b ~fl~'U6m'jlJ-ff11 b VIii a1?~1a~'U61 Vlli~'U b ~ flb~~alJ Ad1lJ 
' ' ' 

~~e:JlJ1uil Bnui:J tuVI1 f11'j'j~'\J1~'1J e:J-:1 bblJ~.:~"Ifii~d1 'Ub '1l ~tJ~ ni11mf'l atl1t.J'U~'j1'\J~lJ bblltl11 '1J.:J 
v 'U ' 

4.2 1~fltl'l~!;I.:Jfl"llv.:J..:J1'U1~a • 
b~B~I1ll 'U1?~1a~'Uqoff11 bVIii a1VIe:JlJ ~1'U'V11'Ub~~ am~ 1~~~tl1m~~n~'U Bph3 "il1f1~1'U 

~'U6m'jlJi11?~1a~'U6 IR57 514 b~B1 m t!L~'j.:Jf11'jtJ{utJ'j.:J~'U5i11bVIum 
II II 'I 'I 

4.3 15m'l~1bU'Uf1111~a 

4.3.1 !;11floW'Ufi"!i11~1m'U-:~1'U1~a (Plant materials) 
' 

i11?11a~'U6~e:J: i11b-:il1?~1a~'U5tJ1utJ'j.:J R4-4-2-134-18-57 bU'U?t1a~'U6off11~iim'j 
II II II q 

tJ1utJ'j.:J~'U61 ~n~11lJ?t1lJ1'jt11 'Uf11'j~1'U'V11'Ub ~~am~ 1~~~tl1~1~ 1~a 1~1um'jt:.J'U1n~'U~1'U'V11'U 
' ' 

b~~am~1~~~tl1m~ (Bph3) "il1f1?11a~'Uq UBN03078-101-342 btl'Ui11?11a~'UqtJ1utJ1-:~~{u 
f11'j~1a~'U Bph3 "il1noff11~'U6 Rathu Heenati i11?~1a~'U5~e:J~1id~l1ll'U1"il1f1flt:.J?flJ'j~VI11.:~ 

' ' 'U 

-ff11~'U5 olia'U1'Vl 1 (CNT1) bb~~ UBN03078-1 01-342 vl1f11'jU{'lJtJ'j.:J~'U6~1a16t:.J?tlJf1~'U (BC4F5) 
' ' ' 

bb~~ 1-ir b~~fl.:!VIlJ1a~ bB'U bfl"lh a 1 'Uf11'j~~ b~fl f1 n bb VI~-:J~'U6m'jlJ~1'U'V11'Ub ~~am~ 1~~~tl1m~"il1 f1 
' 

i11~'U5 Rathu Heenati i11~'Ubile:J-:~'1Je:J.:JU'j~b'Vlf'lf'l~~.:~m 611-:~ii~'Um'\JfllJ~n~ru~~1'U'V11'Ub~~a 
' ' 

m~ 1~~~tl1m~ (Bph3) e:J~u'U Lfl'j LlJ L"'llJ 6 (l~1um1lJfl'4bfl'j1~,;"il1nVIthatJ5u&im'jfi''UVI1bb~~ 
1-irtJ'j~ 1a"lfu"il1n~'Ui11) 

off 11?! 1 a~ 'U 6 bbli: off1 1 b VIii a 1 VI fl lJ ?I 1 a~'U 6tJ {utJ 'j .:~ RGD11259-1-MAS-9-MAS-25 
' ' ' 

(RGD11259-1-9-25) ~ f1t:.J?flJf1~'\Ji1~ BC1F2 1-&'dJ'Ubb VI~.:!~'U6m'jlJ1 ~~n~ru~-ff11 bVIUa1~tl n 
'U ' 'U 

~1u~lJ1~a~t! wx ut!Lfl'j"LlJL"'llJ 6 bb~~~n~ru~~11lJVIBlJ~t1nF11U~lJ1~a~t! badh2 ut! 
' 'U ' 

Lfl'j"LlJL"'!lJ 8 ~11ll'U1lJ1"il1f1f11'jt:.J?flJ'j~VI11-:~i11?11a~'Uq Jasmine IR57514 (Kate-ngam et al., 

2011) bb~~?t1aoW'Uq~e:J f1'1J6 (RD6-Blast) ~iif11'jt:.J'U1f1~'U~1'U'V11'Ub~1VI~ q8l1 bb~~ q8l11 

'U'ULfl'j"LlJL"'!lJ 1 bb~~ 11 ~1lJ~1~'\J (Khanthog et al., 2012) 

4.3.2 f11'loWI1ll'U1U'l~"lf1f11"1i11~f1[:..1!;1lJi1~ F1 - F4 (Population development) 
" 

m 'joW l1ll 'U 1?1 1 a~ 'U 6-ff 11 b VIU a1V1 e:JlJ ~1'U'V11'U b ~~am~ 1~ ~~tl1m f! 1 'U f11'j"Pi n~1 fl ~.:~d 
' 

1 i16m'jtJ{utJ1-:~~'Uqbb '\J'\J~'IJU'j~l&i (pedigree method) bb~~f11'j1 ibfl~fl.:!VIlJ1a~bB'Ubfl"lha 1 'U 

n1 'j ~ ~ b~ fl n (markers assisted selection; MAS) ~ 1 lJ n '\J f11 'j ~ ~ b~ fl n ~ n ~ ru ~ vJ1 'U 1 'V1 U 
(phenotype selection) 1~bbn f11'j"U'j~ b:iJ'U~ n~ru~~1'U'V11'Ub ~~am~ 1~~~tl1~1~ 611-:~ii'j1 afl~ b~ a~ 
'1Je:J.:~.ff'U~e:J'Uf11'j~\1lJ'U1U'j~'1J1m ~.:~d 
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4.3.2.1 nT~oW~'U1U'J~'1!1n'H'Hlr:-J"'lJ.a-1~ 1 (Fl) 
" 

"'~1-!lbl.J~~ F1 t~CJn1'Jr:-J"'lJ-w'ufi-ll11'J~V111'loU11"'1tJ-w'ufimJ RGD11259-1-9-25 
' ' 

tl'\J -u 11"' 1 tJ ~'U qvl eJ R4-4-2-134-18-57 ru VI '\.h tJU li u~ n1 'j A 'U Vl1 bb~ ~1-tltJ 'j ~ LtJ 'lftHi 'U -u 11 

lJVI1lVIm~mm~l'l'JI"l1"'1'1~ lVItl1 b 'lll'lfl1bb yj'lbb"''U b~eJ 1vi' blJ~~~nr:-J"'lJ~'U~ F 1 \11mTuvhm'Jb yj1~mi'1 
" ' 

b~eJ~'UoU11mtJ1vi'30 1u vhm'Jfl1tJ~un~1~'ltJ~n1ubbU~'l t~tJih~tJ~tJ~m~wJ1'l ~'U/bbm bvhnu 
' " " 

25x25 b"ll'U~blJI'J'j fi'1'<il~1'1f~'lfbb~~m'J1G1utJ \l'U~'UoU111~r:-J~r:-J~I'l vhm'JA~b~eJn~m~ru~bth'VIlJ1tJ 
' 

1 utJ'J~'lf1m F1 ~i1a~~~'lleJ'l~ubt11VIlJ1m uube1bVJeJ b1"11n"' t~tJ 1-tibA~a'l'VIlJ1tJ~,hSuba~1n~:U~nu 
~'Ubth'VIlJ1tJ ~1'U1'U 3 ~n~ru~ 1vi'bbtl ~n~ru~~1UV11'LJbyjitJm~t~~~J11'11~ (Bph3) oU11bVIUtJ1 

(wx) bb~~A11lJVIBlJ (badh2) \11mYutJ~atJ1~tJ'J~'1!1moU11~nr:-J"'lJ F1 ~~1'Un1'JA~b~anr:-J"'lJ~1bB'l 
" 

b~a1mvi'blJ~~tJ'j~'lf1m F2 (myj~ 4.1) 

4.3.2.2 n1'JoW~'U1U'J~'1!1m~nr:-J"'lJ.a-1~ 2 (F2) 
" 

"'~1'lU'J~'1!1m F2 ~1'U1'UU'J~mru 1,000-2,000 ~u \11nn1'Jr:-J"'lJ~1beJ'l'llB'l 

~ui11 F1 lil'1u1u 1 ~u ~i1a~~~'lla'l~'Ubth'VImmtlube1bVJeJb1"11n"' \11mTuvhm'JA~b~anvi'1tJ 
~n~ru~YJtu1VJu 1vi'bbtl ~n~ru~~1'UVI1'UbyjitJm~t~~~J1m~ (BPH resistance selection) 

1u'J~tJ~~un~1~eJ1tJoU11 7 1u t~tJbotlbyjitJm~t~~~J1m~tJ'J~'1!1m au~'J1'1Jli1U A~b~eJn~uoUTJ 
' ' 

~'Ja~~ll'l t~tJ1otlbA~B'l'VIlJ1tJ~hSubal'l'J'l~1bbVIU'l~'U wx bb~~ Bph3 b~eJA'UV11~'UoUTJ F2 ~il 
a~~~'lleJ'l~'U~1'UVI1'LJbyjitJm~t~~~tJ11'11~ (Bph3) bU'Ubb'U'Ule1LlJL"11n"' (Bph3R41R4

) bb~~~n~ru~ 
-u 11 b VIU tJ1 (wx) ~i1 a~~ ~'IJB'l ~ 'U wx b u 'Ubb '\J '\J Le1 LlJ1"11n "'VI~abe1 b VI a b1"11 n"' (w~GD/RGD or 

(~01R4) mlJ~1~'\J \11mTutJ~atJ1~~'UoU11~il~'UbD1VIlJ1tJr:-J"'lJ~1beJ'lb~a1mvi'blJ~~tJ'J~'1!1m F3 
.d 

(.f11'V'jVJ 4.1) 

4.3.2.3 n1'JoW~'U1U'J~'1!1m~nr:-J"'lJ.a-1~ 3 (F3) 
" "'~1'lU'J~'1!1m F3 \11ntJ'J~'lf1m F2 ~~1'Un1'JA~b~an~'l~n~ru~YJtu1VJUL~tJ 

m'JU'J~ biJum 1lJ~ 1'UVI1'Ub 'V'IitJ m~ t~ ~~J1m~ bb~~~ n~ru~~t u 1 VJUL~ tJ 1 otlbA~B'l'VIlJ1tJ~ bB'U bel~ 
1n~:U~nu~n~ru~bth'VImtJ"'eJ'l~n~ru~ (Bph3 bb~~ wx) \11mTutJ~ntJ'J~'1!1m F3 b~eJvhm'J 
U'J~blJ'Ub ~avu~'Url11lJ~1'UVI1'Ub 'V'IitJm~ t~~~J1m~ 1 'U'J~tJ~~un~1~mtJ-ll11 7 1u t~tJ 1-tibbl.J~'l 

' 
U'J~'1!1m aum1'1!u1ii Vl~'l\11mTuf11tJ~'UoU11 F3 ~'Ja~~11'ltJ~n1ubbU~'l1~i1'J~tJ~tJ~m~VIl1'l 

' " " 
~u/bbm bvhnu 25x25 b"ll'U~blJI'J'j b~eJ1mvi'blJ~~'lleJ'lU'J~'lf1m F4 'llru~b~tJ1nw1ilm'JA~b~eJn 
t~ tJ 1-tl bA~eJ'l'VIlJ1 tJ~ bB'UbeJA~ b~ eJ n~ n~ru~ b th'VIm tJ~'l "'1lJ ~ n~ru~ 

4.3.2.4 n1'JoW~'U1U'J~'1!1m~nr:-J"'lJ.a-1~ 4 (F4) 
" 

'1.!1blJ~~tJ'J~'1!1m F4 ~~1'Un1'J~~b~eJn~n~ru~bU1VIlJ1tJU'J~neJ'\Jvl1tJ ~n~ru~ 
~1'UVI1'LJbyjitJm~t~~~J1m~ (Bph3) ~n~ru~oUTJbVIUtJ1 (wx) bb~~~n~ru~A11lJVIeJlJ (badh2) 

\11 nJu111lJ1U'J~ biJu A11lJ ~1'UVI1'U b 'V'I~ tJ n 'J~ t~~ ~J 11'11~ t~ tJ 1-titJ'J~'1!1 n 'Jb 'V'Ii tJ n 'J~ t~ ~ ~J 11'11 ~ 
~1'U1'U 4 U'J~'1!1m 1vi'bbtl au~'J1'1!51U 'l.i1u Vl~rut~n bb~~ fl1bb'V'I'lb'V'I'lf'J bb~~m'JU'J~biJu~n~ru~ 

' ' 
-ll11 b VIUtJ1 bb~~~ n~ru~A11lJVIBlJ b ~a~u~utJ'J~~VJ5.n1'V'I'IJB'lm'J 1 otlbA~B'l'VIl.JltJ~bB'U beJ'Ii1tJ 1 um'J 

~~b~an~'l"'1lJ~n~ru~ (m'V'I~ 4.1) 



RGD11259-l-9-25 
( badh2 and wx) 

v 

l 
R4-4-2-134-18-57 

(Bph3) 

F 1 ( 40 plant) 
Fl identification using Bph3 

and Waxy genes 

Breaking linkage drag between Bph3 and 

wx in F2 (1,000 - 2,000 plants) using 

phenotypic selection (BPH resistance 

evaluation) and confirmation of Bph3 

and wx using MAS 

~®1 ~:1-., ~--~ 
BPH resistance evaluation : 

F3 .. UBN populatlon ®1 ®tu" .. ""'·· 

glutinous rice 

F4 c:: 
BPH resistance validation .. ~, populations) 

Aromatic glutinous introgression lines 3 
(badh2, wx and Bph3) 
.~. 

75 
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4.3.3 f11')~fiL~eJnth::"111n')i11~mH11li1~ F1-F4 
'IJ 

n1~rl{;l L~ am.J ~::'lJ1 f1 ~-if11~ f1 ~GUJ b ~ B~ l'll'U1~1tJ~'U6-if11 b VltJtldVIellJ cJl 1'UV11'Ub'l"li tJ 
~ , 

m::1{;l{;l~J1m~ vhm~A{;lb~an1(;ltJ1i 2 irhnri'{;]L~an~111tl'U hi\ui m~A{;lb~elf11(;ltJ1i~n~ru:: 
YJ1 'W1 VJU ru ~if ~a ~ n~ru::cJl 1'UV11'U b'l"l i tJ m:: 1{;1 {;l~J1m~ bb~:: m~A{;l b~ a n~1 'W1 VJU1{;1 tJ1i 

bl"l~B.:JVI111tJ~b~'UbB"IhtJ1'Uf11~rl{;lb~Bf1 ~'I'Vhf11~rl~b~Bf11'Uth::'ll1m F1- F4 1~tJii~1tJ~::bBtJ(;l'IJfl.:J 

m~ri'~ b~ an~ n~ru ::cJl 1'UV11'U b'l"l i tJ n~:: 1~{;1 ~J1V~1~ 1 'U tJ ~::'ll1 n~ Fr F4 

1~tJt.J~::'lJ1 mb '\Ali tJm:: 1{;l~~J1m~ 1 'Uf11~Vl~~a.:~-d'iilil1'U1'U 4 t.J~::'lJ1m btl'U~Tm111"il1mb t.J~.:~t.J~n 
~ 

-if111 'Ub'IJV~~'U~~iim~~::u1~'1JB.:Jb 'l"litJm:: 1{;l{;l~J1m~ 1 'U~.:~VI1~ U1'U Vi~ru 1~n eJ'U~~1'1lli1tJ bb~:: 
' ' n 1 bb 'l"l.:J b 'l"l 'lJ~ 1 'Uu 2546, 2546, 2546 bb~:: 2554 m11c;l1~u 1~ tJtl111 1 Li tJ.:J'U'U~'U 5-if 11 ei eJ'Ubb e1 

' 
111 VI ~~1'U Taichung Native 1 (TN 1) ~~ eJ.:JVl ~~ B.:J ru VIU1 tJt.Jiju~ f11~A'UVI1 bb~:: 1 it.J~:: 1tJ'llt1 

' " .::;:,1 II Q G.J (.c::t. o Q ~ Ci Q.J Q.l ( 

tJ'U'IJ11 11VI11Vltl1~ mn~mP11~m 1Vl tJ1 b 'IJV~ m bb 'l"l.:J bb~'U Vli"11'UI"111 BruVI.fl11 bb~::m111'1l'U~11'1"lVlli 
' ' ~ 

(BruVIniJt.J~::111ru 26-28 eJ.:JPIWI!m;tJ~ bb~::m111~'U~11~VJ5t.J~::mru 70 bt.JeJ{b~'U~) "il1f1,Y'Ub~B 
' " 

cJle1.:~m~ 1 it.J~::'ll1mb 'l"liCJm:: 1{;l{;l~J1m~ 1~ 11 'Uf11~Vl{;l~B'U"il::t11111'1ltl1 tJ b ~m ~111il'1'U1'UU~::'ll1m 
bb11~.:~1 'Ub.:Jb~B'U 1~miCJ.:~u'U-li'11~w5 TN 1 ~.:JbU'U~'U6-if11~eJB'UbbB~m 'l"li tJm:: 1~~~J1m~ 1 'Um.:~ 

' ' 
'IJ'U1~ 1x1x1 b11V~~ vl1f11~LitJ.:~t.J~::'ll1mb'l"litJm::l~{;l~J1m~"il'UiiliJ1'U1'UU~::'lJ1mL'I"litJ m::L~~ 
~J 1 V~1 ~ ~11 1 n b .y; CJ.:J'I"l a~ eJ n1~t.J ~:: biJ'U 1"11111 cJl1'UVl1'U '11 B.:! b 'l"l i tJ n ~:: 1~ {;] ~J 1V~1~ 1 'UU ~::'1J1 n~ F2 F3 

bb~:: F 4 vi'1 b 1J'Um~t.J ~::LiJ'U m111cJl1'UV11'UL 'l"li tJ m:: 1~~J1 m~ 1 'U~:: tJ::cJl'U n~1~ mtJ-if 11 7 1'W Lb~:: 
' 

~::tJ::bbV~f1f1eJ~m~-if11 25 1'U VI~.:Jb'l"l1::b11~~ (7 and 25 day after sowing; DAS) ~.:~ii~'UV~B'Uf11~ 
" vl1b1J'U.:J1'U ~.:JtJ 

1) m~t.J~::LiJ'Um111cJl1'UVl1'UL'I"litJm:: 1~~~J1V~1~ 1 'U-li'11eJ1tJ 7 1'U 
' 

1i16 Standard seedbox screening test (SSBS) bU'UbVJ!"11J!"lm~t.J~::LiJ'U 

1"11111cJl1'UVl1'UL 'V'litJm:: 1~~~J1m~ 1 'U~::tJ::cJl'Un~1B1tJ-li'11t.J~::111ru 7 1'W 1 'U~m'l"l h.:~ b~B'U 1~ tJ 
' 

i6m~vl1b 1J'Um~Vl~~B.:Jbb~::m~ri'~ b~Bf1~1tJ~'U6-if11~1 .ffVJ(;l~eJ'U 1~a5U1CJ 1 ll~tJ Heinrich et al. 
' 

(1985) ~.:~ii~1tJ~::bBtJ~~.:~-d b~acJl'U-li'11mtJmu 7 1'U ~.:~"il::iim~LLV~n1ueia'Ut.J~::mru 2-31u 
' 

vl1 f11~t.J ~ eJ tJ b '\Ali tJ f1 ~:: 1~ ~ ~J 1 Vl1~ 1 t.J1 'U~'U 6-if 11 ~vl1 f11 ~Vl ~~f) 'U 1~ tJ1 i bb11~ .:~1 tJ ~111 ~.:~1 tJ ~ , 
(3-4 instar nymphs) lil'1'U1'U 10-15 Vl1~eJcJl'U VI~.:J"il 1 f1,i'Ut.J~::mru 71'U VI~.:JU~Bmb11~.:J b~B~1tJ 
~'U5mJ RGD11259-1-9-25 bb~::~'U5eJv'UbbeJ111V~~~1'U TN1 mtJ (l"l::Lb'U'U 9) vl1 m~u'UVinl"l::Lb'U'U 

' ' "' 
m111 L~tJVI1tJ~ Ln{;l"i!1m 'l"litJ m:: 1~ ~~J1V~1m -li'1v11mtJ cJl'U-li'11'Vlf1 1 1'W "il'Uf1l11"l::bb 'U'U~Hi'hJii m~ 
bU~tJ'UbbU~.:J 1~tJ1iLnru'Yi'llv.:J Standard Evaluation System for Rice (IRRI, 1996) 1(;ltJiibnru'Yi 

m~1~1"1::Lb'U'U'IJB.:J~::~um111~'ULL~.:~~ 5 ~::~u (1, 3, 5, 7, LL~:: 9) 1~tJI"l::bb'U'U"il::iim111~11~'U5nu 
' 

tJ lin~ tJ 1 n1 ~VI B'U ~'U f).:J'IJ B.:! cJl'U-iJ 11 ~ eJ f11 ~ b -if 1vl1~ 1 tJ'IJ f) .:1 b'l"l i tJ m:: 1{;1 ~ ~J 1 I'll~ ( Vl1 ~1.:1~ 4.1) 

m~VJ(;l~a.:~~1il'i''W-if11B1tJ 71'U "il::1icJl'U-li'11Vl~~a'UiiJ1'U1'U 10-20 cJl'U/J1 (30-60 cJl'U/t.J~::'ll1m 
' 
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d tl d} ll Q,/ 9 Jl 0 

~Tl'1.:J'VI 4.1 bflW'Yin1';i bVIfl :: U'U'U"'..tl.:J';i::~'UFI11lJ';i'Ubb ';i.:!~1flfl11lH~~VI1~"1.1tl.:Jfl1';ib"'J1'VI16l1~"1.1B-3 

1 

3 

5 

7 

9 

• 
bW~~n';i::l~~aJ1~16lL'U"Ii'11 1~~15 SSBS ~~UU6l.:J~1n Standard Evaluation 

System 

v v ~ q v 
l'l'U 'lJ 11 Lf1 VI f'l1 1lJ L?f CJ Vl1 CJ 'U eJ CJlJ1 f1 

~'UoffTJ~ m m'l1 u L vt~eJ'I L U'U~1'U 1 vt'l] LL!;l~ ~'Uoff11 LL ,X'~ 

mm.h~mru 25 LtJv1Lsli'U~'11eJ'I~'Uoff11~'1VIlJV1 
~'U off 11 ~1'U1 VI '1] ~ 'U L~ CJ LLA'l~ LL!;l ~ LL ,X 'I I'll CJ 50 

L tJv1Ls'/i'U ~'11€J'I~'Uoff11~'1VIlJV1 
~'U off 11 ~1'U1 VI '1J ~ 'U L~ CJ LLA 'l~ LL!;l ~ LL ,X 'I I'll CJ 75 

~ a ~ v v ~ 
L U€J'i"L'1f'U 11l'11€J'II'l'U'1111'VI'IVIlJVl 

... 
~'Uoff11LL ,X'II'l1 CJYl'IVIlJVI 

HR 

R 

MR 

MS 

s 

'Vi:U1m'Vi~: 11HR (Highly resistance) V!l.I1CJii'l "li'TJ~A11l.I~1'U'VI1'U BPH 1~~l.l1f1, R (Resistance) 

V!l.I1CJii'l"li'TJ~A11l.I~1'UVl1'U BPH 1~~, MR (Moderately resistance) Vll.I1CJii'l -ii'11~ 

A11l.I~1'UV11'U BPH ~~11i'uthumn..:~, MS (Moderately susceptibility) V!l.I1CJii'l -ii'11 

fle:J'U-iJ1..:J~A11l.IBe:J'ULLe:J~e:J BPH LL~~ S (Susceptibility) V!l.I1CJii..:~ -if11Be:J'U LLe:J~e:J BPH 

2) m~tJ~~Lil'Um1l.I~1'UVl1'UL'I"l~CJm~1~~~J1m~1'U-i!T"JmCJ 25 l'U • 
1-ii'i 5 Modified mass tiller screening test (MMTS) L tJ 'U L Vl A iJ A n1 ~ 

tJ~~LlJ'UA11l.I~1'UVl1'UL'I"l~CJm~1~~~J1~1~~tJ-rmh..:~1~CJ Jairin et al. (2007) LU'Uf11~~1l.ILVlAUA 
' 

n1 ~ tJ ~ ~ Lil i..l 15 modified seed box screening technique (Velusamy et al. 1986) LL ~ ~ 

15 tiller seedbox screening technique (Wang et al. 2001) 1~t~1~~m~u-ruu~..:JLVlAUALL~~ 

15n1~Vl~?fe:J'U A11l.l~1i..IV11i..IL 'l"l~ CJ m~ 1~~~J 11'11~ LL '\J'\J MMTS L ~ e:J 1 'iX?fe:J ~A~ e:J'I LL~ ~ 1 ,X Ln ~ 
tJ~~~VlB.fl1'1"l?f'l?f~tl'\J 'I1i..li~CJ 1 i..!A#..:~d 1~CJ'Vllf11~Vl~?fe:J'Utl'\J~i..l-ifT"J~~mCJ 25 li..l 1 i..l?f.fl1'1"l1 ~'IL~e:Ji..l 

'\) . ' 
vl1LUi..lf11~U~e:JCJL'I"l~CJm~1~~~J1~1~1CJ?f1l.lii..:J1CJ~ (3-4 instar nymphs) :S1i..l1i..l 30-40 1'11~e:J~i..l 
~'I~ u-if 11~1-ifVl ~ ?fe:J'\J ~ ~ hJ1 ,X~ fl1 ~ LL~ fl fl e:J fl~ 11 A e:J ~ u-if11~1.ifV1 ~ ?f €1'\.JVI~'I bl.l ~ ~ ~ e:JVI~'l~ 'U 

(1 seed/1 tiller) 'Vl1 fl1~e:Ji..I'\J 1~ ~ u-ii' 11Vl ~ ?fe:J'U 'ili..l e:11 CJ A ~'\J ri 1VIi..l ~ 1 'U fl1~Vl ~?f e:J'\J 1~ CJ~ fl1 ~1~ • • 
UCJCJL~CJ (46-0-0) ~ 71u ne:J'UU~e:JCJL'I"l~CJm~1~~~J1m~ L~e:J1'!X~u-ii'T1L'il~ruL&iu11'l?flJ'U~ru LL~~ 

, ~ v ~ 

:iJ~ fl'tlru~ e:J'"J'Utl 1~'1 L Vll.l 1 ~ Lbrl fl1~ Loff1vl1~ 1CJ'll e:J 'I L'l"l ~ CJ f1~~ 1~ ~~J 11'11~ Ln'U -if ell.! ~VI~'l'il1 fl~ 
'\) 

Q..l f' I V I( I 0 V ~ 

?f1 CJ'I"l'U 6LblJ RGD11259-1-9-25 bL~ ~'l"l'U6e:Je:Ji..l bbe:Jl.l11'1~~1i..l TN 1 1'11CJ (A~ LL i..li..l 9) Vl1 fl1~'\J'UVl fl ' . ... 
A~ LL i..li..IA11l.l L~ CJ'\1!1 CJ~ L 'l"l~ CJ m~ 1~~~tl11'11~ L -if1vi'1m CJ~i..l-if11l'UL i'i..lli..l 'il'U fll1A~ LL i..li..!~1rlit&J:iJ f11~ 
LU~CJi..ILLU~'l1~t~1.if Standard Evaluation System for Rice (IRRI, 1996) Lnu-i!e:Jl.lmUi..IA~LL'U'U~ 

'\) 

5 ~~\1]'\.J (1, 3, 5, 7, LL~~ 9) 1~CJA~LL'U'U'il~:iJA11lJ~lJ-w'U5nutJ5n~CJ1f11~1'le:J'U?f'Ue:J'I'lle:J'l~'U-if11~e:J 

f11~L-if1vl1mCJ'lle:J'lL'I"l~CJmd~~~J1~1~ (~1~1'1~ 4.2) f11~Vl~~e:J..:JvTI.if~'U-ifT"Je:J1CJ 25 l'U 'il~1-if~'U 
... . 

-iJTJVl~?fe:J'U :S1'U1'U 10-20 ~'U/'111 (30-60 ~'U/U~~'ll1mLLl.l~'l) 
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Vl1~1\l~ 4.2 bfl rustim~L ~fll::U l.!l.!"l..el\1 ~::~Ufl111:U~l.!bb ~\I :U1 flWJ1:U b~l£J'VI1EJ"l..el\ln1~n1~b oU1Vh6'11E.I • 
"1.1 B\1 b'W ~ EJ n ~::LV~ VI ~J 1 V~16'1Ll.! oU11 LVI EJ16 MMTS ~VI u tl6'l .:1 :u 1 n Standard 

Evaluation System 

"' ~::V1Ufi11:U~'Ubb ~\I • 
~'U -if ll hJ Lfl VI flll:U L~ CJVIl CJV11B 1 'U ~ l'I'1J B'l ~'U -if lllJ ~ 

1 
.. " v 

HR 
L Vlfl B'l Lfl n'UB CJ 

3 .d v R 
LVIC.IlLLVI'I 

5 .d "' MR 
LVIC.IlLLVI'I 

' ' v v d dqQ.J d v ~ ~ 

I'I'U '1J lll'l 'i'IVI'U'I:U fl n'tHU:: LVI CJ l LL VI 'I Vl'iB Ln VI B l nl 'i 
7 MS 

hopperburn 
v 

9 ~'U.if11 LL ~'I I'll CJ~'IVI:UVI s 

'VI:U1m'VI~: 11HR (Highly resistance) 'VI:U1EJi:i'l oV11lJI'11 1 :U~1'UV11'U BPH 1~~:U1fl, R (Resistance) 

'VI:U1EJi:i'l oV11lJI'111:Uvl1'UV11'U BPH 1~~, MR (Moderately resistance) 'VIll1EJi:i\l oV11lJ 

fl11:Uvl1'UV11'U BPH 'i::~utl1'Uflm\l, MS (Moderately susceptibility) 'VI:U1EJi:i\l oV11 

~e:J'UoV1'1lJfi11:U~e:J'ULbe:Jvle:J BPH bbfl:: S (Susceptibility) 'VI:U1EJi:i'l oV11hliJI'111:U 

vl1'UV11'U BPH 

4.3.3.2 m'iri'VIb~vn~ n"ttru::m 'U 1 VJu: m1 1-libfi~B'I'VImEJ~ bB'Ubtl'lhEJ 1 'Ufl11AVIb~tln 
fl11AVI b~tlmh::"1.1 1m-ii'11 ~ n~~:u-&1~ Ft-F4 1VI EJ 1-tibfl~tl'I'VIll1 EJ~ bB'UbmhEJ1 'U 

" 
fl11AVI b~ tl ntl 1:: fltlU ~1 EJ~'U \91 tl'U fl11~ 1 b lJ'U'I1'U ~'1\1 

1) fl11~tlVI~bB'Ubtl 

'l111'11m.h'l1u~V~-i111e:J1EJtl1:::u1ru 3 ~i.JV~1~ ~nni.J1::"1.11m F1-F3 ~1~m • 
~tlVI~bB'Ube:J1VIEJ1.ff15 DNA Trap Kit (DNA technology laboratory) \9111:U~tlUU~:U1ru1V~EJ1.ff15 
agarose gel electrophoresis 1'U agarose ~lJfi11:UboV:UoV'U 1 o/o 1'U~11~::(11EJ 0.5% TBE buffer 

1-ffrn1:Uvl1\IPlflEJ1vJYh~ 80 l\91~ 'U1'U i.J1:::u1ru 1 i11:u\l bb~1EJtl:Ub:U~~1EJ ethidium bromide 

m1:uV1 bbfl'U ~ bB'U btl m EJ 1vi' bb~\1 tl~ \91 ~1111tl b~ \91 b ~ tli.J 1::111 ru rn1:u b -il:u-il'U bb~:: flru.n1~'1l tl\1~ bB'U btl " . . 
mh'lfl~111 btl~EJUbVlE.I'Utl\JbbflU~bB'Ubtl:U1m]1'U 1V~EJiJ15~1blJ'U\l1'U ~\lvltl 1 ud 

1.1) U1vl1e:J~1'11u-ii'11:U1vlVIbU'U~'UL~n 1 ~\11'U'VI~tlVIVlVI~tl'l'll'U1VI 
1.5 iJ~~~\911 'UVI~1E.I 1 'U 1mb:U'UL'VIm :U'Ubdm~tl 1 UoV11bb\9lfl~::b5EJVIbU'U~'I 

1.2) b~:U extraction buffer tJ~:u1m 1,000 1:u1m~m 1'U'VI~tlVI~~:u1~boV1 

n'U1VIEJ1-ti vortex bb(l::u:u (incubate) ~tlru'VI.niJ 65 e:J'Ii'f1b"llm~EJ~ bU'Unm 60 'U1Vl , " 
1.3) u1'V1~ tl VI 1'11 e:J ~1'1 tl tl n :u 1 n vi'u:u 11\I'U 'UJ 1 bb ~\I'U 1'U 5 'U 1V1 bb~1 b~ :u 

" 
neutralizing buffer i.J~ll1\911 100 1:u1fl1~\911 ~~:u1~boV1n'U1VIEJ1.ff vortex "il1fltT'U11'1'U'UJ1bb~'l 
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b"lfm"litJ?! 'UTU 10 'U1Vl 

1.4) 1-ff micropipette ~~~1'U1?f~ll'UU'U 1~f1~1'Uvmtli'!Vll'lfltl~1VIll'll'U11'1 

1.5 ilfl~~m bb~'H~lJ trapping buffer LJ1:mm 500 1l-l11"l~~m ~?flJ1~boU1tl'U11'1tJm~n~U'Vifltll'l 

hJlJ1bU11 bb~'J\J11't.J~'Ub'Vi~tJ~~i"l'.l1lJb11~tlU 2,000 ~tlU/'U1Vl ~~WVIIJil 4 tl~P11b"lfflb61itJG'f 
'U1'U 1 'U1Vl Vi~~~1f1,r'UbV1~1'U1?1~~ 

1.5) b~lJ washing buffer I 't.J1l.l1m 500 1l-l11"l~~m ~?flJ1~boU1tl'U11'1tJ1off 

vortex bbfl=::tJ11LJ~'Ub'Vi~tJ~~i"l11lJb11~tlU 2,000 ~tlU/'U1Vl ~tlUJVI.fliJ 4 tl~P11b"lfflb"litJ?! 
' \J 

'U1'U 1 'U1Vl bb~'J b Vl~'J'U 1?~~~ 
1.6) b~lJ washing buffer II 't.J1l.l1m 500 1l-l11"l~~m ~?~lJ1~boU1tl'U11'1tJ1off 

vortex bbfl=::tJ11LJ~'Ub'Vi~tJ~~i"l11lJb11~tlU 12,000 ~tlU/'U1Vl tlUJVI.fliJ 4 tl~P11b"lfflb"litJ?! 
, \J 

'U1'U 1 'U1Vl bb~1bV1~1'U1G'f~~ 
1. 7) 1'11 nV~::: n tl'U1 ~ bb ~~ 1ml'lJ l.l~ tlru Vi .flil 65 tl~P11 b"lfm"li tJ?f b'\Jw 1 f11 

' \J 

30- 60 'U1Vl Vi~tl~'Uf1l1'lJtl~b'Vif11~:::~:::b'Vitltltlf1~1f1VI:::f1tl'U~'U'VilJI'I 

1.8) b~lJ elution buffer 't.J1lJ1VI~ 100 1l-l11"l~~VI~ ~?flJ1~boU1tl'U UlJ~ 
tlUJVI.fliJ 65 tl~P11b"lfm"litJ?! 'U1'U 30 'U1Vl bb~1U11't.J~'Ub'Vi~tJ~~i"l11lJb11~tlU 12,000 ~tlU/'U1Vl 

' \J 
d ~ d Clil 

VltlUJ'Vi.fllJ 4 tl~P11b"lfflb"lftJG'f 'U1'U 2 'U1Vl 
' \J 

1. 9) ~~G11'U 1?~ ~ll'U U'U ~ b U'U ?11~fl :::f11 tJ ~ b~'U btlf1~1 'U'Vi f1 tl I'!Vll'l f1 tl~'ll'U 11'1 

0.21l-l 11"l~~m b~tlt111 't.Jm1~?ftlUI"lrum~bbfl:::'t.J1mru~b~'Ubtl~tl 1 'tJ 
' 

1.1 0) m~m1~G'ftlUI"lUJ.fl1~bbfl:::'t.J1lJ1UJ~b~'Ubtl 
' 

11'1t~1-b'bVJI"l'iJ!"l agarose gel electrophoresis i1~1tJfl:::b~tJI'I ~~.Q 
fl:::f11tl~~tl:::mh?! (agarose) 1'U?~1~fl:::f11tl O.SX TBE buffer 1~i11"111lJboUlJoU'U 1 b't.Jtl1b~'Uvl 

(1 o/o agarose gel) ~tl 0.5X TBE buffer LJ1lJ1m 100 ilfl~~m ~1f1,T'U bVI~tJlJ~1tl~1~?11~fl:::mtJ 
~b~'Ubtlc.JG'flJtlU loading dye 1w)m1~1'U 1:2 bb~1Vitltll'l~1tl~1~f1~1'Ubb~fl:::~tl~ (well) 't.J1lJ1UJ 

10 1l-l1m~m ~1n,T'U't.JcitltJm:::bb?~1vJvh'lJtl~bl"l~tl~ electrophoresis ~1-ffm1l.l~1~~ntJ1vJvh 
80 lVIvl 'U1'U 60 'U1Vl ~1n,T'UU1b~f11't.JEJtllJvl1tJG'f1~fl:::f11tJ ethidium bromide i"l11lJboUlJoU'U 

5 1lJ 1 1"1 ~ f1 ~ lJ JllJ 1 1"1 ~ ~ VI ~ bb f1 ::: VI ~ 1 ~ ?I tl U bb t;l U ~ b ~ 'U btl ~ 1 tJ bb ?I~ tl f1 VI ~ 1111 tl b f1 VI ~ 1 f1 b 1"1 ~ tl ~ 
' 

UV transilumi nator 'tJ ~::: bil'U't.J1lJ1 rum 1lJ b oUlJ .V'U bbfl::: 1"1 UJ.fl1~'ll tl~ ~ b~ 'U btl b LJ~ tJ u b V1 tJU ti'u bbt;l u 
' 

~b~'UbtllJ1VI~~1'U~1f1~tl~'t.J.f)u~m~bVll"l1 'U 1fl~~b~'Ubtl (DNA technology laboratory) 

2) n1~VI ~1 ~?I tlU bi"l~tl~VilJ1 tJ ~ b~'U btl~ G'f1lJ 1~ t;l bbtl f1 i"lJ 1lJ bbVI f1 ~ 1~~::: Vil1~?11 tJ 

'W''Uq~mbll (Parental polymorphism) 
QJ d d ~ dcv d 

f11~i"ll'l n ~tl ~ bi"l ~tl~Vi lJ 1 tJ l'lbtl'U btl Vl ~ (;lJ 'U 1lJ 1 ~ 1 n tJ'U (gene specific 

markers) Vi~tli1~1bb'VitJ~tl~1n~;al'lnu~'U'Vi~tl QTLs (QTLs linked markers) ~i"l1Ui"llJ~f1'l'fru::: 
\J ' 

bih'VIlJ1tJU'U 11"1~ 1l-l 1"lfl.l 11'1 tJ~'U'Vi~tl QTLs ~mu i"llJ~ m'fru::: b U1VilJ1tJ~ ~tl~ m~~ ~'~ b~tl ni1~1'U1'U , 
3 ~ f11jUJ::: 1~ bbn ~'U mu l"llJ ~ f11jUJ::: ~ 1'UV11'U b ~ ~ tJ m::: 11'11'1~J 1m f1 i1 ~ 1 bb Vitl~u 'U 11"1 ~ 1lJ 1"lflJ 6 

' 
1-ffbl"l~tl~VilJ1tJ~b~'Ubtl ~1'U1'U 4 bi"l~tl~VilJ1tJ ~f11jUJ:::.V11b'VIUtJ1 i1~1bb'VitJ~U'U11"1~1lJ1"lflJ 6 



80 

1-ffbf1~€l.:J,_,1J1CJ Wx-Glu-23 bb~~ ~n~ru~f1111J,€11J~~1bbWJ.:J'U'U1m·11J1'1!1J 81otlbf1~€l.:J,_,1J1CJ 
Aromarker 11111J~1vl'U (111111-:J~ 4.3) 1111 CJ'Vi'1 f1111111T'il£'!€J'U bf1~€J.:J,.,1J1 CJ~ bB'Ubtl~ ~WJ'U1~1f1~1 bb ,.,,J.:J 

~'U,~e:Je:J ~1n~;a111 n'U ~'U~ m'\Jf11J~ n~ru~b {1 1,_,1J1 CJ vl.:J mi1TU1 bf1~B.:J,1J1 CJ~ bB'UbeJ~1~m'V1111£'!eJ'U 1 'U 
" ' 

£'! 1 CJ ~ 'U 6 ~ eJ bb li 1111 CJ b 'V1 f1 ii f1 f11 1 b ~ 1J tl ~ 1J 1 ru ~ b B 'U b eJ ~ 1 CJ tl n n ~ CJ 1 ~ n1 'll ~ 1 ~ v .:J 1'11 b v .:J (PC R) 
' 6J " 

I .d qCO: .dQ.J~ ~ I I !.1 Clil Q.J" 
11 bf1 1 eJ .:),1J 1 (.1 111 bfl'U b eJ 'V1 f1111 b~ eJ f11J 1 'U 'U £'{ 11J 1 1tl bbCJ f1 f1111J bbl11 f11111.:J 1 ~,11.:J'IJ11 b ,'U (.11, fl1J £'{ 1 (Jy.j 'U q 
tl~'Utl1.:J RGD11259-1-9-25 (£'!1CJ~'U6bbli) bb~~ -ff11£'!1CJ~'U6 R4-4-2-134-18-57 (£'!1CJ~'U6~v) 

, , 'I , 

~~~ n~ru~li11'U'V11'Ub 'Y'l~ CJ m~ 1111111~J 11111 ~ b ~m111 tl1 off b \J'U bf1 ~B.:J~ a 1 'U m1ri'111 b~ a ntl1~·1n m-ff 11 

~n~£'11J~~~n~ru~b U1,1J1 CJ 1 'U-ff1~'U~e:J 1 tl 
" ' 

2.1) bf1~v.:J,1J1(J~ bS'Ub€1~~1 (.1 1 'Um1ri'111 b~an 
U1bf1~€J.:J,.,1J1CJ~bB'Ub€l~~WJ'U1~1f1~'U (gene specific markers) ,_,~€1 

1n~;a111n'U~'U (QTLs/gene linked markers) ~m'\J~1J~n~ru~li11'U'V11'Ub'Y'l~CJm~1111111~J1m~ 
~ n~ru~-ff11 b wu CJ1 bb~ ~f1111J,B1J ~ £'111J 1 1tl bbCJ n r11111 bbl11 n ~ 1.:J1~,_,-;h.:J£'11 CJ~'U 6~ a bb~ ~ bbll1~ 

' 
(111111-:J~ 4.3) 1J1~1CJ1 'Uf111A111 b~am)~~~ bU1,_,1J 1CJ'IJB.:J~'U/QTLs ~f11'\Jf11J~ n~ru~b U1,1J1CJ'IJB.:J 

' 
£'{ 1 (.1 ~ 'U 6 ~ €1 bb ll1 'U tl 1 ~ 'll1 f1 1 bb ~ ~ ~ ~ 'U f11 1 b ~ 1J tl ~ 1J 1 ru ~ b s 'U b €1 1111 (.1 tl n n ~ (.1 1 ~ n1 'll ~ 1 ~ €1 .:) 1'11 b €1 .:) , , d.J 'U 

(polymerase chain reaction, PCR) 'IJ€1-:J bf1~v.:J,1J1 CJ 111 b~ ~~ ~ bB'Ubv~1 m 'Uf111A111 b~ an~ n~ru~ 
bu1,mCJ ~a.:JI"ltl1~nau'1Jv.:J~~m{ vl'.:Jd 

2.1.1) ~n~ru~li11'U'V1 1'Ub'Y'l~CJmd111111~J11111~ (Bph3) 

bf1~€J.:J,1J1 CJ~ bB'U b€1~1 'U f111A111 b~€1 n~ n~ru~ li11'U'V11'U b 'Y'l~ CJ 

m~1111111~tl11111~tl1~nv'U~1CJ RM586 RM588 RM589 bb~~ SSR24 b~1Jtl~1J1ru~bB'Ubv1111CJ1off 
PCR reaction tl~1J1ru 10 1Jl tl1~f1€J'U~1CJ DNA template 20 ng, 1X PCR buffer, 2.5 mM 

MgCl2, 0.2 mM dNTPs, 0.2 IJM primers F, 0.2 IJM pri mers R, 0.5 U Taq DNA polymerase 

bb~~ b~1J deionized water ~'U1~tl~1J11111£'1111VJ1CJ 10 11Jbf11~m ~1mY'Ub~1Jtl~mru~bB'UbeJ1111CJ1i 
' 

PCR reaction ~11CJ~~bBCJ111 vl'.:Jd Pre-denaturation 95 B.:Jf"11b'l!m~CJ£'! 'U1'U 3 'U1Vi 1 1€1'\..J 11111J 

~1CJ~ru,.,.IJD denature 94 B.:Jf"11b'l!m~CJ£'! 'U1'U 30 l 'U1Vi , ~ru,.,.IJD annealing 55 €J\If"11b'l!~b~CJ£'! 

'U1'U 30 l'U1Vi bb~~aru,.niJ extension 72 €J.:Jf"11b'l!m~CJ£'! 'U1'U 1 'U1Vi ~1'U1'U 35 1€1'\..J bb~~ 
' " 

~ru,.,.IJD long extension 72 €J.:Jf"11b'l!~b~CJ£'! 'U1'U 5 'U1Vi bb~1U1 PCR products 1J1bbCJf1'1J'U1111 

~bB'Ubv1'U 4.5 % polyacrylamide gel electrophoresis (PAGE) EJ€11J~~1CJ silver nitrate 

2.1.2) ~n~ru~-ff11bWUCJ1 (wx) 

b r1 ~ a'~, 11 1 (.1 ~ b S 'U b a ~1m 'U n1 1 ri'111 b ~ eJ n ~ n ~ ru ~off 11 b, iJ (.1 1 

1~bbtl Wx-Glu23b~1Jtl~mru~bB'UbeJ1111CJ1i PCR reaction tl~mm 10 1Jl tl1~f1€J'U~1CJ DNA 

template 20 ng, 1X KAPA2G buffer B, 1X KAPA Enhancer 1, 0.5 mM MgCl2, 0.2 mM 

dNTPs, 1 IJM primers F, 1 IJM primers R, 0.4 U KAPA2G™ Robust HotStart DNA 

polymerase bb~~ b~1J deionized water ~'U1~tl~1J1m£'!111VJ1CJ 10 1Jl b~1Jtl~1J1ru~bB'Ubv1111CJ1off 
PCR reaction vl\1-d ~ru,.IJD Pre-denaturation 95 €1\IPl~b'l!m~CJ£'1 'U1'U 5 'U1Vi 1 1€1'\..J 11111J~1CJ 
Qru,.IJD denature 95 B.:Jf"11b'l!m~CJ£'! 'U1'U 10 l'U1Vi Qru,.IJD annealing 61 v.:Jf"11b'l!m~CJ£'! 
'U1'U 10 l'U1Vi bb~~Qru,.,.IJD extension 72 B.:Jf"11b'l!m~CJ£'! 'U1'U 30 l'U1Vi ~1'U1'U 40 1€1'\..J bb~~ 
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long extension~ 72 eJ..:JP11b•1HH;g~~ 'U1'U 1 'U1Vi ll1 PCR products 1J1bb~f1'll'U1~~b~'UbeJ1'U 
4.5 o/o polyacrylamide gel electrophoresis (PAGE) EJelll~vi'-;w silver nitrate 

2.1.3) ~n~ru~fn11JVieJ1J (badh2) 

bfl ~ eJ..:J Vill 1 ~ ~ b~'U beJ~1 off ri' ~ b~ eJ n ~ n ~ru ~ f1111J Vi eJll lvi' bb ri 
Aromarker b~mH1l1t:U~b~'UbeJL~~1-ff PCR reaction tl~1J1ru 10 ~l th~neJ'Uvl1~ DNA 

template 20 ng, 1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.2 ~M primers F, 0.2 

~M primers R, 0.5 U Taq DNA polymerase bb~~ b~ll deionized water ':il'ULvlU~1J1~"j~~vf1~ 

10 LlJLfl"j~~"j ':il1f1,j'Ub~ll'I.Hll1t:U~b~'UbeJL~~1-ff PCR reaction ~"j1~~~bB~~ til..:~d Pre

denaturation 95 eJ..:JP11b"1lm;g~~ 'U1'U 3 'U1Vi 1 "jeJ'lJ mllvl1~eJru'VI.niJ denature 94 eJ..:J\"11 
' " 

b"llm;g~~ 'U1'U 30 i'U1Vi , ~t:UVi.lJi3 annealing 55 eJ..:JP11b"1lm;g~~ 'U1'U 30 i'U1Vi bb~~~t:UVi.lJi3 

extension 72 eJ..:JP11b"1lm;g~~ 'U1'U 1 'U 1 Vi ~1'U1'U 35 "jeJ'lJ bb~~ ~t:UVI.lJi3 long extension 

72 eJ..:JP11b"1l~b;g~~ 'U 1 'U 5 'U 1 Vi bb~1ll1 PCR products 1J1bb~f1'll'U1~~b~'UbeJ1'U 4.5 o/o 

polyacrylamide gel electrophoresis (PAGE) EJeJ1J~vl1~ silver nitrate 
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4.3.4 nTHWn linkage drag ~~vrh.:J~'U Waxy bb6'1~~'U Bph3b'Uth~"!f1n~<ti''li'U~ F2 • 
m'Hbc.Jn linkage drag ';i~·vrh:J~'U Waxy bb!;l~~'U Bph31w.h~'lJ1m F2 b~el1mvi'oU'T"J 

b'V1UEJ1~1'UV11'UbV'I~E.Ifl':i~1~~~J11Jl1!;1 btl'Un1';ibbtlfl linkage drag ';i~'V1-h:JeJ!;l~!;l w~ bb!;l~ Bph3 

~elt~1n~:a~n'U'U'U 1m 1:w 1"1l:w 6 ii1b\lwn'U 1~t~1 ~fl1';jfl~ b~eln~m~Hu~~1'UV11'Ub V'l~t~m~ 1~~~J1m!;l 
'\J 

bb!;l~m';iHbA~el~'V1:W1EJ~ba'Ubel'll1t~1 'Un1';irl~b~eln m~~·hbb'V1il~~'U wx bb!;l~ Bph3 ~';i1E.I!;l~b~EJ~'Vel~ 
.., 

0 ~ Q.l .Q 

n1';i~1b 'U'U~1'U ~~'U 

3.3.4.1 n1';irl~b~elmh~'ll1miT~'U~ 2 (F2) 1~t~1~~n~ru~YJ1'Ulm'J • 
fl1';ith~b:U'Um1:W?f1:W1';ifl1 'U n1';i~1'UY11'U~m V'l~ t~m~ 1~~~J1m!;11 'U';i~E.I~~'U 

n~1~el1E.IoU11 7 l'U 'Vel~th~'lJ1fl':ioUTJ F2 "il1'U1'UU';i~:W1ru 1,000-2,000 ~'U b:W~~oU11~1-b1'Un1';i 
' 

th~b:U'U:WT~1n~'U F1 "il1'U1'U 1 ~'U :U1flA~?f:Wi~WJ1~ RG011259-1-9-25 bb!;l~ R4-4-2-134-18-57 
'\J 

1~t~~'UoUT"Jth~'ll1fl':i F1 ~~n~11~eJ!;l~!;l'Vel~~'UbU1'V1:lJ1EJ~~ 3 ~n~ru~ (Bph3, wx bb!;l~ badh2) 

btl'UbbtJtJbmYlel b1"1ln?t HbV'I~t~m~ 1~~~J1m!;lui~'ll1m eltJ!;li1'llu1il1~t~m';ith~b:U'U1'UA~~d 
' 

:U~btl'UmitJi~ b:U'UA11:W~1'UY11'Ub V'I~E.Jm~ 1~1Jl~J1mmb tJtJ';i1EJ~'U (BPH evaluation for single 

plant) 6/t~:u~ brltJoUVl.J!;l F111:Wb~EJ'V11EJ :u1n fl1';ib i1vi 1!;11EJ'Vel~ b V'l~ t~n ';i~ 1~ ~ ~J11Jl1!;1'V el~Ui~'lJ1fl':i F2 

VJfl~'U (m';i1~~ 4.2) 11~bb~'Ufl1i"Yl~!;lel~bbtJtJ Augmented design "il1'U1'U 12 ~1 "lt~btl'Un1i11~ 
bb~'U fl1';iYl~!;l el~1 'U mru ~~ ~'U'V1~el~'U Liflii:W'V1 ~el?f1 EJ~'U6~1 ~Yl ~?f eltJ b tJ'U bb tJtJ i1 E.! ~'Uvi 11.XhJ . ' 
?f1:W1iflrl1'V1'U~"il1'U1'U~11 'U~'Uqmi:w bb~!;l~~wT'U 11v1 bb~:u~ 1 ~mimim1:U?feltJ :U1noU11?f1EJ~'U~~ 
b tl'Uvl1L tJ~E.JtJ L Vit~tJ?f1EJ~'U~~'U 1 LL Yl'U t~ EJ~oU11?f1EJ~'U~!Jl';i1:U?feltJ"iJ1'U1'U 5 ?f1EJ~'U~ U';i~ fleltJ~'J E.! 

RGD11259-1-9-25 (?f1EJ~'U6LL~), R4-4-2-134-18-57 (?f1EJ~'U6~el), IR57514, Rathu Heenati 
' ' 

(~'U6m1:U?feltJ~1'UY11'U) LL!;l~ TN 1 (~'U61Jli1:U?feltJelel'ULLel) 
' ' 

3.3.4.2 fl1i 1iLA~el~'V1:W1E.I~LB'ULel'li1t~ 1 'Ufl1';irl~ b~elflU';i~'lJ1 mi1~'U~ 2 (F2) 
' 

fl1i A~ b~ el n ~1 'U1 Vltit~ CJ 1 ~LA ~el~'V1:w 1 EJ ~ bB'U bel"1h t~1 'U n1 ';jfl ~ b~ el n ~ n~ru ~ 
bU1'V1:W1EJ 1vi'bbn ~n~ru~oU11L'V1ilt~1 (wx) bb!;l~~n~ru~~1'UY11'U LV'I~t~m~t~~~J1m!;l (Bph3) 

'Vel~ ~'UoU11tJ i~'ll1 m F2 ~';iel~~ll'l :U1flfl1';iUi~ b:U'U m1:w~ 1'UV11 'U L V'l~ EJ m~ t~~~J 1 m!;l 1~ CJ 1 ~ 
LA ~el~'V1:w1 EJ~ bB'U Lel~ el ~1n~:a~ ntJ ~'U~ mtJ A:W ~ n~ru~~~?fel~ 1vi' LLn ~'U Waxy A~ L~ el n1~ EJ 1 ~ 

'\J • 

bA~el~'V1:W1EJ~bB'Ubel Wx-Glu23 bb!;l~~'U Bph3 A~b~elflb~CJ1~bA~el~'V1:W1t~~La'ULel RM589 RM586 

SSR24 Lb!;l~ RM588 (m';i1~~ 4.3) b~elvi1fl1';ibbE.Jfl linkage drag ';i~w;h~e)!;l~!;l W~ Lb!;l~ Bph3 

tJ'U tA';i t:w t"l!:w 6 ~~db ~el 1 mvi'~'UoU11?f1EJ~'U5u-rtJu';i~ F2 ~~er!;l~!;l'Vel~ ~'U~1'UY11'Ub V'l~ CJm~ 1~~ 
' ' 

~J 11Jl1!;1 btl'Ubb tJtJ 1e11:w 1"1lnG'I (Bph3R41R4
) bb!;l~~ n~ru~oU11 b 'V1UE.11~~eJ!;l~ !;l'Vel~~'UF11tJfl:W L tl'Ubb tJtJ 

beJ"b:W1"1!tlG'I 'V1~el beJ'bVlelb1"1!tlG'\ (WX RGD/RGD) 'V1~el (WX RGDIR4
) 1'11:W~1~tJ 

4.3.5 fl1it.li~bi1'UL.yjBV'U~'UF111:W~1'U'VI1'Ub'V'l~flni~b~l9latl11'116'1b'Uth~"!f1flioU11,t1i'U~ F3 

fl1';irll9lb~elfl~'UoU11Ui~'ll1m F3 ~1vi':u1flfl1i~G'I:Wvl1bel~'Vel~Ui~'ll1m F2 ~~~lmell91 
'V1~el~F111:W?f1:W1ifi~1'UV11'UL V'l~ t~m~ 1~l9l~J1m!;l LL!;l~ 1vi'~mi~1 'U 1 YlU1~t~ 1 ~bA~el~'V1:W1EJ~ ba'U bel 

~~ ~ 1 Lb 'V1il~el ~1n~:a ~ ntJ ~ 'U A'JtJ F1:W~ n~ru ~-u 11 b 'V1U EJ1 bb!;l ~ ~ n~ru ~ ~ 1'U 'VI1'U b V'l ~ t~ n ';i~ 1~ l9l 
\.1 , t.l " v 

~J1m!;l vi1n1';iA~b~eln 1~t~ 1 ~~ n~ru~YJt 'U 1 'VIU (~n~ru~~1'U'VI1'Ub V'l~t~md~~~'t11m!;l) :U1flU'U 1-ff 

bF1~el~'V1m t~~ ba'ULel'li1 t~ 1 'Um';iri'~L~eln 1~t~~';i1t~!;l~ b~t~~'Vel~m';iii1 b \l'U~1'U~~d 
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3.3.5.1 fl1'jl'i'~L~eJn'lb~'lJ1moff1~'U~ 3 (F3) 1~tJ1 i~m~nu~wt 'U 1 vn:l , 
U'j~b:iJ'Ufn1ll~1'UV11'ULYlitJm~ 1~~~J1m~ 1~tJ1 i-rr11mtJ 7 "1JeJ-:J.rr11~1tJ~'Ui5 , , 

u-ruu 1-:~u'j~'lJ1m F3 ~ih)~~~"lleJ-:!~'U Bph3 Ltl'UbbUU1tJ1ll1'1ln~ bb~~iJe)~~~"lleJ-:J~'U wx btl'UbbUU 

btl b Vl eJ b1'1f tl ~ (8ph3R4/R4
, ~GD/R4 ) 1~ tJ1 i b Yl i tJ fl 'j~ 1~ ~ ~J 11'11 ~ U 'j~ 'lJ 1 fl 'j ~ U ~ 'j 1'11 '51\j 

fl1'jU'j~ b:iJ'U b ~el ~'UEJ'U f111ll~1'UV11'U 1 'UU'j~'lJ1 m.rr11~'Ud 1~ b ~ll~1 tJ~'U 5 b u1tJu b Vi tJU~~ l'll'U 1 ~ 1 n , ' 
]1'U~'U~m'jlJb~tJ1tl'U U'j~flelU~1tJ ~1tJ~'U~u-ruu1-:~~iJe)(;l~~"llel-:!~'U Bph3 LZl'ULbu u1tJ1ll1'1fn~ 
bb~~eJ(;l~~"llel-:J~'U wx btl'UbbUU1tJ1ll1'1ln~"llel-:J~m~ru~-rr11b~1 (Bph3R41R4

, ~41R4) bb~~ ~1tJ~'U~ 

u-ruu1-:~~hJiJ~'U Bph3 (Bph3RGD/RGD) ?i1'U~1tJ~'U~bU1tJubVitJU~fl 5 ~1tJ~'U ~ U'j~fleJU~1tJ 
RGD11259-1 -9-25 (~1tJ~'U5bbll), R4-4-2-134-18-57 (~1tJ~'U5~eJ), IR57514, Rathu Heenati , , 
(~'U5m1~~elU~1'UV11'U) bb~~ TN 1 (~'U5!'l'j1~~elUelel'Ubbel) , , 

3.3.5.2 fl1'j 1iLf1~el-:!VIll1tJ~ bB'UbeJ'thtJ 1 'Ufl1'jl'i'~ b~elflU'j~'lJ1moff1~'U~ 3 (F3) , 
1'1 ~ L~ e1 n ~'U.rr 11 u 'j~'lJ 1m F3 ~ ~ 1'U Ln ru 6Vi n1 'jl'l ~ b~ e1 mL~ ~ 'jeJ ~ ~11'1 1~ tJ1 i 

bf1~el-:!VIll1 tJ~bB'Ubel~lJ ~1 bb VIU-:1 1n~:a~nu ~'UfnUfl:U~ fl'ljru~-rr11 b VI tim ( wx) bb(;l~~fl'ljtu~f111lJVIel:U , 
(badh2) 1~ bb ri ~ n 'ljtu ~.rr 11 b VI'U tJ 1 1~ tJbfl ~el -:1 VI:W 1 tJ Wx-Glu-23 bb ~ ~ ~ fl'ljtu ~ f1 1 1:W VI eJ :w 1~ tJ 

bf1~el-:JVI:U1 tJ Aromarker b~ eJ A'UV11.rr11~1 tJ~'U5u-ruu'j-:~~iJe)~~ ~"llel-:J~ 'U ~ fl'ljru~.rr11 b Vl'iJ tJ1 b tl'U , , 
bb u u 1tJ 1:w 1'11 n~ (~GDIRGD) bb(;l ~ er ~ ~ ~ 'lJ e1-:1 ~'U m 1:w VleJ:w b tl'U bb uu 1tJ 1:w 1'11 n ~ bb ~ ~ btlb Vl e1 1 'jhrn ~ 

(badhZGD/RGD' badhzGDIR4 ) 1'11:U~1til'U 

4.3.6 n1~u ~:: bij'U u ~::~VJ5.n 1-w "ll e1 ~ n 1~1 'li bf1 ~B ~VIll 1 EJ ~d) 'U LB"li'w 1 'U n 1 ~~ ~ L~ e1 n 1 'U 
n l II ~ I d 
u1::"!!1fl~'l.l11'lJ1TIJVl F4 , 

fl1'jU'j~ L:iJ'UYJ1 'U 1 VJU1 'UU'j~'lJ1 m F4 b ~B ~'U EJ'UU ';i~~Vl5.n1Yl"llel-:J fl1'j1 iLfl ~el-:!VIll1 tJ 

~LB'ULmhtJ1'Ufl1'jl'i'~L~eJn 3 ~fl'ljtu~ 1~LLn ~fl'ljtu~~1'UV11'ULYlitJm~1~~~J1m~ (Bph3) 

~fl'ljru~.rr11b Vi \1m (wx) bb~~~fl'ljtu~fn1:UVIel:U (badh2) 1~tJlJ'j1tJ~~b~tJ~til-:~d 
4.3.6.1 ~fl'ljtu~~1'UV11'ULYlitJm~1~ ~~J1 1'11~ (BPH resistance character) 

n1 'j'\.J 'j~ L:iJ'U r11 1:w ~1'UV1 1 'U b Yl i tJ n 'j~ 1~ ~ ~J11'11~ 1 'U u 'j~'lJ1 n 'j.rr 11 b Vl'iJ tJ1VI eJ:w 

~1 tJ~'U 5u -ru u 'j-:Joff1 ~'U ~ F4 1~ ~ 1 n fl1'jfl ~ L~ eJ n1 'U u ';i~'ll1 m F3 ~ ~ 1'U m ';il'l ~ L~ eJ n ~-:~ ~ fl'ljru ~ , ' ' 
YJ1 'U 1 VJu Lb~ ~~ n'ljru~~1 'U1 Vlum Lb~1 ~ 1 mr'U 11 1.rr11~1 tJ~'U5u-ruu'j-:~~'Udmu 'j~ b:iJ'U L ~eJ ~ 'U Ei''U , , , 
m1:W~1:l.l1';iCJ1'Um';i~1'UV11'ULYlitJm~1~~~J11'11~ ru 'j~tJ~~'Un~1~mtJ.rr11 7 l''U Lb~~ 'j~tJ~bbl'lfl , 
fleJ~mtJ.rr11 25 l''U 1~tJ1iu'j~'lJ1mLY~itJm~1~~~J11'11~~1'U1'U 4 '\.J'j~'lJ1m '\.J'j~fleJU~1tJ 

' 
~U~';i1'lJ'511J ~'lj~1~n U1'U bb~~ n1bbYl-:JbYl'lJ'j 11-:Jbb~'Ufl1'jVl~~el-:JbbUU Completely 

Randomized Design (CRD) ~1'U1'U 3 ~1 
4.3.6.2 ~fl'ljru~.rr11bVI'iJtJ1bb~~"IJ'U1~"1JeJ -:J b :W ~~ (glutinous rice character and grain 

size) 

U'j~ b:iJ'UU';i~~Vl5111Yl fl1'j 1 i bf1~el-:JVI:W 1 tJ Wx-Glu23 1 'U fl1'jl'i' ~b~ eJfl~ fl'ljru~.rr11 
b Vi\1 tJ 11 'U ~ 1 tJ ~ 'U 5 u -r u u 'j-:~ u 'j ~ 'lJ 1 n 'j F 4 ~ ~ 1 'U n1 'j 1'1 ~ b~ eJ n-J 1 iJ ~ ~ ~ ~ 'lJ eJ-:~ ~ 'U f1 1 u f1 :w ~ n 'ljtu ~ , , ' 
oV11bVI'iJmLZJ'UbbUU1tJ1:w1'1fn~ (~GDIRGD) ~ 1 flU'j~'lJ1m F3 lJlBfl1'j~1b'U'U-:!1'U til-:~d b~:U~'U~1flfl1'j 
LnuL~tJ1oV11U';i~'ll1m F4 ~iJ'j~tJ~~mLnL~:w~ (maturity) L11Lll~~~1~:w1mn1~LL~-:~ LnuH~ 
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'Eltu'VI.nih~'El..:JU'J~l.nru 1 b~m.J nm.Jt.hll1'Ml?f'El'U 'VI~'El 1.11bll~~-iJ111J1'El'U1 ~ bb ~..:J1 'Uvl'El'U~ Fld'Uflll 
, \J 'U , 

'Eltu'VI.fliJ 1-ff'Eltu'VI.fliJ 50 'EJ..:JI"1W1f(;lb'SCJ?I 'U1'U 7 l'U rl'El'U1111J1Vl~?f'El'U fl1'JVl~?f'El'U~"il1'Jtu1"il1f1 
, '\J , \J 

~ n,.ru~Vl1..:J m CJ.fl1~"1l'El..:J bll~ ~ -ii'11 n~ 'El..:J 1 'U m 'JU'J~ biJ'U "il~vl1 fl1'J~ lJ bll~ ~-il11"il1'U1'U 40 bll~ ~vi'El , 
?f1CJ~w5 "il1 mT'Uvl1fl1'Jbbf1~ b tJ~ 'El n b ~ B1 m~ b1J~~-ii'11 n~ 'El..:J bb~1vl1 f11'JLJ'UVi n-il'Elllr;l fl1'Jf1'J~"il1 CJ ~1 , ~ 

"ll'El..:Ji n,.ru~ b1J~~-il11 b~ 1 bbr;l ~-il11 b 'VI'UCJ1 mlJ~ 1~'U "il1 mT'Uvl1fl1'Jci 1CJ.fl1~ b ~ m tJ1CJ 'U b V1 CJ'U n'U 

?I 1 CJ ~'U 5 bbli RGD11259-1-9-25 (~ n ,.ru ~ -iJ 11 b 'VI u CJ 1) bbr;l ~?I 1 CJ ~'U 5~ 'El R4-4-2-134-18-57 , , 
(~ n ,.ru~-il 11 b ~1) n1'Ji'~"ll'U1 ~ blJ ~ ~-il 11 b 'VIu CJ1'VI'El1J?t 1 CJ~'U5tJ -r'Uu 'j".,:j b u1 CJ'U b V1 CJ'U n'U-ii'11?11 CJ~'U5~ 'El , , ' 
bbli 1~ CJvl1 m'Ji' ~ ~ n,.ru~fl111J m1 bbr;l ~ m 11J n11..:J"Il'El..:J bll~ ~-il11 b tJ~ 'E!n bbr;l~~ n,.ru~Fl111J m 1 bbr;l ~ 

Fl11llf11'1..:J"IJ'El..:Jbll~~-ii'11f1~'El..:J 1~CJH1tJ'Jbbf1'JlJ Smart Grain Software (Tanabata et al., 2012) 

rh~i'~ 1~il'VI'U1CJbU'UiJr;l~bllm (mm) 11..:Jbb(:.J'Ufl1'JVl~r;l'El..:Jbb'U'U Completely Randomized Design 

( CRD) "il1 'U 1 'U 3 J 1 bb vi r;1 ~ J 1 "il ~ 1 off "il1 'U 1 'U bll ~~,X ..:J ~ b U 'U -iJ 11 b tJ ~ 'El n bb" ~ -iJ 11 n ~ 'El..:J "il1 'U 1 'U 
~ ':;' 

10 blJ(;l~/"1!1 

4.3.6.3 ~n,.ru~m11J'VI'Elll (fragrance character) 

b~ll"il1f11.11bll~~-ii'11f1~'El..:J"Il'El..:JU'J~"l11m F4 ~~1'Ufl1'Jfl~b~'Eln"il1'U1'U 5 bll~~ 
1J1~1fl~..:J bll~~ bb~11~"..:J1'U'VIr;l'El~Vl~r;l'El..:J"Il'U1~ 1.5 iJ"~~m "il1f1,1'Ub~ml1n~'U'U~?!Vli "il1'U1'U 

' 
2oo 1ll1fl'J~m bb~11111tJulJ~'Elru'VI.niJ 65 'EJ..:JI"11b"l!m'SCJ?t 'U1'U 4 i1 1ll..:J "il1n,!'U1.11 1J 1bn'UH~ ' ~ 

'Eltu'VI.niJ 4 'El..:JI"llb"lfm'liCJ?t 'U1'U 20 'U1Vl 'VI~..:J"il1f1,1'U1~~Vl~?f'El'U~lln~'U bbr;l~1~fl~bb'U 'Ufl111J'VI'El ll ~ , ~ ~ 

o ii..:J 2 fl~bb 'U'U 1~ CJfl~ bb 'U'U o 'VIll1 CJii~ -ii'11 1liil n~'U'VI'Elll 1 'VIll1 CJii~ -i111il n~'U'VI'El ll U1'Uf1rl1~ bbrl ~ 
2 'VIll 1 CJ i1 ~ -il 11il n~ 'U 'VI 'Elllll 1 n (Wanchana et al. , 2005) 1~ CJ 11~ bbe.J 'U n1 'JVl ~ r1 'El ~ bb 'U 'U 

Completely Randomized Design (CRD) "il1'U1'U 6 J1 

4.3.7 n1-a~wvh Graphical genotypes 'U~b'JW~1bb'VIU.:I"lleHl~'U Bph3 bbfl~ wx 'U'U 

bfl'Jbllb6llll 6 (Graphical genotyping of the Bph3 and wx locus on chromosome 6) 

v11 m 'J ~ n,.11~ CJ 1 i-ii' 11 tJ 'J ~'If 1m F3 ~il ~ r~ ~" "ll 'El ~ ~ 'U m 'U flll ~ n,.ru ~ l1i' 1'UV11'U b ~ ~ CJ 
' 

m~ 1~~~J1mfl b U'U bb 'U'U 1v 1ll 1"lfn?t (Bph3R41R4
) bbr~~err~ ~rl"ll'El~~'Um'U~ll~ n,.ru~-iJ11b 'VIUCJ1b U'U 

bb'U'U1v1ll1"lfn?f 'VI~'El bVbVl'Elh1"lfn?f (w:JiGDIRGo, w:JiGDIR4) :l'i'J1CJrl~bBCJ~fl1'J~1bU'U~1'U~~if 

4.3.7.1 fl1'Jfl~b~'Elf1U'J~"l11mi1~'U~ 3 (F3) 1~CJ1i~n,.ru~VJ1'U1vn:i , 
m 'JU 'J~ biJ 'U m 11J l1i' 1'U Vl1 'U b ~ ~ CJ m ~ 1~ ~ ~J 11'11" ru 'J~ CJ ~ bbl'l n n 'El~ 'El1 CJ -il11 

' 
25 l'U 1'UtJ'J~'If1m F3 ~ileJ'fl~rl"ll'El~~'U Bph3 bU'Ubb'U'U1v1ll1"lln?f (Bph3R41R4

) bbfl~eJrl~rl"ll'El~~'U 
wx bU'Ubb'U'UbVbVl'Elh1"lfn?f (w:JiGDIR4) "il1'U1'U 3 ?1 1 CJ~'U51~bbrl RGD13117-36 RGD13117-115 

' ' 
bbr;l~ RGD13117-330 1~CJ1offb~~CJm~1~~~J1mr~tJ'J~'If1m 'El'Uri'J1'1!51U 11~bbe.J'Ufl1'JVl~ri'El~bb'U'U , 
Augmented design "il1'U1'U 11 J1 tJr~n-ii'11Vl~?f'El'U,X~?f11J?f1CJ~'U51~CJ1offl1i''Ui11,X~'VIll~"il1'U1'U 

~ ' 
60 vl'U/?f1CJ~'U5 (60 plants/lines) bbr;l~~'U5m1"il?f'El'U"il1'U1'U 6 ?f1CJ~'U51~bbn RGD11259-1-9-, , ' 
25 (?11CJ~'U~bbli), R4-4-2-134-18-57 (?11CJ~'Uq~'El), Rathu Heenati (~'Uqm1"il?f'El'Uvl1'UV11'U) 
bbr;l~ TN1 (~'U5m1"il?f'El'UEl'El'Ubb'El) 1il1i''Ui11Vl~?f'El'U"il1 'U1'U 32 vl'U/?f1CJ~'U5 bbr;l~Bf1?f'El~?f1CJ~'U5~ 

1offbU'U~'U51'l'J~"il?f'El'U 1~bbn IR57514 bbr;l~ CNT11i!1i''Ui11Vl~?f'El'U"il1~1'U 21 vl'U/?f1CJ~~5 
' ' ' 

mlJ~1~'U (m~V1 4.2) 
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4.3. 7.2 f11'j1iLfl~e:l.:!VllJ1CJ~L~hJLeJ'li'W1 'U f11 'jrlVJL~e:ltl'\.b~"lJ1moff1~'U~ 3 (h) 
' 

"il1flf11'jth~LiJ'Uf111lJ~1'UV11'UL Vi~CJm~ LVJVJ~J1m(l1 'U\h~"ll1m F3LV1CJ1i.V11 

m CJ 25 1'U "il1fl,T'Uti1~'U-[11~iH1i())'jeJVJ"il 1 flfl1'jfl mVi~ CJ m~ LVJ V1 ~J1m(l L .V1vhmtJ mvhm'j 
' " 

ri' Vl L~ e:~ n ~ n'l'}ru~-rr 11 L vtil CJ1 1VJ CJ1 i Lfl ~e:~.:~vtlJ 1 CJ~ LB'U Le:~ 'll1 CJ1 'U m 'jri' Vl L~ e:~ n 1~ LLn Lfl~e:~.:~vtlJ1 CJ 

Wx-Glu23 L~m·l''Uvt1eV11 L vtilCJ1~il eJ(l ~(I "lleJ.:J ~'U m\J fllJ~ n'l'}ru~.rr11 L vtilCJ1 L U'U LL \J\J LeJLlJ 1'1ln"' 
' 

LL(l~ Lel'LVle:l h 1'1lfl" (wx RGD/RGD' WX RGD/R4) \911lJ~1vl\J (.fl1Vi~ 4.2) 

4.3.7.3 fl1'j~VJvh Graphical genotypes \J~nrul'i'1LLvtt1.:~"1JeJ.:J~'U Bph3 LL(l~ wx 

L~eJPlfl'l'}1fl1'jLflV1~fle:llJUL'UoU'U'j~Vf11.:J~'U Bph3 LL(l~ wx 1~iJf111l.J(l~L~CJV1 
C:.1i .c:~~o 0 I c;:,l I d 0 I q 

lJ1flCJ.:J"lJ'U \J'jLJt;U())1LLV!'U.:J"lle:l.:JCJ'U 8ph3 'j~Vf11.:1Lfl'jeJ.:JV!lJ1 CJ RM589-RM588 LL(l~\911LLV!Wl"lle:l.:JCJ'U 

wx ~f11\JfllJ~ fl'l'}ru~.V11 L ~1 LL(l~eV11 L vtilm (Wx-Glu23) LV1CJVllf11'j L ~lJ Lfl~eJ.:JvtlJ1 CJ~ LB'U"lltiVJ SSR 
' ~1'U1'U 10 Lfl~eJ.:JV!lJ1 CJ LL(l~ Lfl~eJ.:Jvt:l.J1CJ ~ LB'ULB~il f111lJ LUVi 1 ~ L"il1~"il .:J (gene-specific marker) 

~1'U1'U 1 Lfl~eJ.:JvtlJ1CJ (())1'j1.:J~ 4.4) ~meJ\Jfl~lJ\J~nru~'U Bph3 LL(l~ wx LVJmfl~t~.:~vtmCJ~LB'ULeJ 
Lvt~1'd\~m"il1fl ~1'UeVm;Jm'l1Li1'jfiJ~ Gramene (www.gramene.org) LL(l ~vtt11 CJU~D~ fl1'jfl'Uvt1 

LL(l~ 1 iu 'j~ LCJ"llu~'U.V 11 'j1lJ ~ .:~ vtlJ V1 ~ 1'U1'U 11 Lfl ~e:~.:~ vtm CJ "il1 n,! 'U t!1lJ 1 V1 V1"' e:J\J m 1lJ LL()) n ~ 1.:1 

'j~vt-J1.:~ "1 CJ~'U6~ e:J mJ LVJ CJ Lfl~e:J.:JvtlJ 1 CJ ~ LB'UL e:J~"1lJ1'jfl LLCJ flf111lJ LL()) n ~ 1.:1 'j~vt-J1.:~"1 CJ~'U6~ e:J m.J1~ 
' ' 

"il~ti1 hJHf~1 'U1 VJti'\.J'j~"lJ1 m F3 ~~1'U fl1'jrlVJ L~ vn~1 CJVJ1 'U1 VJti (~ fl'l'}ru~~1'UV11'UL Vi~ CJm~ LVJVJ 

~J1m(l) LL(l~~fl'l'}ru~~1'U1Vlti (~n'l'}ru~.V11LvtilCJ1 ) (~1eVe:J~ 4.3.7.1 LL(l~ 4.3.7.2) AVJL~e:Jn 
\h~"ll1m F3 ~iler(l~(l"lltl.:J~'U wx Ltl'U LL \J\J 1eJ1l.J1'1!n" LL(l~ LeJLVl tl b1'1!n" (~Go/RGo, ~Go/R4 ) 

ml.l ~1 vl\J LL~1 LL u .:Je:J e:J m U'U 3 n ~lJ 1 (I~ 1 o " 1 CJ~'U q ()) 1lJ 'j~vJ\J f111lJ ~ 1'UV11'UL Vi~ CJ m~ LVJ V1 

~J1m(l'\.J'j~fltl\J~1CJ R (Resistance) = n~lJeV11lJf111lJ~1'UV11'U~tl BPH 1~~, MR (Moderately 

resistance) = fl~lJeV11lJf111lJ~1'UV11'U ~ tl BPH U1'U fl m.:J LL(l~ S (Susceptibility) = fl~lJeV11~ 
eltl'ULLtl~tl BPH 

m'j1.:1~ 4.4 bfl~eJ.:!Vll.J1EJ~hiJ'UbeJ"UilV1 simple sequence repeat (SSR) bb~:: gene-specific 

markers 6i1vt~\Jbm'Ufl1'j'Vh graphical genotypes 

bf1~eJ·:IlU.mJ 
'tjij~l/ 

~1~Ub\HI (5 '»3) ' ... .. " bb'VI~~'VI~1 
~beJ'LHeJ Forward Primer Reverse Primer 

RM1 9291 SSR CACTTGCACGTGTCCTCTGTACG GTGTTTCAGTTCACCTTGCATCG GRAMENE 
RM19296 SSR CTAGCTTGACGCCAAGGACACC GCACAGACGCACACTGATCTCC GRAMENE 
RM8072 SSR GATCACTCAGGTCATCATCCATTC AATCAGAGAGGCTAAAGACAATAAT GRAMENE 
RM8074 SSR GCTGCTCTAGCAATTTGGTTGG TTCATCATCCACAGTCCAAGTCC GRAMENE 
SSR23 SSR TGGAAAGTGAGTGGTAGGTTAGTA CCTGGCAGATTTCAGATTCTA RGDU 
SSR25 SSR CCCCTAGTAAAGCGGATTCA TGACTAGTGCGACCGTCTTC RGDU 
RM19328 SSR CTGCTGCTGCTGGTTTCTGTCC CAGCTTGGCCATTGCACTTCG GRAM ENE 
Waxy GSM GTAAAATGTGTTGCGGAGG GGAAAAACGAGCAATGAAA RGDU 
RM587 SSR TTCCCATCTGCACTACCATAATCC GAGCAGAGATGTGCTTTGCTACC GRAMENE 
RM204 SSR CTAGCTAGCCATGCTCTCGTACC CTGTGACTGACTTGGTCATAGGG GRAMENE 
RM225 SSR TATGTGGTTGGCTTGCCTAGTGG TGCCCATATGGTCTGGATGTGC GRAM ENE 

1/ "" cl 

Vll.J1CJbvt~: SSR vtlJ 1 CJfi.:J s1mple sequence repeat markers LL(l~ GSM vtlJ1CJfl'l gene
specific marker 



MAS: 

Waxy by Wx-Giu23 

F3 introgression lines 
• RGD13115-36 (wxRGD/R4, Bph3R4/R4) 

• RGD13115-115 (wxRGD/R4, Bph3R4/R4) 

• RGD13115-331 (wxRGD/R4, Bph3R4/R4) 

F3 selected 

1 

BPH evaluation at 25 DAS 

byMMTS 

(UBN population) 

Genotypic selection: 30 F3 introgression lines 

Genotypic using SSR and 

gene specific markers 

Graphical genotyping of the Bph3 

87 

Jl1'Vl~ 4.2 bbt:.J'Wn1';i~·h bth.J..:!1'W nTH~' VI b~el n6f1£J~'WcroUT:J b Vi\1£J'J ~1'W'VI1'Wb 'Vl~£1 n';i:: bVI V~~hJ1vn" • 
th::"!l1n1 F3 bb":: n1';il'11 Graphical genotypes 1V~v1-tl"IJ1'JeJ1~ 25 1u 
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4.4 ~~n1'1'Vl~~v.:~ 

n11vt ~'U 1~1 CJvt'U6oif11 L VIU CJ1VIell.l !}11'U 'V11'U L ~ i CJ n1~ 1V1 Vl~J 1~1~ 1V1 CJ1-if LL Vl ~ .:~vt'Uufl'i 'il.l 
' ' 

!}11'U'V11'U L ~i CJ'llu~d~1nvt'U6oif11~'ULijel.:~~1mh~ L 'V11"11"1~~-:Jfl1 ~el Rathu Heenati ij~'Ui}l1 'U 'V11'U 
' 

Bph3 el~'U'UlA'ill.ll"'ll.l 6 ij11CJ~~LBCJV1'1Jel.:!e-J~fl11~1LUWI1'U~·:rd' 
d d ~ d I I tV ~ I I 

4.4.1 fl1'i~'i'J:ij!;lel'U bA 'iel.:J'VIl.l1 £J ~ bB'U bB'V1!;11l.l1 'i~ bb£1 n A11l.lbb~ fll'I1-:J 'a~'VI11-:J 1;11 £J~'U5~B bbl.l 
' 

~1n m 1m1 'l?lelu LA~el'IVIl.l1 CJ~ LB'ULel~ L ~ell.l lCJ'IVI~el 1n~:U~nu~m~ru~ Li11VImCJiii'1 'U1'U 

3 ~ fl'ljflJ~ LL~~'Ie-J~ fl11m1~~el'Url11l.l~1l.l11(1L 'Ufl1'HLCJflrl11l.lLL~ n~h'I1~'VI'h:Joif11?l1 CJ vt'U6~el m J 
' 

(RGD11259-1-9-25 LL~ ~ R4-4-2-134- 18-57) '1J el'l LA ~el'l Vll.J 1 CJ ~ LB 'U Lel ~ L~ el lJ lCJ'I tl'U ~ fl'ljflJ ~ 
Li11VIl.J1CJ~'I 3 ~fl'ljflJ~ ~'ld 

4.4.1.1 ~fl'ljru~i}l1 'U'V1 1'UL~iCJm~lV1V1~J1m~ 
I d • 0 .d d.<::~~ 0 I 

~1flfl11m1~?lel'U~'U11 LA'Jel'IVIll1CJ SSR '11'U1'U 4 LA'Jel'IVIl.JlCJ 'Vl l.J m LLVI'U'I 

el~1n~:UV1nu ~'U~Fl1'Ufll.l~fl'ljru~i}l1'UV11'UL~i CJ m~ lV1V1~J1m~ (Bph3) 'U'U lA'ill.l l"'ll.l 6 ~ 1l.l1 'a tl 
LLCJ fl 1"11 1l.l LL~ fl ~ 1'11~'VI'J 1-:JoU 11 ~1 CJvt'U6~mLlJ1~Vl mA ~el'I'VIl.l 1 CJ 1V1 mA ~el'l Vll.l1 CJ RM586 LL~(11'1'1J'U 1 (11 

' ' 
'1Jel'I~LB'ULelVI~m)~~~'1Jel'I~1CJvt'U6LLli~~el'ULLel~m~iCJm~lV1V1~J1m~ ~ 300 bp LL~~~1CJvt'U6~el 

' ' 
~!}11'U V1 1'Ub~iCJmd(?l(?l~J1m~ ~ 290 bp ~ell.llb~m~l.lU~l.l1ru~bB'Ubel lV1mA~el'I VIl.ll CJ RM588 

?l1CJvt'U6 Lbli~'lijA11l.l~el'Ubbel~m~iCJm~l(?l(?l~J1~1~ ~~ij'1J'U1(11'1Jel'IB~~~ ~ 165 bp ~1'U~1CJvt'U 6 
' ' 

~el~ijA11l.l!}l1'UV11'Ub~iCJm~l(?l(?l~J1m~ ~~ii'1J'U1(11'1Jel'IB~~~ ~ 160 bp L'U'1Jru~~bA~ el'IVIl.llCJ 
RM589 bb?l{11'1'1J'U1(11B~~~'1Jel'l?l1CJvt'U~bbli (~el'Ubbel~el BPH) ~ 190 bp bb~~~1CJvt'U~~ el (!}11'UV11'U 

~el BPH) ~ 207 bp bb ~~bA~el'IVIl.l1CJ~(?lVJ1CJ SSR24 ~1flfl11b~l.lu~mru~LB'Ubel ~'Ul1 ~1CJvt'U~bbli 
~iiA11l.l~el'ULbel~m~iCJm~l(?l(?l~J1m~ ~~ii'1J'U1(11'1Jel'IB~~~ ~ 194 bp Lb~~?l1CJV{'U ~~el~ 
!}11'UV11'Ub~iCJm~l(?l(?l~J1~1~ ~~ii'1J'U1 (11'1Jel'IB~~~ ~ 202 bp (~111'1~ 4 .5) 

4.4.1.2 ~fl'ljflJ~oU11bVIUCJ1 

bA ~ el 'I Vll.l 1 CJ ~ b S 'U bel ~1-if1 'U n 1 1 ~ (11 b~ el n ~ n 'lj ru ~-if 11 b VI u CJ 1 bb ~ ~ -if 11 b ~ 1 

b'iJ'UbA~el'IVIl.llCJ~ bB'Ubel'1JU(?l gene-specific marke r ~1n~:U(?l tl'UV'U~Fl1 'U fll.l~ fl'ljru~oif 11 b 'VIUCJ1 

(wx) u'UlA'all.ll"'ll.l 61~LLn Wx-Glu-23 LL~(11'1'1J'U1V1B~~~'1Jel'I~1CJV{'U6bbli~ii~n'ljru~ bl.J~(?l bU'UoU11 
' 

bVIUCJ1 ~ 196 bp bb~~~1CJV{'U~~el~ii~n'ljru~bl.J~(?lbU'Uoif11b~1 ~ 173 bp (~1'a1'~~ 4 .5) 

4.4.1.3 ~fl'ljflJ~Fl11l.JVIell.J 

b A ~ el 'I Vll.l 1 CJ ~ b S 'U bel~ 1-if1 'U n 1 1 ~ (11 b ~ el n ~ n 'lj ru ~ A11l.l VI el l.l (bodh2) 

u'Ulmll.ll"'ll.l 8 bU'UbA~el'IVIl.l1CJ~bB'Ubel'1JU(?l gene-specific marker ~V{~i.J1~1'1\?\'1bbVIU'IV 'U ~ 
A1'U Al.l~ fl'ljflJ~Fl1 1 l.JVIell.l'1Jel'loU11 1~ bbrl A romarker 1 ~m1l.l Lb~fl~1'11~VIl1'1oU11~'1~el'I~1CJvt'U6 

' ' 
1(11 CJ ~1 CJ V{i.J 6bLliJ 'U bl.l ~ (?lij n~ 'UVI ell.l ii '1J 'U 1 V1'1J el 'I B ~ ~ ~ ~1~l.l 1 '11 n n11 L ~l.JU~l.l 1 ru ~ bB'U bel 1V1 CJ 

' 
bA~el'IVIl.l1CJ Aromarker ~~1~'1J'U1(11 ~ 392 bp ~1'U~1CJvt'U~~ml.l~(111lliin~'UVIell.l L~elm1~~el'U 
~1mA~el'IVIl.l1CJ Aromarker ~'Ul1 ~~1~'1J'U 1 V1'1Jel'IB~~~ ~ 400 bp (~1'a1'1~ 4 .5) 



,, 
,, 

,, 

m-
a-
1~
~ 

4.
5 

bl"
l~e

NVI
~1 

t~~
ibi

h.n
v~1

-b1
 'Um

-a-
1"1

~ b
~B
n~
n~
ru
~ b

th
~u
.n
t~
 ~
1 b

b VI
'Li

~"l
lB~

~'U
 t

.h~
 b.f

l'Vl
"llB

~ bl
"l~

B~V
I~1

t~~
h5'

U m
 mt

~w
'U

51
-H

eJ
'€

l~
m i

hV
I~
1t
J 

bb€
1~ 

• 
"l

l'U
1 
~"l

l B
~B

€1
 ~€

! b
 u
 1Vi

~1
 t~

~1
-b

1 'U
 m-

a-1
"1~

 b~
B n

 

P
ar

en
ta

l 
M

ar
ke

r 
al

le
le

s 

T
ra

its
 (

g
en

es
) 

M
ar

ke
rs

 
C

hr
. 

T
yp

e 
o

f 
p

o
ly

m
o

rp
h

is
m

 
R

ef
er

en
ce

 
F

av
o

ra
b

le
 

U
n

fa
vo

ra
b

le
 

m
ar

ke
rs

 
sc

re
en

in
g

11
 

a
ll

e
le

 (
b

p
) 

a
ll

e
le

 (
b

p
) 

M
a

rk
er

 l
in

ke
d

 t
o

 
R

M
58

6 
6 

I 
Q

T
L

s 
(S

SR
) 

-
29

0 
-

30
0 

w
w

w
.g

ra
m

en
e

.o
rg

 

M
ar

ke
r 

lin
ke

d
 t

o
 

R
M

58
8 

6 
BP

H
 r

e
si

st
a

n
ce

 
Q

T
Ls

 (
SS

R
) 

I 
-

16
0 

-
16

5 
w

w
w

.g
ra

m
e

ne
.o

rg
 

(B
ph

3)
 

R
M

58
9 

M
a

rk
e

r 
lin

ke
d

 t
o

 
6 

Q
T

L
s 

( S
S

R)
 

I 
-

19
4 

-
19

0 
Ja

iri
n 

e
t 

al
., 

20
09

 

M
a

rk
e

r 
lin

ke
d 

to
 

SS
R

24
 

6 
I 

-
20

2 
-

20
7 

R
ic

e 
ge

n
e 

d
is

co
ve

ry
 u

n
it

 
Q

T
L

s 
(S

SR
) 

G
lu

ti
n

o
u

s 
ric

e 
(w

x
) 

W
x-

G
lu

-2
3 

6 
G

en
e 

sp
e

ci
fic

 
I 

-
19

6 
-

17
3 

W
a

n
ch

an
a 

et
 a

l.,
 2

00
3a

 

A
ro

m
a

 (
b

a
d

h
2

) 
A

ro
m

a
rk

e
r 

8 
G

e
n

e 
sp

ec
ifi

c 
I 

-
39

2 
-

40
0 

R
ic

e 
ge

n
e 

d
is

co
ve

ry
 u

n
it

 

Vi
~1

tl
bV

I~
: 

11
 I 

bb?
l~\

lr1
l1l

.l
bbt

'ln
(;h

\l'
:i~

Vrh
.:~ 

RG
D

11
25

9-
1

-9
-2

5 
(?

!1
cJ

'W
'U

5
m

J)
 bb

(l~
 R

4-
4-

2-
13

4-
57

 (
?!

1t
.J'W

''U
5

vJ
v)

 
. 

, 
' 

(X
) 

\(
)
 



90 

4.4.2 n1~oW~'U1tJ~::"!l1n~-U'1161n~~~i1~ Ft- F4 
'IJ 

n1 'j~ \9lJ 'U 1 tJ 'j~'ll1 m-rr TJ !;1 n ~ ?f:W F 1 b~:W ~ 1 n fl1 'j ~ ?f:W ~w5-rr 1'J'j:::Vf ';h'l-rr 11 b VIii tJTV!tl:W 
'IJ ' 

?f1tJ~'Ui5u-r'LJu'j'l RGD11259-134-18-57 bb!;1:::.rr11 b~1?11 tJ~'t.!i5tJ-r'LJu'j'l R4-4-2-134-18-57 ?t1'1'l 
C! , " , 

tJ<j~"IJ1m-rr11!;1n~?t:w F1 11ii' ~1'U1'U 47 t;l'U b~v11ii'tJ'j~"IJ1n'j F1 bb~'Jvhn1'jf1'vH~vnhw1off 'IJ 

bfl~e.J'lVI:W1tJ~b~'Ube.J~b~e.J:w LtJ'ltl'll~ m.oJru~bU1VI:W1tJ~1'U1'U 3 ~n~ru~ 11ii'bbn ~mo}ru~t;l1'U'V11'Ub'Wi tJ 

m~LV1V"l~J11'11!;1 (Bph3) ~n~ru~-rr11b'VIi1tJ1 (wx) bb!;1~~n~ru~fl11:W'VIe.J:W (badh2) 11ii'tJ'j~"IJ1m F1 

~iie)(;l~(;l'lJe.J'l~'UbU1VI:W1tJ~'l 3 ~n~ru~ biJ'Ubb'll'llbtlb'Vlvb1"1ln?t ~1'U1'U 13 t;l'U (m'W~ 4.3) ~1mYt1 
tJcivtJ1~tJ'j~"IJ1m F1 ~?f:W~'Jbe.J'lb~m'11'1'l'l.J'j~"IJ1m-B'1~'U~ 2 (F2) ~ii~1'U'J'Ub:W~V"lvie.Jne.J:w1n'We.J 

' 
b~e.J 1 tJ1"1V"~b~e.Jn~n~ru~t;l1'U'V11'Ub'WitJm~ LV1V"l~J1m!;1 (.n1'W~ 4.3 bL!;1~ 'j1tJ!;1~L~tJV1 LL?IV"~'l11.J-H1.rrv 
4.4.3.1) Vl~'l~1 nvhm'jf1 V1 L~ e.J ntJ 'j~"IJ1n 'j F2 LV"! tJ1off~ n~ru ~YJL t~1 'VllJ LL~1 ~1 m1\.J vh n1'j1 off 

Lfl~e.J'l'VIm tJ~ L~'Ubmh tJf1 V"lb~ e.J n~ n~ru~L U1VIl.J1tJ~ 1'U1'U 2 ~n~ru~ Fiv ~ n~ru:::t;l1'U'V11'UL Vii tJ 

m~LV1V"l~J1m!;1LV"ltJ1offLfl~e.J'lVI:W1tJ RMS89, SSR24 LL!;1~ RMS88 Lb!;1~~n~ru~.rr11LVIi1tJ1LV"ltJ1off 
Lfl~e.J'lVI:W1tJ Wx-Glu23 (<j1tJ!;1~L~tJV1LL?fV"l'l1'UoH1-rrv 4.4.3.2) 

ci'1VI-r'llfl1'j~\9lJ'U1U'j~"IJ1m!;1n~?f:W F3 11ii'~1nfl1'j~?f:W~1Le.J'l'lle.J'lU'j~"IJ1n':i F2 ~eJ1'Ufl1'j 'IJ 

f1V"~L~e.Jn~'lfl1'jf1V"J L~e.Jn LV"! tJ1 iYJL t~1 'VlU Lb!;1~fl1'jf1V"J L~e.Jn LV"ltJ1 iLfl~e.J'l'VIl.J1tJ~L~'ULe.J 11ii'tJ'j~"IJ1m F3 

~ii e)(;l ~(;l'lle.J'l ~'U LU1VI:W1tJ~1'U1'U 6 ?f1tJ~'Ul5 LL~Tvhm'jf1 V1 L~e.Jn~ n~ru~t;l1'U'V11'UL Vii tJm~ LV"!V"l 
' 

~J 1 \911!;1 Vll 1 mlii'?t1 tJ~'Ul5tJ-r'UtJ 'j'l~1'U1'U 3 ?11 tJ~'Ul5 ~ eJ 1'ULnrusrJ fl1 'jf1 V1 L~ e.J n LL(;l ~iJt;l'U.rr11~ 
' ' ' 

'je.JV"J:U11'1~1'U1'U 2 t;l'U Lb(;l~ner(;l~(;l'lJe.J'l~'Ubu1VIl.J1tJ~'l?t1:w~n~ru~ (.n1'W~ 4.3 Lb(;l~'j1tJ(;l~b~tJVl 
Lb?IV"l'l1t1-H1-rrv 4.4.4) tJcivtJ1~~?f:W~'JLe.J'lb~e.J?I1'1'lU'j~"IJ1mi1~'U~ 4 (F4) L~e.JVlln1'jU'j~biJ'U 

' 
tJ<j~~'V15m'W'lle.J'lfl1'jf1V"J L~e.Jn LV"ltJ 1 iLfl~e.J'lVI:W1tJ~ b~'ULe.J 1 'U~n~ru:::L U1VI:W1 tJ~1'U1'U 3 ~n~ru~ 11ii'LLn 

fl1'jU'j~ Lil'U~n~ru~t;l1'U'V11'UL Vii tJ m~ LV1V"l~J1m!;1 fl1'jU'j~ Lilt1~n~ru~.rr11 L Vli1tJ1 LL(;l~ fl1'jU'j~ Lil'U 

~n~ru~fl11:W'VIe.J:W (in'W~ 4.3 LL(;l~ Lb!;1~'j1tJ(;l~L~tJVlbL?IV"l'l1'UoH1-rrv 4.4.5) 



X 
RGDII259-t-9-25 

( budhl and wx) l 
R4-4-2-134-18-57 

(Bph3) 

Breaking linkage drag between 

Bph3 and wx in F2 progenies (1,140 

plants) using phenotypic selection 

(BPH resistance evaluation) and 

genotypic selection (MAS): Bph3 

(RM589, SSR24 and RM588) and wx 

(Wx-Glu-23) 

MAS: I) Werry by Wx-Glu23 

2) Bph3 by RM589, SSR24 

and RM588 

~~~~ ,----....:....'---V' RGD13115-36 

(IIW'~ Bp1J3114IR4) 

F1 (13 plants) 

~ 
F1 (1 plant) 

•l 
F

2 
(1 ,140 plants) 

~ 
F2 (461 plants) 

r 

1 
6 F2 plants 

(w/GD/R4' BphJR4/R4) 

1\· ~ '} 'l 'F 10: 
·~ 6 F31ines: 

(wxRGD/R4, BphJR4/R4) 

l 
F3 introgression lines .. 

• RGD13117-115-52 

Fl idcntilication usin~ Bph3 hy 

R\1589 a nd JJ lL\:1' b~ llx-GiuB 

BPH evaluation by UBN (2003) 

population 

461 plants 

BPH evaluation at 7 DAS by SSBS 

(UBN population) 

c: 

RGD13115-331 
( wxo'GD/R4

1 
BphJR4/R4) 

MAS: 1) Waxy by Wx-Giu23 
2) badh2 by Aromarker from 
Survivors by BPH screening 

(8phJR4/R4, WKRGD/RGD, badhzRGD/RGD) 

• RGD13117-115-53 

F4 

( Bph3"41 .. , wx•GD!RGo, badhZ"Go!••j 

Glutinous rice validation 

Grain fragrance validation 

BPH resistance validation 

(4 BPH population) at 7 and 25 DAS 

91 

.n1~~ 4.3 ~iiln1'a~91l'U11;11f!~'U5ih1b 'VIUfl 1'VIeJlJIPi1'W'V11'U b ~~EJn'a~ 1~~~hl1~1iilb~f!n1-abeU • 
• bfll~eJ~'VIlJ1fl blJbiilnii!"li1f!b um-a~~bi'ieJn • 
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4.4.3 n1'mfln Linkage drag ~::vrh:~~u Waxy bb"::~u Bph31uth::"!l1mi'li'U~ F2 

"il1nm~bbtm linkage drag 'J~Vt-:h-:JeJ'r;,~r;, w~ bb(;l~ Bph3 L~e:J1m~off11LVtumi'1Tu'Vl1'U 
b'V'l~ CJ m~ 1V~V~ ~J11'11!;1 1V~ CJ'IJ 'J~ blJ'U i'n1l.li'11'U'Vl1'U b 'V'l~ CJf)'J~ 1V~ VI~J11'11!;11 'U'Ll'J~"!l1 m F2 "iJ1'U1'U 

1,140 1'1'U ~'~~ m U'U'IJ'J~"!l1m~~m'Jm~"il1CJ 1'11'Vl1'1oW'Unm'Jl.li.'1'1 Lbr;,~ 1 iLA~e:J'l'Vll.llCJ~L~h.tLmh CJ 
' 'U 

rlV~ b~ e:Jfl~ n~ru~I'11'U'Vl 1 'Ub 'V'l~ CJ m~ 1V~ V~~J1mr;, bbr;l~~ n~ru~off11 b'V!UCJ1 ~'J1CJ!;l~bBCJWIJe:J'I~r;, fl1'J 
v 

0 ~ Q..l .c::.l 

Vl1b'U'\.N1'U VI'I'U 

4.4.3.1 fl1'JrlV~b~e:Jn'\.J'J~"!l1mi1~'U~ 2 (F2) 1V~CJ1i~n~ru~wt 'U 1 'VlU 
' 

"il1flfl1'JrlV~ b~ e:Jfl'IJ'J~"!l1m F2 1V~ CJ1 i~ n~ru~YJ1 'U 1 'VlU (~ n~ru~I'11'U'Vl1'Ub'V'l~ CJ 

mdV~V~~J1mr;,) "ii'1'U1'U 1,140 I'1'U vl1fl1'JLnuoffe:Jl.lm~~um1l.lb~CJVt1CJ~'IbLI'i1'U~ 8 (i'~ i''U~ 13 
'U 

Vt~'l'IJ~e:JCJbbl.lr;l'l (8 DAI to 13 DAI; day after infestation) "il1mr'U'vhn1'JiLFl'J1~~Fl11l.li'11'U'Vl1'U 
b'V'l~CJm~1V~V~~J1\Pl1(;1"1Je:J'I'IJ'J~"!l1fl'J F2 bbr;l~ i.'11CJoW'U61'l'J1"ili.'1e:J'U~'l 5 i.'11CJoW'U61V~CJ"il~bbi.'1V~'Ioffe:Jl.J(;l 

' ' 'U 

bU'U~'l.l~11'1n'J1~ (Area under curve; AUC) 1V~CJoff11i.'11CJoW'U~1V~1 ~rh AUC ~~1 bbi."'V~'I'Jl 
off11i.'11CJoW'U6J'U., 1'11'U'Vl1'UI'ie:Jb'V'l~CJfl'J~ 1V~V~~J1\Pl1!;1 bbr;l~ off11i.'11CJoW'UmV~., ~rh AUC ~i."f'l bbi."'VI'l';h , I , I \J 

off11i.'11eJoW'U~,r'U 1 Be:J'Ubbe:JI'im 'V'l~CJm~ 1V~V~~J1mr;, ~r;, m'J'IJ'J~ LiJ'U'J~~um1l.li'11'U'Vl1'Ub 'V'l~CJ m~ 1V~ V~ 
~J1mr;,1'U'IJ'J~"!l1m F2 ~'~ 1,140 I'1'U 'V'l'U'h 'J~~um1l.li'11'U'Vl1'Ub'V'l~CJmdV~V~~J1mr;,"lle:J'I 
'IJ'J~"!l1m F2 ~fl1'Jm~"il1 CJI'l1~'1LLI'i'J~~u 1'11'U'Vl1'UI'im'V'l~CJm~ 1V~V~~J1l'l1!;1 1 '\.J"il'U(i'l 'J~~'UBe:J'Ubbe:J 
l'im'V'l~CJmdV~V~~J1mr;, (m'V'l~ 4.4) 1V~CJ'J~~um1l.lb~CJ'Vl1CJ"lle:J'l'IJ'J~"!l1m F2 L~mlm'V'l~CJm~1V~~ 'U 

~J1mr;,'\.J'J~"!l1m e:J'U(;l'J1"!l51U boff1vJ1(;11CJ bbi.'1V~'l~'Uffi1'1m1~~'1bbl'i 6-48 l'l1'J1'1lJ!;l~bl.ll'l'J (mm2
) 

' 
1V~CJi.'11CJoW'U6bbll (RGD11259-1-9-25) ~1"11 AUC = 45 l'll'J1'1lJ!;l~bl.ll'l'J bbr;l~i.'11CJoW'U6vie:J (R4-4-2-

' ' 
134-18-57) ~1"11 AUC = 15 l'l1'J1'llJ(;l~bl.lm ~1'Ui.'11CJoW'U6m1"ili.'1e:J'U~'I~bU'Ui.'11CJoW'U61'11'U'Vl1'U 

' ' 
(Rathu Heenati) ~1"11 AUC = 13 l'll'J1'1lJ!;l~bl.ll'l'J l.'11CJoW'U6Be:J'Ubbe:J (TN1) ~1"11 AUC = 44 l'll'J1'l 

' 
Dr;,~bl.ll'l'J bbr;l~i.'11CJoW'U6 IR57514 ~1"11 AUC = 29 l'll 'J1'1lJ!;l~bl.ll'l'J l'l1l.l~1~'U (m'V'l~ 4.4) 

' 
"il1 n.n1'V'l Vi 4.4 bbi."f V~ '~ m 'J m~ "il1 CJ 1'11 'J~ ~u m1m~ CJ Vt 1 CJ eJ'U Ln ~ "il1 n fl1'J b off1 

vl1mCJ"lle:J'I b 'V'l~CJm~ 1~V~~J1l'l1r;l"llm'IJ'J~"ll1n 'Joff11 F2 ~'~~~'~ Lbl'i'J~~ui'11'U'Vl1'U 1 '\.J"il'U(i'I'J~~ueie:J'Ubbe:J 
~1Vt1'u bfl rusvi fl1'J r1 ~ b~ eJ fl'Vl~e:J m 1l.l b~CJ'\1!1 CJ eJ'UbflV~"il1 n m'J b off 1vl1 m CJ"lle:J'l b 'V'l~ CJ m~ 1V~ V~ ~J 1m r;, ~'~ "il ~ 
bbi."f ~'~~ r;, b U'U~'U~11'1 m1~ 1 'U m 'J ri'V~ b~ eJ V~ Fl~'ld "il~vl1 m'Jri' V~ b~ eJ ni'1'Uoff11~'Je:J~~i l'l1 'U'\.J 'J~"!l1 m F2 

"il1ni'1'Uoff1 1~'l'Vll.l~ "ii'1'U1'U 1,140 1'1'U 1V~m'IJ~CJuLViCJunul.'11CJ'W''U6vie:J R4-4-2-134-18-57 ~'~~1"11 
' 

AUC = 15.0±10.02 (4.98 (i'l 25.02 l'll'J1'llJ!;l~bl.ll'l'J) ~'l,f'U I'1'Uoff11'\.J'J~"!l1m F2 1'1'U1V~~~'J~~'U 
m1l.lb~CJ'Vl1CJ"lle:J'l~'U~11'1m1~~'~LLI'i 4.98 (i'~ 25.02 l'll'J1-:JiJr;,~Ll.lm bbi.'1V~'I'hi'1'UoffT"JI'1'UJ'U1 
~ Fl 1 1l.J 1'11 'U 'Vl1 'U \ll eJ fl1 'J b off 1 vl1 !;11 CJ "lJ eJ 'l b 'V'l ~ CJ fl 'J ~ 1 VI~~ J 1l'l1 !;1 'tJ 'J ~ "!l1 fl 'J eJ 'U r;, 'J 1 "!l51 u1 VI CJ b~ eJ 

' 
b 'IJ~CJ'U b Vi CJ'UV11'1i.'1~1'1~ (5% LSD) tl'Ui.'11 CJoW'U6vie:J~e:Jl1~'J~~'UF111l.li'11'U'Vl1'Ub 'V'l~ CJm~ 1V~~~J11'11!;1~ 

' 
1lJLL I'lnl'i 1 '1'Vl1'1i.'1~~ (P>0.05) b~e:J1~1'1'Uoff11~~1'Ufl1'JrlV~b~e:JmL~1 (m'V'l~ 4.5) "il1fl,r'Uvl1fl1'JtJ1CJ 

I'1'Uoff 11~ 'Je:J V~~i l'l~'l'Vll.l V~r;, '1'\.J r;, n1 'U bb '\.Jr;, 'I'U 111 ~1Vt1'u vl1 m 'JI'l'J1 "il l.'1 e:J'U 1 'U'J~ vi' u ~ LB'U be:J b ~ e:Jfl'U '\1!1 
'U 

I'1'U off11~ b tJ 'U off 11 b 'V!U CJ1 ( wx) ~~ ~'U 1'11'U'Vl1'U b 'V'l~ CJ m~ 1V~ V~~J 11'11!;1 (Bph3) 1~ CJ 1 iLFl~e:J'l'Vll.l 1 CJ 

~ LB'U b e:J'I11 CJ r1 V~ b~ eJ n1 'U.ff'U 1'1 e:J'U IIi eJ 1 '\.J 



60 

so 

40 

20 

10 

0 

UBN (2003) 

R4-4·2·134-18-57 mean± LSD : 

15.0±10.02 

1,140 plants of F2 population 

93 

RGD115·1·9·25 

.n1-w~ 4.4 ':i~~'Ufl1111vl1\J'Vl1\J b 'W~tl n"a~ 1~~~,!11'116"1 1 tJtl':i~"lf1n':i Fz b~eJ t1m 'W~ tJn':i~ 1~~ 
'IJ 

~,!1mrttl':i~"lf1m eJ'Urt':i1"lf51i1 bcil1'vhrt1tJ • 

.n1-w~ 4.5 fl'J111b~tJ'Vi1tJ"'leJ~vl\JciJTJtl':i~"lf1n':i F2 ~1\.11\J 1,140 vl\.1 1~m'W~tlm~ 1~~~,!11'116"1 
tl':i~"lf1n':i eJ'Urt':i1"lf51i1 bcil1'vhrt1tJ • 
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4.4.3.2 m'J H\1"1~eJ.:J'VIlJ1CJ~ L~hJLeJ'lhCJ 1 'Un1'JrllilL~eJntJ'J~'IJ1 m-B'·:d'U~ 2 (F2) 
' 

n1 'J 1-ff Lrl ~eJ.:J'VIlJ 1 CJ ~ L~'U LeJ'lh CJ 1 'Un1'Jrllil L~ eJ n ~ 'UoV11 ?11 CJ~'U6tJ ~ 'UU'J .:JU'J~'IJ1 m ' , 
' v 

F2 Vi'JeJiil:gllil'VI~eJ~1'ULnrusrJ'lleJ.:Jn1'JrllilL~eJn ~1'U1'U 461 ~'U "il1f1~'UoV11VIIil?feJ'U'\o1.:J'VIlJiil 1,140 ~'U 

VI~ .:J "il1 f) vl1 f) 1 'J EJ 1 CJ ~ 'U oV 11 ~ .:J 'VIlJ lil ~ .:J LL tJ ~ .:J 'U 1 "il1 n,! 'U vl1 n 1 'J rllil L ~ eJ n l lil CJ 1 -ff L 1"1 ~ eJ .:J VllJ 1 CJ 

~L~'ULeJ~1mi':Siiltl'UV'U Bph3 LL~~ wx llilCJL~lJ~'U~1CJf11'JrllilL~eJn~n~ru~oV11L'VIUCJ1 L~eJ~'U'VI1 
~ 'UoV 11"' 1 CJ~ 'U 6'\.J ~'U tJ 'J ,:J~ij fJ ~ ~ ~'lJ eJ.:J V'U 1"11'U l")lJ ~ n~ru ~orr 11 L 'VIU CJ 1 L iJ 'U LL 'U 'U lei llJ l'IJtl"' LL~ ~ 

' , ' 
Lm VleJ b 1'11n?t 'VI~.:J"il1nv11m'J~1 t~1 VIU~'Ui11~'JeJiil:gilil~.:J 461 ~'U ~u11 iJ"il1'U1'U~'Ui11?t1CJ~'U'6 

' 
U~'UU'J.:J~iJfJ~~~'lJeJ.:JV'U wx LU'ULL'U'Ule1llJ1'1Jtl?f'lJeJ.:JoV11L'VIUCJ1 (VVJ!?GD/RGD) "il1'U1'U 89 ~'U ~'UoV11 

' 
~iJfJ~~~'lJeJ-.lV'U wx LU'ULLuu1vllJ1'1Jn?t (VVJ!?41R4

) "il1'U1'U 166 ~'U LL~~~'UoV11~iJfJ~~~'lJeJ-.1V'U wx 

LU'ULL'U'ULmVIeJ b 1'1Jn?f'lJeJ.:JoV11L~1 (WJI?41
R

4
) "il1t11'U 206 ~'U "il1nJ'Uv11m'J1 iLI"1~eJ.:J'VIlJ1CJ~L~'ULeJ~ 

1n~:SiilV'U Bph3 L ~elvl1 n1'Jrllil L~eJn~'U~iJV'U~1'UV11'UL ~~CJm~ llillil~J11il1~ (Bph3R41R4
) 

f11 'J 1 .ff Lrl ~ eJ.:J 'VIlJ 1 CJ ~ L~'U LeJ'li1 CJ 1 'U f11 'J rllil L~ eJ f)~ n~ru :mJ 1'VIlJ 1 CJ ~ .:J 2 'V1 'U -J1 

?11lJ1'Jt1 LL u.:Jn~lJ haplotypes lil1lJ~n~ru~~1 'U 1 VIti~ Lnlil~'U'VI~eJiil1lJB~~~'lleJ.:J V'UL D1'VIlJ1 CJ~1~~u 
"il1f1?11CJ~'U6mJ (RGD11259-1-9-25) LL~~?f1CJ~'U6YleJ (R4-4-2-134-18-57) 1~"iJ1'U1'U 5 n~lJ ~-.1-Q 

' ' ' .J 
(lil1'J1.:JVI 4.6) 

n~lJ H 1: n~lJi11~iJm t~1 VIti tJ'J~neJu~1CJ ~n~ru~i11L'VIum~iJ~~~~'lleJ.:JV'U 
' ' 

wx LU'ULLuuLmVIeJ h1'1Jn?t (VVJ!?601
R

4
) LL~~~n~ru~~1'UV11'UL'V1~CJm~ llillil~J1m~~iJ~~~~ Bph3 

LU'ULLuu 1e11lJ1'1Jn?t (Bph3R41R4
) Vln~hLL'VItl.:JLI"1~eJ.:J'VIlJ1CJ~L~'ULeJ "i11t11'U 6 ~'U 

n~lJ H2: n~lJoV11~iJ~1 t~1 VIti tJ'J~neJ'U~1CJ ~n~ru~oV11L'VIUCJ1~iJ~~~~'lleJ.:JV'U , , 
wx L U'ULL uuLeiL VleJ b 1'1Jn?t (w>i'601R4

) LL~~~n~ru~~1'UV11'UL'V1~CJm~ llillil ~J11il1~~iJ~~~~ Bph3 

LU'ULL'U'ULeiLVIell'J1'1Jtl?f (Bph RGD/R4
) f'lf11'11LL'VIU-.1Lr1~eJ.:J'VIlJ1CJ~L~'ULeJ "il1'U1'U 176 ~'U 

n~lJ H3: n~lJoV11~ij~1 'U1 VIti tJ'J~neJ'U~1CJ~n~ru~i11 L 'VIUCJ1~iJ~~~~'lleJ.:JV'U , , 
wx L U'U LL uu lei 1lJ1'1J n?t (VVJ!?601R60

) LL~ ~~ n~ru~ ~1'UVI1'U L 'V1 ~ CJ m~ llillil ~J 11il1 ~~hJiJ V'U Bph3 

(8ph3RGD/RGD) VJf11'11LL'VIU.:Jbr1~eJ-.l'VIlJ1CJ~L~'ULeJ "iJ1'U1'U 74 ~'U 

n~lJ H4: n~lJoV11~ij~1'U1VIti U'J~neJ'U~1CJ ~n~ru~i11L~1~iJ~~~~'lleJ.:JV'U ' , 
wx L U'U LL uu lei 1lJ1'1Jn"' (WJI?41R4

) LL~ ~ ~ n~ru ~ ~ 1'UVI1'U L 'V1 ~ CJ m~ llillil ~J 1m~~ iJ~ ~ ~ ~ Bph3 

b U'Ubb uu 1ei 1lJ 1'1Jn?t (Bphf41R4
) VJnl'l1 LL 'VItl.:J Lr1~eJ.:J'VIlJ1CJ~ L~'ULeJ "i11t11'U 1s2 ~'U 

n~lJ HS: n~lJi 11~ij~1 'U 1 VIU tJ 'J~ n eJ'U ~1 CJ ~ n~ru~ L 'VIU CJ1 LL~~i11 L~1~iJ , , 
B~~ m U 'U ~.:J bL 'U'U lei llJ1'1J tl?f Lb~ ~ Lm VI eJ t'J1'1Jtl?f'lJeJ-.loV 11~-:J?feJ.:J'IJUiil (w>fGDIRGD or w>fGDIR4 or 

w>I'41R4
) LL~ ~ ~ n~ru ~ ~ 1t1 VI1'U L ~ ~ CJ m~ llillil ~J 1m~ ~iJ v 'U Bph3 ij m'J Ln lil ~1"1 eJlJth 'U i'U 'll eJ -.1 

1'11Lb'VIU.:JLI"1~eJ.:J'VIlJ1CJ~b~'ULeJ~1-ffri'lilL~eJn~.:J 3 1'11LL'VIU.:J 1~LLn RM589, SSR24 LL~~ RM588 

"il1'U1'U 53 ~'U 
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(;11'i1.:1~ 4.6 n1'i:ij1u'Unn~~ Haplotype (H) UGI~~L'U1vnJ L'Utb~"l11n'i F2 :ij1'U1'U 461 

i;~1fi~'UlS m~e:J.:Jf'i'th~ne:JU"lfe:J.:I~'ULihVI~1fl~ije)GI~GI"lle:J.:Ii;~1fi~'Ul51'!X~'ULthVI~1fl • • 
~f'l1Uf'l~"n'liru~~1'U'V11'UL v.~fln'i~ L(;l(;l~J1mG~ UG~~Gln'l.iru~-b'11 L 'VIUfi'J ~1n m'i • 

QJ ~ II d 
f'l(;ILGie:Jtl(;l'Jf!Lf'l'ie:J.:I'VI~1fl RM589, SSR24, RM588 LLGI~ Wx-Glu23 

Haplotypes Genotype of F2 population Number of plant 

H1 wJ!GDIR4 and Bph3R4IR4 6 

H2 
RGD/R4 

and Bph3RGDIR4 176 wx 

H3 wJ!GDIRGD and Bph3RGDIRGD 74 

H4 wJ!41R4 and Bph3R4/R4 152 

HS other recombination of Bph3 and wx 53 

Total 461 

'il1flfll1l'l~ b~e:Jnl~CJ~n~ru:::~1 'U 1 'VlU"I.l&.:Jn~~ H5 ~'\Jl1 i1m1bn~~Ae:J:WU b 'U.a''U 
' 

m CJ 1 'U'\J~ b 1ru8'U Bph3 1:::Vll1'1\?ll bb VIU'IbA~e:J'IVI~1CJ~bB'Ube:J~1 m 'U!'l(;lb~e:Jfl~fl~ru:::ai'1'U'V11 'U b ~~ CJ 

m:::1~~~J1m~~'~ 3 vl1 bbVIU'I1~bbtl RM589, SSR24 bb~::: RM588 ~.:~iJ~.:~~bU'U~n~ru:::-if11bV1Um 
~i15~~mU'ULL'\J'\J 1®"1~161lnl:l (wJi601R60) ~n~ru:::-if11b~1~i15~~mtJ'Ubb'\J'\JL®"1:w161lnl:l (wJi41R4) Lb~::: 
~n~ru:::~.:~-if11L~1-if11b VIUCJ1~i15~~mU'Ubb'\J'Ub®'b'Vle:J b 161lnl:l (wJi601R4) m:w~1\il'U ~1'U1'U~'IVI:W~ 
53 ai''U th:::ne:J'\J~1CJ 1) l:l1CJ~whH'Ut.h.:~al'U~bU'UoU11bVIUCJ1~i15~~mtJw.b'U'\JL®'1:w161lnl:l 

' ' 
(wJiGD/RGo) ~i1m1 Ln~~f'le:J:wu L 'U.a''U u~L 1rul'l1 LL Vitl.:~8'U aph3 'il1 nm1l'l(;l L~e:Jn1~ CJ1-liL A~e:J.:~VI :w 1 CJ 

~LB'U L e:J~'Il:l1 :w l'l1LL Vlu .:~ ~1'U1'U 15 ai''U 2) l:l1CJ~'UthJ-ruu1.:~al'U~iJI'l1 Lb'v'lu..:J8'UL tJ'U-i111 b~1~i15~~~ 
' ' 

LU'ULLu u 1®"1:w161lnl:l (wJi41R4) ~i1m1Lil~~Ae:J:wuL'U.a''U'U~nrul'l1Lb'v'lu.:~8'U Bph3 'il1nm1l'l~L~e:Jn L(;ICJ 

1-liLA~e:J'IVi:IJ1CJ~LB'ULe:J~'Il:l1:Wvl1LbVIU'I~1'U1'U 14 ai''U Lb~::: 3) l:l1CJ~'U6u-ruu1.:~ai''U~iJ5~~~"1.le:J'I8 'U 
' ' 

wx bU'Ubb'\J'U b®' L'Vl e:Jb161lnl:l (w0 601R4) ~lJfll1bfl~~Ae:J:WUb'U.a''Uu~nrul'l1LLVIU'I~'U Bph3 'il1tlfll1 

l'l~ L~e:Jn1~ CJ 1-liLA~e:J'I VI:W 1CJ~ LB'U L e:J~'Il:l1:Wvl1Lb VIU'I~1'U1'U 24 ai''U 'il1tl tl11bn~~Ae:J:wu b 'Ui'U u~nru 
vl1 bb VIU'I"IJ e:J'I8'U Bph3 ~'I l:l1 :IJ vl1 LLVIU '1"1.1 e:J'I LA ~e:J'IVI:IJ1 CJ ~ LB 'U L e:J iJ 1U bb 'U 'U Lfl ~~A e:J:IJU b 'U otl'U 1~ Vl fl 

~ ' 
1'11LLViu'I"I.Je:J'ILA~e:J'~Vi:IJ1CJ~biJ'Ube:J~1.Ul'l~b~e:Jn u1:::ne:J'\J~1CJ 1) Ln~~Ae:J:wuL'Uotl'UoJ1'U1'U 1 1'11bbVIU'I 

2) L fl(;l~Ae:J:WU L'U.a''UoJ1'U1'U 2 vl1LLVIU'I bL~::: 3) bn~~Ae:J:WUL'Ui'U oJ1'U1'U 3 vl1LLVIU'I 

4.4.4 n1'iU'i~bil'UL~e:J~'U~'Uf'l11~ai'1'U'V11'Ub v.~fl n'i~ b(;l(;l~J1(;116lL 'UU'i~"111n'i-li11i1~'U~ F3 • 
!'l~ L~ e:Jfl ai''U-if11l:l1 CJ~'UijtJ -r'\Ju 1 'IU 1:::'/l1 m F2 ~lJ~'U5m1:W"I.l e:J'I8'U L {hVI:W1 CJ~'Il:le:J'I 

' , ' 
vl1LL VIU'I tJ1:::ne:Ju~1CJ vl1LL VIU'I8'Uai'1'UVl1'UL ~~CJmd~~~J1(;11~ l'l~ b~e:Jn5~~~"1.le:J'I~'U Bph3 b U'U 

LL'U'U L®'l:W hnl:l (Bph3R41R4) bb~:::vl1bLVIU'I"I.le:J'I8'Um'U~:W~fl~ru:::-if11 bVIUCJ1A~L~e:JflB~~~"I.le:J'I8'U wx 

LU'ULLuuLmVle:Jb161lnl:l (w0 601R4) o51'U1'U 6 ai''U ((;1111'~~ 4.6) L~e:J1m'Um1ri'~L~e:Jn1'UtJ1:::'1l1m F3 

~'l'il::: 1~e-J~ tl1 1Vl(;l~e:J'~1 'Ubb~~:::4'U(;le:J'U lil'l~e:J 1 ud 

4.4.4.1 tl11A~L~e:JflU1:::'1l1m-&1~'U~ 3 (F3) 1~CJ1oli~n~ru:::YJ1'U1Vlu , 
fl 11U 1::: b:W'U A1 1:W aJ 1'UVl1'U L ~ ~ CJ fl 1::: 1~ ~ ~J 11'11 ~ 1 'U 1::: CJ::: ai''U n il1~ e:J 1 CJoU11 

' 
7 i''U "I.Je:J.:~-if11l:l1CJ~'U~tJ-ruu~'~tJ1:::'1l1m F3 ~i15~~~"1Je:J'I8'U Bph3 LU'UbL'Uu1®"1:w161lnl:l (Bph3R41R4) 
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LL"'::!~eJ"'~"''1Je:J-:!~tl wx L'Ut!LL'U'I.m:JLVle:J1'J1"1fnG'l (vvJi601
R

4
) ~1tl1tl 6 G'l1CJ~t!61~LLn RGD13117-27, 

' 
RGD13117-36, RGD13117-115, RGD13117-331, RGD13117-360 LL"'::: RGD13117-364 vn .. rh 
LLMl-:!rh AUC '1Je:J-:J'j::!lii\JA11l.l~1t!V11t!L~~CJfl'j::!1~~~hl1mm.J'J::!'ll1m e:J'\.J"''j1'lJ51'U ~-:!LL~ltl~ 

' 
6 DAI ~-:~ 12 DAI Vl~.:Jn1'j'U~e:JCJLLlJ"'-:!L.rr1vh"1CJ~tl.rr11 L'Vhnu 36.00, 23.67, 30.00, 22.33, 

38.67 LL"'::! 37.67 VJ1'j1-:JiJ"'~Ll.lm ml.J~11ii''U L~e:J'Vhn1'j'LU~CJ'ULVlCJ'UV11-:JG'l~~~ (5% LSD) tl'U 

G-11 CJ ~ t~fi~ eJ R4-4-2-134-18-57 L ~ e:J'Vh fl1 'j rl ~ L~ eJ n-rr 11 L VltJ CJ1 G-11 CJ ~tlfitJ .Yu tJ 'j -:!~.:! Vl fl G-11 CJ~ tlfi 
'I , 'I 'I 

yj'I.Jl1 ~ LYlCJ-:1 3 G'l1CJ~tlfi LvhJt!~~1t!Lflru6f1fl1'jfl~L~e:Jfl1t!~t!VIe:Jt!d 1~LLn RGD13117-36, 
' c1 Q..l ~V I d I V !I 

RGD13117-115 LL"'::: RGD13117-331 "ll-:!G'l1CJ~tl5~-:JflmT'il::!lJA1 AUC '1le:J-:J'j::!~'UA11l.Jmt!V11tl 
' 

L yj~CJ m::: 1~~~J1m"'~~rh~1 ~-:! LLG-1~-:1 1 ~L i1t!l1iifl11l.J~ 1t!V11tl~e:Jfl1'j'L .rr1vh"' 1 CJ'1Je:J-:J L yj~ CJm::: 1~~ 
~J1V11"' 1~CJ~~1 AUC L'Vlltl'U 23.67, 30.00 LL"'::! 22.33 (1)1'j1-:JiJ"'~Ll.lm (1)1l.J!;\'1\9i'u G'l1CJ~t!6 

' 
tJ.Yu'\.J'j-:J~-:JG'l1l.ldii'j:::lii'um1l.l~1t!V11t!L 'V'j~CJm::: 1~~~J1V~1"' hJiim 1l.l LLV~fl~1-:J nt!V11-:JG'l~~ (P>0.05) 

' 
n'UG11CJ~t!6~e:J R4-4-2-134-18-57 L~e:J-:!~1fle:J~1t!'li1-:!~1 AUC ~ 23.67±11.58 (1)1'j1-:JiJ"'~Ll.lm ' ~ I I I lJ I 

(fl1yjVl 4.6 .fl1yjVl 4.7 LL"'::: (1)1'j1-:JVl 4.7) ~1fl'IJt!U1G'l1CJ~t!6Vl~1tlfl1'jfl~L~e:Jfl~1tl1tl 3 G'l1CJ~t!6 
' ' 

lii'-:~n~111 '\.J'\.J'j:;: Lilt!~m~ru:::L th'Vlm CJ~-:JG11l.l~ fl'l3ru::: 1 u~t!V~e:JU~ eJ 1 tJ 

~1UG'l1 CJ~U 6L U~CJ'U L V1 CJ'U~~ l1lJ tl1~ 1 mnu~u Dfl 'j'jl.J L~ CJ1 nu tJ 'j:;! fl€1'\.J ~ 1 CJ 
' ... ' 

G'l1CJ~tl~~~er"'~"''1Je:J-:~~u Bph3 LtluLLuu1eJ"1lJ1 "1l nG'l LL"':::er"'~"'"''1Je:J-:~~u wx LUt!LLuu 

1eJ"1lJ1"1fnG1'1Je:J-:!-rr11L:if1 (8ph3R4/R4
, vvJl41R4

) ~1U1U 79 G'l1CJ~U~ LL"'::! G11CJ~tl~~hJij~tl 8ph3 LL"'::! 

Luu.rr11LVltJCJ1~~er"'~"''1Je:J-:~~u wx LtluLLuu1eJ"1lJ1"1fnG'l (Bph3RGD/RGo, vvJlGD/RGo) ~1u1u 

5 G'l1CJ~t!6 'V'j'I.Jl1 .rr11U'j::!'lJ1m F3 LV!~1d LLG-1~-:!~1 AUC '1Je:J-:J'j::!lii''UA11l.l~1UV11ULyj~CJm~1~~ 
' 

~J1m"'e:J~'j::!Vll1-:! 13.33 - 42.33 VJ 1 'j1 -:J iJ"~Ll.lm 1~CJ.rr11G'l1CJ~UfimJ (RGD11259-1-9-25) LL"~ 
~ ' 

G11CJ~tlfi~e:J (R4-4-2-134-18-57) LLG'l~-:J'j~lii''UA1 1 l.J~1UV11U AUC = 48.67 LL"'~ 23.67 (1)1'j1-:J 
' 

iJ"'~Ll.lm V~1m=h\9i'u LL"'~~ufim1~G'le:J'U~1t!V1 1 U (Rathu Heenati) LL"'::!ele:JULL€1 (TN1) LLG-1~-:!~1 
' 

AUC L'Vhnu 6.00 LL"'~ 50.67 (1)1'j1-:JiJ"'~Ll.lm ml.lci'11ii''U (myj~ 4.6 LL"'::: VJ1'j1-:J~ 4.8) 

G11CJ~u~~~er"'~"''1Je:J-:~~u aph3 LuuLLuu1eJ"1l.J1"1lnG'l LL"'~er"'~"'"''1Je:J-:~~u wx 

LtluLLu'U1eJ"1lJ1"1fnG1'1Je:J.:J.rr11L:il1 (Bph3R41R4
, w.x'l41R4

) ~1u1u 79 G'l1CJ~tl~ Vl~.:J~1n~m'\f'j~CJm~1~~ 
~J1mm .rr1vh"' 1 CJ 'V'j'I.Jl1 G11CJ~u6.rr11~vh fl1'j'Vl ~G'le:J'U ~-:J'Vll.l~ ~ e:Jtl.rr1-:~~1UV11UL ~~ CJ m~ 1~ ~ 

' 
~J1m"'U'j::!'lJ1md 1~ CJ~ L Y1 CJ-:1 9 G11CJ~t!6 ~hJ~1tlfl1'jrl~ L~e:JflL~e:JLU~CJ'U L Yl CJ'U nu.rr11G'l1CJ~u6 

' ' 
R4-4-2-134-18-57 ~ LL G1 ~-:! ~ 1 AUC = 23.67 ± 11.58 \91 1 'j 1 .:! :iJ"' ~ Ll.J VI 'j 1~ LL n RGD13117 -100 

Lvhnu 39.33, RGD13117-195 Lvhnu 35.33, RGD13117-264 Lvhnu 39.33, RGD13117-300 

Lvhn'U 37.00, RGD13117-386 Lvhnu 42.33, RGD13117-404 Lvhnu 35.33, RGD13117-422 

Lvhnu 37.67, RGD13117-428 Lvhnu 37.00 LL"'::! RGD13117-451 Lvhnu 37.67 VJ1'j1-:J 

iJ"'~Ll.JVJ'j ml.lci'11ii'u hw.rr11~-:1 9 G'l 1 CJ~u6 d ~'j~lii'um1l.l~1UV11t!L~~CJm~hwl~J1m"'~~1fll1 
' 

G-11 CJ~tlfi~e:J€1 ~1-:J~i!mhf1 ru V11-:!G'l~~ (P>0.05) ~1tl G-11 CJ~U fi~ L Vl~ €1'11 e:J-:1-rr 111 U fl ~l.Jd ~1tl1U 
'I v 'I 'I 

70 G'l1CJ~ufi G'l1l.J1'jfl~1UV11t!L ~~ CJm::: 1~~~J1m"'U'j::!'lJ1md bL"'~cJ-:!A -:J ~'j:;:\9i'um1l.l~1U'Vl1U hJ 
' 

LLV!fl~1-:!V11-:!G'l~~ (P>0.05) nu.rr11G'l1CJ~ufi~e:J (m~~ 4.6 LL"'~ VJ1'j1-:J~ 4.8) 
' 
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~J~1";i1\l~ 4.7 n1";i~~L~Bn~n~ru::~1'U'VI1'UL'W~f!n";i::1~~aJ1~J~1(;l"'..B\I'lh::"1.11n";i F3 ~1'U1'U 
6 6f1f!-w'u5 ~ij~"~""'..B\I~u Bph3 LiJuuuu1v1~1sztn6f LL!;l::ei"~""'..B\I~u wx Ltlu • 
LLumm'VIB h1sztn6f (Bph3R4/R4

, ~Go/R4) 1~ flti~u-n'11B1~ 7 1u Ltl~flmViflu 

BPH resistance 
Genotypic selection31 

Selected F3 evaliation 
Entry 

lntrogression lines Phenotypic 
AUC11 

selection21 Wx-Glu-23 RM589 SSR24 RM588 

Parent RGD11259-1-9-25 48.67 X RGD RGD RGD RGD 

Parent R4-4-2-134-18-57 23.67 I R4 R4 R4 R4 

1 RGD13117-27 36.00 X H R4 R4 R4 

2 RGD13117-36 23.67 I H R4 R4 R4 

3 RGD13117-115 30.00 I H R4 R4 R4 

4 RGD13117-331 22.33 I H R4 R4 R4 

5 RGD13117-360 38.67 X H R4 R4 R4 

6 RGD13117-364 37.67 X H R4 R4 R4 

5%LSD 11.58 

mean 27.53 

CV(%) 26.10 

'VI~1m'VI\JI : 11 AUC Vll.l1CJ()-:J -li'vl.l~LU'U~'U~1~m1vJ (Area under curve; AUC) LL~~-:J";i~\ii'mn1l.l . ~ 

L~CJ'\111 CJ Li1mm L ~~ CJ m~ 1~ ~ ~J 1 Vl1 ~ L -iJTvh m CJ ~-:J LL~l'U LL ";if1~U'UVi n-if eJlJ ~ lil'U({-:Jl'U 
~ ~ 

1.1 vd tl 

~~'V11CJ"'..eJ-:Jf11";i'U'U'VIf1"1.1eJlJ~ , ~ 

21 1 Vll.l1CJ({-:J ~1CJ~'U5-ii'11~~1'Uf11";irl~L~vn 1~CJ 1.ff~n~ru~VJ1 'U1 'VIU , 
X Vll.Jlt.J({-:J ~1CJ~'U5-iJ11~1JJ~1'U f11 ";iA~b~eJn 1~CJ 1.ff~n~ru~VJ1 'U 1 'VIU , 

31(H) Vll.l1CJ()\I Heterozygous ";i~whreY~~~"'..eJ-:J~1m~\JqvhmJJ (RGD11259-1-9-25 

nu R4-4-2-134-18-57), (RGD) Vll.ll CJ({-:J RGD11259-1-9-25 allele (~1CJ~'UBLLll) • 
LL~~ (R4) Vll.l1CJ({-:J R4-4-2-134-18-57 al lele ( ~1 CJ~'U5vlv) , 

~ 1 CJ~'Uq~1JJiJ~'U Bph3 bL~~ iJ e]"~ ~"'.. eJ -:J ~'U wx bU 'ULb'Uu1er1lJ1"1fn~"'..eJ-:J-iJTJ 
LVIUCJ1 (Bph3RGD/RGDJ ~GD/RGD) -:6'1'U1'U 5 ~ 1 CJ~'Uq ~'Ul1 ~,:) 5 ~1CJ~'Uq 11ii'Lbtl RGD13117 -120, 

RGD13117-144, RGD13117-175, RGD13117-287 bL~~ RGD13117-330 bL~~-:Jrh AUC Lvhnu 

38.00, 34.00, 21.67, 36.67 bL~~ 30.67 V1 1 ";i1-:JiJ~~Ll.lm Vl 1lJ~11ii''U bL~L~eJLU~CJ'UbVlCJ'Utl'U~1CJ 
~'U5yjv R4-4-2-134-18-57 (AUC = 23.67±11.58) ~'Ul 1 il~ 1 CJ~'U5tH'U'tb-:J~~1'Uf11";irl~b~vn , , , 

' " 0 Q..l .. d ~ IJ' Q..l 

lil1'U1'U 3 ~1CJ~'Uli fleJ RGD13117-144, RGD13117-175 LL~~ RGD13117-330 "lf-:J"'..11'VI-:J~1l.l~1CJ 
' 

~'U5-d' ilf11 AUC "'..eJ-:J";i~\ii'um1l.l~1 'U'VI1'Ub ~~ t.1md~~~J1m~ 1JJLLVl f1 ~1-:Jnu 'I111~1CJ~'U5yjeJeJ~1-:J 
' ' 

il11m11At1J'VI1-:J~~~ (P>0.05) (m~~ 4.6 bb~~ V11 ";i 1 -:J~ 4.8) 



UBN {2003) 
60.00 

F3 selected 
50.00 

40.00 -'-

R4-4-2-134-18-57 mean±LSD : 
23.67±11.58 

u~ ---------------------------

~ 1 30.00 
I 
1 20.00 

• • • 

L..---
10.00 -tttHftltttiltttirtttfttttttttHttlltttirtttftHtttffiHttltttHrtttt1Htttffitttt1tttttttttttttHtt1tttH~ 

0.00 

F3 populations 

RGD13117-331 

RGD13117-36 

RGD13117-115 

0 

• • • 

F3 population 

Rathu Heenati 

RGD11259-1-9-25 (Parent) 

R4-4-2-134-18-57 (Parent) 

TN1 
I i/ I !a/ iJ' 
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.fl1WVi 4.6 iiJ'lJVibvlm"1W (AUC) -a:::~Ufl'J1~vl1'lJ'VI1'lJbW~EJm:::1~~~h11ml;'l"lJf:HlU'a:::'tl1n"a F3 

.n1w~ 4. 7 -a::: ~u fl 11 ~ vl1'W 'VI1'W b w ~ EJ n -a::: 1~ ~~hi 1 IP11 1;'1 "ll e:Hlii'1 1 b 'Viii EJ'J~ 1 EJ ~ 'lJ 5tJ ~U'I.h-:~ • • 
tJ-a:::'t11n-a F3 ~e.i1'Wn1-a~~b~Bn liJ1'lJ'J'lJ 3 ~1EJ~'lJ51~EJbb~l;'l-:Jt1-a:::'tl1n-a • 
flUI;'l'a1'tl6'1ii (RH) 'Vi~1EJ~-:I Rathu Heenati, (CNT1) 'Vi~1El~-:l R4-4-2-134-18-• 
57 (~1EJ~'lJ5..-ieJ), (1) 'Vi~1EJ~-:J RGD13117-36, (2) 'Vi~1EJ~-:J RGD13117-115, • 
(3) 'Vi~1EJ~-:J RGD13117-331 bbl;'l::: (0117) 'Vi~1EJ~-:J RGD11259-1-9-25 

(~1EJ~'lJ~bb~) bbl;'l::: (TN1) 'Vi~1EJ~-:J Taichung Native 1 
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1'11'i1.:J~ 4.8 n1'i~l'lb~llmln'l?fru~~1'UV11'Ub~~~m~11'11'1~hl11'11lil"l.leN'lh~"ll1m F3 bl'l~li~u'li11 
ll1~ 7 1u btJ'i~ubVi~untJ6f1~~u5V'imbli bblil~ 6f1~~u5btJ'i~ubVi~u~1'UV11'Ubblil~ • • • 
eie:Jubbll 

Entry 
Selected F3 Phenotype Genotype on Chr.6v 

lntrogression lines AUC11 Wx-Glu-23 RM589 SSR24 RM588 

Parent RGD11259-1-9-25 48.67 RGD RGD RGD RGD 

Parent R4-4-2-134-18-57 23.67 R4 R4 R4 R4 

Cheek IR57514 36.67 IR IR IR IR 

Cheek Rathu Heenati 6.00 RH RH RH RH 

Cheek RD6 38.67 RD6 RD6 RD6 RD6 

Cheek TN1 50.67 - - - -

1 RGD13117-11 24.67 R4 R4 R4 R4 

2 RGD13117-27 36.00 H RGD RGD RGD 

3 RGD13117-35 23.33 R4 R4 R4 R4 

4 RGD13117-36 23.67 H R4 R4 R4 

5 RGD13117-115 30.00 H R4 R4 R4 

6 RGD13117-331 22.33 H R4 R4 R4 

7 RGD13117-341 30.00 R4 R4 R4 R4 

8 RGD13117-354 22.33 R4 R4 R4 R4 

9 RGD13117-360 38.67 H R4 R4 R4 

10 RGD13117-364 37.67 H R4 R4 R4 

11 RGD13117-367 21.33 R4 R4 R4 R4 

12 RGD13117-120 38.00 RGD RGD RGD RGD 

13 RGD13117-175 21.67 RGD RGD RGD RGD 

14 RGD13117-330 30.67 RGD RGD RGD RGD 

90 RGD13117 -460 13.33 R4 R4 R4 R4 

5% LSD 11.58 

mean 27.53 

CV(%) 26.10 

'Vi~1Vb'Vil'l: 11 AUC 'Vi:lJlCJfi..:J -ii'B:Wlilbtl'U~'U~11'lm1yj (Area under curve; AUC) bb?f~'l~~lii''Ufl11:W . ~ 

b~mnm~mm b ~~CJ m~ 1~~~J1 mi;'1 b oii'TvhmCJ ~..:J bb~l'Ubb ~n~u'UVi n-ii'B:wml'Ufi..:Jl''U 
~ ~ 

?f ~Vf1 CJ"IJB..:J nl'JU'U Vi n-il B:W 1;'1 ' ~ 
21 1 'Vi:WlCJfi..:J ?f1CJYr'U5-ii'11~~1'Unl'J~~b~Bn 1~CJ 1-ff6ln'ttru~YJ1 'U 1vn'i 

' 
X 'Vi:WlCJfi..:J ?f1CJYr'U6-i111~hJ~1'Unl'J~~b~Bn 1~CJ 1-ff6ln'ttru~YJ1 'U1vn'i 

' 31(H) 'Vi:lJlCJfi..:J Heterozygous 'J~'Vi''J1..:JeJ(;'1~1;'1"lle:J..:J?f1CJYr'Uq~mbd.i (RGD11259-1-9-25 

nu R4-4-2-134-18-57), (RGD) 'Vi:WlCJfi..:J RGD 11259-1-9-25 allele (?f1CJYr'U5bbd.i) 
' 

bb1;'1~ (R4) 'Vi:WlCJfi..:J R4-4-2-134-18-57 allele (?f1CJYr'U5~B) 
' 
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4.4.4.2 m"j1otlbfl~eJ-:J~:W1tJ~b~h.Jbv'li·w1um"jA~b~vmh~'ll1m-B'1~U~ 3 (F3) 
' 

":il1n n1'HJ1tJI'i'U orr 11Vl ~ G'1el'lH'l-:JU~ n 1 U bb U ~-:J"'ihU1U 3 G'11tJYrufi ~cJ 1U n1<j 
'U ' 

A~b~eJn (~1-rrv~ 4.4.4.1) ~~-:Jn1"jU"j~biJUL'ViitJm~1~~~th•n~ b~eJA~b~eJn~m~ru~.rr11b~um 
bb~~~n~ru~m1:w~v:w 1~tJ1otlbfl~eJ-:J~:W1tJ~bBUbeJ bb~~b~eJG'1~1-:JU<j~'IJ1m F4 'VitrJ1 :WI'i'u.rr11~ 
G'11:W1"jmeJ~~il'lbb~~:ner~~~'1JeJ-:~~umLJfl:w~n~ru~b'U1~:W1tJ~-:~ 3 ~n~ru~ U"j~neJ'U~1tJ ~n~ru~ 

' 
l'i'1UVl1Ub'ViitJm~1~~~J1m~ ~n~ru~.rr11b~UtJ1 bb~~~n~ru~m1:w~e1:w -:il1u1u 2 l'i'u 1~Lbn 
RGD13117 -115-52 :ner~~~'1Jel-:J~Ufld'Ufl:W~ n~ru~bU1~:W1tJ~-:JG'11:W~ n~ru~bUUbb 'U'U LeJ1:w1snnG'1 

' 
(Bph3R41R4, W>fGD/RGo, badh:fGD/RGo) bb~~ RGD13117-115-53 :ner~~~'1Jv-:~~u Bph3 Lb~~ wx 

bUUbb'U'UL®"L:W1'11nG'1 bb~~e)~~~'1Jel-:J~U bodh2 bUUbb'U'UbeJbVleJLJ1'11nG'1 (Bph3R41R4
, W>fGDIRGo, 

bodh:fGDIR4) (.ll1Vi~ 4.3) 

4.4.5 nT~u ~:aiJ'I..I u "j~~VJ5.n 1'Vi "U B-:~ nT11-tl Lfl ~e1-:~~:w1 v ~ LB '1..1 LB "tl·;w 1 '1..1 n 1"j~ ~ L~ B n 1 '1..1 

'IJ~~<tnm'!i'1'l.rr':d'U~ F4 • 
vl1 n1'j"U "j~ biJtJU"j~~VJ5.n 1'Vi'1J v-:~m "j 1-tl bfl~eJ-:~~m tJ ~ bB u bv'li1 tJ 1 um'j"A ~ b~ eJ n~ n~ru~ 

bU1~:W1tJ~-:~ 3 ~n~ru~ 1u.rr11L~um~eJ:WG'11tJYru5'tJ-j'LJ'tJ<j-:J-:il1'1..11U 2 G'11tJYru5 :W"j1tJ~~b~tJ~'1JeJ-:J~~ 
' ' ' ... 

0 4 Q..l q 

n1"j~1bUU-:J1U~-:J'U 

4.4.5.1 ~n~ru~l'i'1UVl1UL'ViitJm~ 1~~~J1m~ 
m 'j"U"j~ LiJu "j~ tilLJm 1:w 111 1UVl1U'1J v-:JG'11 tJYru 6.rr11 b ~ut11~v:wYru6u -j'LJ u "j -:~~:W 

' ' ' 
eJ~~~'1Jel-:J~U 8ph3 bb~~ wx bUUbb'U'UL®"L:W1'11nG'1 (8phf41R4

, W>fGDIRGD) -:il1U1U 2 G'11tJYru~ 1~bbtl 

RGD13117-115-52(G) Lb~~ RGD13117-115-53(G) ru "j~tJ~I'i'un~1VimtJ.rr11 7 1u bb~~"j~tJ~ 
' 

bbl'lnmJ~mtJ.rr11 25 1u 1~tJ1otlL'ViitJm~1~~~J11'l1~-:il1U1U 4 U"j~'IJ1m 1~Lbn eJ'lJ~"j1'1J51U 
' ' 

'W~ru 1~ n rl1bb 'Vi-:Jb'Vi'IJ"j bb~~ t.hu b~el-:J":i11n n1'j"U"j~ biJU fl11:WI'i'1UVl1U1 tJU<j~'1J1m.rr11~U-d:rJ 
' ' 

G'11 tJYr'l..l5 b u~ tl'U b Vi tl'U ~ Yr~U1:W 1":il 1 n ~1uYru Lif)';i"jlJ b~ tl1 nu~~ el:W1":il 1 n U"j~'IJ1 m b~ tl1 tl'U ~,:)~ b tJ 'U 
' "' ' 

.rr11b~um bb~~.rr11b~1 lii'-:~,Yu ~-:~1-tilii'1~eJ<ff11L~um Lb~~<ff11b~1 bU'U " G " bb~~ " NG " ~e1-:u1n 
"j~ G'1'1J v~.ff 11 G'11 tJYru 5u -j'LJ u "j-:~ ~1 u G'11 tJ Yru 5u -j'LJ u "j -:~~hJ :W ~ u Bph3 (Bph3RGo/RGo) -:u ~ 1-tl , , , , 
(Non-Bph3) ~eJ-:u1m~G'1'1Jv-:J<ff11G'11tJYru~'tJ-j'LJ'tJ~-:~b 'llub~tJ1 nu bb~~Er-:~ 1 -tl'Yru~b u~tJ'U b VitJ'U -:il1u1u 

6 G'11tJYru51~bbtl RGD11259-1-9-25 (G'11tJYr'Ulhb~), R4-4-2-134-18-57 (G'11tJYru5viv), IR57514, 
' ' ' 

CNT1, Rathu Heenati (G'11tJYru51'l"j1":iJG'1eJ'UI'i'1'UVl1'U) Lb~~ TN1 (G'11tJYru5m1":ilG'1B'U~eJ'UbbeJ) 
' ' 

~1~-j'LJm"j 1 ~fl~bb 'U'Ufl11:Wb~tJ~1tJ~ bn~-:u1m 'ViitJm~ 1~~~J11'l1m .rr1v1'1mt1 -:u~ bbG'1~-:~.ffv:w~ L uu~u~ 
'U 

11'i'mTIIj (AUC) '1JeJ-:J"j~lii''Um1:wl'i'1'UVl1UL'ViitJm~ L~~~J1m~ ~-:JLU'Ufl11:WL~tJ~1tJG'1~G'1:W~-:Jbb~l'U 
bb "jn~bnLJ.ffv:w~-:uuti-:~1uG'1~V11tJ 1~tJ AUC :W~1~1 bbG'1~-:~-h <ff11G'11tJYru6,ru., l'i'1'UVl1Ub'Vii tJmd~~ 'U , , I 

~J1m~ bb~~ <ff11G'11t1Yru~~1 :W~1 AUC ~~-:~ bbG'1~-:~11 <ff11G'11t1Yru~,Yu1 BeJ'UbLeJ~m'ViitJm~1~~ 
~J11'l1~ ~-:~~~m'j"VJ~~v-:~~1~:Wiii'-:~~v1u-d 

1) n1"jU"j~biJ'Um1:wl'i'1uVJ1'Ub'ViitJm~1~~~J11'l1~~mtJ<ff11 7 1u 
' 

-:u1nm"jU"j~ biJum1:wl'i'1'UVl1'UL'Vii tJm~ 1~~~J1m~ 1 u~u "j~'1J1 mbb:W~-:1~ 
thmVJ~G'1v'U1 'I.J"j~tJ~ l'i'un~11~tJ 1 i l'i'u<ff11Vl~G'1eJLJ~:WmtJ 7 1u ~~-:~-:u1m 'Vi1~b:w~~ :W"j1tJ~~ b~tJ~ 

' 
'1JeJ-:J"j~til'Um1:wl'i'1uVl1'Ub 'ViitJm~ 1~~~J11'l1~ bb~~~U"j~'IJ1mbb:W~-:~ lil-:~-d' 
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1.1) L~i~mdVJVJ~·hl1VJ1~th:::"ll1m v'U~11"1!51U • 
'Ill r;l''l :U 1 nL ~ i ~ m::: bVJ V1 ~J 11'11 ~ L -rr 1Vh ~ 1 ~ vl'U -rr 11Vl V1 ~B'U L U 'UL 1 ~ 1 

13 i''U'Vlr;l'l 1VJm~l.lLnu.rrmJ~f'l11lJL~~'Vl1~Vln<l i''U ~'lLLvJi''U~ 8-13 i''U'Vlr;l'ltJ"vmLl.l~'l (8-13 DAI) 
" , I 

11l.l-;.\'1'U1'Ui''U~Lnu.rrvl.l~~'l'Vll.JVJ L U'Uc.i:::~:::nm 6 i''U ~~vh1 ~~1~~'Ut5mJ RGD11259-1-9-25 LL~::: " , 
Q,J 4" I I I Q.J Q or::::t, Q,J 4' 

~1~~'U5~B R4-4-2-134-18-57 LL~Vl~f'l1 AUC LV11fl'U 44.5 LL~::: 5.5 V1111'll.J~~Ll.lm ~1tJ~'U5 • • 
LtJ~~uLVi~U~'l 4 ~1~~w51vi'LLtl IR57514, CNT1, Rathu Heenati LL~::: TN1 LL~Vl'lfll AUC , 
LVhnu 34.0, 15.5, 5.0 LL~::: 44.5 Vl111'llJ~~LlJI'lc.i Vl1l.J~1~'U e.J~:U1flfl11VlVl~eJ~ ~'Ul1 

.rr11L'VlU~1~1~~'Ui5tJ-rutlc.i'l-;.\'1'U1U 2 ~1~~u51vi'LLtl RGD13117-115-52(G) LL~::: RGD13117-' . . 
115-53(G) ihf1~'l 1 ~1~~u5 LvhJu~ih:::~'Uf'l11l.Jvl1UV11UhiLLI'lflvl1'lV11'l~~~ (P>0.05) tl'U • 
~1~~u5~v R4-4-2-134-18-57 (AUC = 5.5±10.9) LL~:::~u5m1:U~v'Uvl1UV11U Rathu Heenati • • 
(AUC = 5.0±10.9) ,j'U~v RGD13117-115-52(G) LL~VJ'lfl1 AUC Lvhnu 12.0 V1111~lJ~~LlJV11 

' ' 
~1U~1~~u5 RGD13117-115-53(G) LL~Vl~fl1 AUC LVlltl'U 18.0 Vl111~lJ~~LlJV11 "li'lLljv , 
LtJ~~'ULVi~'UV11~~~~~ (5% LSD) tl'U~1~~u5vl1UV11U~'l~v'l ~'Ul1 ih:::~'Uf'l11l.lvl1UV11U~~1fll1 

"' . 
-rr11Vl'l~B~~1~~u5v~1'lih!mh•i'ruV11~~~~ (P>0.05) LLvJEJ'lf'l'li1m1l.lvl1UV11U~~n11-rr11~1~~u5 

q v \1 Ill 

' ' 
LLli RGD11259-1-9-25 (m~Vi 4.8 LL~::: 1'1111'lVi 4.9) 

1.2) L~i~m:::1VJVJ~J11'11~tlc.i:::"ll1m Vl~ru1~n • 
'lllr;l~:u1 n L~ i ~ m::: bVJVJ~J 1m~ L.rrTvh~1~ ~u.rr 11Vl V1 ~vu L UUL1 ~ 1 

16 i'u'Vlr;l'l L~lJLnu-rrvl.l~f'l11lJL~~'Vl1~Vlfl ., 1u LU'Uc.i:::~:::nm~'l'Vll.JVJ 5 1u 'V!r;l'lv11mc.itl"vmLl.l~~ 
" ' I ~ I Q.J d Q,J I Q,J 4" I Q.J 4' I 

Vl'lLLV11UVl 12-16 1U (12-16 DAI) ~'U11 ~1~~U5LLlJ RGD11259-1-9-25 LL~:::~1~~U5~v , . 
R4-4-2-134-18-57 LL~Vl'lfl1 AUC LVlltl'U 32.0 LL~::: 12.0 Vl111'llJ~~LlJI'lc.i ~1U~1~~u5 • 
LtJ~~uLVi~u-;.\'1U1U 4 ~1~~u51vi'LLtl IR57514, CNT1, Rathu Heenati LL~::: TN1 LL~Vl'lfl1 AUC , 

I Q.l or::::t. .c:::lto o Q.J I ll ~ 

LV11fl'U 28.0, 12.0, 4.0 LL~::: 36.0 1'1111~lJ~~LlJV11 Vl1l.lmVJ'U e.J~:U1flfl11V1Vl~tl'l ~'U11 '1J11L'Vltl~1 

~1~~u5tJ-rutlc.i'l-;.\'1U1U 2 ~1~~u51vi'LLtl RGD13117-115-52(G) LL~::: RGD13117-115-53(G) • • • 
LL~Vl'lfl1 AUC Lvhnu 12.0 LL~::: 13.5 Vl111'llJ~~LlJV11 Vl1l.J~1~'U ~'li1c.i:::~'Uf'l'J1l.J~1UV11U1li 
LLI'lflvl1'lV11'l~~~ (P>0.05) tl'U~1~~u5 R4-4-2-134-18-57 (AUC = 12.0±5.3) (f11~~ 4.8 LL~::: • 

d 
Vl111~Vl 4. 9) 

1.3) L~i~mdVJVJ~J11'11~'\.Jc.i:::"l!1m fllLL~'lL~"Ilc.i 
'Vlr;l'l :u 1 n L~i ~ m::: bVJVJ ~J 1 1'11~ L.rrTvh~1~~u.rr11V1 V1 ~EJu L U'U L 1 ~ 1 

15 i'u'Vlr;l~ L~lJLtl'U-rrtllJ~f'l'J1lJL~~'Vl1~Vlfl ., 1u LUUc.i:::~:::nm~'l'VllJVJ 81u 'Vlr;l~vhmc.itl"EJmLlJ~'l 
" ' I "' ' 

l'l~LLvli''UVi 8-151u (8-15 DAI) ~'Ul1 ~1~~u5LLli RGD11259-1-9-25 LL~:::~1~~u5~EJ , . 
R4-4-2-134-18-57 LL~VJ'lfl1 AUC Lvhnu 63.0 LL~::: 7.0 m11'llJ~~Ll.lm ml.l~1~u 1u'1Jru:::~ 
~1~~u5LtJ~~mVi~u IR57514, CNT1, Rathu Heenati LL~::: TN1 LL~VJ~fl1 AUC vvhnu 50.0, • 

or::::t, Cit. o Q..l I J.J .o::::t Q.J tf 

1 0.0, 7.0 LL~::: 61.7 1'11 11~l.J ~ ~ Ll.J m Vl1l.J ~ 1 Vl'U e.J ~ :U 1 fl fl11Vl V1 ~ tl'l ~ 'U1 1 '1J11 L 'Vltl ~1 ~ 1 ~ ~U ~ 

tJ-rutJc.i~-;.\'1U1'U 2 ~1~~w51vi'LLtl RGD13117-115-52(G) LL~::: RGD13117-115-53(G)) LL~Vl'lfl1 . , 
AUC vvhnu 23.3 LL~::: 33.3 V1111'llJ~~LlJI'lc.i L~EJLtJ~~ULVi~UV11~~~~~ (5% LSD) tl'U 

~1~~u5~EJ R4-4-2-134-18-57 (AUC = 7.0±15.4) LL~:::~u5VJ11:U~El'U~1UV11U Rathu Heenati 
• • 
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(AUC = 7.0±15.4) ~'l.r:h ~1CJ~'U5u~\nJ~ .n~'l 2 ~1CJ~'U5 ll~~vi''Ufl11~~1'U'V11'U'Vit~hn11 , ' ' 
~1 CJ~'Uthiv bb~~~'U B~~'J~~B'U ~1'U'Vl 1 'U eJ~1'1lJiJCJ ~1 ~ru'Vl1'1 ~~ ~ (P>0.05) bb~ b~ eJ b U~ CJ'U b 'ViCJ'U fl'U 

' ' v 

~1CJ~'UBbb~ RGo 11259-1-9-25 ~'Ul 1 .U11 b VliJCJ1~1CJ~'U5u-r'Uu ~'~~'~ 2 ~1 CJ~'U5 ll~~vi''Um1~ 
'I 'I , 'I 

t.l ..::::t I QJ 6' I I oCII V 0 V Q.c:::\ ci .d 
~1'U'Vl1'U'Vl~'lm1~1CJ~'U5bb~BCJ1'1~'UCJ~1flru'Vl1'1~fl~ (P>0.05) (m~'Vl 4.8 bb~~ ~1~1-:J'Vl 4.9) '\} , v 

1.4) b~~CJm~1V1V1~J1~1~'lJ~~"Il1m tJ1'U 

Vi~ 'I~ 1 n b ~ ~ CJ m~ 1V1 V1 ~J 1 ~ 1 ~ b .U 1vl'1 ~ 1 CJ ~'UoU 11'Vl V1 ~B'U b tJ'Ub 1 ~ 1 

14l'UVI~'I b~~btl'UoUB~~fld1~b~CJVi1CJ'Vlfl61 l'U ~'lbb~l'U~ 9-14l'U Vi~'IU~Bmb~~'l (9-14 DAI) 
" ' I 

~1~~1'U1'Ul'U~btl'UoUB~~~'IVi~V1btJ'U~~CJ~nm 6 l'U ~'Ul1 ~1CJ~'UBbb~ RGD11259-1-9-25 bb~~ 
'\} ' 

~1CJ~'UB"flB R4-4-2-134-18-57 bb~Vl'lrl1 AUC bVhn'U 41.3 bb~~ 23.0 ~1~1-:JiJ~~b~m 1'U-vru~~ 
' 

~1CJ~'UB bU~CJ'Ub'ViCJ'U IR57514, CNTl, Rathu Heenati bb~~ TN1 bb~V1'1~1 AUC b'Vlltl'U 28.7, 
' .c::t.Q ov I'V d v6' 

17.7, 15.0 bb~~ 37.3 m~1'1~~~b~~~ ~1~~1V1'U ~~~ 1flfl1 ~'VlV1~B'~ ~'U11 "V11bVi'UCJ1~1CJ~'U5 
' 

'lJ1''UU~'I ~1'U1'U 2 ~1CJ~'U511ii'bbrl RGD13117-115-52(G) bb~~ RGD13117-115-53(G) bb~V1'1~1 
' ' 

AUC b'Vllfl'U 21.0 bb~~ 26.0 m~1'1lJ~~b~~~ ~'llJ~~vl'Ufl11~~1'U'Vl1'U~1~bb~fl~1'1'Vl1'1~~~ 
(P>0.05) n'U~1CJ~'UBvlB R4-4-2-134-18-57 (AUC = 23.0±12.9) bb~~~'UBm1~~B'U~1'U'Vl1'U 

' ' 
Rathu Heenati (AUC = 17.7±12.9) (m~~ 4.8 bb~~ m~1'1~ 4.9) 

4 BPH population at 7 DAS 

70.0 

• AUC of R4-4-2·134-57 meon t LSD: 5.5 t 10.9 
60.0 

• AUC of R4-4-2·134-57 meon • LSD: 12.0 , 5.3 

50.0 • AUC of R4-4-2·134-57 mean , LSD: 7.0 , 15.4 

• AUC of R4-4-2·134-57 mean , LSD: 23.0 , 12.9 

40.0 
u 
~ 
< 

30.0 a UBN{2003I 

• PSL{2003) 

a KPP(201ll 

8 NAN(2003) 

.n1~~ 4.8 -a::~'U~11~~1'U'VI1'Ub~~EJn-a::1V1V1~J11il1~'tl~Hitl-a::'tl1n-a F4 ~eJ1EJi111 7 1'U'VI~'I 
I Ill II ft 

b~1Zb1J~Vl biieJt1nb~~Eln'aZbV1Vl~'IJ1\il1~~1'U'J'U 4 U'aZ'tl1n'a beU1'Vi1~1EJ 
'1.1 
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':i11 fl.fl1V'l~ 4.8 bb?flil\11 ~\ ihJ'J1 .rr11 b VliJcrJ'VItllJ?f1 tJoW'Ueh.J1\HJ1\1~1'UTU , ' 
2 ?f1tJoW'Uq hi'bbri ?f1tJoW'Uq RGD13117-115-52 (Bph3R41R4

, wxA601R60, badh_t?GDIRGD) bb~~ 

RGD13117 -115-53 (Bph3R41R4
, wxA601R60

, badh.t?601R4
) b~en.h~bii'UFn1lJ~1'UVl1'Ub'V'l~tJm~ b\il\il 

~J1m~1'U1~tJ~~'Un~1~entJ.rr11 7 1'U bliltJ1ib'V'l~tJm~11illil~J1m~~1'U1'U 4 th~'l11m V'l'lrJ1 
' 

RGD 13117 -115-52(G) ~1~vi\J Fn1lJ~1'UVl1'U hibb(;lfl~1\l nu.rr11?11 tJoWWh~ m~eJblflb V'l ~tJ m~ b\il \il 
' "' 

~J1mm.h~'111m eJ'\J~11'1Hi1i1 ~~ru1~n bb~~ U1'U b.rrTvhmtJ bb~b~eJblflb'V'l~tJm~11illil~J1m~ , ' "' 
th~'l11m n1 bb'V'l\1 b V'l'/11 b .rr1vhm tJ-rr11b Vli1m?t1 tJ.Wwsvi'\lfl~11':il~~1~vi'urn1l.l~1'UVl1'U~ bb(;lfl~1\l':i11 n , 
?f1tJoWWh~eJeJ~1\I~'I!mh•)ruVJ1\I?fi:i~ (P>0.05) ?i1'U?f1tJoW'UiS RGD13117 -115-53(G) V'l'\Jl1 b~elblfl 

'I v , \I 

b'V'l~tJm~11illil~J1(;11mh~'l11m ~~ru1~n bb~~ U1'U b.rr1vhmtJ -:u~bb?f\il\11~vi'um1l.l~1'UVl1'Ulll 
' 

bb(;l fl~1\l nu.rr 11?11 tJoW'UB~ eJ bb~n 1VI1 flb1fl'lh~'l11 m eJ'IJ~11'11liTU bb~~ n1 bb V'l\1 b V'l'/11 b .rr1v11~ 1 tJ -:u~~ 
, 'U , 

1~vi'u rn 1l.l ~1'UVl1'U~ bb(;l n~1\l':i11 n ?f1tJoW'UB~ eJ eJ ~1\1~'11 mh~ruVl1\l?fi:i~ (P>0.05) eJ ~1\11 1n ml.l 
' u 

-rr 11 b VIti tJ1 ?11 tJoW'U 6'\.J 1'u tJ 1 \1~\1 ?f eJ\1?11 tJoW'UB ir'l R\1~ 1~ vi'u m 1l.l ~ 1'U Vl1'U ~ ?f \1 n11-rr 11?11 tJoW'U 5 
'I 'I , '\J , 

RGD11259-1-9-25 ~\lbU'U?f1tJoW'UBbbll b~eJblflb'V'l~tJm~11illil~J1m~~'~ 4 'IJ1~'111m b.rr1vi'1mtJ 
' "' 

vi'\ltT'U ~ ~ m1tJ 1~ bii'U rn1l.l ~ 1'U Vl1'U b V'l ~ tJ m~ b\il \il ~J 1m~ b\il tJ1 off~ 'U-rr 11Vl \il ?f eJ'\J~~ en tJ 7 1'U 
' 

?f1l.l11bl?f1'1J11ii'·:h -rr11bVIi1tJ1VIeJl.l?f1tJoW'UB'IJ1'utJ1\IU1~'111m F4 ~\1 2 ?f1tJoW'UB ~1~~'\JF111l.l 
'I , 'I 'I 

~ 1'UVl1'U ~?I \I n11?t1 tJoW'UB bbll RGD 11259-1-9-25 bb~.rr11 b Vli1 tJ1VIeJl.l?f1 tJoW'UBU 1'utJ 1 \1~\l?feJ\1 ?11 tJ 
'\J 'I 'I 'I 

G.JI'QJ I QJ d Q.l ll d~ I 0..1 4' 1 d 1/ 
V'l 'U li\il \1 n ~ 11 tJ \1 R \ll.l 1 ~ \il urn 1l.l m'U Vl1'U Vl (;11 m1 ?f 1 tJ V'l 'U li'V'l eJ R4-4-2-134-18-57 bl.l eJ bl m V'l ~ tJ 

' , 'U 

m~ b\il\il~J1\il1~'\J1\IU1~'111mb .rr1vi'1mtJ (m'V'l~ 4.1 o bb~~ (;1111\1~ 4. 9) 

2) fl11U1~bii'UFn1l.l~1'UVl1'Ub'V'l~tJm~11illil~J1m~~entJ-rr11 25 1'U 
' 

-:u 1 fl fl11U1~ bii'U A11lJ ~ 1'UVl1'U b V'l~ tJ fl1~ b\il\il ~J 1(;11~ 1 'U~U 1~'111 fl1 bbl.! ~\I~ 
il1l.l 1Vl \il?feJ'U 1 'U 1~ tJ~ bb(;l n n eJ b\il tJ 1 -tl~'U .rr1TVl \il?feJ'U~ en tJ 25 1'U Vl~\1 -:u1 m V'l1~ bl.l~ \il ~ 11 tJ ~ ~ b5 tJ \il , 
'llel\11~vi'um1l.l~1'UVl1'Ub V'l~ tJ m~ b\il\il~J1(;11~ bb~~~'IJ1~'111 mbbl.l~\1 ~\1-d 

2.1) b'V'l~tJm~1\illil~J1m~tJ1~'111m eJ'\J~11'11li1i1 
' 

Vl~\l':i11 n b 'V'l ~ tJ m~ b\il \il~J 1(;11~ b.rr1v11~1tJ ~'U.rr11V1 \il?feJ'U b U'U b 1~ 1 

16-J'UVI~\1 b~l.lbtl'\J.rrellJ~A11l.lb~tJVI1tJ1'Ubl'U1'UbU'U1~tJ~b1m~\IVIlJ\il 5-J'U Vl~\lvl1fl11U~elt!bbl.l~\l 
'U 

~\lbb~1'U~ 8-16 1'U (8-16 DAI) V'l'Ul1 ?f1tJoW'UBbbll RGD11259-1-9-25 bb~~?f1tJoW'UB~eJ 
' ' 

R4-4-2-134-18-57 bb?f\il\1~1 AUC b'Vlltl'U 72.0 bb~~ 8.0 m11\lii~~blJ(;l1 1'U'llru~~?f1tJoW'UB 
' 

bU~tJ'UbVltJ'\J IR57514, CNT1, Rathu Heenati bb~~ TN1 bb?f\il\1~1 AUC bvhnu 72.0, 13.3, 8.0 

bb~~ 72.0 (;1111\lii~~bl.lm ml.l~1vi'u ~~':il1flfl11Vllil~eJ\I 'V'lu·:h .rr11bVIi1tJ1?f1tJoW'U6tJ1'utJ1\1~1'U1'U 
' ' 

2 ?f1tJoW'Uq 11ii'bbrl RGD13117-115-52(G) bb~~ RGD13117-115-53(G) ~1~~'\JA11lJ~1'UVl1'U~1li 
bb\ilfl~1\1Vl1\l?fi:i~ (P>0.05) nu?t1tJoW'Uq~eJ R4-4-2-134-18-57 (AUC = 8.0±4.3) bb~~oW'UB 

' m1':il?feJ'\J~1'UVl1'U Rathu Heenati (AUC = 8.0±4.3) b\ilt!bb?f\il\1~1 AUC bVhn'U~\I?feJ\I?f1tJoW'UB 
' ' ~eJ AUC bvhnu 8.0 (;1111\lii~~bl.lm (.fl1V'lVl 4.9 bb~~ \il11 1\l~ 4.9) 
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2.2) bi'l~CJmdVIVI~J1ti11~Ll'j~'l11m Vi~ru1~n • 
VI~ -:1 "OJ 1 fl b Yl ~ CJ m~ LVI VI ~J 1m~ b oU 1vhm CJ (1] 'U oU 11Vl VI~ eJ 'U b'U 'U b 1 ~ 1 

16 l'UVI~-:1 b~l.Jbfl'UoU€ll.J~A11lJb~CJVI1CJl'Ubi''Ul'UbtJ'Uj~CJ~b1m~-:!VIlJVI 5 l'U VI~Wllfl1jl.J~eJCJbblJ~-:i 
" v ' 

l'i'-:~bb~l'UVi 8-161'\.J (8-16 DAI) Yl'U'":h ~1CJoW'U5bbli RGD11259-1-9-25 bb~~~1CJoW'U5YleJ • • 
1 I Q.J c:a. ..:::. I Q.J G 

R4-4-2-134-18-57 bb?lVI-:ifl1 AUC bV11f1'U 72.0 bb~~ 14.7 ti11j1-:ilJ~~blJtilj ~1'U~1CJYl'U~ 

bLl~CJ'UbViCJ'U~1'U1'U 4 ?l1CJoW'U5 Hi'bbtl IR57514, CNT1, Rathu Heenati bb~~ TN1 bb~VI-:irh AUC 
' IQJ c:a.c:a. OQ.J It/ ell 

bV11fl'U 72.0, 55.0, 8.0 bb~~ 72.0 ti11'j1-:il.l~ml.lm ti11l.lmV~u ~~"OJ1flfl1'j"VlVI~eJ-:~ Yl'U11 '1J11bVI'UCJ1 

~1CJoW'U5Ll1'utb-:~ ~1'U1'U 2 ~1CJoW'U51vi'bbtl RGD13117-115-52(G) bb~~ RGD13117-115-53(G) ' . . 
bb~VI-:irh AUC bVlltl'U 18.0 bb~~ 23.3 ti11j1-:iii~~bl.ltild ~-:~ih~~'Ufl11lJ(1]1'UV11'U~1libbtilfl~1-:IV11-:i 
~~~ (P>0.05) tl'UoU11?l 1CJoW'U5vleJ R4-4-2-134-18-57 (AUC = 14.7±10.2) (f11Yl~ 4.9 bb~~ 

' 
ti11'j1-:!Vi 4. 9) 

2.3) bi'l~CJmdV~VI~J1ti11~Ll'j~'l11m n1bbi'l-:lbi'l'l1'j 

VI~-:I"OJ1fl b i'l ~ CJ m~ bVIVI~tl 1ti11~ boU1vl1~ 1 CJ(1]'UoU 11VlVI?leJ'U b tJ'U b 1~ 1 

16 l'UVI~-:1 b~lJbfl'UoU€llJ~A11lJb~CJV11CJl'Ubi''Ul'UbtJ'\.Jj~CJ~b1m~-:!VIlJVI 5 l'U Vl~-:ivl1fl1jl.J~eJCJbblJ~-:I 
" ... ' 

l'i'-:~bb~l'UVi 8-16 l'U (8-16 DAI) Yl'U'"Jl ~1CJoW'U5bbli RGD11259-1-9-25 bb~~~1CJoW'U5vleJ ' . 
' 

R4-4-2-134-18-57 bb~V~-:~~1 AUC vvhnu 72.0 bb~~ 8.0 ti11'j1-:~ii~~blJtil'j '1Jru~Vi?l1CJoW'U5 • 
bLl~CJ'UbVi CJ 'U IR57514, CNT1, Rathu Heenati bb~~TN1 bb?lVI-:1~1 AUC bVhnu 72.0, 13.3, 8.0 

bb~~ 72.0 ti11'j1-:iii~~bl.lm ti11l.I~1~'U ~~"OJ1flfl1'j"VlVI~eJ-:~ Yl'Ul1 oU11bVItim?l1CJoW'U5Ll1ul.Jj-:i ~1'U1'U . ' 
2 ~1CJoW'U51vi'bbtl RGD13117-115-52(G) bb~~ RGD13117-115-53(G) ih~~'Url11lJ(1]1'UV11'U1li 

' 
bbtilfl~1-:!V11-:i~~~ (P>0.05) tl'U~1CJoW'U5vleJ R4-4-2-134-18-57 (AUC = 8.0±3.5) bb~~~'U5 

' ' 
m1'1~€l'U(1]1'UV11'U Rathu Heenati (AUC = 8.0±3.5) bVICJ~1CJ~'U5~-:~~eJ-:ibb?lVI-:!~1 AUC bVlltl'U 

' ' ' 
8.0 ti11'j1-:iii~~bl.lm (mi'lVi 4.9 bb~~ m'j"1-:1Vi 4.11) 

2.4) bi'l~CJm~LVIVI~tl1mm.b~ 'l11m th'U 

Vl~-:1'1 1 fl b Yl~ CJ fl'j~ bVIVI ~J 1m~ boU1vl1~ 1CJ (1]'UoU11Vl Vl~tl'U b tJ 'U b 1 ~ 1 

15 l'UVI~-:1 b~lJbfl'UoU€llJ~A11lJb~CJV11CJl'Ubi''Ul'UbtJ'\.Jj~CJ~b1m~-:!VIlJVI 4l'U Vl~-:ivl1fl1'j"l.J~eJCJbblJ~-:I 
" vY-:~bb~l'U~ 8-15l'U (8-15 DAI) Yl'Ul1 ~1CJ~'U5bbli RGD11259-1-9-25 bb~~~1CJoW'U5YieJ 

' ' 
R4-4-2-134-18-57 bb~VI-:1~1 AUC bVlltl'U 63.0 bb~~ 30.0 ti11'j"1-:iii~~bl.lm 1'U'1lru~~oU11~1CJ~'U5 

' 
bLl~CJ'UbViCJ'U IR57514, CNT1, Rathu Heenati bb~~ TN1 bb~VI-:1~1 AUC bVhnu 63.0, 60.0, 10.5 

bb~~ 63.0 ti11'j1-:iii~~bl.lm ti1 1 l.I~1~'U ~~"OJ1flfl1'j"VlVI~eJ-:~ Yl'Ul1 oU11bVItiCJ1~1CJ~'U5Ll1uLJj-:~ ~1'U1'U 
' ' 

2 ~1CJ~'U~ 1vi'bbtl RGD13117-115-52(G) bb~~ RGD13117-115-53(G) bb?lVI-:!~1 AUC bVhnu 11.5 

bb~~ 21.0 m'j"1-:iii~~bl.lm bVICJ~1CJ~'U5 RGD13117-115-52(G) ih~~'Ufl11lJ(1]1'UV11'U~-:ifll1 , " 
oU11?l1CJ~'U~YleJ R4-4-2-134-18-57 (AUC = 30.0±8.8) eJ~1-:~iJi.Jm11rlqjV11-:i~~~ (P>0.05) ~1'\.J 
~1CJ~'U~ RGD13117-115-53(G) lJ'j~~'Url11lJ(1]1'UV11'U.ffilibbtilfl~1-:itl'U~1CJ~'U5YieJ (mi'l~ 4.9 bb~~ 

' ' 
ti11'j"1-:!Vi 4. 9) 



v 

4 BPH population at 25 DAS 

80.0 

• AUC of R4-4-2·134-57 meon z LSD: 8.0:4.3 

70.0 • AUC of R4-4-2·ll4-57 mean · LSD: 14.7 · 10.2 

• AUC of R4-4-2·134-57 mean · LSD: 8.0 • l.S 
60.0 

• AUC of R4-4-2·134-57 mean · LSD: 30.0 • 8.8 

50.0 

=> 40.0 
< 

30.0 

20.0 

10.0 

0.0 

• UBN(2003) 

• PSL (2003) 

• KPP(2011) 

• NAN (2003) 
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.cl 
fi1~'VI 4.9 ca::~'Uf'l1111~1'U'VI1'Ub~~~nca::1~~~J1mt;t"lJe:Hitlca::"lJ1m F4 ~e:11~'ti'11 25 1'U'Vl~.:~ • 

b~1::b11~~ b~mmb~~~m::1~~~J1~1t;t~1'U1'U 4 tlca::"!l1m b'ti'1vi'1t;t1~ 
'1.1 

:J1'U'J'W 2 G11EJ~'U~ 1vi' bbtl G11 EJ~'U ~ RGD13117 -115-52 (Bph3R41R4
, w>fGDIRGo, bodh.zRGD!RGD) 

bb "'~ RGD13117-115-53 (Bph3R41R4
, w>fGDIRGo, bodh.zRGDIR4

) b~tltl'J~ biJ'Wfi'J1l.J ~~h'WY11'Wb~ ~EJ 
m~1~~~J1~1"'b'U'J~EJ~bb~nneJ~tl1EJoU11 25l'U 1~EJ1.ffb~~EJm~1~~~J1~1"':J1'W'J'W 4 i.J-;j~"IJ1m • 
~·tr;h oU1'JbVI'tJEJ'JVItll.J G1 1EJ~'WlSi.J1'Ui.J'J~~~ 2 G11EJ~'U5 G1 1l.J1 'Jti~1'WY11'Wfl1'JboUTVllmEJ"lltl~i.J'J~"111n1 . ' . 
b~~EJm~ 1~~~J1~1"' 1vi''VIni.J"J~"111 mbbl.J"'~m otll 'Wfl1'Ji.J'J~ biJ'W~ mHu~~1'WY11'W b~~EJ m~ 1~~~J 1 ~1"' 

' 
fl~ ~.Q e-~"' 'OJ 1 n rn "Ji.J 'J~ biJ'Ui.J 'J~ ~Yl5m ~"ll t1~ n1 ';j 1 off bfl ~ B~VIm EJ ~ bB'W beJ1-tll 'W m 'J~ ~ b~ t1 n ~ n~ru ~ 
~1'W'VI1'Wb ~~Elm~ 1~~~J1m"'"lltl~oU1'JbVI'tJEJ'JVItll.JG1 1 EJ~'U5i.J1'Ui.J"J~i.J'J~"111m F4 ~tl1 EJoU11 25 l'W 

' ' ' 
G1 1l.J 1'Jt1G1"Ji.J1vi'11 <U'11 b Vl'tJ EJ'JVI tJl.J G11 EJ ~'W5i.J 1'Ui.J "J ~~lj ~'W ~1 'W Yl1'W b ~ ~ EJ m~ 1~ ~ ~J 1 ~ 1 "'~ ~ 

' . ' 
2 G11EJ~'W5ljm111~1 'WY1 1 'W~tlfl1'JboUTVhmEJ"lltJ~i.J-;j~"IJ1mb~~EJm~1~~~J1m"'~~ 4 i.J "J~"111m 

' 
'Vhi'VI~ G1 tl'U ern~~ 4.11 bb"'~ ~ 1 ';i 1~~ 4.9) 
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fl1'W~ 4.10 ':i~~'U~11~~1'U'VI1'Ub'W~f.ln'a~b~~~J1~1~"tle:J.:l'\.J':i~"ll1n'a F4 ~.V11e11~ 7 1'U 

(7 DAS) bmf.I'UbVitJ'Un'Ut;t1tJoW'U5bb~ (RGD11259-1-9-25), ~1tloW'U5't'Je:J • • 
(R4-4-2-134-18-57), oW'U5~':i"J~~e:J'U~1'U'VI1'UIPie:J BPH (Rathu Heenati) • 
bb~~oW'U5~':i1~~Bmie:J'Ubbe:JIPie:J BPH (TN1) • 

Rathu 

fl1'W~ 4.11 ':i~~'U~11~~1'U'VI1'Ub'W~f.lm~1~~~J1~1~"tle:J.:i'\.J':i~"ll1n'a F4 ~.V11ll1f.l 25 -!'U 
• 

(25 DAS) bmtl'UbVitJ'Un'U~1tloW'U5bb~ (RGD11259-1-9-25), ~1f.loW'U5't'Je:J • • 
(R4-4-2-134-18-57), bb~~ oW'U5~':i"J~~e:J'U~1'U'V11'U!Pie:J BPH (Rathu Heenati) • 

107 
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Cl.J "" «:::11 c:.: 
4.4.5 .2 G'lfl'\~H1J~'1J11 b Vt'UtJ1 bbG'1~'1J'U1V1'1JeN bl.JG'lVJ 

n1 ';j'tJ ';i~ biJ'U'th~i'1Yl5n1'V'l'1l e:J~ nT~1·u\1"1~eJ~Vtl.l1 tJ ~ bB'UbeJ Wx-Glu23 1 'U fl1';j 

~Vlb~e:Jfl~fl'l~H1J~oil11b'VIoWtJ1'1JeJ~~1tJ~'U5'tJ~'U'tJ';i~D';i~'1l1fl';i F4 ~1'U1'U 2 ~1tJ~'U51J!bbri 
' ' ' 

RGD 13117-115-52 bbG'l~ RGD 13117-115-53 ~iieJG'l~G'1'1JeJ~~'Um'UI"ll.l~fl<jjru~oil11 b'VIoWtJ1btl'Ubb'U'U 
' 

1eJ 1l.J 1'Ylfl~ ( wJiGD/RGD) "iJ1flfl1';j~"iJ1';i(1J1W'[ 'U 1 Yltl1VJtJ~fl'lj(1J~Yl1~fl1tJ[l1'V>j'1JeJ~bl.J~VJoil11fl~eJ~'1Jmoil11 
bVtoWtJ1~1tJ~'U5LJ~'U'tJ';i~~~~m~1tJ~'U5vi'~nci11 ~1'U1'U 40 bl.l~VJ/~1tJ~'U5 b'tJ1tJ'UbVltJ'Utl'U~1tJ~'U5 

, , 'I 'I .. 

bbd.J RGD11259-1-9-25 ~~btl'Uoil11b'VIoWtJl bbG'1~~1tJ~'U5~eJ R4-4-2-134-18-57 ~~btl'Uoil11b;()1 , 
'V'l'U 'J1 oil 11 b 'VI oW tJ1 VI tll.J ~1 tJ~'U fiLJ ~'ULJ ';i ~~ ~ ~tl~ ~1 tJ~'U fiij ~ 1 'U 1'U bl.J ~ V1 oil 11 fl ~tl ~/oil 11 b LJ ~ eJ fl , , , 
~btl'U~fl'ljru~oil11bVtoWtJ1 bvhn'U 40 bl.l~VJ/40 bl.l~VJ ml.l~1vl'U bdmLJ1tJ'UbVltJ'Utl'U~1tJ~'U5~mbdJ , 
'V'l'U11 oil11~~ ~ eJ~~1tJ~'U6b tl'Woil11 b'VIoWtJ 1~1 tJ~'U5bb Yf b VtiJeJ'Utl'U~1 tJ~'Ufi bbd.J RGD 11259-1-9-25 

"" (fl1'V'lYl 4.12) 

(n) 

(~) 

, , , 

('tl) 

(.:!) 

.fl1~~ 4 .12 ~fl'I~HUZ<ti11b uihJn bbliiZ<ti11n6l'eJ~ "llfl~<ti11b 'VIU~1~1~~'L!5'tJ~tJU';i~U';i'Z'!11n';i F 4 • • 
0 Q.l d CV ff I I 

~1'L!1'L! 2 ~1~~'Utl bbliiZ~1~~'L!tl~flbUJ • • 



109 

fl1':i1~'ll'U 1 ~ bl..l~ ~<U'11 b vil1 m 'Vle:Jl..l ?1 1 tJ ~'U 1h.J ~u tJ ':i.:J ~ 1'U'V11'U b ~ ~ tJ n ':i~ 1~ ~ 
' ' 

~J1m~u':i~'ll11l':i F11 ~1'U1'U 2 ?11tJ~'U61v1bbrl RGD13117-115-52 bb~~ RGD13117-115-53 
' 

~.:J<U'11~.:J?IeJ.:J?I1tJ~'U6~1'Ufl1':i~~b~e:Jn~.:J~m~ru~~1'U1'Vlu (~fl'ljru~~1'U'V11'Ub~~tJm~1~~~J1m~ 
' 

bb~~ ~fl'ljru~<U'11b wZlm) bb~~m':i~~ b~e:Jn~ fl'ljru~~1 'U 1 'VlU t:.J~\11flm':i1~'ll'U1~m1l..ltJ11bb~~m1l..l 

n11.:J'lle:J.:J bl-l~~<U'11 b u~ eJ mb~~ bl-l~~.rr 11 n~ e:J.:J b u~tJu b Vi tJunu<U'11 ?11 tJ~'U6vi mblJ ~u11 <U'11 b V!UtJ1 
' 

'Vle:Jl-l?l1tJ~'U6u~utJ':i.:J~.:J?Ie:J.:J?I1tJ~'U6iJ'lJ'U1 ~ m1l-l m1 bb~ ~fl11l-lni'1.:J'lle:J.:J bl-l~~<U'11 b u~e:J n (PL bb~~ 
' ' ' 

PB) bb~~'lJ'U1~Fn1l..ltl11bb~~m1l-llli'1.:J'lle:J.:JblJ~~<U'111l~e:J.:J (BL bb~~ BB) ~bbt'lll~1.:J\111l<U'11?11tJ~'U6 
' 

vie:J bblJ b ~e:J.:J\11 niJ'lJ'U1~ fl11lJ tl11 bb~ ~fl11lJ n11.:J~~'U n11~.:J~ fl'ljt;U ~ blJ ~ ~.u-11 b u~ €1 fl bb~ ~ blJ~ ~ 
<U'11n~e:J.:J e:J~1.:JiJum11~ru'V11.:J?I~~ (P> O.OS) bb~~ir.:J~u~n11 <U'11 b'V!Utl1'Vle:JlJ?l1tJ~'U6u~utJ':i-!l~-!l 

u ' ' 

?le:J.:J?I1tJ~'U6be:J.:JtliJ'lJ'U1~fl11lJtJ11'lJ€l-!lblJ~~.u11bU~e:Jfl~bbt'lfl~1.:Jtl'U 1~tJ?I1tJ~'U6 RGD13117 -115-, ' 
53 iJ'lJ'U1~fl11l..ltl11'lle:J.:J bl..I~~.U11b U~e:Jn~ m1n11?11 tJ~'U6 RGD13117 -115-52 ~1'U'll'U1~ fl11l..l 

' 
ni'1.:J'lle:J-!lbl..l~~.rr11 b tJ~e:Jn1lJbbt'lfl~1-!ltl'U'V11.:J?I~~ (P> O.OS) 1 'U'llru~~'ll'U1~m1l..ltl11 bb~~fl11l-ln11.:J 
'lle:J.:J bl-l~ ~<U'11 n~ e:J.:J ~u11 .U 11 b 'Vli1 m'Vle:Jl-l?l1 tJ~'U6u ~uu ':i.:J~.:J?Ie:J.:J?I1 tJ~'U 6 iJ'lJ'U 1~ fl11l-l m1'll e:J-!1 

' ' ' 
bl..l ~ ~<U'11 n~ e:J.:J~1lJ bbt'l n~ 1-!ltl'\.J bb~iJ fl11l..l bbt'l n ~ 1.:J n'U~'ll'U 1~ fl11l..l n11-!l'lle:J.:J bl..l~ ~<U'11n~ e:J.:J 1~ tJ 

v~ q 1..1 d v v d 1 v~ 
?11tJ~'Uli RGD13117-115-52 lJ'lJ'U1~fl11lJil11.:J'lle:J-!lblJ~~'ll111l~e:J.:J'Vltl111l11?11tJ~'Uli RGD13117-

' ' 
115-53 e:J~1.:JiJum11~~vn.:J?t~~ (P>o.os) 

e:J~1.:J hnmlJ b~mu~tJubVitJu nu.U11b'V!i1tJ1 n'll 6 ~-!Jbtl'U~'U6<U'11b 'Vli1tJ1~-atJlJ 
' 

tJ ~ n n'U lJ 1 n ~ .:JiJ 'll'U 1 ~ fl11l..l tJ 11 bb~ ~ fl11l..l n11.:J'll e:J.:J bl..l ~ ~ .U 11 b tJ ~ eJ n vvh nu 9 .9±0.16 bb~ ~ 
" I !1.1 d 11 IJ I Q.J 

2.7±0.10 ?11'U'll'U1~fl11l..ltl11bb~~m1l..lfl11.:J'lle:J.:Jbl..l~~'ll11fl~e:J.:J b'V11fl'U 7.2±0.17 bb~~ 2 .2±0.07 

\911lJ~11ii''U (fl'Jl.Jil1'J<U'11 , 2556) ~'U11 <U'11b'V!UtJ1'Vle:JlJ?I1tJ~'U6u~'UU':i.:JU':i~'ll1fl':i F4 ~.:J?Ie:J.:J 
' ' 

?11 tJ~'U6iJ'lJ'U1~ m1l-l m1 bb~~m1lJ n11.:J'lle:J.:J blJ~ ~.u-11 b u~ e:Jn ~ bb\91 n~1.:J \11 n<U'11~'U6 n'lJ6 ~1'U'lJ'U1~ ' , 
'lle:J.:J bl-l~~<U'11n~e:J.:J ~u11 ?11 tJ~'U6u~uu':i.:J~.:J?Ie:J.:JiJfl11l-lm1'lle:J.:J bl-l~ ~ <U'11 n~e:J.:J~tJ11 n-i1<U'11~'U 6 

' ' ' 1.<:::!1 !J' C.: tJ II d ~ I o Q.J I ~ d 
n'lJ6 bbt'll..lfl11l..lfl11.:J'lle:J.:J bl..l~~'ll11fl~e:J-!l'Vl?I'Um1 ml..lm ~u \11 n m':ibb 'U.:J'll'U'll'U1~m1l..l tl11'lle:J-!lbl..l~~ 
lJ ~ iJ I Cit. 4' 

'll11t'l1l..ll..l1t'l':i~1'U?I'Ufl1bfl'ljt'l ':ibb~~€11'Vl1':i bb 'Vl.:J'll1 t'l m~'Vl':i1.:J bfl'ljt'l'Jbb~~?I'Vlmru ~ . Pl. 2555 ?11l..l1':ifl 

?l':iu1~11 .rr11bV!UtJ1'Vle:JlJ?I1tJ~'U6u~utJ':i.:J~1'Ul'U 2 ?11tJ~w5 ~~e:J~1'Un~l..I<U'11bl-l~~tJ11.ff'U 1 
, 'I , 'I \1 'I 

(long grain class 1) b~e:J.:J\11n<U'11b~lJblJ~~iJ'lJ'U1~m1l..ltl11bn'U 7 iJ~~blJt'l':i bb~~~fl'ljill~?I~Vl1tJ 
' 

~e:J ~n'ljru~~bl-l~~<U'11bl.l~e:Jn (Hull color) ~u11 .rr1lb'V!UtJ1'Vle:Jl-l?l1tJ~'U6u~utJ':i.:J~.:J?Ie:J.:J?I1tJ~'U6 
' ' ' 

iJ~n'ljru~~'lle:J.:J.rr11bU~e:Jmtl'U~Vh.:J (straw colored) b'V!ije:J'Un'U.rr11?11tJ~'U6vimblJ (t'11':i1.:J~ 4 10) ' . 
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Selected F4 
HC11 Paddy rice21 Brown rice31 

PUPB41 BUBB51 Entry 
lntrogression lines PL PB BL BB 

1 RGD13117-115-52 ST 9.68c 2.44b 7.53b 2.08b 4.0 3.6 

2 RGD13117-115-53 ST 10.25b 2.44b 7.51b 1.99c 3.9 3.8 

Parent RGD11259-1-9-25 ST 10.753 2.623 7.933 2.193 4.1 3.6 

Parent R4-4-2-134-18-57 ST 10.743 2.623 7.933 2.193 4.1 3.6 

P-value61 * * * * - -

5%LSD 0.16 0. 10 0.17 0.07 - -

mean 10.36 2.53 7.73 2.11 - -

CV(%) 0.80 2.10 1.10 1.70 - -

'Vi:U1£H'Vilil: 11 HC = Hull color (ST = straw colored) • 
v PL = Paddy rice kernel length (mm); PB = Paddy rice kernel breadth (mm) 
31 BL = Brown rice kernel length (mm); BB = Brown rice kernel breadth (mm) 
41 PL/PB = Paddy rice kernel length/Paddy rice kernel breadth 
51 BL/BB = Brown rice kernel length/ Brown rice kernel breadth 
61 * = LLiiln~1'1Vl1 ·H'f~~~'i~~Ufl11:UL~mr'U 95 L'\.JeJ~L~'U~ ; fl1LU~tl~fl1tl't.J~'m1'llvl';JEJ 

~l if n~'i ~ 1'1 tl 'U 1 'U flv~ :U U L~ tll tl'UiJ fll 1:U bblil n ~ 1'1Vl1'1 G'f ~ ~ ~'j~ ~ 'tJ fll1:U L ~B~'U 9 5 

L'I.Jv·h~'Uvl hw16 LSD 

4.4.5.3 ~n~ru~rn1:U'Viv:U 

m'i'\.J'i~ LiJ'U'\.J'i~~Vl5.fl1'Wn1'i 1.ffLfl~B 'I 'Vi:U1 tJ Aromarker 1 'Un1'irlVI L~vn~n~ru~ 
m 1:u 'Vi v:U;g'lfl n mu fl :u 1V~ tJ ~ 'U bodh2 u 'U bfl 'i 1:u 1"1l:u 8 1 'U '\.J 'i~'ll1 m-il 11 L wu tJl 'Vi v :u G'f1 tJ~ w5 

'U , , 

'\.J-ru'\.J'i'l.a-l~'U~ Fll ~1 'Ul'U 2 G'f1tl~'Uij 1vi'LLn RGD13117-115-52 iJiJ~~~'lJB'I~'UfnUfl:U~n~ru~ , , , , 
fll1:U'VIm.ntl'ULL uu 1ei1:u1"1lnG'f (badh~Go/RGo) LL~~ RGD13117 -115-53 iliJ~~~'llv-:~ ~'Umufl:u , 
~n~ru~fll1:U'VIv:ULU'ULLuuLmVlv h 1"1lnG'f (badh~601R4) L'I.J~tJuLVit~unuG'f1tJ~'U6mJ RGD11259-1-, 
9-25 (bodh~GDIRGo) ;g'IL:U~V~iln~'U'VIB:U G'f1tJ~'Uih~ v R4-4-2-134-18-57 (bodh~41R4 ) ;g'IL:U~VI , 
1:JiJn~'U'VIB:U Lb~~G'f1tJ~'Uiilil'il~G'fBU~b:U~VIiJn ~ 'U'VIB:U 1vi'LLn Jasmine IR57514, KDML105 bb~~ 
RD6 G'f VI VI1 tJ ~ BG'f 1 tl~'Uljlil 'il ~G'IBU~ L:U~ V~1:JiJ n ~ 'U'VIB:U 1v) LLn IR57 514 lii 1:U ~ 1 ~U t:.J~ ~ 1 n n1'i , . 
'\.J'i~LiJ'U~n~ru~m1:U'Viv:U bV~tJ1-H~VlVIG'fBUVI:Un~'U (Sensory testing) 'WUl1 G'f1tl~'U~ RGD13117-

115-521vi'fl~LL 'U'U~1n~VJVIG'fvun~'U 1 'U'i~~u 2 ;g'I'Vi:IJ1 tlfl11:Ul1 -if11iln~'U'VIB:u:u1n LL~~G'f1tJ~'Uij 
'U • 

RGD13117- 115-531vi'fl~LL'U'U~1n~VlVIG'fvun~'U1'U'i~~u 1 'Vi:U1tlfl11:Ul1 -if11iln~'U'VIB:U'\.J1'Unm-:~ 
' 'U 

(1i11'i1'1Vi 4.11) 
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V11~1.:!~ 4.11 "'n'I.Hl..l:: ~1 'U bvi'U bb ~:: vH 'U bvn:i "IHl.:! "'n 'M ru:: fl '1 111 VI t1 11L 'U 'ti' 11 b VI U fl '1 VI t1 11 

6i1f!.WuthH'utl~.:~ F4 :51'1..11'1..1 2 6i1f!.Wu5 'li'1'16i1f!.Wu5bb:U RGD11259-1-9-25 
~ 'i 'i • 

QJ~. QJt{ 0 o.Jt{ 

bb~::6i1f!Y4'U5'VHJ R4-4-2-134-18-57 bb~::6i1f!Y4'U5~~'1\16iti'U\11'U'l'U 4 6i1f!Y4'U5 • • • 

Fragrance character 

Entry Selected F4 lntrogression lines DNA marker Phenotype 

Aromarker11 Sensory testv 

1. RGD13117-115-52 badh:fGD/RGD 2 

2. RGD13117-115-53 badh:fGD/R4 1 

Parent RGD11259-1-9-25 badh:fGD/RGD 1 

Parent R4-4-2-134-18-57 badh:f41R4 0 

Check IR57514 - 0 

Check Jasmine IR57514 - 2 

Check KDML105 - 1 

Check RD6 - 1 

5%LSD 0.6 

mean 1.0 

CV(%) 55.3 

V1111 CJ b VI~ : 11 (Badh2/Badh2) 'VIl.l 1 tJ fi \1 -if 11 hh11 v l.l G11 tJ ~ 'U 5 bb Vf, (Badh2/badh2) 'VIl.l 1 tJ fi \1 • • 
-ii'11'VIvl.lG11tJ~'U5VJ1\I bb~::: (badh2/badh2) 'VIl.l1tJil\l -ii'11'VIvl.lG11tJ~'U5bbYl , ' 

v t'l1b~"ll~\lbb~ o il\1 2 'VIl.l1tJil\l (0) 'VIl.l1tJil\l -ii'11hl~n~'U'VIvl.l (1) 'VIl.l1tJil\l -ii'11 ~fl~'U 
' 

'VIv11i.J1'Uflm\l bb~::: (2) 'VIl.J1CJil\l -ii'11~fl~'U'VIv11111n 

4.4.6 n1~~~vh Graphical genotypes u'ib 'lruli11bb'VI'il.:~"lle:J.:l~'U Bph3 bb~:: wx 'U'U 

bfl~b11b'll11 6 

vi' 1 fl1 'jPi m~n 1~ tJ 1-ii'-ii'11'\J'j:::"IJ1 m F3 ~~ Gi' ~ ~~"ll v\1 ~'Ufll'U fll.l Gi' n~ru:: ~1 'U V11 'Ub ~ i tJ 
' 

m:: 1~~~J1mm U'Ubb uu 1®" 1l.l1'11nG1 (Bph3R41R4) bb~::B'~~~"llv\1 ~'Umu~11Gi' n~ru::-ii'11 b 'VIi1tJ1b U'U 

bb'U'U1®"11l1'11rlG1 'VI~B b®"bVIBh1'11rlG1 (wx!GD/RGD' wJiGD/R4) ;\l~'j1tJ~::b~tl~"!JB\It:-J~fl1'jv\'1b'iJ'U\11'U~\Id 
4.4.6.1 fl1'jl"i'~b~vn'\J'j::"IJ1mi1~'U~ 3 (F3) 1~t~1-tiGi'n~ru::YJ1'U1VJti , 

'VIGl\IOJ1m~it~m:: 1~~~J1mm-if1 vi'1mtJ~'U-ii'11VJV~G1v'UbU'Ub1m 16 l'U 1V~m~l.J 
bnu-ifvl.J~fll1l.Jb~tl'VI1tlfl~\lbb'jfl1'U1'U~ 8 (8DAI) OJ'Uil\ll'U~ 16 (16 DAI) 'VIGl\I OJ 1fl i.J ~vtl bbl.J~\I 

" 
(8-16 Day after infestation) ~'Ul1 fll1l.Jb~CJ'VI 1tJ~bn~OJ1flb-ii'1vi'1~1tJ"llv\lb~itJm::1V~V~~J1m~ 
1 'U l'U ~ 16 DAI vi' 11 ~-if 11 G11 tl~'U 5 bb~ RGD11259-1-9-25 bb~:: G11 tJ ~ 'U 5~ v R4-4-2-134-18-57 , , 
bbG1 V~\lfl:: bb 'U'U fl11l.J b~tJ'VI1 mb~ ::~::~u f\1111 ~ 1'UV11'U b ~i tJ m:: 1V~ V~~J 11'11 b vh nu 9 'VIl.J1 t~il\1 -if 11~ 
fll1l.l~mJbbv~v BPH (S) bb~:: 2 'VIl.l1tJil\l -ii'11~fll1l.J~1'UV11'U~v BPH Hl~111n (HR) 1'U"!Jru::~ 

G1 1tl~'Uqi'J'j1\JG1B'U~\I 4 G11tl~'Uq 1~bb rl IR57514, CNT1 , Rathu Heenat i bb~:: TN 1 bb G1VI\I'j::~u 
fl11l.l~1'UV1 1 'Uv~~'j::~'U~B'Ubbv (S), ~v'Ubbvi.J1'Uflm\l (MS), ~1'UV11'U~l.J1fl (HR) bb~::: ~B'Ubb€1 (S) 
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Vll:W~l~'U (V11';i1..:J~ 4.12) n1';i'lh~bil'U~n'l'fru~r;huV11'UbY-litJm~ 1~~~J1m~'llm.V1J"w~\J~ 
u-rmJ1..:~th~'ll1m F3 ~iier~~"l.leJ..:J~'U Bph3 btl'Ubbuu1eJ1:wl"lln" bb~~er~~~"I.JeJ..:J~'U wx btl'Ubbuu 

bm Vlel bl"lln" (Bph3R41R4
, ~GD/R4) -;j1'U1'U 3 "ltloW'U~ Y-lu·;h "ltloW'U~ RGD13117 -115 bb"~..:~ 

';i~~'UI'l11:Wiii'1'UV11'Umh~~ulii'1'UV11'U BPH hi'~ (R), "1tloW'U5 RGD13117-331 bb"~..:J';i~~'UI'ldl:W 
'IJ ' 

lii'1'UV11'UeJ~';i~~'Uiii'1'UV11'U BPH hi'~ (R) b'li'Utl'U ~1'U"1tJoW'U5 RGD13117-36 bb"~..:J';i~~'UI'l11:W 
'IJ ' 

lii'1'UV11'UU1'Unm..:~ (MR) (illY-l~ 4.13 bb~~ Vll';il..:J~ 4.12) 

:u1 n m ';i"Vl ~ ~ eJ..:J .V1..:~ lii''U b tl'UC.J ~ "1.1 eJ..:J';i~ ~u m1:w lii'1 'U Vll'U b Y-l i tJ m~ 1~ ~~J 1m~~..:~ 
me1uF1-r1 (family) "l.leJ..:JoV11bVI'UtJ1"1tJoW'U~u-ruu1..:~~..:~ 3 "ltJoW'U~ ~..:~~mtl'Uwn:w"lln';itlb~CJ';i1:W 
"l.leJ..:Jiii''U.VllVl~"eJ'U~..:J 60 lii''U 1'Ubb~~~"1tJoW'U5 ~1VI-r'Um';i~~b~eJn1'U.fr'U[;)eJ'Ud :u~hlbv; tJ..:Jbb~ 

' 
~~b~eJn 1~tJVi:U1';iW1m1:wlii'1'UV11'U~..:JmeJ'Ufl-r1 b vhJ'U bb~:u~vhm';i~~ b~eJm tl'Ubb 'U'U';iltJiii''U (single 

Plant selection) ~..:IIi]~ bi1u.VeJ:w~l'l11:W b~ tl'\-11 tl"l.lel..:J bb~~~lii''Ub ~ eJ 1 m~:Wl~..:J"l tloW'U5oV11 b VIU tll~ii 
'IJ ' 

fl11:Wiii'1'UV11'Ub Y-li tJm~ 1~~~J1m~~ bb Vl:u~..:~ ~..:JC.J~:Ul n nl';iVl~"eJuii~..:~d 
... 

Cl.l ~ q Q.l 1.1 Q.J Cl.l I Cl.l ClJ 

"ltJY-l'Uli RGD13117-36 :W';i~~'Ufl11:Wm'UV11'UVl..:Jfl';iel'Ufldl bVlln'U ';i~~'U 
' 

lii'1'UV11'UU1'Unm..:~ (MR) :Ulnlii''UoV11Vl~"eJ'U -;.il'Ul'U 60 lii''U Y-lu;h iim';im~:U1tJt1i'l"l.leJ..:J';i~~'UI'l11:W 

lii'l'UVll'U~..:Jbb~ lii'l'UVll'UL~~ (R) ()..:~ BeJ'UbbeJ (S) l~bbn lii'l'UVll'UL~~ (R) = 13 r;l'U lii'1'UV11'UU1'Unm..:~ 
( M R) = 18 r;i' 'U e) eJ 'U bb eJ u 1 'U n ~ 1..:1 ( MS) = 5 r;i' 'U bb ~ ~ e) eJ 'U bb eJ (S) = 2 4 Iii' 'U Vll :w ~ 1 ~ 'U 

.J 
([;)l';il..:!Vl 4.12) 

... 
" 1 tJ oW' 'U 5 RG D 1311 7-115 ii ';i ~ ~ u F111 :w li11 'U Vll 'U VI..:~ fl ';i e1 u fl -r 1 b vh n u 

' 
';i~~ur;i'l'UVll'UL~~ (R) :u1nlii''U.V11Vl~"eJu -;.i1'U1'U 60 r;l'U Y-l'Ull iim';im~:u1tJt1i'l"l.leJ..:J';j~~um1:w 

r;ll'UVll'U~..:Jbb~ r;l1'UV1l'UL~~:w1n (HR) ()..:~ BeJ'UbbeJ (S) l~bbn lii'1'UV1l'UL~~:w1n (HR) = 26 r;l'U 

r;ll'UVll'UL~~ (R) = 23 r;l'U lii'1'UV11'UU1'Un~1..:J (MR) = 3 r;l'U BeJ'UbbeJUl'Unm..:~ (MS) = 1 lii''U bb~~ 

BeJ'UbbeJ (S) = 7 lii''U m:w~1~u (Vll';il..:J~ 4.12) 
... 

"1tloW'U5 RGD13117-331 ii';i~~'Ufll1:Wr;i'1'UV11'UVJ..:Jfl';iel'Ufl-r1 bVlltl'U 
' 

';i~~ur;ll'UVll'UL~~ (R) :u1nr;l'U.V11V1~"eJu -;.i1'U1'U 60 lii''U Y-l'Ull iim';im~:u1tJt1i'l"l.leJ..:J';j~~um1:w 

lii'l'UVll'U~..:Jbb~ r;l1'UV1l'UL~~:w1n (HR) ()..:~ BeJ'UbbeJ (S) 1~bbn lii'1'UV11'U1~~:w1n (HR) = 19 lii''U 

r;ll'UVll'UL~~ (R) = 32 r;l'U lii'1'UV11'UU1'Unm..:~ (MR) = 7 r;l'U BeJ'UbbeJUl'Unm..:~ (MS) = 0 r;l'U bb~~ 
Bel'Ubbel (S) = 2 r;l'U Vll:W~l~'U (Vll';il..:J~ 4.12) 

~l'U"ltloW'U~bU~tJ'UbVltJ'U~hJii~'U Bph3 (Bph3RGD/RGD) ~el RGD13117-175 
... 

ii';i~~um1:wr;l1'UV11'UVi'..:~meJufl-r1 bvhnu ';i~~'UBeJ'UbbeJUl'Unm..:~ (MS) :u1nlii''UoV'11V1~"eJ'U -;,i1'U1'U 

60 lii''U Y-l'Ull iinl';in';i~lil1tJt1i'1"1.1el..:J';i~~'Ufl11:Wiii'1'UV11'U~..:Jbb~ lii'1'UV11'U1~~ (R) ()..:~ Bel'Ubbel (S) hi'bbrl 

lii'l'UVll'UL~~ (R) = 6 lii''U lii'1'UV11'UU1'Unm..:~ (MR) = 8 r;l'U BeJ'UbbeJUl'Unm..:~ (MS) = 5 lii''U bb~~ 
Bel'Ubbel (S) = 41 lii''U Vll:W~l~'U (Vll';il..:J~ 4.12) 
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.f11W~ 4.13 -a::~'Ufl113-l~1'LI'VI1'1.1bWt~n-a:: b~~~J1m~"IHHii11b 'VIU~1~1~oW'Lith.J~utl-a~ F3 • • 
~i11e11~ 25 1'1.1 'VI~{I~1nbb3J~{Itl'a::"tl1n'a B'U~'a1"tt51U beUTVh~1~ b~~~ (A) (B) • • 
(C) (D) ~eJ ~'LieU11~ijEj'LI Bph3 (8ph3R4/R4

) bb~:: (E) ~eJ ~'LieU11~'bjij~'LI Bph3 

(8ph3RGD/RGO) 

"111fl~~ f11~'Vl~~m~1m ~"~~LJ1~11 ~1ti~'Lit%'1l1~~il~'W5m~ll ~1'W'Vl1'Wb 'lf'j~ t1 , , , 
m~blillil~J1m~ Bph3 'U'Wbfl~1ll161lll 6 b~e:Jt1flb'V'j~tJm~1~~~J1(;11mh~"ll1m e:J'U~~1"1151i1 

~ , 
" boUTvl1mmtJ'W~~t!~blm 16 l'W (16 DAI) ~1t!~'W~U'W1 "'l~~~fl~llfll1ll~1'W'VI1'UIJie:Jm~boUTvl1mt! 

"lle:J~ b 'lf'j ~ t1 m~ blil lil~J1 (;11~ b~e:Jb'tJ~t!'U b Vi t!'U n'U ~1t!~'W~~hjiJ~'U Bph3 b'li'W RGD13117- 175 , 

RGD11259-1-9-25 (~1t!~'U5bblJ) , IR57514, CNT1 bb~~ TN1blilt!oU1l611t!'W'U5'tJ1'U'tJ~~~~ ' , , 
3 ~1ti~'U~ ~ner~~~'IJe:J~~'U Bph3 btl'Ubb'U'U1~1ll161ln~ (Bph3R4R4

) b~e:J'W"'I1~ru1m~m~"1t~~h'lle:J~ 
~~vl'Ufll1ll~1'W'VI1'Wb'V'j~tJm~11illil~J1(;1 1 ~mt~1'Wfl~e:J'Ufl1l~~vtll~ 60 ~'W 'V'j'lJrJ1 ~'WoU1l~~ 60 ~'W 
"~ bb~lil~n1~m~ "111 t1 ~l'lle:J~~~~'Ufll1ll ~1'W'VI1'W b 'V'j~tJ m~ blil~~J1 (;11~ ~~ bb~Ji~~vi''U ~1'W'Vl1'W 1~~m n 

(HR) "'I'Wii{l ele:J'Wbbe:J (S) ~~1 'Wbb~Ji~~~~vl'Ufll 1ll~1'W'VI1'W b 'V'j~tJm~ blillil~J1m ~"'l ~il~1'Wl'W~'WoU1l~ 
bb(;lfl\Ji1~n'U 1 'Wbb~Ji~~~1t!~'U5 ~~il~1'Wl'W~'WoU1 l~~e:Jiil~l(;lvl~.Q' ~1t!~'U5 RGD13 117-36 "111fl~'WoU1l , ' 
~~vtll~ 60 ~'W ~1ll1~me:Jiil~l(;l1~~1'Wl'W 23 ~'W , RGD13117-11 5 "111fl~'WoU1l~~'V!llli1 60 ~'W 
~1ll1~me:Jiil"lll(;l1~~1'Wl'W 51 ~'W, RGD13117-331 "111 fl~'WoU1l~~'V!llli1 60 ~'W ~1ll1~me:Jiil~l(;l1~ 
~1'Wl'W 53 ~'W bb~~~1t!~'W~~1lJil~'W Bph31~bbn RGD13117-175 "111fl~'WoU1l~~'V!llli1 60 ~'W 
~1ll1~me:Jiil~i(;l1~~1'Wl'W 11 ~'W ml!G)1vi''U (fl1~~ 4.14) "111fl~'WL.ll~'WoU1l~~e:Jiil~l(;lbvt~1dEi'1t~ 
~~ bb LJ~~'W1 b~e:Jvl1 b iJ'Um~~lil b~e:Jn1 'W~'W(;le:J'U~Jie:J 1 LJ 
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d GJ Cl GJ II ~ ")" 9 ~ 'l" 6JIIII II 
~1~1\I'VI 4.12 m~fl~b~vn~n~ru~~1'U'VI1'Ub"W~vm:a~~"GJ'U1m~'!lv.:itl~~"'11m F3 b~V b"'1~'U'!l11 

v1V 25 1'U btl"im.JbVJmJn'Uli'I1VoW'Uliwmb3-l bb~~ 6'11t~oW'whtl"ivubV1vu~h'U'VI1'Ubb~~ • • • 
ejv'Ubbv 

No. of progenies for scale (16 DAI) 11 

No. 
lntrogression 

F3 genotype Numble of 
lines/Cultivar Resistance level Total Mean 

plants 

HR 0 

R 13 
6.9 

1 RGD 13117-36 Bph3 on Chr.6 60 MR 18 
(MR) 

MS 5 

s 24 

HR 26 

R 23 
3.8 

2 RGD13117-115 Bph3 on Chr.6 60 MR 3 
(R) 

MS 1 

s 7 

HR 19 

R 32 
3.0 

3 RGD13117-331 Bph3 on Chr.6 60 MR 7 
(R) 

MS 0 

s 2 

HR 0 

R 6 8.3 

4 RGD131 17-175 No-Bph3 on Chr.6 60 MR 8 (MS) 

MS 5 

s 41 

Parent RGD11259-1-9-25 No-Bph3 on Chr.6 32 s 32 9 (S) 

Parent R4-4-2-134-18-57 Bph3 on Chr.6 32 HR 32 2 (HR) 

Cheek Rathu Heenati Bph3 on Chr.6 32 HR 32 2 (HR) 

Cheek CNTl No-Bph3 on Chr.6 21 MS 21 8(MS) 

Cheek IR57514 No-Bph3 on Chr.6 21 s 21 9 (S) 

Cheek TN1 No-Bph3 on Chr.6 32 s 32 9 (S) 

5%LSD 1.20 

mean 5.46 

CV(%) 10.21 

1/ ( ) ~ 1.1 c::ll 1.1 11J'c::ll c:l 1,.1 c::ll 1.1 

Vi111Vb'Vi~: HR Vl1llCJtl'l 'lll11lfl11111'11'UV1l'U BPH ~~unn (R) Vl:WlCJtl'l 'lll1 :Wfl1l:WI'l1'U V1 l'U 

BPH 1vi'~ (MR) Vl:WlCJ5'l oUl1ijfl1l:W~1'UVl l'U BPH 'j~\9luul'Umn'l (MS) Vl:I.Jl CJ5'l oU11 

AB'UoUl'lijFnl:WBB'UbbB~B BPH bbfl~ (S) Vl:W1CJ5'l oUl1 hJijml:W~l'UVl l'U BPH 
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F3 introgression lines 
• RGD13115-36 (w.xi160/l!4, Bph3R4/l!4) 

• RGD13115-115 (wxRGD/R4, Bph3R4/R4) 

• RGD13115-331 (wxRGD/R4, Bph3R4/R4) 

! 
F3 

60 plants/lines 

1 ~-1 BPH evaluation at 25 DAS 

byMMTS 

(UBN population) 
F3 selected 

-&. 
• RGD13115-36 (w.xi160/l!4, Bph3R4/R4): 23 plants 

• RGD13115-115 (w_xRGD/R4, Bph3R4/R4): 51 plants 

• RGD13115-331 (w_xRGD/R4, Bph3R4/R4): 53 plants 

Waxy by Wx--Giu23 

. 
t 

Genotypic using 10 SSR 

and Waxy markers 

II IIIIIIJIIUI"I"II : ~= 
n .. nnu ... n 1111 

Graphical genotyping of the Bph3 locus on Chr. 6 

.nTw~ 4.14 ~~m':i~ ~bileJn~1lloW'U~"ti11b Vi.Ya1~TW'V11'U b'rl~an':i:: 1~~~~1\Pl1~tl':i::"tt1n':i F3 • 
1~a1<ij"ti11B1~ 25 1'U bb~::m':i'Vh Graphical genotypes 'U~b1ru~1bb'Vl'Li.:JV'U 

Bph3 bb~:: wx 'U'Ubf1':ib11bfll11 6 
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d "' "" "' IJ "" 1 ·' 'i 111 d "" ~ Vl1'l1-3'Vl 4.13 n1WIVIb6lBn6ln'l~HU~'l.l11b'VI'IHJ1 'U u'l~"!11n'l F3 bVIE.I "!lbfl'lB-3'V1~1E.IVIbe:J'Ube:J 

Wx-Glu23 

F3 lntrogression Bph3 Numble Genotypic selection21 

Entry Total 
of p lant 11 (WJ!i41R4) (WJ!IGD/R4) (WJ!IGD/RG~ lines alle le 

1 RGD13117-36 Bph3R4/R4 60 23 4 14 5 

2 RGD13117-115 Bph3R4/R4 60 51 11 30 10 

3 RGD13117-331 Bph3R4/R4 60 53 26 23 7 

4 RGD13117-175 Bph3RGD/RGD 60 11 - - 11 

Pl RGD11259-1-9-25 Bph3RGD/RGD 32 0 X X I 

P2 R4-4-2-134-18-57 Bph3R4/R4 32 32 I X X 

'VIl.l1E.Ib'VI~: 11 Numble of plant V!l.l1EJ/;1..:~ ~1'U1'UI'i''U-1f11~~e:JV1~lV1~1nn1~~m'V-l~EJm~1V1V1 
~J1mfitl~~'l11m m.Jm1'1151ill-tf1v11mEJ 

' 21 (wJfGDIRGo) 'VIl.l1Elll..:J ~n~ru~eJfl~fi'1le:J..:J-ti11l~1611EJ~'U~llVl (non-glutinous 

homozygous allele); (W>f!GDIR4
) V!l.l1Elll..:J ~n~ru~eJfl~fl'1le:J..:J-ti11l 'VItltn611EJ~'U~'V11..:J 

(glutinous heterozygous allele) llfl~ (W>f!GDIRGo) V!l.l1EJ/;1..:J ~n~ru~eJfl~mm..:~-tf11 

l'VIiltn611EJ~'U~ll Vi' (glutinous homozygous allele) 

4.4. 6.2 m~ 1<fflfl~e:J..:JV!l.l1EJ~ lB'Ule:J'li1EJ1 'Um~fi'V1l~e:Jntl~~'l11 m-B'1~'U~ 3 (F3) 
' 

~1 n n 1~tl~~ l:IJ'U~ n~ru ~l'i'1'U'V11'U l'V-l~ EJ m~ 1V1 Vl~J 1 mfl'1le:J..:JU ~~'111m F3 

~ iJ e) fj ~ fj'(J e:l..:J ~ 'U Bph3 l'IJ 'U ll u u 1v1ll1"1l n 61 llfl ~e) fj ~ fj '(J e:l..:J ~'U wx l'U '\..Ill u u leil Vl eJ b1"1l n 61 

(Bph3R41R4
, W>f!GDIR4

) ~1'\..1 1 'U 3 611 EJ~'U ~ tJ ~~ n e:JU ~l EJ RGD13117 -36, RGD13117 -115 llfl ~ 

RGD13117-330 llfl~ 611EJ~'U ~~hjiJ ~'U Bph3 llfl ~iJeJ'fl~fl'1le:J..:J~'U wx lU'Ull uu 1v1ll1"1ln61 

(Bph3RGDIRGo, W>f!GDIRGo) ~1'U1'U 1 611EJ~'U ~ FiB RGD13117 -1 75 t:Jfl~ 1n m~fi'Vll~e:J n~ n~ru ~ 

VJ1 'U 1 VlU ('\Xl-tfe:J~ 4.4.6.1) iJI'i''U-tf11~~~lVI~e:JV1~1'Ul'U 23, 51, 53 llfl~ 11 l'i''U ml.l~1~U (m~1..:J~ 
4.13 llfl~ .n1'V-l~ 4.14) ~1 mY'Wvhm~fi'Vll~e:Jn~ n~ru~-tf1ll'VIilEJ11V1EJ 1 otllfl~e:J..:JV!l.l1 EJ~lB'Ule:J'li1EJ1 'U 

m~rlVll~e:Jn 1~llri Wx-Glu23 marker l ~e:Jrl'U'VI1-ti1ll'VIilEJl~~~tJll UU'1le:J..:JeJfi~flvY..:~ 1v1ll1"1ln61llfl~ 
" 

leilVle:J b1"1ln61 (wx RGo;RGo, wx RGo;R4
) 'V-lu11 611EJ~'U6 RGD13117 -36 ~~1 'U1VJUlD1'VIl.l1mtl'Ulluu 

' 
1v1ll1"1ln61 llfldmVJBh1"1ln61 ~1'\.Jl'U 5 llfl~ 141'i''U 611EJ~'U5 RGD13117-115 iJ~1'U1VluliJ1V!lJ1EJ , 

iJ ~1 'U 1 Vl U l D 1'\l!l.l 1m U 'U ll U U 1v1ll1"1l tl 61 llfl ~1m Vl eJ 1J1"1l tl61 ~ 1'\..11 'U 23 llfl ~ 7 l'i''U ~ 1lHll ~U 

~1'U611EJ~u5 RGD13117 -17 5 6/t..:~iJ~'U wx lU'U-ti11l'VIilEJ1611EJ~'U5ll Vi' l'i'u.U11~~e:JV1~1~vr..:~ 11 l'i''U 
' ' 

~..:~iJ~1'U1V1UlU'U~n~ru~-tf1ll'VIilcnVJnl'i''U (m~1..:~~ 4.13) ~1mYuL11tJ~~'111m F3 lV1~1-d' ~~1'Un1~ 
' 

fi'V1l~e:J n ~ n~ru~-tJ11l 'VIil EJlvY..:~~ iJ~tJ ll uu eJ'fl~fl'(Je:J..:J~'U wx l uu ll uu 1v1ll 1"1ln61llfl~lmVJ e:1 h 1"1ln61 
" 

(wx RGDIRGo, wx RGDIR4
) l~BL111U~V1vl1 Graphical genotypes u~nru11hll'VI'U..:J'1Je:J..:J~'U Bph3 llfl~ 

wx u'U1m1ll1"1ll.l 6 l'ie:Jh.J (m'V-l~ 4.14) 
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4.4.6.3 m':I~(;]'Vll Graphical genotypes u~r:mJ\>llLLVIll~'llv~fi'U Bph3 LL(;l~ wx 

"il1nn1':1L~l.JLA~el~VIl.J1CJ~LB'U'<iJ1'U1'U 11 LA~el~VIl.J1CJ b~e:J~(;]'Vh graphical 

genotypes 'U~L 1ruvi'1 LL Vl'tl~ Ei'UA'Ufll.l~m~ru~~1'U'Vl1'UL ~i CJm~ 1(;](;]~J1~1(;l (Bph3) LL(;l~Ei'UAJ'Ufll.l 
~n~ru~-if11LVI'UCJ1 (wx) 'U'U1m11l1"1ll.J 6 ~'Ul1 LA~v~VIl.J1CJ~LB'ULm'11l.J1'HlLLCJnAJ1l.JLL~n~1~ 
':1 ~VI --h ~ ~ 1 CJ ~'U B LLlJ RGD11259-1-9-25 LL (;I~~ 1 CJ ~'U 6yj v R4-4-2-134-18-57 1~ '<iJ1 'U 1 'U ' , 
6 LA~el~VIl.J1CJ th~nv'Uvl1CJ Lfl~el~VIl.J1CJ SSR '<il1'U1'U 5 LA~el~VIl.J1CJ 1vlLLtl RM8072, RM8074, 

SSR23, RM19328 LL(;l~ RM204 LL(;l~LA~el~VIl.J1CJ~ijm1l.JL0~1~L"il1~"il.:i (gene-specific marker) 

"'iJ1'U1'U 1 LA~el.:!VIl.J1CJ 1vlLLtl Waxy "il1m!w .. hLA~el.:!VIl.J1CJ~.:i 6 LA~el.:!VIl.J1CJ~.:in~11 ':11l.J~.:i 
LA~El.:!VIl.J 1 CJ ~ LB'U Lv~1 m 'U m ';1\"l (;] L~ eJ n~ n~ru~ ~ 1'U'Vl1'UL ~ i CJ m~ 1(;1 (;]~J 1 m!;1~1 m 'U.:i1'Ul~ CJfl~.:Jd 
'.il1'U1'U 4 LA~el.:!VIl.J1CJ 1vi'LLtl RM589, RM586, SSR24 LL(;l~ RM588 l.J1'Vlln1':1~1'U1'Vlthh~'l11m F3 

~~1'Un1':1A(;] L~v nWi 'U 1 'Vlti LL(;l~~1'Un1':1A(;] L~vn~ n~ru~~1 'U 1 'Vlti~ij'i)(;l~{;l'/Jv.:Jfi'Um'UAl.J~n~ru~-il11 , 
LVItJCJ1LU'ULL'U'U1ei11l1"1ln~LL(;l~Le:lL'VleJb1"1ln~ (VV>fGDI RGD' VV>fGDIR

4
) (~1-ifv~ 4.4.6.1 LL(;l~ 4.4.6.2) 

n 1 ':1 ~ (;] vh graphical genotype LL u u ':1 1 CJ ~ 'U VI~ v ~ 1 CJ ~ 'U ~ (individual) 

'1JB~th~'l11m F3 '<il1'U1'U 30 ~1CJ~'UB '<il1'U1'U 3 n~l.J th~nv'Uvl1CJ n~l.J R (Resistance) = n~l.l 
, 'I 'I 'I 

-il11i1m11J~1'U'V11'U BPH 1vi'~, MR (Moderately resistance) = n~l.J-il11i1m1l.l~1'U'Vl1'U BPH 

U1'Unm.:~ LL(;l~ S (Susceptibility) = n~ll-il11~elv'ULLB BPH LL(;l~-il11LVItJCJ1VIvl.J~1CJ~'U~tJ-rutJ1.:~ 
'<iJ1'U1'U 2 ~1t.J~'UB1vlLLtl RGD13117-115-52 LL(;l~ RGD13117-115-53 ~'Ul1 ':I~VIl1~~1LLVI'tl.:i 

' 
RM589 ~.:~ RM588 U':l~nv'Uvl1t.J LA~v.:!VIl.J1t.J RM589, RM8072, RM8074, RM586, SSR23, 

SSR24 LL(;l~ RM588 ~.:!LU'Uvl1LLVI'tl.:i'1Jv~fi'U 8ph31lJLfl(;]~flvl.J{lb'Uotl'U':I~VIl1~~1LLVI'tl.:i'1Jel.:i 
cJ c:l ~ .:::::.. Q.J I tJ I QJ f' Q IQJ I d .:::::.. c:l .Q. QJ 

LA ';I el.:!VIl.J 1 CJ (;] Lel'U Lel'U ';I L1 ru (;]~ nm1 L(;l CJ LLl.J LL~ ~ 1 CJ~'U 6 b(;] CJ1 LL~ n 'U ~ 'U 11 l.J n1 ';I Ln (;] ':lA ell.J'U L 'U 'll'U 
' 

':I~VIl1.:1~1LLVI'tl~LA~v~VIl.J1t.J RM19328 LL!;1~ Wx-Glu23 ~~LU'U~1LLVI'tl.:i~El~~(;](;l.:Jl.J1"il1n 
" 

LA~el.:!VIl.J1t.J RM588 "il1nn1':1Lfl(;]~Avl.JUL'Uotl'U~':I.:i~1LLVI'tl.:i RM 19328 vi11 ~'Vl':I1'Ul1-if11~1t.J~'UByjv 
' 

R4-4-2-134-18-571ll1vi'-ru~'U5m':ll.l'U~nru~~n~ 11l.J1"il1n-il11~'UB Rathu Heenati ~~~1l.J1':1t:l , ' 
~1tJ1vi'11 ~1LLVI't1~'1Jv.:ifi'U Bph3 el~'U~L'Jru~1.:1LA~v.:!VIl.J1CJ RM589 ~~ RM5881(;]CJ-if11n~l.J (R) 

LL(;l ~ (MR) L tl'U-i111 n ~l.J~ 1'U'Vl1'U L Vji tJ m~ 1(;1 (;] ~J1m (;I "il~i1~'U~1'U~'U om':lll~1vi'-rum"il1 n-il11 
' ' 

~1CJ~'UByjeJ'U~L1tu~.:!Lbvlvl1LLVI'tl.:!LA~El~VIl.J1t.J RM589 ~~ RM588 '/Jru~~n~l.l (5) "il~1lJ1vi'-ru 
' ' ' 

~'U5m':ll.Jm.:i~1LLVI'tl~~.:in~11 ~1'U~1LLVI'tl.:!LA~El.:!VIl.J1t.J RM19328 ~'Ul1 n~l.J (R) LL(;l~ (MR) 
' ' 

i1u1.:1~1 CJ~'UB~i1~'U5m':ll.J b Vlliv'U-if11~1t.J-w'UBLLlJ (RM 19328RGD/RGD) LL(;l~'U 1.:1~1CJ-w'U5i1-w'U5m':ll.J 
, , , 'I , 

LU'U LL uu Lm 'Vl eJ b 1"1!n~ (RM 19328RGD/R4
) ~~J'U LL~(;].:Jl1~'U~1'U-w'Uom':ll.l'1JEJ.:J~1 t.J-w'U5yj e1 ~.:~ LL~ 

' ' ~1Lb Vl'tl~ RM 19328 !;1.:1 1 U"il'U~.:i RM204 1li11"il~ 1vi'~'U~1'U-w'Uom':ll.J"il1n-if11~1t.J~'Um(;] "il~ 1lii1e.J(;l 
' ' ~Elfl11l.J~1 'U'Vl1'ULVjiCJ m~ 1(;](;]~J1m(;l ~1'U-i111n~l.J (5) ~.:ILU'U n~l.J~i1A11l.JeJEJ'ULLEJ ~myji tJ , ' 

m~ 1(;](;]~J1~ 1!;1 "il~ 1lJi1~'U~1'U-w'U5m':ll.J'1JEJ.:I-iJ11~1 t.J-w'U5yjm(;l tJ ~~ LL~ 'U~L'Jru ~1 LL Vl'tl.:~ RM589 , , 
"il'U~~ RM204 (~.:i.fl1~~ 4.15) ~1'U-if11VIEll.JLVItJt.J1~1t.J-w'U5tJ-rutJ':I.:i RGD13117-115-52 bb(;l~ 

' ' 
RGD13117 -115-53 i1-w'U ~n':l':ll.J~ ':1.:1~1 LL Vl'tl.:i fi'U 8ph3 L VllieJ'U~1 t.J~'U~yjel ~~ LL~'U ~L'J ru ~1 LL Vl'tl.:i 

RM589 ~.:~ RM588 1(;1 t.J'U~L 1 ru~1 ~ ':1~VI 1 1.:~ LA~EJ~VIl.J 1 t.J~ LB'ULEJ~~~EJ~'1J'U1'U~TvhCJ 1lJyju m':lbfl(;] 

~AEll.JUb'Uotl'Ub~'Utl'U (m~Vi 4.15) 
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R'tlllt321 tet7 t 

11 · nnn n 
· n 111111 

.01'W~ 4.15 bb~~J-:1 graphical genotype 'U~b'JWI911bb'VI'Li~~'U Bph3 bb~:: wx 'U'Ubf'l':ib"-Jblij"-J 6 

"lJB~ii'11b'VI.Y£J1'VIB"-1~1£J~'U5tJ-rut.h~ (Aromatic glutinous introgression 
' ' 

Lines; AG-Ils) ~1'U'J'U 2 ~1£J~'U5b~bbri RGD13117-115-52 bb~:: RGD13117-
' 

115-52 IP11"-1~1~'U bb~::tJ"a::"tnm F3 ~1'U'J'U 3 mi"-lb~bbri " R" (resistance), 
' 

" MR " (moderately resistance) bb~:: " S" (supceptibility) IP11"-1~1~'U ; 

(~bb\Pl~) 'VI"-11£1~~ ~'U5n':i'a"-l"lJB~~1£J~'U5't'JeJ R4-4-2-134-18-57, (~J1b~'U) ' . 
'VI"-11£1~~ ~'U5n"a"a"-l"llel~~1£J~'U5bb~ RGD11259-1-9-25, (~oW1) 'VI"-11£1~~ . ' ' ' ., 
~'U5m"a"-1Vib tl'Ubb'U'UbeJb 'VlB 1 ';j 11ijn~Vib 'VIiiB'U'Vi'~~1£J~'U5't'Jmb~::b~ , <~b 'VI~B~) 

' ' 
'VI"-11£1~~ ~'U5n':i'a"-l"lJB~~'U5 Rathu Heenati VibbiPlnvh~\11n~1£J~'U5't'JeJ bb~:: • • • 
c~~h> 'VI"-11£1~~ l911bb'VI'Li~m~1~-rum"am:'U1'Vl'u 
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4.5 B.fh.J":i1tl~!;'ln1":i'VJ~i;~B-3 

m":itJ-ruth:rwtHH;;'I11 'UtJF1D'oiJ'oiJU'Ubth.Jm":itl1B.:JAF111l.l~'VI1.:J~h'Ub 'VIAL 'U t~8:S1n1V'1b oU1l.l1'lbCJ 1 'U 
, , 'I q \J 

~1'\J ~ 1'U'\J -ru tJ ":i -3~ 'Utie:J ~1~ n1'1 ~"In 1~ bb Ill EJ ~ 1 ivt~ nn 1":i'lle:J~ n 1":i'\J -rutJ ":i~oW'Utibb u Ul.l 1 m~1 'U b u 'U bbfl'U 
'I , , 'I c:49 

~1 Flt1J1 'U n1":ioW l'll'U1~1CJoW'Ulfl mJ (conventional breeding) L~CJ'oiJ~1 itJ":idCJ'IJU'llel-!1 bFl~e:J~V!l.J1CJ 
~ b~ 'U be:Jl.l 1 b u 'U bfl~e:J~ihl "lh CJ 1 'U m ":ifl ~ b~ eJ n b ~ m ~ l.l tJ ":i~ ~'VI6 fl1V'I1 'U m":i'\J -rutJ ":i~~'U61-M~ Fl11l.l 

' ' 
mJ'Uch bbfi~~m~tJ~L1m1 'Um":itJ-rutJ-r~-wwfl-M~'U~~ L-d'U l"l~b~e:Jn 1~'VIm~CJ~m":ib'oiJ~rub~'U L~'lle:J~ 

' ' v 

vh ~ m1l.l bb,Jwh 1 'U m":il"l'Vl b~ Bn ~Vl":i~t~~n~1 bb~~rh1 i~1c.~1 'U LF'I":i~ m":i'\J -rutJ ":i~'W''U 6 b U'U ~'U 
' ' 

eJ ~ 1~hn~1l.l n 1":i'\J -rutJ ":i~oW'UtiVl'IJLVl c.~1i MAS EJ~Fl ~~u liJ..ijCJ~11"lru ~ ~ e:J~~ 'oiJ 1":itu 1 ,j'U n~ eJ 
' ' v 

bfl~tl~V!l.J 1 CJ ~ b ~'U be:J~'t11l.l11 m 'U m ":i FlVl b~ €l n~ m~ru~ b u 1V!l.J 1 CJ ~ €)~~ fl1":i'VI Vl ~tl'U 1 'U ~1'UoW'U5n":i":il.J~'U 
"' ' 

V!~e:J Fi t:-J ~l.J~'U (markers validation) LVl CJ":i~CJ ~·vh~":i~vt·:h~ bFl~e:J~V!l.l1 CJ ~ b~'Ubtl nu 8'U b u 1V!l.J1 CJ 
'U 

~~ Fl 1 ":i~ ":i~CJ ~ 1,J bi1'U 5 b~'U~l.l eJ ~bbn'U (eM) bb~~ bFl~e:J~V!l.l1 CJ ~ b~'U be:J'oiJ~ ~ fl~ bbCJ mn1l.l bb~ nll11~ 
":i~VI':h~~'UfivlmL,J1~-a'(;)b'oiJ'U (Collard and Mackill, 2008) fl1":ifl(;)b~fln~~'oiJ~~rn1l.lbb,J'Uchbb~~ 

' 
thb~fl~e:J L(;)tJb!JV'11~~n'Nru~Flrufl1V'I~tlnmuFll.l~1tJ8'Uvt~n (maJ·or oene) \11'U1'U1,Jmn fll'oiJ'oiJ~ 

'I \J 'I ~ 

b~CJ~8'Ub~CJ1vt~fl~e:J~{i~~1l.l~'U L'll'U ~n"Nru~m1l.lvtfll.lF11UFll.JL(;JCJ~'U bdah2 U'ULFl":i'Ll.lL"'ll.l 8 
' 

~n"Nru~oU11b vtilm bb~~.U11 L:il1 mu~l.l L(;)tJ~'U Waxy U'U 1m Ll.l L"'ll.l 6 bb~~~n'Ntu~'VI'U'I.lTvi1l.JU'UV'I~'U 
~Fl1'UF'Il.JL(;)CJ~'U Subl 'U'ULF'I":i'Ll.JL"'ll.l 9 bU'U~'U bblli~1V!1flbU'U~n"Nru~vn~'\J~l.l1tu~t;lflF'I'J'UFll.l~1CJ 

' 'U ' 

~'U\11'U1'UV!mCJ~ (poly genes) !?i'1fl~1~b-d'U~fl'Nru~~1'U'V11'U hFlbb~~bbl.J~~ 1~bbtl ~n"Nru~~1'UVI1'U 

b V'l~ c.~m~ L(;)(;)~J1~1~ 1 'Ufl1":i 1 iLFl~fl~V!l.l1 CJ~ b~'Ubfl 1 'Um":il"l(;) b~fl n QTLs fl1'oiJ'oiJ~~m1l.lFlm(;) bFl~fl'U 
~~,!'U ~~~m":i1ii6m":i'\J-rutJ":i~oW'U6~~~fl~i6 (conventional breedino bb~~ MAS) ~1l.lfl'U ' ' ;:, 

b ~f) 1 m~m~~~1CJ~'U61 vt,J~~~~~-r~ ti'\J":i~~~Fl11 ~~'oi) ~ b~CJ flfl1":itJ-rutJ":i~~'U6bb uud11 "fl1":i1 i 
q q , q 

bFl~tl~V!l.ll CJ~ b~'U bfl"li1 CJI"l(;) b~Bfl~1l.l nu fl1":il"l(;) b~fl n~1 CJ~ fl'NW~~t 'U1 VIU (combined marker-

assisted selection)" ~eJ fl1":i 1 iLFl~eJ~V!l.l1 CJ~b~'Ubflmn~:a(;) nu~n'Ntu~b U1V!l.l1CJ'll1 CJ 1 'Un1":i~(;)~1l.l 
~'U~ Fl'J'U~l.J~ fl'NW~ b U1V!l.J1 CJ,r'U I bb~~1 i~ fl'NW~~t 'U 1 VIU~'\J ":i1fl!J'llfl~~fl'NW~ b u 1V!l.J 1 CJ,r'U I 
F1 Vl b~ fl n~1l.l ~1 CJ m":i1 -Hi6n1":iflVl b~flfl~1l.l~~~B~i6~~n~ 11'oiJ~~m 1l.l n11vtu 11 'U fl1":iflVl b~ eJ n 

(genetic gain) l.l 1 n n11 fl1":il"l Vl b~ fl n LVl CJ fl 11"1 CJ ~ n 'NW ~~1 'U1 VI u VI~ fl fl1":il"l Vl b~ eJ n LVl CJ MAS 

i61Vli6vt~~b~CJ~i6b~CJ1 (Collard and Mackill, 2008; ~~V'I":i bfl~~1l.l, 2557) 
' ' 

~1'Ui..ijc.~if~1~ t;l'\J ":i~~~fl b ~floWI'll'U1~1 CJoW'U6.rr11 b vtil CJ1V!fll.l~1'UVI1'U b V'l~ CJ n ":i~ LVl Vl~tl1m~~~ 
' ' 

~'U Bph3LVl CJ 1 ibfl~fl~V!l.J1CJ ~ b~'U bfl"li1 CJ 1 'U ll1":il"l Vl b~ eJfl ~~ b U'U fl1":i 1 ib Fl~fl~V!l.Jl CJ ~ b~'U'll1 CJ 1 'U fl1":i 

FlVlb~fln~n'Ntu~bU1V!l.J1CJ 3 ~fl'NW~ 1~bbtl ~n'Nru~~1'UV11'UbV'I~CJmdVlVl~tl1m~ (Bph3) ~n'Nru~ 
oU11bvtiJCJ1 (wx) bb~~~fl'NW~F111l.JV!fll.J (badh2) ~1l.J~1~'U ~1l.lfl'Un1":il"l'Vlb~fln~n'Nru~~t'U1VIU1'U 

~d ~ eJ m ":i'\J ":i~ dJ 'U ~ n 'Nru ~~1'UV11'U b V'l ~ CJ m~ LVl Vl ~J1~ 1~ m":il"l Vl b~ eJ n~ n'Nru~ b u 1V!l.l 1 CJ 

tb~fltl'U~1CJ 1) ~fl'NW~~1'UV11'UbV'I~CJ!l":i~ LV1Vl~J1~1~ (Bph3) 1-tibFl~tl~V!l.JlCJ SSR ~'ll'U1'lJ'tX1Vi'1CJ 
fl'U~'U Bph3 ~~1~~fl1":i11~il1bbV!U~'U'ULFl":iLl.JL"'ll.J 6 ":i~V!l1~bfl~tl~V!l.J1CJ RM589-RM588 

(Jairin et al., 2007) bb~~ b~eJ1-M~m1l.lbb,j'U~1l.l1fl~'U~.:Jb~l.JbFl~eJ~V!l.l1tJ~b~'Ubtl":i~V!l1~~€l~ 
bFl~eJ~V!l.l1CJ~'ll'U1'U'IXTvhCJ~~fl~11\11'U1'U 2 bFl~eJ~V!l.l1CJ 1~bbrl RM586 bb~~ SSR24 (vtthCJ 

tJi]u~m":iri''Uvt1bb~~ 1 itJ":i~ 1c.~'IJu~'U-rr11) 
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2) ~ fl 'I~H\J ~orr 1 'H VI '\1cJ 1 ( wx) 1 i b Fl ~ eJ 'I VI ~ 1 tJ ~ b B 'U b eJ ~ i1 Fl 1 1 ~ Iii 1 b ~ 1 ~ b Iii 1 ~ Iii 'I~ eJ ~ 'U 

(gene specific marker) fia Wx-Glu23LI'lt.lbfi~B'I'Vl~1t.l~'lflr;\11~WJ'U1:U1fl~'U Waxy 'U'U 

1m1~1'11~ 6 'U~b1ru exon 2 ~~'Ul1iifl1')b~~borr1m'l.lmil1Fl~1a1VJU"ii'1'U1'U 23 bp (23 insertion 

in exon2 on chromosome 6) 1'U'U~b1ru~hbb'VlU'I~'U Waxy 'U'Ulfl';il~L'Il~ 6 (Wanchana et al., 

2003a) 

3) ~n·t~Hw~m1~Vlv~ (badh2) 'U'Ulml~L'Il~ 8 bfl~v'I'Vl~1tJ~bB'Ubv~H'1'Ufl1')RI'lb~an fia 

Aromarker ~'lbU'Ubfl~B'I'Vl~1tJ~bB'UbB~iim1~:U1b~1~b:U1~:U'I~m'f'l ~'11;!vhfl1')~WJ'U1:U1flfl1')~'U 
" 

badh2 'U'Ulfl';il~L'Il~ 8 ~iifl1')'1J1~Vl1tJhJ'l.IB'IU1Fl~1a1V1u"ii'1'U1'U 8 bp (8 bp deletion in 

exon7 on chromosome 8) 1'U'U~b1ru exon7 'l.lv'lm'Ufl11~VlB~ badh2 'U'Ulfl';il~L'Il~ 8 

(Wanchana et al., 2005) 
d Q C0: d I I Q./ ~ I I 

4.5.1 n1':ilil':i1lil ~au bfl ':iB .:!VI :1.11 a Iii bB u bv 'VI ~1:u1 ':it:l bbt.l nfi11:U bblil n lil1.:! ':i~Vl11.:! ~ 1 a wu ow a u:u • 
Lvia1.Ua1VI~'Un1':iAiilb~an~m~ru~bU1VI:U1t.~1uth~"111n':i'ti11~n~~:u 

b ~B'I:U 1 norr 11G'f1 tJ~'IJ 5 bLlJvla i1 ~ m~ru~ b i1 1Vl~1 tJ~ bblil n ~ 1'1 n'U~'Iii~ n~ru~~ Pi mn 1;! bbrl 
' 

~n~ru~~1'UVI1'Ub~~tJm~LI'll'l~~11i11~ (Bph3) ~n~ru~orr11b'VlUtJ1 (wx) bb~~~n~ru~Fl11~Vla~ 
(badh2) i1~1bb'VlU'IB~U'ULm1~1'11~ 6, 6 Lb~~ 8 lii1~~1~'U Ll'lmu~1~fin~ru~orr11LV!Um Lb~~ 

" 
fln~ru~m1~Vla~ ~'IG'fv'lfin~ru~dt:lnmufl~ L~tJ ~'L!Vlflfl ~'ltY'U~'I"ii'1 L U'U~'UbbtJ flfl11 :Wbblil fl~1'1'1.1B'I 

" ' 
orr11~'1G'IB'IG'f1t.I~'U51 'IX -a'~ blil'U lil1 fl fl1';ilil';i1:UG'IB'U bfl~B'I'Vl~1t.l~ bB'U ba~1 m 'U fl1';i"R~ b~B nfl n~ru~ 

' 
orr11b'V!Ut.11 bb~~fln~ru~Fl11~VlB~ 1;JLbrl Wx-Glu23 bb~~ Aromarker ~'Ul1 ~'IG'IB'Ibfl~B'I'VlmtJ 
G'f1~1';if:lbbt.lflfl11~bblilfl~1'1';i~Vl11'1G'f1t.I~'U5 RGD11259-1-9-25 bb~~ R4-4-2-143-18-S71;! ~'11'1X 

' 
'IJ'U 1~'1JB'I~ bB'UbeJ~ bblilfl~1'1tl'U B~1'1otl~ blil'U (1?11')1'1~ 4.5) ~'Iii fl1')11t.I'I1'U fl111 ith~ LtJ'llU:U1 fl 

bfl ~a 'I VI~ 1 () ~ bB 'U b a~ 'I G'f a \11 'U fl11 R ~ b~ a fl G'f 1 () ~ 'U 5 orr 11 ~ b iJ 'U orr 11 b VI u tJ 1 bb ~ ~ i1 fl ~ 'U VI a :w 
' 

B~1'1bb~~Vl~1t.l (Katengam et al., 2011; Jantaboon et al, 2011; Khanthong et al., 2012; 

n~m';i1tw b~tJu~a t.1, 2554) ~'lfl11tJ1utJ1'1~'U6orr11 1 '!Xiin~'U'VlB~Fl~1tJorr11~an~~~ 1 OS Ll'ltJ 1 i 
' ' 

bfl~B\I'Vl~1t.l~bB'UbB (Aromarker) ~tJ1~G'f'Ufl11~~1b~:U 1;!bbrl orr11VlB:W11~'U Vl~B Jasmine 

IR57514 (Katengam et al., 2011) bb~~orr11~lJ1~'U5 Manawthukha (Yi et al., 2009) bU'U~'U 
' 

~1'Uflfl~ru~~1'UVI1'Ub~~t.~m~LI'l1'1~~11i11~ (Bph3) 'U'Ulml:wl'll~ 6 ~1bb'Vl'li'I~R~b~an 
iJ :u:uu'U ~'~LlJVJ ';i1'Uwu 1~'l.iv\I~'U bb~ ~~1 Lb Vl'li'l~otl~'~ blil'U~b Vl tJ\1 bb~u~ b 1 ru~ii~'U b~tJ n1;!11 QTLs 

' " 
~'l"ii'1 LU'U~ v\11 iLfl~B'I'Vl~1tJ~'l.I'U1'U'iX1Vf1tJ'l.IB'I QTLs ~1'UV11'Ufl n~ru~~'lnr;\11 1~ mfl~B'I'Vlm t.1 

~bB'UbB'Uba~1m'Ufl11~~L~anii~\I'Vl~~ 4 bfl~B'I'Vl:W1t.l 1;!bbrl RM589 RM586 SSR24 bb~~ RM588 
I d qc;: ~ d Q.J I I 1 2.J Q..l t{ 

~u11 Lfl')eJ'I'VlmtJ~La'UbBVI'I 4 bfl')eJ'I'Vl~1tJ~'Iflm1 G'f1~11mbtJflfl11~bblilfllil1'1';i~Vl11'1'1.111G'f1tJ~'U'B 
' 

vi mLlJ1;) ~'11 '!X'l.I'U1~'l.IB'I~ bB'Ubv~ bblil n ~1'1 tl'U a ~1\lotll'l blil'U (1i11')1'1~ 4.5) :U1fl fl1')11 t.1'11'U~'Ul1 
bfl~v'I'VlmtJ RM589 ~1n~~~nu~'U Bph31;!iim1'l111 tJ1 itJ1:::1t.~'llu1 'Ufl11tJ1utJ1'1~'U5orr11~'U5 

v v 'I 'I 'I 

'1.1111'1Bfl~~~ 10S1'1X~1'UVI1'Ub~~tJm~1~~~'l11m~1'UtJ1~bVIP1LVItJ (Jairin et al., 2009; Toojida 

et al., 2005) ~1'U~fl 3 bfl~B'I'Vl~1t.l n~'IF1'11m'Ufl11R~b~BflG'f1t.I~'Ut5orr11~1'UV11'Ub~~t.lfl1~L~I'l 
"' ' ' 

~'l111i11~Vlii~'U aph3 u'U 1A11:w 1'11~ 6 'IJB'I'Vltl1tJtJ~u~m1ri''U'Vl1bb~~ 1 itJ1~ LtJ'llU~'Uorr11 
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LtiB-:J"il1n~m~ru~~TUVl1'UL~~f.lm~1V~V~~J1m(;l~flTUFJllLV~f.I~'U Bph3 J'U LU'ULoWf.l-:1 

~1LLVI'Il'l QTLs ~1VI1f1 1-ifLoWf.I'ILfl~e:l'I'VIlJ1f.l RM589 LVif.I'I~1LLVI'Il'IL~f.l1€!1"il'V1'11 lXfl11lJLLli'U~J'11 'Uf11':i 
' 

rl VI L~ €l f1 (;!VI(;! 'I L~ 11 ~ €l1"il Lfi VI recombination ':i~VIl1'1 Lfl ~€1'1'\llll 1 f.! RM589 LL(;I ~ ~'U 8ph3 

'U'U Lfl':i Lll L'llll 6 1vi' ~-:~J'U L~B1 lXLfiV~m1mLliwh 1 'U m1ri'V~ L~Bn~m~ru~~1'UV11'U~-:~n~11m11 oil' 

Lfl ~€l'I'VIll1 f.!~ LB'U LB~i1~ 1 LL Vl'll'l'll'U 1VI~1~1f.l ~'U Bph3 L ~€!(;! VILe:! n1?1 n11Lfi VI recombination 

'U~L1W~'If1~11 L~e:!1'tXm':irlVIL~€lf1i1th~~VlG.fl1~?1'1?1VI (Collard and Mackill, 2008; ?l~~':i Lfl(Ol 
'\J II <i 'I 

'11ll, 2557) LL~~Tv'l1f1L~lJLfl~€l'I'VIll1f.I~LB'UL€l'lh'l':i~VIl1'1 RM589-RM5881~LLn RM589 RM586 

SSR24 LL(;I~ RM588 "il~'Vll 1 'tXm':irlVIL~€lf1~m~ru~~1'UVl1'UL ~~W"1':idVIV~~tl1(011(;1~flf1fl1'\JfllJ~'"W~'U 
'U ' 

Bph3 '\J'ULfl':iLllL'llll 6 i1th~~VlG.fl1~LL(;I~i1m1llLLli'U~1?1'1?1VI LL~~-:~d~B'Ii1~11-if~1f.I~?I'I~'U ~-:~J'U 
'U ' 'U 

~€l'l~"il1':iW1fl11ll~~€llJ'll€l'IVI'I11f.I'I1'UJ'U 1 ~1f.l Vl~€l€!1"il1 oif~n~ru~YJL 'U L Vlth-tf1ll11 m 'Uf11':irlVIL~€l f1 

1 'U~n~ru~~1'UV11'UL~~f.lm~ LV~V~~tl1 l'n(;l L~m ~llth~~VJ5.m~1 'U m1ri'V~ L~Bn L-zi'U m':ith~LiJ'U 
fl11ll~1'UV11'UL~~f.lm~1V~V~~J1m(;I1'Uth~'lJ1m~i1m':im~"il1f.ltK1?1'1off1~'U~ 2 L~avhm':iri'V~L~an 

'U ' 

~'U.rr11~~1'UV11'UL~~f.lm~1V~V~~J1m(;l LU'U~'U 
4.5.2 m-amm linkage drag -a~vd1-:JV'U WX' Lb(;'I~V'U Bph3 'U'U1fl-a1111szt11 6 

~'U Bph3 i1~1LLVI'Il-:~a~1m1~V~VI~€l~V~n'IJB(;I~(;I W~ 'lJa'I~'U Waxy 'U'ULfl':iLllL'llll 6 

~-:~J'U ci1'U1 VlqlVI1ntJ~utJ 1'~~'U~.rr11~1'UV11'UL~~ f.lm~ LV~V~~tl1m(;l~1 f.I~'U Bph3 "il~ 1~.rr11~i1 
tJ~lJ 1ru a~ 1ll L(;l?f?f-:J LL~~1VI1f1"il ~tJ~utJ1-:~'Ww5.rr11 L VI'Uf.I1~1'UV11'UL ~~f.! m~ LV~V~~tl1m(;l~i1 ~ 'U 

'U ' ' 

Bph3 lil'1LU'U~€l'ILLf.lf1 linkage drag ':i~VIl1'1~'U~'If1~11 L~af'i''UVI1~'U.rr11~LfiV~f11':iLL(;If1L'\.J~f.I'U 
~'U ci1'UoW'Uum':i11'lla-:~?~1 f.loW'U5vJB LLll1 'U m':iLL tJ-:~tK1'lJ a-:~ L'IJ(;I~':i~f.l ~ 1ll 1a'll?~1 m~ll1 ~'~~'U.rr11~i1~'U 

' ' 
LD1VIll1f.l"iJ1n?~1f.I'W'U~vJmLliB~1-:~(;I~Vf~'~~'Uu'U Lfl':iLll 1'11ll1V~1fl1 1ll L'lllJVI~-:~'lJa-:~~1 'U~rvhJ'U 1 ~-:~J'U 
tJ':i~'lJ1 m~1 m 'U f11':iLLf.l f)~'U?I€1'1 ~'U~i1~1 LL VIU'I1m1~V~ tl'U'U'U 1m LlJ L'llll li\'1 L U'U~ a-:~i1 f11':if11~"il1 f.ltK1 

Vl1-:JoW'U5f11':ill~?I'IVI~BtJ':i~'lJ1 m~i1 m1 LL(;I n L tJ~ f.I'U~'Uci'J'U Lfl':i Lll L'llll'll a-:~vJa LL(;I ~ LLlill1f1~?1V~ L -z!'U 
' 'U ' 

off1~'U~ 2 CF2) LL(;I~ (;ln~?~lln~usc ~'U~ F2 LU'U~'U 'll'U1V~'lla-:~tJ':i~'lJ1m~1-if"il~~a-:~i1'll'U1V~1VIru 
, '\J 'I v 

LoW f.l'l~anu La f11?1~"il~ Lfi Vl~fl alJtJL 'U-8' 'U':i~VIl1'1 ~'U~-:1?1 €1'1 ~'l'll'U 1VI 'lJa-:JtJ 'i~'lJ1 m~1 oifJ 'U"il ~~'U a~ tl 'U 
'U 

fl11ll L VllJ1~?1lJ ~1-:11 'I'UtJ'i~lJ1W 1 'U f11'il'\'1 L tJ'U'I1'U LL(;I~'a~f.l ~'Vi1-:i'i~VIl1'1 ~'U ~'l?la-:J'U'U bfl'i bll b'llll 

"il1f1 LVI(Ol~(;l~ n~11ll1d~a L U'U m'iL ~ll 1am?~1 'U m'i~'U~'U.rr11~i1~'U L D1VIll1f.l ~1VI~'\J'I1'Ul~ f.ld 
' 

1~Vlln1'a'Lbf.lf) linkage drag 'i~VIl1'1el(;l~(;l w~ bL(;I~ Bph3 L~a1m~.rr11L'VIlJf.I1~1'UVl1'UL~~f.l 
m~ LV~V~~tl1(011(;1 (Bph3 LL(;I~ wx) LV~f.l1 -il'Lfl~a-:J'VIll1f.l~ LB'ULB-zi1f.l1 'Um"ari'V~ L~a n~ n~ru~~1'UV11'U 
b~~f.lm~ LV~V~~tl1(011(;1 (Bph3) LL(;I~~n~ru~.rrTJ L V!iJm (wx) ~1lltl'Uf11'irlV~L~an~n~ru~YJ1 'U 1 VJU ru 

~d~a m"atJ'i~LiJ'Ufl11ll~1'UVl1'UL~~f.l m~ LV~V~~tl1(011(;1 L ~a 1 lXm"ari'V~ L~ an~'U.rr11~i1~'UL D1VIm f.li1 

fl11lJLLli'U~1~'1~V~ (Collard and Mackill, 2008; ~~~"a Lf11'l'11ll, 2557) LL(;I~1m~ll1~-:J~'U.rr11~i1 
oW'U qn "a 'ill~ 1'U Vl1'U m ~f.! n "a~ LVI VI ~J 1 m(;l (Bph3) "il1 n ?11 f.loW'U ~vJ a R4-4-2-134-18-57 LL(;I ~ 
i1oW'U5f11'ill.rr11L'VIlJf.l1 (wx) "il1f1?11f.I~'Ulhbl.J RGD11259-1-9-25 

' ' 
f11'aLWf1 linkage darg LU'Uf11'iLWf1el(;l~m~VIl1'1 w~ LL(;I~ Bph3 'lJa-:J?I1f.JoW'Ul5vJa~ 

' "' ' 
LfiV~"il1 n nTHL(;I n L tJ~ f.I'U:n'Uci1'U'lla-:~1fl"a 1ll L'IJlJ(Ol'a-:J'\J~L 1ru~-:~ n~11"il1 n?11 f.I~'U5vJa LLl.l 1V~ f.l1 oiftJ"a~'lJ1m 

I I 1 1 'I 

F2 Vii1'll'U1~tJ'i~'lJ1mV11VIqj LU'Uf11'iL~ll1am?~1'Um'i~'U~'U.rr11Vii1~'U Bph3R41R4 bL(;I~ w0GDIRGo 
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Vl~tl W>t601
R

4 'Utlfilil1fl1-b'tJ':i~'ll1fl':i F2 LLiK1~-:!Fl-:JtitJ':i~'ll1fl':ioV\J~iJ"lJ'U1~1Vlt1]i1-:~ 1,140 ~'U 1~t.J~'U 
.VTJVJfl1 ~'U 1~l.l11il1flfl1':i~i:fl.l~'Jbtl-:!"lltl-:!~'U-[11i'U F1 "ill'U'J'U 1 ~'U b~t~1-M'L~l.l1tlfl11:f1'U .. fl1':ibfl~ 
recombination ~1Vl-r'Ubbt.Jfl Linkage drag ':i~Vl11-:J~'U W~ LLG'l~ Bph3 LtJtl-:llillfl~'U~-:Ji:feJ-:JiJ 

!Jl1LL'Vlt.l-:~t~t.J'1n!Kti''Ul.l1n ~-:~~-:~i:fm~'UiJ':i~t.J~vh-:~n'UtJ':i~l.llru 380 kb ~-:~~mtl'U':i~t.J~'Vll-:~"llt~-:~~'Ui:ft~-:~ 
'U 

~'U~iJfl11l.l1n.K:a~n'Ul.l1fl (Jairin et al., 2009) tJ':i~fltl'Utl'U ':i~t.J~'Vl1-:J'Vl1-:J~'U5fl':i':il.l'U'U~1'Ul.l 
' 

~-:~iJVlt.l1mU'U VlU'Jt.JLL~'U~ Vl~tl L~'U&ll.lt~1LLfl'U (eM) 1~t.J~ 1 eM iJ':i~t.i~'Vll-:!U':i~l.llru 300 kb 

1?1-:~J'U 1t~mi:f~~'ULth'Vlmt.J~-:J 2 ~'U (W~ LLG'l~ Bph3) lil~Ln~ recombination i11t~mi:fLy;t.J-:JLLA 
1.02 bUeJ1L~'Ut11 ~-:~1 'U'Vl1-:Jr:fi1&1~eJ11iJ1tlfl1i:f~lil~ 1~~'U.V11~i1!Jl1LLV!U-:I~'U Bph3 b U'Ubb 'U'U 1fj1l.J1"1ltli:f 

(Bph3R41R4
) LLG'l~iJ!JllLLVlt.l-:~m'U wx L tl'U.V11LVll1m~iJ~tJLLuueYG'l~mu'U 1fj1l.J 1"1lni:ILLG'l~Lm'Vlt~ h1"1lni:f 

(wJ'i601
RGo LLG'l ~ W>t601

R
4

) il t1 t.Jl.ll n 1 'U "lJru~ L~ en tl'UU ~'Ill m Fz ~1-b'~ tl-:JlJ"ll'U 1 ~~1 Vlt1]l.l 1 n~ t1 

L ~tl L ~l.l 1t~ mr:f1 'U fl1':i~'U~'U~'U.V11~iJ ~'ULD1Vll.l1 t.J~ ~ t~-:!fll':i ~Gilillfl fl1':i'Vl~i:ft~'UtJl) n~t.J1Fl11l.l 
~1'U'Vl1'UL~~t.Jmd~~~hJ1mG'l"lltl-:!U':i~'ll1fl':i Fz "i!1'U1'U 1,140 ~'U lillnJ'U'vhm':im 'U 1 'VlU~'U.V11~iJ 
~1111 ':itl ~ 1~ t.J1 i LFl ~tl-:!Vll.l 1 t.1 ~ LB'Ubt~~1n.K:a~ nu ~ 'Ub {j 1 L Vll.l 1 t.J~ -:~i:f tl-:1 ~ u 11 ~ 'U .V 11~ Li1 ~ 
recombination ';i~Vl11-:~m'U Bph3 bb(l~ w~ ~iJm'U Bph3 LU'Ubb'U'lJ1fj1l.J1"1lni:f (Bph3R4/R4

) bb(l~ 
iJ~'U wx LU'Ubb'U'Ubfjb'VleJh1"1lni:f (wJ'i601

R
4

) "iJl'U'J'U 6 ~'U lillflU':i~'lllfl':i Fz ~iJ~1mt~~"il1'U'J'U 
461 ~'U "lltl-:J~'U.V11~'Vl~i:ftl'U~-:!Vll.l~ 1,140 ~'U vh1~-wu111t~n11:f1'Ufl1':i1~~'U.V11~i1m':iLn~ 
recombination ':i~Vl11-:J~'U~-:Ji:ftl-:JI?l-:~n~11 Ln~1~l.l1flfl11 Jairin et al. (2009) ~1~'01fl1':ibbt.lfl 
Linkage drag ':i~Vl11-:~ Bph3 LL(l~eJ(l~(l w~ L~eJ1m~.V11~iJ~'U Bph3 LL(l~e)(l~(l w01~t.~1-b' 
U':i~'lllfl':i.V11 BC3Fz ':i~Vl11-:~A~i:fl.l Rathu Heenati LL(l~ KDML105 "i!l'U'J'U 2,343 ~'U 

'U 

1 iLfl ~tl-:!Vll.Jl tJ ~ LB'Ubtl~'Jt.lfl ~ b~ tlfl ~'U~-:1 i:ftl-:J'U'U 1fl':i 1l.J 1 "Ill.! 6 i:fllJl';iL) fi'~ b~ tl fl~'U-rr l'J~lJ~'Ub {j 1'\ill.J 1 tJ 

1111l.l~~tl-:!fl1':iLVit.J-:~LLA 1 til'U lil1fl~'U.V11~iJ~1mt~~-:51'U1'U 200 ~'U 1'UU':i~'ll1fl':i~-:!Vll.l~ 2,343 til'U 

i:f1L'Vl")1'Ufl1':i~'U'W'Uiil'U.V111il1tlfl1':i Linkage drag ':i~Vl11-:~m'U waxy LL(l~ Bph3 'U'U 

1m1l.l1'1ll.l 6 ~bbl11tl~1-:llil1flfl1':i~fl'l~1"lltl-:J Jairin et al. (2009) tlllilbU'Ub'W':i1~1'Ufl1':iU':i~LiJ'Um1l.l 
~1'U'Vl1'UL 'W~ t.1 m~ 1~~~Ll11111(lfl~-:Jd1m -b'~'U.V11U':i~'ll1fl':i F2 ~1~~1 n fl1':i~i:fl.l~1 LeJ-:!"lleJ-:!~'U F1 

L Vi t.~-:~til'U L~ t.~'J ~-:~vh 1 mt~n1~1 'U m1Ln~ recombination m-:~!Jl1 bL Vlt.l-:~~'U~-:~i:fv-:~n1v m~~~-:~n'i1 
0 'U 

LL(l ~ €l ntJ1~ n11Vli1-:~ ~ t1 "il1'U1'U ~'U 1v ~~1111 ~ 1 n n 1':i'Vl ~i:f vu tJ lJ n~ t.1 1F11 1l.l ~ 1'U 'Vl1'U L ~ ~ t.1 n1~ 1~ ~ 
~J11111(li1-:51'U'J'U~bL111n~1-:~n'U 1 'Ufl1':ivl1L 'Ww1'Uiil~fi'~ L~ vn ~n~ru~w1 'U 1 'Vlu ('\.J';i~ biJ'U fl11:W~1'U'Vl1'U 
L ~~ t.1 md~~~J11111(1) rltl'Ufl1':ifl ~ L~ t1 n1~ tJ 1 iLA ~eJ-:JVlm tJ ~ LB'ULeJ n~11~ eJ v\'1 fl1':i'Vl~i:feJ'U':i~ l?lu 

fl11l.ltil1'U'Vl1'UL 'W~t.J m~ 1~~~J1m(l1~t.J 1 itJ':i~'ll1fl':iL ~~t.J m~ 1~~~J11111(1 L .V1vl'1mt.J~'U.rr11 ~1 nJ'U 

fi' ~ L~ eJ mo~1~~'U~':it1~~1111 LLIK1L11til'UL Vl~1-dm fi'~ L~eJ n1~ t.1 1-b'bfl~eJ-:JVllJlt.J ~ LB'U LeJ b ~'U b~ t.J'J tl'U nu 

fl1':i~fl~1"lleJ-:J Jairin et al. (2009) i:f1 L Vl")~i1m11 ~fl1':ifl~L~eJ n1~t.J~ n~ru~w1 'U 1 'VlUtleJ'U L ~eJ(l ~ 
A 11-b'~ 1 tJ 1 'U fl1':iVll ~1 'U 1 'VlU1~ t.Jbfl ~€l-:!Vll.J1 tJ ~ LB'U beJ b ~ ';il~U ';i~'/l1 m.V 11 F2 iJ"lJ'U1 ~ 1 Vl ru bb(l ~ 
€lntJ 1~ n1':i'Vl~-:~~ e1 ~'U.V11~1 i'Vl ~i:feJu b ti'U.V11~ Ln~ lil1 n m 1~ i:fm~Vl11-:~i:f1 t.I~'U5~ ~1u'V11~ bb(l~ 
1:{1 t.I~'U~~eleJ'UbbeJ ~-:l,r'U i'U~ n~1~1il~i1 fl1':ifl':i~~1 t.J~l~-:1 bb~ ~'U~ ~1'UVll'U 1 U':il'Un-:1 ~'U~eleJ'U bbeJ Lriv 

0 QJ v ~ iJ 

'Vl 1 fll':i'Vl ~~t~u1~~u ~1 1l.l 1111'U'Vl1'U L ~(I t.1 n1~ 1~~ ~1111111(11~ t.~tJ ~ eJ t.1 Lbl.l (1-:J L .rr Tvl1(11 t.1 ~ -:~v\'11-M' b Vl~ v 
2J' .o:;:,j qq cf c.: QJ i.l I 

Lu~1~111'U'Vl':itl~'lll 111 "1!-:!b 'iJ'Ufl1':ifl~ fl':i€l-:!111'U F2 VllJ':i~~'U fll 1l.ltil1'U'Vl1'U ~eJ fl1 ':ib .rr1v\'1m t.J'IJ eJ-:1 L ~~ t.1 
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m~1~~~th~n~1'ULtreJ'I~'t.t :U1fl,j'U111~'U F2 LVJci1,1'1J:l,J1(;l'n:U?IeJ'IJ1~CJ MAS ~'I~'U"Ii'TJ~:UimeJ~if 
fl'l ~ eJ'IiJ~'U5fl':i1l.l~1'UV11'UL 'W~ CJ m~ 1~~ ~J1 (;11 ~ :U1 fl?l1 CJ~'Ui:i~eJ LLli~iJ rl'J 1l.l ~1'UV11'U fl11A~ L~eJ fl 

' ' 
1~ CJ 1 off~ n~ru~YJ1 'U 'l VJU neJ'Ufl11A~ L~ eJ n1~ CJ 1 iLfl~eJ'IVIl.l1 CJ ~ LS'ULeJ~'Iilth~~VJ5m'Wl.l1 m~eJ 1 off~1l.l tl'I.J 
m1A'~ L~eJ n1~ CJ 1 i Lfl~el'!VIl.l1 CJ~ LS'ULeJ ~ ~ :u1 n fl11Vl ~~ eJ'I~'I nci 11:a\ ~ L ~'U(i'lth~~V15.n1'W"ll eJ'I m1'l11 

Lfl~eJ'IVIl.l1CJ~LS'ULeJll1"111 CJ1 'Ufl11A~L~eJn1 'Umru~ Ln~ linkage drag ~'llfifl11U~'I.JU~'I~'UqLL 'I.J'I.J 
~'I L~l.l m :U~eJ'11 i1~CJ ~ L 1m LL~~'\.J~l.l 1tu"IJ eJ'IU1"~'ll1m"li'11 AeJ'U"Ii'1'1l.l1 fl Vl~eJU1~'ll1 m~Vl~?leJ'I.J"IJ'U1 ~ 
1 Vlru L ~eJ:U~"ll-.ij~~'U~'lli~eJ'Ifl11eJeJfl:U1fl~'U~r11'\.Jfll.l~n~ru~ L ihVImCJ~L 11?1LJ 1:u 1eJm?l~:u~ 'l~?11CJ 

" ' 
~'U6~~eJ'Ifl11tlUeJCJ~'I r;l1mh'l L -d'U 1 'Ufl111 itJ1~ 1CJ"lltJ:U1fl~'U~1'UV11'U Bph3 ?11CJ~'U6"1i'11~r11~';h 

' ' 
:u~ 1~~'\.J ~'U~1'UV11'U Bph3 ~1'Ul.J1fl:U~ LU'U~'UB"Ii'11~iltJ~lJ1UJeJ~ 1ll 1~?1fleJ'U"Ii'1'1?1'1 L ~eJ'I:U1fl ~'U ' ~ 

~r11'\.Jfll.l~fl~ru~~'l?leJ'IiJiil1LLVIU'I~1n~:a~n'Ul.l1fl L-d'U IR72, IR56, IR13540-56-3-2-1 LL~~ 
' 

~~ru1~n 2 LU'U~'U (~1'W'Iii h~'UVl~ LL~~r1ru~. 2552) ~'l,r'U fl11A~L~eJn1~CJ1oULfl~eJ'IVIl.l1CJ~LS'ULeJ 
' 

~'IL ~l.J r111l.J LLli'UEJ1 LL~~ L~l.J 1eJ fl1?1~:U ~'l~?11CJ~LJB~~eJ'Ifl11 5 fl~'IEJ'I~~l~ (]~ L 1~1:U1fl?l1l.J11tl 
' 

A'~L~eJn~n~ru~~L~m"li'eJ'IV11'1fl11Lfl~(;l1~'U !1'U1~CJ~fl~11~ 
1 'Ufl11LLCJfl linkage drag 1~ CJ m1'l11 Lm Lfl~eJ'IVIl.l1CJ~ LS'ULm "1l1l.l1"111 CJ 1 'UA~ L~eJfl'UeJfl:U1 n 

1 'Ufl11"U~'U'\.J1'1~'U6"1i'11 ~1'UV11'UL 'W~CJm~ 1~~~J1(;11~~'\.J1~?1'\.Jm1l.ll.'11 L ~:u LL~1 EJ'I:U1 'U5nVIm CJ 
' ' 

~n~ru~~'\.J1~?1'\.Jr111l.ll.'11 L ~:u L "li'UL~mn'U L "li'U fl11U~'I.JU1'1~'U6"1i'11 Koshihikari 1 ~L U'U"Ii'11~'UL~ CJ 
' ' 

1~CJm1ci1CJ~'U sd1 'I.J'LI1m1ll1'1:!ll 1 :u1n"ll11?11CJ~'U6 Jukkoku ~'ILU'U~'U~m'I.Jr1llfl11~'1Lr111~~ 
' ' 

gibberellin (GA) vh1~"1i'11~'UL~CJ vl1fl11U~'I.J'IJ~'I1~CJfl11~?1l.lfl~'I.J:U'U(i'l BC8F2 1~CJ'I.J~LJru~ci1CJ 
~ 'U sd 1 ~'1'11 n11A' ~ L~ eJ n :u ~ L ~l.l Lfl ~ eJ'IVIl.l 1 CJ ~ LS'U Lm "1l11 tJ-d1 CJ 19 ~ L~ eJ n ~ 1'U 1 'U 51 Lfl ~eJ'IVIl.l 1 CJ 

L ~ eJ"IJ -.ij~ ~'U~1li~ eJ'I fl111 'U'I.J~L 1 ru ~'!nci11 eJ eJ n '1'111 m~ ?11 CJ~'UBU~'I.J'IJ 1 'l~iJ~'Ulit111l.l L Vlij eJ'U 
' ' ' 

?11CJ~'UB Koshihikari U1~mru 99.8 L'I.JeJ{L~w~i (Tomita, 2009) 'UeJfl:U1ndE1'1ilfl1111CJ'I1'Ufl11 
' 

LLCJfl linkage drag 1'U~n~ru~~'U 1 "lleJ'1"1i'11 1~LLn fl11A~L~eJfl~'U~1'UV11'Uhfl"lleJ'I.J1'1.JLL~'I1'Um1 
'\.J~'U'\.J1'1~'UB~1CJlG~?Il.lfl~'I.JVImCJ ., fl~'l L~eJvl1fl11ci1CJ~'U Xo4 + xo5 +Xo2 ~nn"ll11 indica 

' ' I 

?11CJ~'Uq IRBB57 L"li'1~"1l11 Japonica ?11CJ~'Uq Mangeumbyeo (Suh et al., 2013) LL~~ fl1111:W 

~'U~1'UV11'Uhfl"lleJ'I.J1'1.JLL~'I (Xo21 Lb~~ xo13) LL~~~'Ur11'\.Jfl:W~n~ru~~'UL~CJ (sd1) :u1n.rr11?11CJ 
' 

~'Uq PR106-P2 L.rr1~.rr11 Basmati (Type 3) LU'U~'U (Rajpurohit et al., 2011) 

4.5.3 n11U1~LiJ'Utl1~aV1'5.n1'Vi"lleJ.:Jn11leULfl~e:J.:J'Vil.l1£J~hB'ULeJ"Ii1 £J ~~ L~eJn l 'UU1~"U1n1 F3 

LL~~ F4 \911l.J~1~'\.J 

:U1fl fl11Vl~?leJ'I.JU~ fl~(J 1r111:W ~1'UV11'U L'W~ (] fl1~ 1~~~J 1(;11~ 1 'U1~(J ~ fl~1~-rr11eJ1 (] 
7 l'U L~eJ~'UEJ'UU1~~V16.n1'W"lleJ'Ifl111 oULfl~eJ'IVIl.l1 CJ~ LS'ULeJ-d1 CJA~ L~ eJn1 'UU1~"111 m F2 ~1'U1~ 
6 ?11CJ~'Uq ~:n:ner~~~'U aph3 LU'Ubb'I.J'I.J1tJt:w1'1:!n?l LL~~er~~~"IJeJ'I~'U wx LU'ULL'\.J'I.JbmVleJb1'1:!n?l 

(Bph3R41R4
, WJtGD/R4

) ?11l.l11tlA~L~eJn~'U-rr11tJ1~"/11n1 F31~~1'U1'U 3 ?11CJ~'U5 'l~Lbn 

RGD13115-36, RGD13115-115 LL~~ RGD13115-330 :U1fl~'IVI:W~~1'U1'U 6 ?11CJ~'UB :u1~~~fl1';i 
Vl~~eJ'Id U'l;fi--h~'U~1'UV11'UL'W~CJm~ 1~~~J1m~:u1n.rr11~'UB Rathu Heenati m:u~lil1LLVIU'I~'U 

' ~1'UV11'UL 'W~ CJ m~ 1~ ~ ~J 1 (;11~ :w 1 n n11VI~'IIil1 LL VIU'I'U eJ m VIU eJ :u1 n ~'U Bph3 'I.J'U Lr11L:W 1'1:!ll 6 

~'11'U1-.ij CJd1~'V11 m1A' ~ L~ e1 n :u1 n LVI(;]~~~'~ n ci11 ~'1'1'111 ~.rr11 L Vlu CJ1 ?11 CJ~'U6'\.J~'U'\.J';i'!'\.J ';i~"ll1m F3 ' ' ' 
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~ii~u~huvnu Bph3 LUt!LL'U'Ube:J1:w1'1ln?f (Bph3R41R4
) ~-:~ 6 ?f1CJ~t!~ hl?f1:W1':it:l~1t!fl1':iAI?lL~eJn1~ 

' ' ' 
'Vl fl ?11 CJ ~ ufi dj eJ L '\J~ CJ 'U L Vi CJ 'U tl'U ?11 CJ~ ufi~ eJ R4-4-2-134-18-57 LL~ ~B fl ?f 1 L Vll?l Vlli-:~Vi ~ u-iJ 11 

~1~"111m F: ~ije)~~~"1lel-:J~t!LU1Vl:W1CJ~~?fel-:J~fl~ru~ 'il'1t11t! 6 ?f1CJ~u5 hJ?f~:W1':it:l~1t!fl11 
' 

Al?lL~vn1~Vjfl?f1CJ~t!~ ~eJ ~tl~1ti'Vl1tl Bph3 f!-:~hlLL?fl?l-:JeJeJn1u~u-ir11m~ 7 1u Vl~eJLL?fl?l-:JeJeJfl 

hJL~:w~ L~elt:lflLVI~CJm~ bl?ll?l~hl11?11~ L -iJ1vi'1mCJ LVI':i1~:U1flfl111-ti~u-iJ11U':i~"111m F3 'il'1t!1tl 
~ ' 

3 ?11 CJ~u6-iJ1-:~~u (RGD13115-36, RGD13115-115 LL~ ~ RGD13115-330) Vi~1t1 fl11AI?l L~ elfl 
' 

:W1U':i~LiJt!':i~iJ'UI"111:W~1t!'Vl1t!L VI~ CJm~ bl?ll?l ~J1m~~1 LL 'U'U':i1 CJ~t!~eJ1CJ-iJ11 7 1u bl?lCJfl1':i'Vll?l~ el-:1 
' 

H~u-il11'Vll?l?feJ'U~-:JVl:WI?l 'il'1t11t! 120 ~u/?f1CJ~u5 V~'Ul1 ~u-il11'Vll?l?feJ'U~mCJ 7 1u L~vt:lm VI~ CJ 
' ' ~ 

m bl?ll?l~J1m~ L -il1vi'1m CJ~t!-il11'Vl n~umCJVl:WI?l ~-:~:u1 flfl1':i'Vll?l~v-:~dm:u L tlu'\J':i~L~t!Vl~-:~~mCJ-il11 
' ' 

'Vll?l?feJ'Uii~~l']eJ':i~iJ'UI"ld1:W~1ti'Vl1t!"1Jel-:J~tl 8ph3 'Utlbl"l';ib:Wb'I!:W 6 iJ-:~tTu ~-:J~v-:Jiifl11Pifl~1LL~~ 
Vl1L Vll?l~~:J.J1~t!Eltl~el 1 tJ1 t!eltl11"11?1 

' 
:U 1fl fl11U 1~ LiJt! 1~ iJu 1"111:W ~ 1t!'Vl1t! LVI~ CJ fl 1~ bl?ll?l ~J11?11 ~ LL 'U'U fll1-:J 1 t!U':i~"111fl 1 F4 

"1JeJ-:J-iJ11 L VlliCJ1VleJ:W?f1CJ~t!fitJ~'UU':i-:!~1ti'Vl1t! LVI~ CJfl';i~ bl?ll?l ~J11?11~ 'il'1t!1tl 2 ?11 CJ~tlfi 1~ LLn 
' ' ' 

RGD13115-115-52 LL~~ RGD13115-115-53 ~ije)~~~"llel-:!~t!LU 1Vl:J.J1CJ~-:J?f1:W~fl~ru~ bl?l CJ1-ti 

LV~~CJm~11?11?1~J11?11~'il'1u1u 4 tJ1~"111m 1-ti~u-ir11'Vll?l?fvu'il'1u1u 2 v1CJ 1~LLn 7 LL~~ 25 1u 
' 

:U1 fl~~fl1';iU';i~ LiJutJl) n~m 1"111:W ~1ti'Vl1t11 tll"l~-:Jd it~ L ~t!~-:IU';i~ L~t! ~1 A ~~1Vl~'Ufl11U ~'UU~-:J~tl~ 
-ir11 bl?lCJ1-ti~uqm1:w~1'U'Vl1t!~t! Bph3 uu1m 1:w 1'1!:w 6 il-:~~:u~n~11 1 tJ1 t!'tX1oilv~v 1 ud 

4.5.4 t:J(;l"1J eJ.:IeJ1 viJ11 !'] eJ a n~ru ~nTma 1?1 -:lei eJ n "lle! .:I ':i~~'U fi'J1:U~ht!'Vl1tl LVI~ £1fl':i~ 16'16'1 
' 

~J11?11!;lL'U'Yi'11a1v-w'u~tl-rutl1.:~~ii~u Bph3 

~~"11 el-:Jel1 CJ-iJ11~elfl1':i LL?fl?l-:Jelelfl"llel-:1 ':i~iJ'UI"ld1:W ~1ti'Vl1t! LVI~ CJm~ bl?ll?l~J11?11~"1Jel-:J~t! 
' 

Bph3 'Utlbl"l':ib:Wb'I!:W 61t!?f1CJ~ti~U~'UU~-:J~B~~~"1Jel-:J~tl Bph3 LU'ULL'U'Ube:1b:W1'1!n?f (Bph3R4/R4
) 

'il'1t11t1 6 ?f1CJ~u5 "1leJ-:JU':i~"111m F4 '\J':i~LiJtlm1:W~1ti'Vl1t!LVI~CJm~11?ll?l~J1m~1 t1':i~CJ~~umi'1~ 
' 

el1CJ-iJ11 7 1u LL~~ ':i~CJ~LLI?lflflel~el1CJ-iJ11 25 1t!bl?lCJ1-titJ':i~"111fl';iLVI~CJfl';i~bl?ll?l~J1m~'i\'1t11tl 
' ' 

4 '\J':i~"111fl':i 'l"l'Ul1 fl1':iU':i~LiJUI"111:W~1ti'Vl1t!L'I"l~CJm~11?ll?l~J1m~~v1CJ-irTJ 71u iir111:w 
' 

LL '\J':i'\J':i1tl"1leJ-:J':i~ilum1:w~1ti'Vl1tl L V~~CJm~ bl?ll?l~J11?11~ ?!-:~~-:~ 4 U':i~"111mLL:w~-:~ "1JW~~L~eJ 1 iil11 
~ 

'Vll?l?fel'U~iim~ 25 1u ':i~iJ'UI"ld1:W~1t!'Vl1ti"1JeJ-:J-iJTJ?f1CJ~t!~U~'UU~-:J~ii~u Bph3R41R4 ~eJt!iJ1-:JI"l-:J~ 
Vl~viim1:wLL '\J':i'\J':i1tl"1lv-:~1~i!uA11:W~1ti'Vl1tl LVI~ CJm~ b1?11?1~J1m~ ~1 v~1-:~ hn1?11:W ru mtJ-iJ11 

' 
7 1u VI'U'"Jl -iJ11?f1CJ~t!fi'IJ~'UU':i-:J~llJ£i~tl 8ph3RGDIRGD LL~~~ufim'd:U?fel'U CNTl (1JJ£i~tl 8ph3) 

' ' ' 
?f1:W 1':it:l~ 1tl LflWsVJ fl11AI?l L~ elfl~ mHU~~1ti'Vl1t!L VI~ CJfl';i~ bl?ll?l~J1m~ LL~fll 1otl~t!-iJ11'Vll?l?fel'U ~ 
m~-iJ11 25 1u ?f1CJ~t!~if11~1J.Jii~'U Bph3 LVl~1tTt!:u~1J.i?f1:J.J1':it:l~1t!bflWsVlfl11AI?lL~elfl~fl'I~W~ 
~1t!'Vl1t!b VI~Clfl';i~ bl?ll?l~J1m~ 1~ ~-:JLL?fl?l-:1 1 ~b ~tiel ~1-:JoUI?lL:Utll1 fl1':i 1-tl'~t!-iJ11'Vll?l?fel'U 1 t!':i~CJ~LLI?lflflel 
~m ~-ir11 25 1u ?f1:w1':imLCJm~iluA11:W~1ti'Vl1tlb VI~ CJ mdl?ll?l~J11?11~':i~WJ1-:~ n~:wil11?11CJ'Wu6~ 
ii~u Bph3 LL~~1J.Jii~u Bph3 'Ut!bl"l':ib:Wb'I!:W 6 elelfl:U1fltlt!el~1-:!oUI?lL:Ut! 

' . ' 

:U1 fl fl11Vl1fl11:W~:W~tlfi'1J tl-:l':i~iJ'U 1"111:W~1ti'Vl1'U LVI~ CJ fl ';i~ bl?ll?l~J11?11~~ vl1 fl1':i'Vll?l ?fe:J'U 

bl?lCJ1-liv1~-ff11~LLI?lfl~1-:!tlt! ?f~u1~11 Vl1flvl1fl11AI?lL~eJflif11~ii8u Bph3bl?lCJ1-ti-ff11el1CJ 7 1u 

m:uvh 1 ~fl11AI?l L~elfl?f1CJ~t!~-ff11~1ti'Vl1t!L VI~CJm~ bl?ll?l~J1m~iim1:Wflml?lLfl~tlt!Vl~v~l?lVI~11?11~ 
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LLft~'Yi'1LoH~WlLeJ f111:1~ :U~ 1vi'9i''U-rrT"J~iJ~ f1'1~ru~9i'TU'VI1'UL ~~ cJn';i:; L~ ~~hl 1mft:U 1flV'U 8ph3 ~LL Vl:U~-!1 
LL1:1~-!11-H'Li1'U11 ~n~rudh'U'V11'UL~~CJmd~~~hl1mft~~nm'UfllJL~CJV'U Bph3 'll'ULrl';iLlJL"lllJ 6 

1..h:u:;LiJ'UV'U~i1m';iLL1:1~-!leJeJnLL'll'U Growth stage dependent resistance eJ~1-!lhnmlJm';ii1 
f11 ';i Pi n~1 L ~lJL~ lJ eJ ~1-!lft:; L~ CJ ~ L ~ eJ 1 mvi'-rr eJ lJ ft ~ otl ~ L :U'U vi eJ hJ IK -!lt! 'U 1 'U f11 -;iU ~'U tJ ';i -!loW 'U 5-rr 11 

'lJ ' ' 

~1'U'V11'UL~~CJm:;1~~~hl1~1ft~1vi'~uw'Uqm';jlJ Bph3 u'U1m1lJL"lllJ 6 :u1n.rr111:11CJi'U~ Rathu 

Heenati r11';iR~L~an~n~ru~~1'U'VI1'UL~~CJm:;1~~~J1mft ru ';i:;CJ:;LL~nna ~eJ1CJ.rr11 25 1'U 
' 

~ftm';i'VI~fta-!11 'U-!11'Ui~CJ-d'i1m1lJ1:1a~AiKa-!lnu m';i'VI~fta-!1 1~CJ1oti.rr11 2 mCJ ~i1m';i';i1CJ-!11'U1 'Uti 
' 

2007 LLft:; 2009L~CJ Jairin et al. ~-!11vi'vhm';iPin~1';i~IKum1lJ~1'U'V11'U"lleJ-!l.rr111:11CJi'U~ Rathu 

Heenati L~a:u:;1-til 'Uf11';i~'UV!1 QTLs fld'UrllJ~n~ru:;~1'U'VI1'UL~~CJm:; 1~~~J1~1ft1 'Ui:11 CJiw5 
' ' 

IK-!1n~11L~CJvl1f11';iPin~1L~CJ1-ti.rr1T~1'U1'U 2 mCJ Vl1a 2 ';j:;CJ:;f11';iL:U~ruL~u1~ 1vi'LLri ';i:;CJ~niK1~ ' ... 
v cv v ~ dv v • cv lJ 

"lJ11eJ1CJ 7 1'U Vlft-!lb~1~LlJft~ Lbft~ ';j:;CJ:;LL~flfleJ'VI"lJ11eJ1CJ 20 - 25 1'U ~'U11 ';j:;~'LJr111lJ~1'U'VI1'U 
' ' 

"llB-!li:11CJoW'UB Rathu Heenati iJ';i:;IKuA11lJ~1'U'V11'U~r1-!lm'U.rr11mCJ 20 1'U Vl~-!ltJ~amLlJft-!1 7, 15 
' ' 

LLft:; 23 i''U mlJ~11K'll i.'11'U.rr11eJ1CJ 7 'J'U ~'UlJI"111lJLLtJ-;itl-;i1'U"lleJ-!J';i:;IKum1lJ~1'U'VI1'UL~eJtln 
' 'lJ 

L ~~ CJm:; L~ ~~J 1~ 1ft L .rr1v\'1 fl1 CJ L tJ'U L 1ft1VIft1CJi''U ~ n~ru:; f11';i LL1:1~-!leJeJ fl"llel-!J';i:; IKu fld1lJ~1'U'VI1'U 
L~~CJmd~~~J1~1ft"lleJ-!lV'U Bph3 u'U1m1lJ1"lllJ 6 

:u1nf11';i~-!li:1lJ~~~1'UL~mnum1LL1:1~-!laeJn"lleJ-!lV'U Bph3 'll'ULr11LlJL"lllJ 6 ~v'UIK-!ln~11 
I .:{ Q • ,J _q 

'U1:U~lJf111LL1:1~-!leJeJn"lleJ-!lCJ'ULL'U'U Growth stage dependent res1stance "l!-!J:U:;lJf11';iLL1:1~-!leJeJn 

1 'U"Ii1 -!1 n 11 L :u ~ru L~ u 1~"ll a-!1-rr 11 1~ CJ ~ 1~ ';j:; CJ:; VI~ -!1 1tJ LL u u n 11 LL1:1 ~ -!1 a a n"ll a -!1 v 'U IK-!1 n ~ 11 i1 r1 1 1lJ 
... 'lJ 

AiK1CJA~-!lnum1LL1:1~-!laan"lla-!lv'U~1'U'VI1'U hA"llau 1 uLLoH-!1 Xa21 'U'U 1m LlJ L"lllJ 11 ~i1m111m1'U 
11 V'U Xa21 :u:;i1m1lJ~eJ'ULLavim~eJ1:11LVI~Ldr11'U';i:;CJ~~'UniK1 (juvenile two-leaf stages) t~CJ 
:U~lJ';i~IK'llfl11lJ~1'U'V11'UL~lJ~VI1aiJm1LL1:1~-!leJeJ fl"lleJ-!1-;i:; ~'Ufl11lJ~1'U'V11'UL~lJ~ 100 b tJa{L~'U~ 1 'U 

1~CJ~~.rr11i1f11';iL:U~t1JL~'UL~L~lJ~VI1eJ1~CJ:;.rr11eJeJn~an (adult leaf 9/10 stage) (Century et al., 

1999) LLft:;v!am Win et al. (2012) 1vi'Pin~1f111bL1:1~-!leJeJn"lla-!lV'U Xo211'U1~CJ~niK11~CJ~1CJV'U 

Xa21 :u1n.rr111:11CJoW'UB IR1188 L.rr11.'1-t'111:11CJoW'UB KDML105 vl1CJl5~1:1lJn~u Lbfl~~'lll1V'U 
' 'lJ ' 

~1'U'V11'U~-!ln~11 hli1m1LL1:1~-!laan 1 'U1:;CJ~~'UniK1L -d'Un'U 

4.5.5 tJ~n~a161':JJ~'L!i5"lla~';i::~uwJ 1:JJI'11'U'VITW L w ~an~:: 1~ ~ ~J1 ~1ft ~::w;h~.rr11 L Vlila 1 

bbft::ii'11 b:ij1L~aiifi'IJ Bph3 U'IJ brl';i b:JJ b"li:JJ 6 

:u1 n m1tl1:; b:iJ'U 1:; ~'U m1lJI9i'1'U 'VI1'U L ~ ~ CJ m d~~~J 1 mfl1 'Utl 1:;'1!1 n1 F3 ~1'U1 'U 

3 1:11CJoW'U~ (RGD13115-36 RGD13115-115 LLfl:; RGD13115-330) ~iJeJfl~fl"lleJ-!lV'U Bph3 btl'U 

LL'IJ'ULel'LlJ1"lln1:1 LLft:;iJe)fl~ft"lleJ-!lV'U wx Ltl'ULL'U'ULel'L'VIeJLd1"1!n1:1 (8ph3R41R4, w>fGD1R4) L~CJLbfl~blJ~~ 
oiJ11n!Ka-!1 LLfi:;R~L~BnLeJ1LU~1~blJ~~~LtJ'U.rr11LVIilCJ1 ~1'U1'U 120 blJ~~/1:1 1 CJoW'Ul5 b~m.11m 

o::::!t. v v v 'I 

tJ 1:;LlJ'U r111lJ ~ 1'U'V11'U n'U b ~ ~ CJ n1~ t~ ~ ~U1~ 1ft vl11-H' btl 'Utl ';i:; L~ 'UVI~-!11 'U n 11Pi n ~1VI~eJ 
Lii ~ 1:1lJ~ ~ ~1 'Ul1 -rr 11 L Vlu CJ1~ i1 v'U Bph3R41R4 i11:; ~u r11 1lJ ~ 1'U 'Vl1 'U ~ 1 n-J1 nu -rr 11 L~ 1 ~i1 v 'U 
8 h3R4/R4 al J' ,_, ,_, cl ' 
P L'UeJ-!l:U1nf111'VI~fteJ-!l'U ~'U"ll11'Vl~1:1B'Utl1~'1!1m F3 'VlVJn 1 ~'ULtl'U.rr11bVIUCJTVieJft~mtlu 

bL'U'ULel'LlJ~"lln1:1 LLft~lJeJft~ft"lleJ-!lV'U Bph3 Ltl'UbL'U'ULel'LlJ1szlni:1 (w>fGDIRGo, Bph3R41R4) L~eJtlnL~~CJ 
m:; t~~~u1~1m .rr1v\'1mCJ ~'Ul1 9i''U.rr11 L VIUCJ11:11CJoW'U~tl~utJ 1-!l~~ nv\'1mCJ~~~ 1 CJVIlJ~ ~;t:Jft~ 1 n 
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f111U1~bii'U1~1Kufl11:U~TWV11'Ub'W~t.Jm~ t~~~J1~1c;'I~TW1'U 4 U1~'1l1n1bb:Uc;'I.:J1 uu1~'1l1m-if11 F4 

~1~\~u11 -if11b'i·rwv1?11t.Ju~uu1-:~~il~u Bph3 bbc;'l~-if11b:5'1?11t.J~uqu~uu1-:~~~u Bph3 il1~1Ku 
m1:U~1'UV11'U~hhb~n~1-:~nuVJ1-:J?I(i~ P>0.05 (~111.:~~ 4.9) b~Btlnb'W~t.Jm~1~~~J1m"~'~ 

'U 

4 u1~'1l1m b-ii'1vl1c;'11t.J tK.:~t!u bb?l~-:~11 ~'Ufl1'U~:u~n~ru~~1'UV11'Ub'W~t.Jm~t~~~J1~1" (Bph3) 

bbc;'I~~'Ufl'J'U~:u~n~ru~-ifT"Jb'VIUm (wx) uu1fl11:w1'11:w 6 hJilul)~:u~u5nu bbc;'l~hlil~VJ6'W"'llB.:Jm1 

bb?I~'IBBn'llB'I~'Ubb'U'U"li:w-if1:wfi (epistasis) ~'ltl?leJ~fl~B'Ifl'U Jairin et al. (2007) ~lJf11111t.l'l1i..l 
'U 

m1~1t.J~'U~1'UV11'U Bph3 uu1m1:w1'11:w 6 "i11n-ii'11?11t.J~uq PTB33 b-ii'1~-if11bVIUt.J1 n'll6 vl11~ 

?11t.J~'Ufi-if11b'VIlJt.Jd n'lJ6 lJfl11:U~TWV11iJ~Bf111b -if1vl1c;'llt.l'lJB'I b'W~t.Jmd~~~tl1mc;'l 1 iJU1~b V11"11 Vlt.l 
' 

4.5.6 tll)iBm~:uwt.llh~VI'"h~~iJ Bph3 nuu1~'1l1n'H~~vn1~1~~ilJ1~1~ 
"i11 nn11u1~ blii..!1~1K'Ufl11:U~ 1i..!V11i..l b 'W~ v n1~ L(;l (;l~J1~1" bb uunl'1-:JL(;l v1 i-if11eJ1 v 

' 
25 1'i..! bbc;'l~b'W~t.Jm~t(;l(;l~J1m"~1i..l1i..l 4 u1~'1J1m 'W'U11 ~n~ru~~1iJV11i..l'llB'I~i..l Bph3 lJfl11:U 

~1i..!V11i..lb 'W~t.Jm~ L(;l~~J1~1"~'~ 4 u1~'1l1m bb~ b~Bvl1f111Vl~?IB'Ufl11:U~1'UV11i..lfl'Ub 'W~t.Jm~ L(;l(;l 

~J1mc;'IU1~'1l1m n1bb'W'Ib'W'1l1 'W'U11 h1?11:U11mwnm1:Ubb~n~1'1'llB'I1~1Kufl11:U~1iJV11i..lb'W~t.J 
m~t~(;l~J1mc;'l1i..!n~:u-if11~il~i..! Bph3 bbc;'l~hlil~i..! 'Ui..!Lfl1L:Ul'11:w 61~ L(;lt.J-if11?11t.J~i..!5u~uu1.:~~ 

' ' ' 
il~i..! Bph3 ~.:~~b'Ui..!-ii'11b:5'1bbc;'l~-if11b'VIUm ~1i..!1i..! 6 ?11t.J~i..!q bbc;'l~ ?11t.J~i..!qlllil~i..! Bph3 ~dJi..! 
-if11b VIUt.Jd ~1i..l1i..l 1 ?11t.J~i..!51~bbtl RGD13117 -175(Non-Bph3) bbc;'l~?l1t.J~i..lfi~11"ii?IB'U~1liiJ~iJ 

' ' 
Bph3 1~ bb n CNTl ?11 t.1 ~ iJ q~ 'I VI :u (;I lJ1 ~ !Ku fl11:U ~ 1i..l V11i..l 111 bb~ n ~ 1.:1 fli..l V11'1 ?I (i ~ (P>0.05) 

b~BU1~blii..!m:w15 Standard Evaluation System for IRRI bb~b~eJ~'Ibn~eJ~11f111b"ii~tyb~'UL~'llB'I 
~i..!-ii'11'Wu'J1 ?11t.J~i..lq~il~i..! Bph3 "ii~ilm1b "ii~ty b~u 1~~'~~1i..lfl11:w~.:~ bb "~'ll'U1(;l'lleJ-:~1 u~dJuun~ 
bb~?l1 v~uq~1llil ~u Bph3 m1 b "ii~ty b~'U 1~'llB'I ~i..!-ii'11"ii~il~ n~ru~ ~u b~ v bbc;'l~lJ'll'U1 (;I'll eJ-:~1 u b~ n n'i1 

un~ B1"ii"ii~btli..!~c;'l"ii1n~V16'Wc;'l'lleJ'Inc;'l1nfl11:U~1'UVl1'U'llB'I~'U Bph3L(;"Jt.l 11"11~ ?l'll~bn~ bbc;'l~flru~ 
' ' ' 

(2553) 11t.J'I1'U11 ~'U~1'UV11i..l Bph3 il n" 1nfl11:U~1'UV11i..l~ eJf111b -if1vl1c;'11t.J'llB'I b 'W~ v m~ L(;l(;l~ 
tl1m" ~.:~ 3 n"1n ~B fl11:U'1leJ'U'lleJ'Ibb:Uc;'l'l1um11i~'1lB1~t.J (anitxenosis) f1111eJ(;l~1~'lJB'Ibb:Uc;'l'l 
uu~'llm~v (antibiosis) bbc;'l~fl11:UV1'UV11'U'lleJ.:~vh~eJm1~~ rh.J'lleJ'~ bb:Uc;'l'l C tolerance) "i11 mm 1n~.:~ 

'U 

?11:u ~.:~v111 ~-if 11 ?11 v ~u qu ~u u ~ .:~~ il ~u ~ 1u V11'U Bph3 il m1 b"ii ~ ty b~ u t~ u n ~ ~ .:~tTi..! 
~.:~v11m1Pin~1b ~:Ub~:U b ~eJvl1 f111bbt.J nfl11:U bb~n~1'1'lleJ'I-if11~'1?1eJ'I n~:u t~v m11 itl1V1il n?f(;l bbc;'l~ 

' 
tl1VI'u mb ~.:~ btl'Ubnru•vhh v1u n11rl(;lb~eJ n-if11~1'UV11i..lb'W~t.Jm~ L(;l~~J1~1" 'W'U11 ?11t.J~u5 
u~uu1-:~~il~u Bph3 iltl1VI'Un?f(;l bbc;'l~ tl1V1i!mb~'l ~1libb~n~1'1V11-:J?I(i~ (P>0.05) nu?l1t.J~i..!5'!N~ 

' 
R4-4-2-134-18-57 ci'J'U?I1t.J~'Ufiu~'UU1'1~1liiJ~u Bph3 "ii~iltl1VIi!n?f(;l bbc;'l~ tl1VIi!mb~'l~~1n'i1 

' ' 
?11 v~u5'!Nmb" ~~1 n'i1?11 v~u5u ~uu1.:~~-:~~il ~u Bph3 ~K.:~t!u m1ri'(;l b~ eJ n-if11~1'UV11'U b 'W~ v 

' ' ' 
m~ L(;l~~J1mc;'lu1~'1l1m n1bb'W'Ib'W'1l1 m11 itl1V1i!mb~'l :IJ1b tlubnruSVJ1 'Uf111rl~b~Bn?l1t.J~u5-if11 
~1'UV11i..lb 'W~t.Jm~ L(;l (;I ~J1mc;'IVI~m ~:Ufl11:Uc;'l~ b~ t.J(;J fl~ bb uu fl11:U b~t.JVI1 t.J'llB'I~'U-if11~ bn (;"l"iJ1~ m1 

b-ii'1v11mt.J'lJB'Ib'W~t.J m~ L(;l(;l~J1mc;'l 1 ~ilm1:Uc;'l~b~t.J(;l:U1n~.:~~u b ~eJ 1 ~?11:U11tl bbt.1nm1:u bb~ n~1.:1 
1~V111-:~n~:w-if11~il~ubbc;'l~ 1llil~u Bph3 'Ui..l tmt:u L'lf:w 6 (~(;l~eJci1uiK1: m. ~1'W'1Pl 1"ii~i..!VJ{) 

I V Cl.J c( I I ..:::1 Cl.J V 

"ii1n~c;'lf111Vl(;lc;'leJ.:J'W'U11 'll11?11t.J'W'Uli'WeJ R4-4-2-134-18-57 'U1"ii~:U'W'Ulim1:wmuVJ1'U 
V V 1 'I 'I 

b'W~vmd(;l(;l~'LJ1mc;'lt9hbb VltJ'IB'U'U'U~L u:uueJnb'VIilB"ii1n~u~1'UV11'U Bph3 uu Lfl1 t:u l'lf:w 6 ~.:~1~ 
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-r'll111lil1fli.'l1tJ~'Ufi Rathu Heenati ~-:~t:.J~1~~n~hHi~u Bph3 ~1'U1'U 2 1.'11tJ~ufi 1~bbn 
' " ' ' "' 

RGD 13117-17 5(Non-Bph3) bb ~ ~ RGD13117-330(Non-Bph3) ii fl1111 1'1 1 'U V11 'U dj eJ ~ flb Yl ~ tJ 

m::: 1(;l(;l~J1(;)1~U';i~'ll1m rl1bb'Vl-:Jb'Vl'll';i b.ffTvhmtJ l'lt!111'Vl'll'":h-ff111.'11tl~'Ufi CNTl niim1111.'11111';it:l 
' 

1um';il'i'1'UV11'Ub'Vl~tJm:::1{;){;l~J1m~1~'li1-:JtJ';j:::'/l1flWiiwi'u (~(;l\9leJ~1'U~1 m. ~';itJV15 l'i'~um) 
' " 

lil1flfl1';iU';i:::biium111 l'i'1'UV11'U 1(;ltJ1 ~b'Vl~tJm~ 1(;l(;l~J1\>11~~1'U1'U 4 'th:::'ll1m lil1flt:.J~lil1flVJ(;l~eJ-:~ 
(m';i1-:J~ 4.9) lil~b ~u1~11 b 'Vl~ tJm::: 1(;l(;l~J1\>11~ bbl'l~:::tJ';i:::'ll1mii';i:::~'llfl1111';i 'Ubb ';j-:J"lJeJ-:1 fl1';ib-ff1 

' 
vhm tJ~ bb\>lfll'l1-:~ti'u ~-:~dmlil b U'Ub 'Vl';i1:::bb11~-:~~t11mVJ(;li.'leJ'lll'l1-:~ 1 'll 1B1 VlUtl'U ~-:~ vh 1 ~fl11111.'11111';it:l 
1 'Ufl1';ib .ffTvhmtJ1.'11tJ~'U~-ff111'11-:~ ~ bb\>lfll'l1-:~ti'u ~-:~t:.J~ 1 ~';i:::~'llfld111b~tJVI1tJ 1 u-ff11~u~l'11-:~ ~ ii';i:::~'ll 

fl1111 b~ tJVI1 tJ~ bb\>1 nlli 1-:~ti'u 1 tJ ~1 tJ 6/t-:~ bb11 ~ -:~tJ ';i:::'ll1 fl';i'VIii-:~ eJ1lil 1.'1111 1 ';it:l b .ff1'Yl1 ~ 1 tJ.ff 11~u fi~ii ~u 
' 

l'i'1'UV11'UVI,j-:J 1~ bbl'lhi1.'11lJ1';it:l b -ff1'Yl1m tJ.ff11Bn~ufi~ii~ul'i'1uV11'UB n ~uV!iJ-:~ 6li-:~~ul'i'1uV11'U1111il1fl 
' 

bbVI~-:~~uqm';i11~bb\>lfll'l1-:Jtl'U fl~1tJtl'llfl1';iPlfl'l~1'1leJ-:J Kobayashi et al. (2014) 1~eJ5'll1tJ11~'U 
1'11uV11'U Bph 1 iim111bu'Vl1:::1il-:~n'll1 u 1B1 VlU'IleJ-:J b 'Vl~tJm::: 1{;l(;l~J1\>11~~b.ff1vhmtJ 611-:~bbi.'l(;l-:J1~b~'U 
11~'UI'i'1'UV11'U~bU'U~'Ub~'U Bphl iibbVI~-:~~uqm';i11lil1fl-ff111.'11tJ~'U~ Mudgo 'li'U1fl';i111161111 12 

iim111~11~'Ufin'llb'Vl~tJm:::1(;l(;l~J1\>11mb'll'll gene-for-gene concept ~-:~,!u ~-:~v111~~'U~-:Jfl~11d 
ii m 111 eieJu bbm~Bt:l m'Vl ~ tJ m::: 1(;) (;l~J 1\>11 ~~m 'll 1B1 VJU ~ bb\>1 nl'l1-:~ti'u Vl~eJ 1 'll 1B1 VJU ~';i'U bb ';j-:~ 

" ' ' ' "' 
(virulence gene of BPH) vh-ff1'Yl1mtJ ;-:~VI~flfl1';iiiiJ-:~fl~1tltl'liVI~flfl1';ifl11111'i'1'UV11'Ubb'U'li~'U\91eJ 

~'U~bfl{;)';i:::V111-:~Vi'llbb~::: 1 ';ifioW'Il (Flor, 1971) lil1flfi1111VImflV!mtJV11-:J~'U5m';i11'1leJ-:Jb 'Vl~tJm::: 1(;)(;)~ 
' 

J1m~v111 ~n~11'11ni:il tJ 1~v11fl1';ifl'UVI1~1 bb VIU-:J~'U~ b~ tJ1-ffeJ-:~ti'u 1 'll 1B1 VJU1 'Ub 'Vl~ tJm::: 1(;l(;l~J1\>11~ 
' 

vi'11 m~-ffeJ11~~u~1ub~tJ1n'll ~1 bb Vl'u-:~'lleJ-:~~u~iit:.J~I'lt!m';ib .ff1vhmt~t'lu-ff111~ b ~t!tl11 tJ~m';iP!mn 
" "' " 

bb~::!fl1';ifl'UVI1~'Ufld'llfl11 1 'll 1B1 VJU1 'Ub'Vl~tJm::: 1(;l(;l~J1m~ (Jairin et al., 2013) 
' 

4.5.7 Genetic background ih:.J~~v~:::~'Uft1111~1'U'V111J"llv.:JV1J Bph3 

(;.J~liJ1flfl1';iU-r'lltJ1-:~i.'l1tJ~'U~.ff11 b VliimVIeJ11~ii~u Bph3 tol1'U'VI11Jb Yl~tl m::: 1{;l(;l~J1\>11~ 
lil1fl~11J~'Uqm';i11-ff111.'11tJ~1J~ IR57514 v111~Yl'll11b~eJtJ1~1J Bph3 'li'U1fl';i111161111 6 111~1tJVJeJ(;l 
b .v'1~-ff11 b VltitJ1VIeJ11~1~-r'll fl1';iU -r'UU';i-:!~'Uhl ~ii~ mmJ:::fl rum'\11 fl1';iVI-:! tol11 bb~ :::-r'UtJ ';i::!Vl11J fl~1 tJ 

'U 'I 'I 'I , 

-ff11~'U~ nou6 1(;ltJfl1';j 1-litJ';i::: 1t~'ll'l1lil1n~uqm';i11~n~ru:::VJ1-:Jfl1';jbfl~m~~~u ~ 'UeJ-:~-ff111.'11tJ~u~ 
IR57514 (Katengam et al., 2011; Khanthong et al., 2012) vl11~-ff111.'11tJ~'UfitJ-r'Uth-:~~ii 

v v v 'I 'I 

.Wu~1'U~'U5fld';i11'U eJ-:J.ffTJ I R57 514 iim1111.'11111';it:l1 u fl1';itol1'UV11'Ub '1'1~ tJ m::: 1(;)(;) ~'111 \>11~ bb U'llfll1-:J 
"" ' 

b"ti'Un'U 611-:~ bbi.'l(;l-:!1 ~b~'U11~1J~1'U~uqm';i11 (genetic background) ~iim111 bb\>1 nl'l1-:Jtl'U11Jbblli~::: 
i.'l1tJ~'U~b~eJiifl1';i~1tJ~'U Bph3 b.ff11 tJ1 'Ui.'l1tJ~'U~,!u ~ nlil:::'Yl11 'iXI.'l1tJ~'U~~1~-r'li~'UI'i'1'UVl1'U Bph3 

iifl11111.'11lJ1';it:l1 u fl1';itol1 'U'VI1'Ub '1'1 ~ tJ m::: 1(;) (;l~J 1m~ 1~ b -ciu b~ tJ1 ti'u lil1 n fl1';jVJ (;)~ eJ-:J b ~ eJ Pi n~1 
vru~1u~uqm';i1I'UeJ-:J.ff11iit:.J~ l'leJ ';i::!~'ll m111 tol1'UV11'U b '1'1 ~ tJ m::: 1(;) (;l~J1\>11 ~'UeJ-:1 ~ u Bph3 VI~B hi 

1(;ltJ1~t11-ff11~ii~1u~uqm';i11~iirn111bb\>lfll'l1-:~ti'u~1'U1'U 2 U';i::!'ll1m ~-:Ji.'leJ-:JtJ';i:::'ll1md1~-r'llm';i 
~1 tJ ~'Utol1'UV11'U Bph3 bb~ :::vi' 1 fl1';i(;.Ji.'l11 fl~'ll 1 tJ iJ-:~1.'11 tJ~ufi-r'll b ~eJ 1 ~ii~1'U~'U5m';i11 b Vl~eJ'U tl'lli.'l1 tJ 

I 'I d.S 'I 

~'U~b~11lJ1flVJ~(;l 1~bbn KDML105 x Rathu Heenati bb~::: CNTl x KD-Bph3 \>1111ci'1~'ll t:.J~lil1fl 
fl1';iU~eJ tJ 1 ~ b 'V1~tJ n ';i::: 1(;l(;l~J1\>11~U';i:::'ll1 m eJUm1'1lu1ii b -ff1vi'1m t~61f-:~ b U'UU';i::!'ll1 mbb11!;N b~ m ti'u 

' ~1-ti1 'U-:!1'Ui:il t~d'V1'll11 1.'11 tJ~'U~~ii~u Bph3 vY-:~i.'leJ-:!U';i::!'ll1 m-ff 11ii';i:::~'ll m111 tol1'UV11'U hJii m111 



128 

LL~n~?h-:~'Vl1-l?i~~n'U?i1tJ~'U5 Rathu Heenati eJ~1-:~ilumh~'ru'Vl1-:i?i~~ (P>0.05) ~K-:~J'U ~-:~LU'Um'j 
• u 

~'U~'U--h~'U Bph3 'U'U 1rn h.J 1"1111 6 ?i1111'jmL?i~-:~~m~ru~vi'1'U'Vl1'UL~~tJn'j~ 1~~~J1~1~1 'U111'U 

~'Uqm'j11~LL~n\?l1-:itl'U ~-:in1'j 1 offth~ 1tJ"IlU:U1n~'U\?l1'U'Vl1'U Bph3 ~'Uiil~ LL?i~-leJeJnVI~eJiJm'jvJ1-:!1'U 
L~11~ ~-:!t:.J~1 ~ilfl11111?1'1'U'Vl1'UI'l fln1'j"Lorr1vl1mtJ"1leJ-:!L~~ tJm~ 1~~~J'1m~ hH1:u~eJ ~1 Wll1'U 

" "' 
.W'Uqm'j111~~fim11 

4.5.8 a'UI?l'1'U'Vl1'UL'W~tJm~1~~~J1mil1'U"li11?i1El~'UG Rathu Heenati • 
lil1 nn1'jvl1 LLt:.J 'U~~'t.JlJn'j'j11 L ~ eJ~'UV111?\'1 LL Vl'tl-:!"11 el-l ~'Uvl1'U'Vl1'UL ~~ tJ m~ 1~ ~ ~J' 1 mfi:U1 n • 

orr1 1~ wiJ eJ-:1"11 eJ-:ith~ L 'VI ra1 ral~~-:1 n1 ?I 1 tJ ~'U 5 Rathu Heenati ~-:~iJ n1 'j'j1 tJ-:!1'U';hiJI?\'1 LL VI 'Il-l a'U • 
1?1'1'U'Vl1'U 8ph3 eJ~'U'U 1fl'j111 1"1111 6 LL~~iJm'j1 offth~ 1tJ"Il'U1 'U 1m-:~m'jtJ-r'Utl1-:!~'U~"1JeJ-:ith~L'Vlra11 'VIti 

(Jairin et al., 2007) 1vl'ilun1-.ij'tJVIfl1tJnci11~v11m'jf!lm~1 L~eJvl1n1'j'j~LJI?i'1LLVI'll-:~"1leJ-:Ia'UI?l'1'U'Vl1'U • • 
IK-:~nci1T:hill?i'1 LL Vl'tl-:~1~'U'U 1m111 1"1111orrTJ~-:~ 12 1fl'j 111 1"1111 :u1n m'jf!l m~1 LLfl ~'j1tJ-:11'Ut:.Jfl ~'U--h 
1?1'1 LLVI'll-:~"1leJ-:Ia'Uvi'1'U'Vl1'UL~~ tJ m~ 1~~~J1~1fi:U1norrTJ~'U5 Rathu Heenati 'Vi'U'U'UI?i'1LL Vl'll-:~"1leJ-:I • 
1m1111"1111 3 4 6 LLfl~ 10 ~111~11K'U (Sun et al., 2005; Jairin et al., 2007 LLfl~ Kumari et al., 

2010) :U1nm'jf!lm~1"1leJ-:!Un1-.ij'tJnci111'l1-:~., liJ~'j1tJ-:11'Ul1orr11.W'U5 Rathu Heenati ila'UI"l1'UI"l11 
, I '~ " 

~nl'}ru~l?l'1'U'Vl1'UL~~tJm~1~~~J1~1fiVI~1tJ~ 1vl'LLn Bph3 'U'U1m1111"1111 6 (Jairin et al., 2007) 

Bph17 'U'U1fl'j1111"1111 4 (Sun et al., 2005) terpene synthase (STPS) 'U'U1fl'j1111"1l11 4 

(Kamolsukyunyong et al., 2013) ~-:~il:u~u'U1vl'ilm111"lfi'Ua'UI?l'1'U'Vl1'UL'Vi~tJm~1~~~J1~1~~LU'U 
a'U\?l1'U'Vl1'UVI~n:U1norr11?11tl~'U5 Rathu Heenati ~-:~ill?i'1LLVI'll-:!eJ~'U'U1m1111"1111 4 L~tJnl1 Bph3 . " 
tl 'j ~ n eJ 'U vl 1 tJ a 'U 'i\'1 'U 1 'U 3 a 'U 1vl' LL n OslecRK1, OslecRK2 LL ~ ~ OslecRK3 ~ 111 ~ 1IK'U 

I I I I I 

6/l-:~ Ln tJ1orre1-:~ n'U n1'jvJ1VIthVi"1leJ-:I Lectin receptor kinases ViilVI't:hVi 1"11'U 1')11 n1'j LL?i ~-:~eJ eJ n "11 eJ-:1 

~nl'}ru~l?l'1'U'Vl1'UL~~ tJ m~ 1~~~J1~1" LL 'U'U n1'1-:~ LL~~fl1111vl1'U'Vl1'U~fl-:I'Vl'UL~mln L'Vi~tJm~ 1~ ~ 
" ~ J' 1 ~ 1 ~ L orr 1 vl1 ~ 1 tJ (Liu et al., 2014; Hogenhout and Zipfel, 2015) ~ eJ L U 'U orr eJ 11 fl ~ iJ 

" fl1111~1fl qj eJ ~1-:111 1 n 1 'U n1'j~l?lj 'U 1 Ll"l~eJ-:IVI111tJ~ LB'U LeJ ~il fl1111 'i\'1 L ~ 1~1?1 eJ a'U vl1'U'Vl1'UIK-:i nci11 

L~eJ 1 -til 'U-:11'Utl-rLJtl'j-:i~'U5orr11vJ1'U'Vl1'UL 'Vi~tJm~ 1~~~J1mfll'leJ 1 tl ~-:~J'U m'jtl-r'Utl'j-:i~'U6orr11 1 ~ 
'I 'I 'I 'I 

vl1'U'Vl1'U L ~~ tJm~ 1~ ~~J1~1~ 1~ t~1-ffLL Vlci-:~.W'Uum111:U1 norr11~'U6 Rathu Heenati fl11vleJ-:I • • 
~liJ1'jtlJ11?\'1 LL Vl'tl-:!a'UvJ1'U'Vl1'U 1 ~LVI111~?111 tl'U~'U~tl~ norr11J'U., Vl~eJfl~L~eJna'UvJ1'U'Vl1'U'Vl ni?\'1LL VI 'Il-l 

" I ' 

~ilm1'j1tJ-l1'U'U'U 1m 111 1"1111vi'1~-:~~1 'U11 L~eJ'j1LJ'j1111?1'1LL Vl'll-:~a'U/QTLs m'Ufl11~nl'}ru~l?l'1'U'Vl1'U 
• 

L Vi~ tJ m~ 1~ ~ ~J' 1 ~ 1fl 1 mvl'11 1 n~?l ~ vl11 ~orr11?11 tJ.W'U5tJ-r't.JtJ'j-:iiJ fl1111 \?l1'U'Vl1'U L Vi~ tJ m~ 1~ ~ • • • 
~J'1~1~ LL 'U'U nl1-:!l'leJtl1~'111 mVI~eJ 1 'U 1eJ 1 'VIU"1leJ-:!LL11~-l~iJm'j1~'U1~ 

:u1 n n11~ l?ll 'U 1 ?11 tJ ~'U 5orr 11 L Vli1 tJ 1VI eJ11 1?1'1'U'Vl1'U L Vi~ tJ m ~ 1~ ~ ~J 1m~ L U'U m11 off • 
tl1~1tJ"IlU:U1n~'Uqm111"1leJ-:~orr11?i1tJ~'U~ Rathu Heenati l?i'1LLVI'll-:~a'U Bph3 LJ'U1fl'j1111"1111 6 

~-:~il:u ~U'UEJ-:1 hJ jl?\'1 LL VI 'Il-l~ LL ,j 'U eJ 'U LL~ ~ n ~ 1n f111vl1VIU 1~"11 el-l a 'U IK-:~ n ci 11 IK -:~J'U f111-.ij ~ vl1 

graphical genotype LJ1nrul?i'1LLVI'll-:~"1JeJ-:Ia'U Bph3 LL~~ wx 'U'U1m1111"1111 6 L~eJ~:U11ru1m1Lil~ 
recombination LJ1nrul?i'1LLVI'll-:~a'ULthVI111tJ'U'U11"111111"1111 6 1~VIl1-:!a'U Bph3 LL~~ wx 1~ilm111 

~~L~tl~111fl~-l~'U 1~tJ~1-l'U1nru~~'Ul1LU'UI?i'1LLVI'll-:!"1leJ-la'U Bph3 1~VIl1-:! RM589 fi-:~ RM588 

1vl'L~11Lfl~eJ-:!VI111tJ~LB'ULeJ111n~'U'i\'1'U1'U 5 Lfl~eJ-:!VI111tJ 1vl'LLtl RM8072 RM8074 RM586 
' ' ' 
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SSR23, SSR24 bbJ;i~U~b'"JUJ'j~VrJ1-:! RM588 (i-:~ Wx-Glu231~\~:uboU1ll1 1 bfl~B-:!VIll1tl 1~bbtl 
RM19328 "i11flfl1'j'VJVJJ;ie:l-:J 'V'lU':h fl~ll~1tl~'U6~i1fl11ll~1'U'V11'U'j~~U (R) bbi:l~~1'U'V11'UU1'Uflm-:~ 

' ' 
(MR) "ii~ 1~~'UG'i1'U~'Ulim'jlJ~1'U'V11'U b 'Vi~ tJ m~ bVIVI~J1mi:l"ii1fl~1 tl~'U6~B R4-4-2-134-18-57 

' ' 
~-:!bb~U~bdrubfl~B-:!VIll1tl RM589 "ii'U(i-:~ RM588 6/i-:~bU'UoW'Ulim'jlJlJ1"ii1floU11oW'U6 Rathu Heenati 

' ' I 0 I I Q.J 6' I ..::::i Q..l d I QJ !I QJ tf 

~'d'UI'nbb'VI'U-:1 RM19328 'V'lU11 ~1tJ'V'l'Uli'V'lB R4-4-2-134-18-57 ll'V'l'Ulim'jlJ'VJbb(;lfll'n-:!flU'lJ11'V'l'U'5 
' ' ' 

Rathu Heenati bbi:l~EJ-:J'V'lU~fl11 \9\'1bb'VItA-:J RM19328 ~-:Jfl~11d i1u1-:J~1tJoW'U61'Ufl~ll~1'U'V11'U 
' ' 

'j~~u (R) bbi:l~~1'U'V11'U'j~~UU1'Ufli:l1-:! (MR) i1~'UG'i1'U~'Ulim'jlJ'lJB-:!oU11~1tJ~'U6mJ RGD11259-1-
' ' 

9-25 ~ b U'U~-:Jbb uu 1v-1ll 1'1lil~ bbi:l~ bvb'VlB h1'1lil~ L'li'UL~ tJ'dil'Uilu-if11 LVIUtJ1VIBll~1tJoW'U6tJ~utJ'j-:J 
' ' 

'\J'j~"!f1m F4 ~-:~~e:~-:~~1tJoW'U6 ~nl~m~'UoW'UDfl'j'jlJ'lJ'U1V~1 Vlnh'll'Uil'U 
' ' "' 

"ii1fl fl1'jVh graphical genotype 1 'UU'j~"!f1 m-if11 b'VIU tl1~1 tJoW'U~tJ~utJ~-:~~ 1'U'V11'U 

b'V'l~tJm~bVIVI~J1(;111:l~i1~'U Bph3 U'Ubfl'jblJb'llll 6 bb~V~-:J-J1~'U Bph3 i1\9\'1bb'VItA-:!e:J~'j~Vf11-:~ 
bfl~B-:!VIll1tl RM589 (i-:~ RM588 bbi:l~eJJ;i~i:l'lJB-:!~'U wx ~fl1Uflll~fl~ru~-if11b~1bbi:l~oU11b'VIUtldhJi1 

' 
e.Ji:l~e:J'j~~um1ll~1'U'V11'U b'V'l~tJm~ 1V~V~~J1(;111:l'lJB-:JoU 11~1tJoW'U6tJ~u'\J'j-:J~-:~~ b U'U -if11 b~1 bbi:l~ 

' ' 
oU11b'VIUtJ1 G'i1'U~1b'VI(;l~hld1V~ recombination U~b1ru\9\'1bb'VItA-:J'li1-:~'lJB-:Jbfl~B-:!VIll1tJ RM589 (i-:~ 

' 
RM588 m"iibU'Ue.Ji:lb~B-:Jll1"ii1fl 1) U'j~"!f1m~l11llTVh graphical genotype 1'Ufl~-:~dbU'UU'j~"!f1m 
oU11~~1'Ufl1'j~Vib~Bn~n~ru~l(J1 'U1 'VlU (~n~ru~~1'U'V11'Ub'V'l~tJm~ 1V~V~~J1mi:l) ~mtJoU11 25 i''U 

' 
~-:~vh 1 '!X~'UoU11~i1'je:JV~:U1(;li1.W'Uum'jlJ'lJB-:J~1 tJoW'U6~e:~u~L 1ru~-:~n~11 2) '\J'j~"!f1 m~l11m 1-ffi1'll'U1V~ 

' ' 
b~n1tJL~B-:J"ii1fl1~tJ~t-h-:~'j~Vf11-:~ RM589 (i-:~ RM588 i1'j~tJ~'LA1-:JU'j~lJ1ru 1.4 eM (Jairin et al. 

2007) Lvh,!'U U'j~"!f1fl'j'lJ'U1VIb~fl~-:Jvh1'!X1e:~n1~'V'lUfl1'jbflVI recombination i:lV!i:l-:1 bbJ;i~ 
3) bfl~B-:J'VIlll tJ~ b~'Ube:J'j~Vf11-:~~B-:J\9\'1 bb VltA-:Ji1tJB tJ bn'U1 tJ ~-:~vh 1 'IX1lJ'V'lu fl1'jbflVI recombination 

(;l'j-:JU~b1ru~-:~n~11 

4.5. 9 n1 -a1-ifth:: bEJ"!f'lhn nil 11 b VIUEJ1VIe:lllt'11 El~'U 5tJ ~uti-a -:1 ~1'U'V11'U b 'Vi~ El n -a:: 1~ ~ aJ 1~ 1 a • • 
(Bph3) 1'Um-atJ~utl~~~'Uqil11b'VIUEJ1 

U"ii"i!D'Ui1 bb VI~-:JoW'Uum'jlJoU11 b VIUtld ~1'U'V11'Ub 'Vi~ tJm~ 1V~V~~J 1 mr:l b Vi tJ-:1~1 mL VI~-:~ b~ tJ1 
' ' 

AB fl'lJ6 (RD6-Bph3) ~i1fl1'jri1tJ'VlBVI~'U~1'U'Vl1'U Bph3 U'U1fl'j1lJ1'1lll 6 "ii1floU11~'Ubi1B-:J'lJB-:J 
U'j~b'Vl~B'Ub~tJ~1tloW'U6 PTB33 (Jairin et al., 2007) bb~ ru U"ii"iiD'U1~i1fl1'j'VJV!~BUm1ll~1'U'V11'U 

' ' 
Ld B-:J~'UtlB'Ul11m 1-ffL U'Ubb VI~-:JoW'Uum'jlJ1 '!X~'U~1'U'V11'U Lbii'1 'V'lU11 -if11 b VI'WtJ1~1 tJoW'U6tJ~u'\J'j-:J 

' ' ' 
~-:lfl~11 flB'UoU1-:Ji1m1ll~B'UbbB bbi:l~ 1lJ~1lJ1'jtl ~1'U'V11'Ubb UU fll1-:l 1 'UU'j~"!f1fl 'jbblli:l-:1~1-ff'VlV~ ~BU 
~1'U1'U 3 '\J'j~"!f1m 1~Lbn BU£:l'j1"!fu1U tA1'U bbi:l~ n1bb'l'Nb'V'l"!f'j ~-:~,!'U oU11b'VIUtJ1VIBll~1tJ~'U6 

' ' 
tJ~utJ~ -:~~i1~'U Bph3 ~1'U'V11'Ub 'Vi~ tJm~ 1V~V~ ~J1 mi:l ~-:~11 1"ii~ b U'Ubb VI~-:~.W'Uqm'jlJoU11 b'VIU tJ1 1 'U 

1m-:~ fl1'jtJ~u'\J'j-:JoW'U15-if11 b VIUtJ1 1 '!Xi1m1ll ~1'U'V11'U ~B fl1'jb oif1v1'1m tJ'lJB-:J bblli:l-:J'IlU V~d1~ 'U B'U1 fl (;] 
' ' 

'\J'j~ n e:~u ilu-if11 L Vlu tJ 1VIBll~ 1 t~.W'U6tJ ~utJ 'j -:~d 1~~u fl1'j~ ~ 'U 1~ 'UmV~ tJ 1 .ff\i1'U~'U6m'jlJ"iJ1 n-if1 1 
.. , .. d.ll 'I 

I R57 514 6/i-:~ b U'UoU11~i1~'Uu fl'j'jlJ~~~1ll 1 'jtJ'\J ~u ~1 1 'IX b oif1 ilu ~.fl1'Vi bb 1 VIti' Bll 1 'U b 'lJ (;l~'U~Ui:l n-if11 
v iJ 'I 'U 

mP1tJ111t:J'Uu~b 1 ru~lJLLlJ1111 'll-:1 ~-:JtA1"ii~b U'UU'j~ 1t~'ll11B~1-:~mn1 'UB'U1fl(;l b U'Ufl1'jb(;l~ tJllfl11ll'V'J~Bll 
' 

~ui1e:~iluuru'VI1fl1'j'j~U1V~'lJB-:J L 'V'l~tJm~ 1V~V~~J1(;111:l1 'Ub 'lJ(;]Ui:l n-if11mP1t~J1t:J'U~'j1U~ll LLlJJ11 'll-:~d 
"' '\J ' 



d 
\J'VI'VI 5 

a~'I.JllJ!il n1~'V1~!ilv.:J 
' 

5.1 n1':i!01'1JVI1 QTLs f'l1Ufl3.l~n~ru::~1'1J'V11'1J b':if'l1 Vim u'Yi11~1~.Wuq IR57 514 

m ';ifl'U vr 1 QTLs fl1 u fllJ ~ n ~ru ~ ~ 1'U Vl1'U h fl1 vr~1 'U i 11 ?I 1 tJ .Ww5 IR57514 Pi n~11 'U 
' ' 

'lh~"ll1fl';i recombinant inbred lines (Rils) ~1flfl1';i~?ilJ';i~Wh-:~i11?11tJoW'Ul5 IR57514 
' 

(~1'UV11'U) bb~~ '1J11~BfllJ~~ 105 (~B'UbbB) 'i\'1'U1'U 97 ?i1tJoW'U6 'lh~blJ'Ufl11lJ~1'UV11'Uiii'1m;ffB 
' 

?i1b'V!I'lbfl1vr~ 'ii'1'U1'U 111v1'1lb~Vl11ilbbrl TH196031 TH196036 TRG1 TRG2 THL219 THL557 
' 

THL690 THL810 THL1081 THL 717 bb~~ THL84 mmh~u ~u QTLs mulJ~n~ru~~1'UV11'U 
' 

bfl1vr~ 'i\'1'U1'U 6 QTLs 1i~1bb'V!'tl-:Jv~U'U1fl';i1lJ161flJ 4 5 10 11 bb~~ 12 (q8L4, qB/5, qBL10.1, 
'\J 

qBL1 0.2, qBL11 bb~~ qBL12) ?i1lJ1';it1v5U1tJ~n~ru~~1'UV11'U~m;ffv?i1b'V!~ hfl1mTI 'U';i~tl~~'U 
fl~1'ii'1'U1'U 91v 1'1lb~Vl 11ilbbrl TH196031 TH196036 TRG1 TRG2 THL219 THL557 THL690 

THL810 bb~~ THL1081 bVhnu 44.97% 68.23% 49.65% 59.89% 37.98% 30.13% 22.91% 

33.26% bb~~ 18.39% 1'11lJ(;\'1~U 1~tJ qBL12 bU'U QTLs 'V!~flbb?i~-:J~n~ru~~1'UV11'Ubfl1vr~~m;ffv 
?11b'V!I'lbfl1vr~~-:~ 91v1'1lb~Vl11ii'?i-:~?i~ f1~bU'U 37.75% 63.29% 44.63% 53.07% 33.74% 30.07% 

' '\J ' 
0 Q.J .::!/ ~.:r 0 d ~c:;;: 

24.24% 30.63% bb~~ 4.85% 1'11lJ~1~U ~~~1flfl1';iP!fl~1fl';i-:J'U?i1lJ1';itl'U1bfl';iB-:J'V!lJ1tJ~bB'UbB 

~'1l'U1U'IXTVi'1tJ qBL 121 tJ1 itJ';i~ 1t~"llUb U'Ubfl~v-:~1iv"li1tJ~~b~vn1 'Ufl1';itJ~utJ';i-:JoW'U6i11~1'UV11'U 
' ' 

1 ';if11 vrm\iJ B ~ 1-:11 ';i rll'l1lJ fl1 ';ilj n1 ';itJ ';i~ blJ'U tJ ';i~~Vl5.fl1~'1J B-:Jbfi~B.:J'V!lJ 1 tJ ~ b€J'U bB ~-:I fl ~ 11 rlB 'U 

(markers validation) 11ii'bbrl fl1';itJ';i~bil'U 1 'U~1-:Jtl';i~"ll1mi11'V!~B~1-:J~1'UoW'Ulim';ilJ bU'U~'U ~1ntY'U ... ' 
~-:~~~?11lJ1';it1't111tJ1m'Um';itJ~utJ';i-:~'W''U6i111~~1'UV11'U 1 ';jfl1vrm~tJ fl1';i';i1lJ QTLs vr~ n~~udb.rr1 

' ' 
tlU~'U 'V!~B QTLs 'VI~ f1~'U 61 ~1iv~1 'UU~~U'Ub~v'W'~'U1oW'Ul5-rr111 ~lj~ n~ru~~1'UV11'U bfl1 'VI~ I '\J , , 

bbUUf1l1-:J ~-:J?i1lJ1';itl~1'UV11'U~Bb;ffB';i1?11b 'VI\911 ';ifl1 vrm\ilv~1-:J~-:J~'U 
' 

5.2 fl 1 ':i .W ~ 'U 1 ~ 1 ~ .W 'U q ,j 11 b VI il ~ 1 VI eJ 3.1 ~ 1i ~ 'U Bph3 ~ 1 'U 'VI1 'U b V. ~ ~ fl ':i:: 1 ~ ~ ~ J 1 (;11 a 

~1n~1'U.W'Uufl':i':ilJ'Yi11~1~.Wufi IR57 514 ... ' . 
tJ ~U tJ ';i-:loW'W61~ tJ f11';i1 i bfi~B-:J'V!lJ 1 tl~ b€J'U bB"Ih tJ ~ ~ b~ B f1 ~1lJ tlU f11 ';i~ ~ b~ B n\iJ1 tl~ f1~W ~ 

' ' 
V-l1'U1Vl{l (combined marker-asisted selection) 1~t~1ibfi~B-:J'V!lJ1tJ~b8'Ubv RM589 SSR24 

RM588 ~~b~Bn~n~ru::;~1'UV11'Ub~~tlf1';i=:;1~(;l~J1m~ (8ph3) U'U1fl';i1lJ161flJ 6 bfi~B.:J'V!lJ1tJ 
Wx-Glu23 ~(;lb~Bn~n~ru::;i11b'VIilm (wx) U'U1m1lJ1'1llJ 6 bb~~bfl~B-:J'V!lJ1tJ Aromarker ~(;lb~Bn 
~f1~W~fl11lJ'V!BlJ (badh2) U'U1fl';i1lJ1'1llJ 81(;ltJ1-&'15n1';itJ~UtJ';i-:JoW'U6bbUU~UtJ';i~1~ 

' ' 
~u11 ?11lJ1';itl?i~1-:JtJ';j~"IJ1m F4 ~1i~n~ru~bthvrlJ1tJ 3 ~n~ru~ 11ilbbn ~n~ru~~1'UV11'Ub~~tJ 
md(;l(;l~tl11'11~ ~n~ru~i11b'VIiltJ1 bb~~~f1~W~fl11lJ'V!BlJ 'ii'1'U1'U 2 ?11tloW'U61\ilbbrl RG013117-

' 
115-52 (8ph3R4/R4

, w0GD/RGD' badhTGD/RGD) bb~~RG013117-115-53 (8ph3R4/R4, ~GD/RGD' 

badhTGD/R4
) ~ 1 f1 f11';j't.J';j~ blJ'U tJ ';i~~Vl5 .fl1~'1J B-:1 f11';i 1 -ti'bfi~B-:J'V!lJ 1 CJ '1J B-:1 f11 ';i 1 i bfi~B-:J'V!lJ 1CJ ~ b€J'U btl 
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'li-;w1 'U n1'H~'~ L~ fl f)"' n'I~HU~ L th'VIl.l1tl ~TUTU 3 "'f1'ttill ~ 1~ LLrl "'f1'ttill ~ ~1'U Vl1'U L 'V'I~ tJ m~ 1~ ~ 
~tl1 l'ni;i "'n'ttru~.ffT'J L VIti tl'"J LLi;i ~"' f1'ttill~fld1l.!VIfll.J 'llfl-:J-ff11 L Vli1 tld'VIfll.lff1 tJ~'Ufi~'UthH'ut.J';i-:1 ~-:I 

' ' ' 
2 ff1tl~'Ufi 'V'IU':h -ffTJ~-:1 2 ff1tl~'Ufi ff1l.l1';it:l~1'UV11'U~flf11';iL-ff1VhmtJ'llfl-:JL'V'I~tJm~1~~~J1\011i;i 

' ' 
~1'U1'U 4 tb~'l11m 1~LLfi flUi;i';i1'l1151i1 'W'tttu1i;if1 fhLL'V'I-:JL'V'I'll';i LLi;i~ 1J1'U LdeJVl~ffflU1'U';i~tl~ 

' ' 
LL\Olf1f1fl~fl1tJ-ff11 25 1'UVI"'-:JL'V'I1~Ll.J~~ 1~tJ-ff11LVIi1tJ1VIfll.lff1tJ~'Ufitl~uth-:J~-:J 2 ff1tloW'Ufi ih~~U 

'I , 'I q 

fl11l.l~1'UV11'U~1,JLL\Olf1~1-:!Vl1-:Jffi:l~ (P>0.05) tlUff1tl~'Ufi'lfifl R4-4-2-134-18-57 ;-:!LLff~-:J1~L~'U11 
' 

.ff11 L Vli1 m'VIfll.lff1 tJ~'Ufitl~uth -:~~-w'~'U1~'U~ m 1l.l~1'UV11'U ~fltl1~'111 m L 'V'I~ tJ m~ 1~ ~~J 1\0111;i~-:J ~~ 
' ' 

t11 mVl ~ ff flU "il 1 n,! 'U t11-ff 11 L Vli1 tJ 1VI fll.l ff1 tJ.w' 'U fi1H'u tl 1 -:~~-:~ ff fl-:J ff 1 tJ~'U fil.l 1tl';i ~ Lli 'U "'n 'ttru ~.rr 11 
' ' ' 

L'VIi1 tl1 LLi;i~"' f1'ttill~fl11l.!VIfll.J 1~ tJ'W "iJ 1 ';iUJ 1 "iJ 1 f1 "'f1'ttill ~Vl1-:Jn1 tJ .f1 1'V'I'll fl-:1 Ll.J ~~off 11 f)~ fl-:1 Lbi;i ~ 

f111~l.lf1~'U 'V'IU11 -ff11~-:Jfffl-:Jff1tloW'Ufi~"'n'ttru~LU'U.ff11L Vli1cn LLi;i~ff1tl~'Ufi RGD13117 -115-52 
' ' 

~f1~'U'VIfll.ll.l1f1 (fl~LL'U'U 2) LLi;i~ RGD13117-115-53 ~f1~'U'VIfll.!U1'Uf1i;i1-:! (fl~LL'U'U 1) tol1l.lci'1~U 





133 

mJm ';i';itu b~tiU~eJCJ. n1';iU~UU';i.:Ja1EJoW'Ufien11'VI'Ubb"'.:! IR57 514 111ijtUIJ.fl1't'W1';iVI.:!~1lfi"'1E.I 
' • q • 

en11VIe!111l::ilb~E.I n1';i 1 "liLfl~eJ.:IVI111E.I b11 L~ n~~ L~'Ube!"'h E.l 1 'Un1';itr~ L~an. iVI tJTU'W'Ufi • 
tl~ruru1tl1';i'Pim~111Vi1Utuon\91: 11VI1iVItl1~tle)Ufl';i1"11liTW, 2554. 

"'"' ' 
.<:::lilt/ q Q..l J/ Q..l ~ !U" 

n3Jrt'J';i';iru L';itiU';ieltl LL~~flru~. "ti'Ufi1111VIellJLL~~~n'l3ru~'W'U;i1'UVI1..:1eJru'W'UliPI1G'l\91';i"IJeJ..:I"IJ11VIeJ11 , 
"' " ' 

Thai Journal of Genetics. 6(2): 93-114, 2013. 

m11~..:1LG'l~11n1';i'Ln'l3\91';i. (2555). "';i1tJ-:11'UG'ltn'Un1';iWtl1';i';i~U11ilPll'l~-lf11l'U~ 4 L11'131ti'U 2555", 

A'Uatl';i::a1'U.:~1'1Jm';i,Yiilm';iA'I'l';iW"'f. 
u u 

http://Vv'WW.agriqua.doae.go.th/report_ outbreak_ of_pest/rice _pests/55/2555 _ 04_ 0 

4_ Report@RBPH.pdf. 29 tl'Ut11ti'U, 2555. 
I o:::t.. ~fV JJ I ~ 

ml.lG'l..:JLG'l';i11n1';iLn'l3\91';i. ';i1EJ.:J1'Uam'Un1';inAf'l{;l';i"'J11. ';i1ti..:J1'UI'leJm~VI';i1-:JLn'13mLL~~G'!VImru, 
u 

2558. 
!U' 6' i.J'd v QJ 6' ~ tid JJ 

m11m';i"IJ11. 2556. "eJ..:Iflfl1111';iL ';ieJ-:J"IJ11'W'Uli n"IJ6", a.:Jflfi113J';iL';ieJ.:I"'I11. 
" ' u 

http:/ /Vv'WW.brrd.in.th!rkb/varieties!index.php-file=content.php&id= 11.htm. 
QJ <' 

6 n11m'W'Uli, 2556. 
' 

m1ltl1';i.zf11. (2557). "5 ~..:!VIllil.fl1fiBG'l1'UeJ111VIUn L'WitJm~blillil~hJ11'11~';i~U11il ", 2fufNI lJI~~LU 
lJI~~1J1 LL'IJ1VI1i'1. http://www.naewna.com/LocaV120676. 8 11m1fl11, 2559. 

~';i'W..:JPlliJ~'UVI{ "m111vl1'UVI1'U"IleJ-:J~'U5.zf11~m'Wi t~mdlillil~tl1m~ ". 11';ia1';iLLri'ULn'I~Wl';i. 27(3): 
' 

105-111, 2542. 

"G'ltn'U.fl1'W'U ':il':ilU'U"IJeJ..:itl1';i~ l?lJ'U1~'Ufi.zf11vl1'UVI1'UL 'Wi tim~ blillil~tl11'11~ bliltl 1-ffLfl~eJ-:!VIlJ1tl 
' ' 

111L~n~ 1 'Utl';i~LVIP~1 VIti", 1 'U m';i'\..J';i::"'f111"111n1';ien11Ltia.:~ 1'U 1ama1'Uih1LL~::"'f11'U1 ' . 
LLvi.:J"'f1~. 'U. 61-83. n1..:1bVI'W"1: h..:ibb';ilJeJlJ1~ lileJ'Ubi1eN, 2553. 

' 
~';i'W..:JPl1-:v~'UVI{ bb~~flru~. "m';i~l?lJ'U1G'l1ti~'U5-lf11vl1'UVI1'UL'Witlm~11illil~tl1m~Lb~~:iJflrum'Wb11~1il 

' ' 
LvriJm.J"IJ111ilvn11~~ 10511ilt~1m11L~nmfl~e~..:~VImtl", 1-u m';i'\..J';i::"'f111"1f1m';ien11LL~::G'ruw"'f ' . ... 
bileJ.:JVI'U11. 'U.187-207. "It~~~: b-:Jbb';i3J6/l'U~"I1 ':ileJ3JbVlti'U ~G'leJ{VI ~VItl1, 2552. 

"n1';irl'UVI11'11bbVIU..:iV'U~ b~m.zfeJ..:~nu~1"11tJiil1'UL'Witlm~ blillil~U1\911~ ", 1'U n1';i'\..J';i::"'f11 
• 

1"1f1tl1';inli'i11f'l'Ua1,YEJen11.fl1fll'l::1'UvvmuEJ.:~LVIUv. ellil';ili1tJ: h..:ibb';i11 'U1~1U~ ~G'leJ{VI 
• 'U • 'I ' 

2556. 

b':ill'l'U fl"ll'ln,; bb~~flru~. "tl1';i~l?lJ'U1fl1111vl1'UVI1'UL'Witlm~ blillil~tl1m~ 1'U~'U5-lf11oUti'U1VI 1 bliltl 1-ff 
' ' 

bl.lb~nmfl~el..:IVIlJ1tl". 1 'U iil'1111'U1i"'f1n1';in6i11f'l'Ua1,J EJif11.fl1fiLvrUeJ(;leJ'IJU'UbL~::.fl1fiLVIUv 
' • u 

{;leJ'IJ~1.:1. 'U. 248-259. bb'Wi h-:Jbb';i3J'Ufl';ibb'W~VI11b1el{ 2554. 

"11'U1tl1';ivJ1..:1'13'W';iV111 bb~:::flru:::. "n1';irl'UVI1V'Ubb~:::m';iu-rmh-:~~'U5oV11 n"ll61~:iJfl1111vl1'UV11'Uhfl1 VIii 
' ' 

bliltl 1-ffbfl~e1-:!VIlJ1t1Wb~n~-d1t11'Um';ifllilb~eJn" 1'U n1';iU';i::"'f111"1f1n1';i-b'11LLvi.:~"'f1~ fl~.:!~ 2 
' ' ' 

ii ~1 vr3.i1 ,Y E.1en11l 'VIEJ -w~a11~uil vtl1';i"L tl~ EJ'ULL tl~.:~"'la.:~am-w.n ii m mALL~::m';iLU ~{;1~1~ 
u 

"' "' 1 La';iv1LSZ1E.I'U. 'U. 290-293. fl1..:1bVI'W"1: ';i-:Jbb';i11 Swissotel Le Concorde, 2555. 



134 

oU"Il11fl ~'UV1~1?1~m-r~t1 bbfl~?l~~~ bn~·:mJ. "bA1 VllJ bbfl~?lm'Um~ru"lle:J~~1'Ui ~CJ~1'U~'U~h'UV11'Ubfl 
' ' ' 

1Vlm'U-rr11", 11~a1~bbrl'Um~~- 37: 69-78; 2552. 
' . 

.Ut.~-r~ti ~'UVJ{Vl'U, ?l~f'i'n~ Vl€J~~m~1 bbfl~'U~ti b~m1~';ili'U~. "m~~(;lm~~~'U'Uik:wttibYl€Jfl(;ln1';i ';i~iJ1(;1 
'U 

.., v 1 • I "' II .., "" "" d "'. :r .., " "ll€J~b~fl~l'f~~"ll11", 'U m~u~:::"t~1"lf1n1~"ll11bbf1:::5qJVl"lfiJJv.:Jvru11b'Uv.:J L'LILvn1a'J'U"ll11 

bbf1:::"lf11'U1bb'l-i.:J"lf1~. 'U. 236-248. m~b'V1~"1: h::~bb';i~€1~1~ (;le:J'UW€1~, 2553. 
' . 

'VI';i~CJI'f 'W~"M~nfl bbfl~bnm&i?lm~ bbtl1(;le:Jn-rn. "Pin"M1m~b'W~fl11~~hu'V11'U"Il€J~~'U5"1J11(;1€Jn~~~ 105 ... ' ' 
~m~~CJm:::b(;l(;l~J1~1fl Nilaparvata lugens Stal. t~mm~1off~'U"Il11", 1'U m~li1~~'LI1 
Q I Q I «' .::.. Q.J I 

1"lf1m~m~~bb'VI.:J"lf1~. 'U. 324-331. "lle:J'Ubbn'U: flru~bn~~l'f1?1~';i ~Vl11'VItJ1flCJ"Il€J'Ubbn'U, 

2547 (n). 

___ . "Pi n'M-1~~&1 m';i~"llm~1'U~1J1~ (;11 ~ C yrtorhinus lividipennis Reuter 1 'UmTvhmCJ 1 ~ 
b~~CJm~b(;l(;l~J1~1fl Nilaparvata lugens Stal. bbfl~1~b~~CJ~n~'U~b~m Nephotettix 

spp", 1'W m~li1~~'LI11"lf1n1~bn~~bb'l-i.:J"lf1~. 'U. 340-347. '1J€J'Ubbfl'U: flru:::bn~~l'f1?1~{ 

~Vl1iVltn~CJ'IJ€J'Ubbfl'U, 2547 ('11). 

6~CJVlli ~~'U(;l1. "m~tl-rut.h~~u5Yl"IJt(;lCJ 1 ~bflnmA~m'Vl~1CJ~bB'Ub€J ", 1'U !i13J3J'LI11"lf1n1~ 
'I '\J 'I 'I 'I 

cv ~ ~d QJ tla.J oJ .d~4 . . 
Vl'L15f11a~~ fi~.:I'VI 13 W'L15f11a~~ntJn1~WWJ'LI1'VIf.l.:lf.I'LI (Genetics and Susta1nable . ' 
Development). 'U. 25-27. oW'MC4Lfln: ~Vl11Vltn~CJ'Ub~l'!1';i, 2546. 

'U~ti b~m1~~Li'U~ bbfl~flru~. "m';iiJ~Vl1';i~~u'Ui1b11'f'U1u'U1-rr11b~€Jfl(;lfl11~?1rub~CJ"il1nm';i1~iJ1(;1'1JeJ~ 
'U u 

b~~ t.~m::: L(;l(;l~J1~1fl€J~1~~~~'U", 1 'U !i13J3J'LI11"lf1m~n~3Jf1'L1~1~fl"li11.n1flb'VIUv~v'LI'U'LI 
' .. 

bbf1:::.n1flb'VIUv~v'LI~1.:J. 260-283. bb~~: h::~bb';i~'Uf!1bb~~Vl11b1€l{ 2554. 

m"ll11~Pimu~1. "~(;1'1J€J~n1';i1off~u5-rr11 ?l~';i~f:\J'U~ 1 bbfl~otlCJ'U1Vl 1 ~1~tl'Un111-ff?l1~'gh~fl~"IJi1(;1 
' ' ' 

bil(;l~i1~fl~mJ~~1rub~~CJm~t(;l(;l~J1~1mbfl:::~fl~~l'l-rr11 ", ~i1'LI"liv3Jf11~fl"li11. 41-50, ... .. 
2545. 

tJ CJ~(;l1 ~'UI'l?ll?l~. m~tl'i'Utl~.:~wu5bria 1~~1'LI'VI1'UA!ii~Vi·IL 'L!fl1~1"1.1~~1: uvni'VIm~ mVlfl t 'Ubfl~ . ' .. 
~~'U1~ ~1iTni"t11b'VIAL'ULfl~fl11bn~';i ?11"1l1i"t11b'VIflb'Ubfl~m~~~1'1Yl"t1, 2554. 

~'Uf'i'n~ ~'il.JlWJ'U1mru"iltJ bb(;'l~flru~. "fi11~Vlmn'VlmCJ'Ilmb~m1?11b'Vll'l t ';iA 1Vl1J ti'um~~WJ'U1.rr11 
" u ' 

~ 1'UV11'U t ~fl1 VllJ", 1 u tl~:::"lf3J1"111m~"li11bbf1:::5ruri "lfbiiv.:J'VI'LI11 bi1a.:~1 'U 1vma-J'U"li11bbf1::: . ~ 

"lf11'LI11'VIf.lbb'l-i.:J"'J1~. 'U. 249-266. n~~bV1~"1: h~bb';i~B~1~ (;ltJ'Ubija~, 2554. 

'1~~~1"1 b~~~n,; bbfl~flru~. "fi11~Vlmn'V!mCJV11~~1"tfi1(;1'1l€J~b ~~CJm~ b(;l(;l~J11'11fl1 'U.fnflb'Vl'UB 

l'lB'U~1~'1la~th~bVll'f1Vlt.~", 11~a1~bn~lil~. 27(1): 27-37, 2554. 

~'llti it.~1w.Jti bb(;'l:::th:::iVJ~ ~'UVJ{m1CJ. 'U'VI'U1'VI"llv.:Jbb3J.:J~3Jb;1f.l1m'Juf1:::bw.:~3J3J1f11fl'1h1'Um~mufl3J 
II 'I !V 'I i1 II 'i 'I 

ti~:::"'J1m"llv.:JbVl~f.lm:::11il(;l~h111i11f11'Uamwu1"li11~hJ1h n~\lbV1~"1: m~i"t11n11bn~~' 
2541. 

'1'V16ru1 LJ'UV1~1';in11 bbfl~"ill'l~1 bVJm~1. bW~f.lm:::11illil~tl11i11f1b~.:J~1 b~v 1f1n~a'U;l'U m~~6.:~~u 
fl113J'V11.:~a~1.:~1f1mau. m\lbV1~"1: ~1LT n\11'Unv\IVl'U?ILJu?luum~?l~1\lb?l~~"'llm~ 2553 

'I 'I 'I ' 



135 

.fl:IJ'j UVIV111~toi'.:~, bliltm1 fl"llfln,; bb~~?f'jb\11"/l 'lh~~1?1Vl~. "m'j'Pim~1:g1"lli111l'llB.:Jb'W~tJm~111ll1l~J1VI1~ ., ' ' 
' 

lil1nbb'Vl~.:J'j~'IJ111l.fl1flb'VlUBVIB'U~1.:! boWBn1'j~\1lb~Bfl~'UtHh1~1'UV11'U ", 
' 

1t~ mjtJj::-u:u1'U1fl1j-b'1'JLL~::firuvhn.iit~..:~'VI'U1'l. 'U. 269. bL'W{ h.:~Lb'j:U'UmLb'W~Vl11b1B{ ' ~ 

2554. 

1Pl'j'V! ?f'll~bflVI bb~~Aru~. "n~1nA11:W~1'UV11'UL'WitJm~111ll1l~J1VI1~ Nilaparvata lugen (Stal) 'llB..:J~'U 
' ' ' 

Bph3, Qbph6 bb~~ Qbph121'U~1'U~"Uqm'j:U'lJB.:J-ii'11'll1111lBfl:W~~ 105", 1'U m~tJj::eq:w 

1'U1n1jeU1'lbb~..:J"U1~fi~..:Jtlfj:wnn~ "'ti'tJLfl~ti'U..:J1'U1:5'a-b'1'JLVJaa"U1V~njj:IJ". m.:~LVJ'Wi: ~ ., u 

mA1'j?f1'j'i1bVJP1 50 tl:w'Vl11Vlm~mm~wi1P11?1V~{ 2553. 

b-wli!tJ tl'Ulil bb~~AW~. "fl1'j'V!'j1liJ?IB'UA11:W'VlB:W 1 'Ub ~tl~'U5m'j:U-if111 ~1VltJ b\1ltJ 1 otlbA~tl.:I'Vl:U1tJ~ bB'Ubtl~ 
v ' 

~1b'W1~tJlv~'U Os2AP bb~~m'j1bfl11~,Arum'W'Vl..:J~:Wbb~~m1:W'Vl'U1bbU'U'lltl.:I51VIb'Vl~fl1'U 
' ' ' 

b:U~\11", Thai Journal of Genetics. 6(1): 11-24; 2013. 

Pl'U~.niJ mmPl ~1tJfl~(ijj'U1tJ V~i1tJ:w1VJm m:wvV~i1CJ:w1Vltn. (2555). "?fm'WmmP1n'I.Jfl\1lU~ n-ii'111 VJCJ ", 
'U 'U 'I q q 'I gl 'U 'U 

3-Month Climate News. 

http://VvVVW.tmd.go.th/programs%5Cuploads%5Cweatherclimate%5C3%20Month% 

20Climate%20News%20(Vol.2.no3).pdf. 29 n'UtJ1tJ'U, 2555. 

Pl'U~1VltJ1P11?1V~~-ii'11 (Rice science center and Rice gene discovery). (2559). v 

"tl1.!1f!V~-b'1'J'll1'l~tln:w::~nu.n1'J:: l~n~e~'U". http:/ I dna.kps. ku.ac.th!index. ph p/article-

rice-rsc-rgdu/44-thai-jasmine-rice. 22 b:IJ~1CJ'U, 2559. 

Pl~m nvB'UVl~Pln~, Pl~'V'l'j nvB'UVJ~P!n~ bb~~ihCJVlu ~~'U\111. "m1:w"':w~'U5'llv..:J~'U~1'UV11'Ul 'jfl 1'Vlif~v 
' v 

fl1'jbfl\1l hA 1'U 1'Vlifbb~~hA 1'VlifAv~1.:1 1'1JU'j~"/l1m-if11b'VllJtJ1 fl'll6 ~'j1:1J~'U~1'UV11'UhA 1'Vlif", 

1"U mjtJ~::-u:w1'111fl1~-b'1'Jbb~-:J'U1~ fi~-:J~ 2 il~1'VI~1:5'a-b'1'JL'VIa ~~e~:w~uiie~ • 
fl1jbtJ~tJ'UbbU~..:J'lle!-:!?1.111~1JilV1fl1flbb~::mjbU~VI~1~b?f~V1bSUUU. 'U. 34 7-350. 

fl1.:JbVl'V'li: h.:~LmJ Swissotel Le Concorde, 2555 . 
.q f'v 6' :S ;'l ~ il 

~lii'UVI lii'\JVJ'j?f~m\11. (:w.tJ.tJ.). "b~~am::b~~~'U1V~1~jztJ1~ L'U'U1'll1'l ", 

htt:l /VvVVW.ladda.com/jurnaVA-rice2.php. 8 ~..:JV!1A:W, 2555. 

~~'W'j bn~.:~1:w. "bA~v..:J'Vl:w1tJ~bB'Ubv1'Um'jtJ~'UtJ1.:~~'U~oW"ll", 11~?11~::.i-u1mj :w.vu. 5(2): 37-58, 2546. 

?f~'W1 bnV~.:~1:w. m~tl~tJtJj..:JW'U5w-ujz~u l:wb~n~. v'Um1"lltnti: h.:~Vi:w'l4:w'Vl11VJm~ tJv'IJ~'j1"/lu1ti 
'I 'I , q • , 'I ' 

2557. 

~111 n.:~1'UbPl'j~~nliJm'jbfl~'j. c2ss6). ".a' e~~~bA~~~nlilm~m~VI~~a,~ '1Jfl1jtJ1b -H1-a..:~e~e~n,. 
http://VvVVW.oae.go.thlmain.php?filename=index. 15 :wm1A:W, 2555. 

vii"ll1~ mi'ru~tJ'j~b?l~~, ~1(ijj.U 'j'JtJm~~ bb~~?l16\>l VJm~"/l'j. m~tJ~u~'J'llti-:Jb~iam::1~~~J,V~1~ 
(Nilaparvata lugen (Stal)) L'Ufl11vl1~1tJ-b'1'Jbrle~tl~mbtJtJ~tlb~ti..:JL'Ub'llVI.I11flfl~1..:J. 
fl1..:JLVJ'V'li: m:wi"ll1fl1'jbfl~'j, 2546. 



136 

me:J'U..:~fi U't~in~. -H11: 1'VItnf11i;f~~u~~L'VIfll1u1~~- m..:~L'VI'V'l"1: 6'1111nvh..J'!4l..IVI11'VIm~mm~wl'Jf"11?f~{ 
' ' 

2550. 

eJ:UQ'J1'V'l'J ru ~1th..:~ b'iJ'U'V'l~'U bb"~~'UI"i'n~ Ll..l~lw.J'U1fl1ty:U'U~ "fll11l..I'VImn'VImtJ"Ile:J..:J pathotype "lle:J-.!1 

b~m1?f1b'VI~ hfli1'VI~oU11 1'Utl 2550/51 bb{;l~~'U~1'U'VI1'Un11..:J"Il11..:J~ bU'U'th~ LtJ'Il'U1'U 
' 

mflb'VItle:J~e:J'Uci1..:~", 1'U m~tl~~"'f1l-ii11LL~~5ruvhniia.:~'VIu11. 'U. 208-219. LL'V'li h..:~bb'Jl..l 
• u 

'Ufl'Jbb'V'l~VI11bde:J{ 2554. 

Ahn, S.N., C.N. Bollich and S.D. Tanksley. "RFLP tagging of a gene for aroma in rice", 

Theoretical and Applied Genetics. 84(7): 825-828, 1992. 

Alam, S.N., and Cohen, M.B. "Detection and analysis of QTLs for resistance to the brown 

planthopper, Nilaparvata lugens, in a doubled-haploid rice population", 

Theoretical and Applied Genetics. 97(8): 1370-1379, 1998. 

Ali, M.P and T. R. Chowdhury. "Tagging and mapping of genes and QTLs of Nilaparvata 

lugens resistance in rice", Euphytica. 195(1): 1-30, 2014. 

Arikit, S. and et al. "Deficiency in the amino aldehyde dehydrogenase encoded by 

GmAMADH2, the homologue of rice Os2AP, enhances 2-acetyl-1-pyrroline 

biosynthesis in soybeans (Glycine max L.)", Plant Biotechnology Journal. 

9(1): 75-87, 2011. 

Amarawathi, Y. and et al. "Mapping of quantitative trait loci for basmati quality traits 

in rice ( Oryza sativa L.) ", Molecular Breeding. 21( 1): 49-65, 2008. 

Ashikawa, I.N. and et al. "Two adjacent nucleotide-binding site-leucine-rich repeat class 

genes are required to confer Pikm-specific rice blast resistance", Genetics. 

180(4): 2267-2276, 2008. 

Ashkani, S. and et al. "Mapping of the quantitative trait locus (QTL) conferring partial 

resistance to rice leaf blast disease", Biotechnology Letters. 35(5): 799-810, 

2013. 

Babujee, L. and S.S. Gnanamanickam. "Molecular tools for characterization of rice 

blast pathogen (Magnaporthe grisea) population and molecular marker

assisted breeding for disease resistance", Current Science. 78(3): 248-257, 

2000. 

Ballini, E. and et al. "A genome-wide meta-analysis of rice blast resistance genes and 

quantitative trait loci provides new insights into partial and complete 

resistance", Molecular Plant-Microbe Interactions. 21(7): 859-868, 2008. 

Bradbury, L.M.T. and et al. "The gene for fragrance in rice", Plant Biotechnology Journal. 

3(3): 363-370, 2005. 



137 

Bradbury, L.M.T. and et al. "Inactivation of an aminoaldehyde dehydrogenase is responsible 

for fragrance in rice", Plant Molecular Biology. 68(4): 439-449, 2008. 

Bryan, G.T. and et al. "A single amino acid difference distinguishes resistant and susceptible 

alleles of the rice blast resistance gene Pi-ta", Plant Cell. 12(11): 2033-2045, 

2000. 

Buttery, R.G., L.C. Ling and B.O. Juliano. "2-acetyl-1-pyrroline an important aroma 

component of cooked rice", Chemistry and Industry. 12: 958-959, 1982. 

Buttery, R.G. and et al. "Cooked rice aroma and 2-acetyl-1-pyrroline", 

Journal of Agricultural and Food Chemistry. 31(4): 823-826, 1983. 

Cao, Z. and et al. "Analysis of QTLs for erucic acid and oil content in seeds on A8 

chromosome and the Linkage drag between the alleles for the two traits in 

Brassica napus", Journal of Genetics and Genomics. 37(4): 231-240, 2010. 

Century, K.S. and et al. "Developmental control of Xa21-mediated disease resistance 

in rice", The Plant Journal. 20(2): 231-236, 1999. 

Chen, D. and et al. "Population structure of Pyricularia grisea at two screening sites in the 

Philipines", Phytopathology. 85: 1011-1020, 1995. 

Chen, J. and et al. "A Pid3 allele from rice cultivar Gumei2 confers resistance to 

Magnaporthe oryzae", Journal of Genetics and Genomics. 38: 209-216, 2011. 

Chen, S. and et al. "Thefgr gene responsible for rice fragrance was restricted within 69 kb", 

Plant Science. 171(4): 505-514, 2006. 

Chen, S. and et al. "Badh2, encoding betaine aldehyde dehydrogenase, inhibits the 

biosynthesis of 2-acetyl-1-pyrroline, a major component in rice fragrance", 

The Plant Cell 20(7): 1850-1861, 2008. 

Chen, S. and et al. "Resistance spectrum assay and fine mapping of the blast 

resistance gene from a rice experimental line, IRBLta2-Re", Euphytica. 

195(2): 209-216,2014. 

Chen, X. and et al. "A B-lectin receptor kinase gene conferring rice blast resistance". 

The Plant Journal. 46(5): 794-804, 2006. 

Cheng, X., L. Zhu and G. He. "T awards understanding of molecular interactions between rice 

and the brown planthopper", Molecular Plant. 6(3): 621-634, 2013. 

Claridge, M.F., and J. Hollander. "The biotypes of the rice brown planthopper, 

Nilaparvata lugens", Entomologia Experimentalis et Applicata. 

27(1): 23-30, 1980. 



' I -

138 

Claridge, M.F., and Den Hollander, J. "The biotype concept and its application to insect pests 

of agriculture", Crop protection. 2(1): 85-95, 1983. 

Collard, B.C.Y. and Markill, D.J. "Marker-assisted selection: an approach for precision plant 

breeding in the twenty-first century", Philosophical Transaction of the Royal 

Society B: Biological Sciences. 363(1491): 557-572, 2008. 

Cooper, M. and et al. "Rainfed lowland rice breeding strategies for Northeast 

Thailand II. Comparison of intra station and interstation selection", Field 

Crops Research. 64(1-2): 153-176, 1999. 

Das, A and et al. "A novel blast resistance gene, Pi54rh cloned from wild species of rice, 

Oryza rhizomatis confers broad spectrum resistance to Magnaporthe oryzae", 

Functional and Integrative Genomics. 12(2): 215-228, 2012. 

Dale, G. B. and G. 5. Kenneth. "Resurrecting the ghost of green revolutions past: The 

brown planthopper as a recurring threat to high-yielding rice production in 

tropical Asia", Journal of Asia-Pacific Entomology. 15(1): 122-140, 2012. 

Desneux, N., A Decourtye and J.M. Delpuech. "The sublethal effects of pesticides on 

beneficial arthropods", Annual Review of Entomology. 52: 81-106, 2007. 

Diehl, S.R., and Bush, G.L. "An evolutionary and applied perspective of insect biotypes", 

Annual Review of Entomology. 29: 471-504, 1984. 

Du, B. and et al. "Identification and characterization of Bph 14, a gene conferring 

resistance to brown planthopper in rice", Proceedings of the National 

Academy of Sciences (PNAS). 106(50): 22163-22168, 2009. 

Esterik, P.V. Food culture in Southeast Asia. London: Greenwood press Westport 

Connecticut, 2008. 

Ferrater, J.B. and et al. "Symbiont mediated adaptation by planthoppers and leafhoppers to 

resistant rice varieties", Arthropod-Plant Interactions. 7(6): 591-605, 2013. 

Flor, H.H. "Current status of gene-for-gene concept", Advances in Genetics. 9: 275-296, 

1971. 

Fujita, D., A. Kohli, and F. G. Horgan. "Rice resistance to Planthoppers and Leafhoppers", 

Critical Reviews in Plant Sciences. 32(2): 162-191, 2013. 

Fukuoka, 5. and KO. Kuho. "QTL analysis and mapping of pi21, a recessive gene for field 

resistance to rice blast in Japanese upland rice", Theoretical and Applied 

Genetics. 103(2): 185-190, 2001. 

Fukuoka, 5. and et al. "Loss of function of a proline-containing protein confers durable 

disease resistance in rice", Science. 21(325): 998-1001, 2009. 



139 

Ge, L.Q. and et al. "Mating pair combinations of insecticide-treated male and female 

Nilaparvata lugens (Stal) (Hemiptera: Delphacidae) planthoppers influence 

protein content in the male accessory glands (MAGs) and vitellin content in 

both fat bodies and ovaries of adult females", Pesticide Biochemistry and 

Physiology. 98(2): 279-288, 2010. 

Gurr, G.M., S.D. Wratten and M.A. Altieri. Ecological Engineering for Pest Management. 

Collingwood: CSIRO Publishing, 2004. 

Hayashi, K and H. Yoshida. "Refunctionalization of the ancient rice blast disease resistance 

gene Pit by the recruitment of a retrotransposon as a promoter", The Plant 

Journal 57(3): 413-425, 2009. 

Hayashi, N. and et al. "Durable panicle blast-resistance gene Pbl encodes an atypical 

CC -NBS-LRR protein and was generated by acquiring a promoter through local 

genome duplication", The Plant Journal 64(3): 498-510, 2010. 

Heil, M. "Damaged-self recognition in plant herbivore defence", Trends in Plant Science. 

14(7): 356-363, 2009. 

Hogenhout, SA and C. Zipfel. "Engineering insect-free cereals", Nature biotechnology. 

33: 262-263, 2015. 

Hou, L. and et al. "Genetic analysis and preliminary mapping of two recessive resistance 

genes to brown planthopper, Nilaparvata lugens Stalin rice", Rice Science. 

18(3): 238-242, 2011. 

Howles, P. and et al. "Autoactive alleles of the flax L6 rust resistance gene induce non-race

specific rust resistance associated with the hypersensitive response", Molecular 

Plant-Microbe Interactions. 18(6): 570-582, 2005. 

Huang, D.R. and et al. "Analysis of Quantitative Trait Loci for Resistance to Brown 

Planthopper in Dongxiang Wild Rice (Oryza ru.fipogon Griff.)", Acta Agronomica 

Sinica. 38(2): 210-214, 2012. 

Huang, Z. and et al. "Identification and mapping of two brown planthopper resistance genes 

in rice", Theoretical and Applied Genetics. 102(6): 929-934, 2001. 

Hu, J. and et al. "Pyramiding and evaluation of three dominant brown planthopper 

resistance genes in the elite indica rice 9311 and its hybrids", Pest Management 
Science. 69(7): 802-808, 2013. 

ICAR. "Blast (Pyricularia oryzae)", Expert System for Crop Paddy. 

http://agritech.tnau.ac.in/expert_system/paddy/cpdisblast.html. June 2, 2016. 



140 

Imam, J. and et al. "Molecular screening for identification of blast resistance genes in North 

East and Eastem Indian rice germplasm (Oryza sativa L.) with PCR based makers", 

Euphytica. 196(2): 199-211, 2014. 

International Rice Research Institute (IRRI). "Breeding for disease resistance in rice: 

Blast", Rice Knowledge Bank. Los Banos, Philippines: IRRI, n.d. 

___ . "Planthopper", Rice Knowledge Bank. Los Banos, Philippines: IRRI, n.d . 

. Standard Evaluation System for Rice (SES). Los Banos, Philippines: IRRI, 1996. 
---

. Advanced methods for insecticide resistance research and monitoring 
---

planned. Los Banos, Philippines: IRRI, 2011. 

ltani, T. and et al. "Variation of 2-acetyl-1-pyrroline concentration in aromatic rice grains 

collected in the same region in Japan and factors affecting its concentration", 

Plant Production Science. 7(2): 178-183, 2004. 

Jairin, J. and et al. "Mapping of a broad-spectrum brown planthopper resistance gene, Bph3, 

on rice chromosome 6", Molecular Breeding. 19(1): 35-44, 2007. 

---. "Development of rice introgression Lines with brown planthopper resistance and 

KDML105 grain quality characteristics through marker-assisted selection", 

Reld Crops Research. 110(3): 263-271, 2009. 

. "A simple sequence repeat and single nucleotide polymorphism based ---

genetic Linkage map of the brown planthopper, Nilaparvata lugens", 

DNA Research. 20(1): 17-30, 2013. 

Jantapoon, J. and et al. "ldeotype breeding for submergence tolerance and cooking 

quality by marker-assisted selection in rice", Field Crops Research. 

123(3): 206-213, 2011. 

Jia, Y. "A User-friendly Method to Isolate and Single Spore the Fungi Magnaporthe 

oryzae and Magnaporthe grisea Obtained from Diseased Field Samples", 

Plant Health Progress. 2009. 

Jia, Y. and Liu, G. "Mapping quantitative trait loci for resistance to rice blast", 

Phytopathology. 101(2): 176-181, 2011. 

Jena, KK and Kim, S.M. "Current status of brown planthopper (BPH) resistance and 

genetics", Rice. 3(2): 161-171,2010. 

Jerakongman, S. and et al. "Growth and grain yield of contrasting rice cultivars grown under 

different conditions of water availability", Reld Crops Research. 

44(2-3): 139-150, 1995. 



141 

Jongdee, B. and et al. "Improving drought tolerance in rainfed lowland rice", 

An example from Thailand. Agricultural Water Management. 80: 225-240, 2006. 

Kate-ngam, S. and et al. "Conversion of wide adapted rice cultivar IR57514 into jasmine-Like 

cooking quality through marker assisted backcrossing", In proceeding of BIT 2nd 

World DNA and Genome Day 2011. China: Reopen Bio-Gateway to Green 

Economy Era Dalian World Expo Center Dalian, 2011. 

---. "Molecular breeding for the development of blast and brown planthopper 

resistance in Jasmine IR57514 rice Line", In The 4th International Rice Congress 

(IRC2014). Bangkok Thailand: The Bangkok International Trade and Exhibition 

Centre (BITE(), 2014. 

Kamolsukyunyong, W. and et al. "Single-feature polymorphism mapping of isogenic 

rice Lines identifies the influence of terpene synthase on brown 

planthopper feeding preferences", Rice. 6(18): 1-9, 2013. 

Khanthong, S. and et al. "Breeding muti stress tolerance aromatic glutinous rice variety for 

rainfed Lowland rice production in Mekong coping with climate change". In 

10th International Symposium on Rice Functional Genomics. Chiang Mai: 

Thailand, 2012. 

Khush, G.S. and Brar, D.S. "Genetics of resistance to insects in crop plants", Advances in 

Agronomy. 45: 223-274, 1991. 

Khush G.S. "What it will take to feed 5.0 billion rice consumers in 2030", Plant Molecular 

Biology. 59(1): 1-6, 2005. 

Kobayashi, T. and et al. "Genetic mapping of the rice resistancebreaking gene of the 

brown planthopper Nilaparvata lugens", Proceedings of the Royal 

Society B. 281(1787): 1-8, 2014. 

Koide, Y. and et al. "Resistance gene and selection DNA marker for blast disease in rice 

(Oryza sativa L.)", Japan Agricultural Research Quarterly. 43(4): 255-280, 2009. 

Kumari, S. and et al. "Screening of IR50xRathu Heenati F7 RILs and idebtification of SSR 

markers Linked to brown plant hopper (Nilaparvata lugens Stal.) resistance in rice 

(Oryza sativa L.)", Molecular Biotechnology. 46(1): 63-71, 2010. 

Lee, S.K and et al. "Rice PiS-mediated resistance to Magnaporthe oryzae requires the 

presence of two CC-NB-LRR genes", Genetics. 181(4): 1627-1638,2009. 

Levy, M. and et al. "Genetic diversity of the rice blast fungus in a disease nursery in 

Colombia", Phytopathology. 83: 1427-1433, 1993. 



Liang, Y.T. and et al. "Research and application status of rice genes resistance to brown 

planthopper", Plant Genetic Resources. 9: 119-124, 2008. 

Li, J.Y., J. Wang and R. S. Zeigler. "The 3,000 rice genomes project: new opportunities and 

challenges for future rice research", GigaScience. 3(7): 1-6,2014 

142 

Lin, F. and et al. "The blast resistance gene Pi37 encodes a nucleotide binding site leucine

rich repeat protein and is a member of a resistance gene cluster on rice 

chromosome 1", Genetics. 177(3): 1871-1880,2007. 

Liu, J. and et al. "Recent progress and understanding of the molecular mechanisms of the 

rice-Magnaporthe oryzae interaction", Molecular plant pathology. 

11(3): 419-427, 2010. 

Liu, X.Q. and et al. "The in silica map-based cloning of Pi36, a rice CC -NBS-LRR gene which 

confers race specific resistance to the blast fungus", Genetics. 176(4): 2541-2549, 

2007. 

Liu, Y. and et al. "Agene cluster encoding lectin receptor kinases confers broad-spectrum 

and durable insect resistance in rice", Nature Biotechnolog. 33(3): 1-7, 2014. 

. "The distribution and identification of brown planthopper resistance genes in ---

rice", Hereditas. 146(2): 67-73, 2009. 

Liu, Z.W. and et al. "Effect of temperature on population growth of susceptible and resistant 

strains of Nilaparvatalugens to imidacloprid", Ecological Entomology. 

43(1): 47-50, 2004. 

Lorieux, M. and et al. "Aroma in rice: genetic analysis of a quantitative trait", Theoretical 

and Applied Genetics. 93(7): 1145-1151, 1996. 

Mahatheeranont, S., S. Keawsa-ard and K Dumri. "Quantification of the rice aroma 

compound, 2-acetyl-1-pyrroline, in uncooked Khao Dawk Mali 105 brown rice", 

Journal of Agricultural and Food Chemistry. 49(2): 773-779, 2001. 

Martin, B.G., A J. Bogdanove, and G. Sessa. "Understanding the functions of plant disease 

resistance proteins", Annual review of plant biology. 54: 23-61, 2003. 

Miah, G. and et al. "Blast resistance in rice: a review of conventional breeding to molecular 

approaches", Molecular Biology Reports. 40(3): 2369-2388, 2013. 

Mikami, I. and et al. "Allelic diversification at the \IVX locus in landraces of Asian rice" 
' 

Theoretical and Applied Genetics. 116(7): 979-989, 2008. 



143 

Mochida, 0. and T. Okada. "Taxonomy and biology of Nilaparvata lugens (Hom., 

Delphacidae)", In Brown Planthopper: Threat to Rice Poduction in Asia. 

International Rice Research Institute (IRRI). p. 21-43. Los Banos: Philippines, 

1979. 

Noenplab, A. and et al. "QTL mapping for leaf and neck blast resistance in khao dawk mali 

105 andjao hom nin recombinant inbred lines", Science Asia. 32: 133-142,2006. 

Okuyama, Y. and et al. "A multifaceted genomics approach allows the isolation of the rice 

Pia blast resistance gene consisting of two adjacent NBS-LRR protein genes", 

The Plant Journal. 66(3): 467-479, 2011. 

Ouk, M. and et al. "Use of drought response index for identification of drought tolerant 

genotypes in rainfed lowland rice", Reld Crops Research. 99(1): 48-58, 2006. 

Painter, R.H. "The economic value and biologic significance of insect resistance in plants", 

Journal of Economic Entomology. 34(3): 358-367, 1941. 

Panda, and G.S. Khush. Host Plant Resistance to Insect, Wallingford: CAB lntemational, 

1995. 

Petrov, M. and et al. "Rice aroma analysis: discrimination between a scented and a 

nonscented rice", Sciences des Aliments. 16(4): 347-360, 1996. 

Pathak, M.D. and Z.R. Khan. Insect pests of rice. International Rice Research 

Institute (IRRI) and International Centre of Insect Physiology and Ecology 

(ICI PE), 1994. 

Qiu, Y. and et al. "Development and characterization of japonica rice lines carrying the 

brown planthopper-resistance genes BPH12 and BPH6", Theoretical and Applied 

Genetics. 124(3): 485-494, 2012. 

Qu, S. and et al. "The broad spectrum blast resistance gene Pi9 encodes a nucleotide

binding site-leucine-rich repeat protein and is a member of a multigene family in 

rice", Genetics. 172(3): 1901-1914, 2006. 

Rajpurohit, D. and et al. "Pyramiding of two bacterial blight resistance and a semi dwarfing 

gene in type 3 Basmati using marker-assisted selection", Euphytica. 178(1): 

111-126,2011. 

Rahman, M. and et al. "High-resolution mapping of two rice brown planthopper resistance 

genes, Bph20(t) and Bph21(t), originating from Oryza minuta", Theoretical and 

Applied Genetics. 119(7): 1237-1246,2009. 



144 

Richard, J.H. and B. Valent. "Breaking and entering: Host penetration by the fungal 

rice blast pathogen Magnaporthe grisea", Annual Review of Microbiology. 

50(1): 491-512, 1996. 

Roumen, E. and et al. "Characterisation of the European pathogen population of 

Magnaporthe grisea by DNA finger printing and pathotype analysis", Journal of 

Plant Pathology. 103(4): 363-371, 1997. 

Romyen, P. and et al. "Lowland rice improvement in northern and northeast Thailand: 2 

Cultivar differences," Reld Crops Research 59(2): 109-119, 1998. 

Sabouri, H. and et al. "Detection of QTLs controlling field blast resistance in rice (Oryza 

sativa L.)", Plant Omics Journal 4(1): 1-5, 2011. 

Sakthivel, K and et al. "Genetic and molecular basis of fragrance in rice", Biotechnology 

Advances. 27(4): 468-473, 2009. 

Salim, M., R.C. Saxena and M. Akbar. "Salinity stress and varietal resistance in rice: 

effects on white backed planthopper", Crop Science Society of America. 

30(3): 654-659, 1990. 

Sarao, AS. and J. S. Bentur. "Antixenosis and tolerance of rice genotypes against brown 

planthopper", Rice Science. 23(2): 96-103, 2016. 

Sato, H. and et al. "Mapping QTLs for field resistance to rice blast in the Japanese upland 

rice variety Norin12", Breeding Science. 56(4): 415-418, 2006. 

Saxena, R.C. and A.A. Birrion. "Biotype of the brown planthopper, Nilaparvara lygens (Stal)", 

Korean Journal of Plant Protection. 22(2): 52-66, 1983. 

Saisamai, K Genetic identification of monor quantitative trait loci (QTL) against multiple 

population of brown planthopper (Nilaparvata lugenes Stal) using two 

advance backcross population in rice (Oryza sativa L.). Master's thesis: 

Kasetsart University, 2013. 

Shang, J.J. and et al. "Identification of a new rice blast resistance gene, Pid3, by genomewide 

comparison of paired nucleotide- binding site-Leucine-rich repeat genes and their 

pseudogene alleles between the two sequenced rice genomes", Genetics. 

182(4): 1303-1311,2009. 

Sharma, S.B., C. Johansen and S.K. Midha. "Nomatode pests in rice-wheat-Legume 

cropping systems", Proceeding of a Regonal Training Course. p.105. 

India: IARI Pusa New Delhi, 1998. 



145 

Sharma, T.R. and et al. "High-resolution mapping, cloning and molecular characterization of 

the Pi-kh gene of rice which confers resistance to Magnaporthe grisea", Molecular 

Genetics and Genomics. 274(6): 569-578, 2005. 

Shi, W. and et al. "Discovery of a new fragrance allele and the development of functional 

markers for the breeding of fragrant rice varieties", Molecular Breeding. 22(2): 

185-192, 2008. 

Soundararajan, R.P. and et al. "Mapping of quantitative trait loci associated with resistance to 

brown planthopper in rice by means of a doubled haploid population", 

Crop Science. 44(6): 2214-2220, 2004. 

Sreewongchai, T. Identification of magnaporthe grisea avirulence genes specific 

to rice blast resistance genes. Doctor's thesis: Kasetsart University, 2008. 

Sreewongchai, T. and et al. "Genetic mapping of Magnaporthe grisea avirulence gene 

corresponding to leaf and panicle blast resistant QTLs in Jao Hom Nin rice 

cultivar", Phytopathology. 157(6): 338-343, 2009. 

---. "Development of elite indica rice lines with wide spectrum of resistance to 

Thai blast isolates by pyramiding multiple resistance QTLs", Plant 

Breeding. 129(2): 176-180, 2010. 

Su, C.C. and et al. "Detection and analysis QTL for resistance to brown planthopper, 

Nilaparvata lugens (Stal), in rice (Oryza sativa L) using backcross inbred lines", 

Journal of Genetics. 29(4): 332-338, 2002. 

Suh, J.P. and et al. "Develoment of elite breeding lines conferring Bph18 gene-derived 

resistance to brown planthopper (BPH) by marker-asisted selection and genome

wide background analysis in japonica rice (Oryza sativa L.)", Field Crops 

Research. 120(2): 215-222, 2011. 

___ . "Development of breeding lines with three pyramided resistance genes that 

confer broad-spectrum bacterial blight resistance and their molecular analysis in 

rice", Rice. 6(5): 1-11, 2013. 

Sun, L. and et al. "Mapping of a major resistance gen to the brown planthopper in the rice 

cultivar Rathu Heenati", Breeding Science. 55: 3911-396, 2005. 

Takahashi, A and et al. "Unique features of the rice blast resistance Pish locus revealed by 

large scale retrotransposon-tagging", Journal of Plant Biology. 10(175): 1-14, 

2010. 



146 

Tang, J. and et al. "Semi-dominant mutations in the CC-NB-LRR-type R gene, NLS1, lead to 

constltutive activation of defense responses in rice", The Plant Journal. 

66(6): 996-1007,2011. 

Tamura, Y. and et al. "Map-based cloning and characterization of a brown 

planthopper resistance gene BPH26 from Oryza sativa L. ssp. indica cultivar 

ADR52", Scientific Reports. 4: 1-8, 2014. 

Thanysiriwat, T., P. Pattwatang, and E.R. Angles. "New biotypes of brown planthopper In 

Thailand". Proceedings of rice and temperate cereal crops annual 

conference. p. 386-389. Chon Buri: Thailand, 2009. 

Tinker, N. A. and D.E. Martha. "MQTL: Software for simplified composite interval 

mapping of QTL in multiple environments", Journal of Agricultural 

Genomics. 1: 1-5, 1995 

Toojinda, T. and et al. "Molecular breeding for rainfed lowland rice in the Mekong region", 

Plant Production Science. 8(3): 330-333, 2005. 

Tomita, M. "lntrogression of Green Revolution sdl gene into isogenic genome of rice 

super cultivar Koshihikari to create novel semidwarf cultivar 'Hikarishinseiki' 

(Koshihikari-sd1)", Field Crops Research. 114(2): 173-181,2009. 

Vanavichit, A. and T. Yoshihashi. "Molecular aspects of fragrance and aroma in rice", 

Advances in Botanical Research. 56: 49-73, 2010. 

Vanavichit, A. and et al. "Positional cloning of Os2AP, the aromatic gene controlling the 

biosynthetic switch of 2-acetyl-1-pyrroline and gamma aminobutyric acid (GABA) in 

rice", In The 5th International Rice Genetic Symposium. p.44. Manila: 

Phillipines, 2005. 

Velusamy, R., Heinrichs, E.A. arid Medrano, F.G. "Greenhouse techniques to identify field 

resistance to the brown planthopper, Nilaparvata lugens (Stal) (Homoptera: 

Delphacidea) in rice cultivars", Crop Protection. 5(5): 328-333, 1986. 

Wade, L.J. and et al. "Genotype by environment interactions across diverse rainfed 

lowland rice environments", Field Crops Research. 64(1-2): 35-50, 1999. 

Wanchana, S. and et al. "Duplicated coding sequence in the waxy allele of tropical glutinous 

rice (Oryza sativa L.)", Plant Science. 165: 1193-1199, 2003(a). 

___ . "Sequence variation in BAOH is associated with the synthesis of 2 AP, a potent 

aroma determination in rice", In Proceedings of Rice Biotechnology. p. 157-160. 

Pattaya Chonburi: Thailand, 2003(b). 



147 

Wanchana, S. and et al. "A rapid construction of a physical contig across a 4.5 eM region for 

rice grain aroma facilitates marker enrichment for positional cloning", Science 

Asia. 31: 299-306, 2005. 

Wang, B. and et al. "Mapping of two new brown planthopper resistance genes from wild 

rice", Chinese Science Bulletin. 46: 1092-1095, 2001. 

Wang, B. J. and et al. "High temperature modifies resistance performances of rice varieties to 

brown planthopper, Niloporvoto lugens (Stal)", Rice Science. 17(4): 334-338, 

2010. 

Wang, L.P. and et al. "Insecticide-induced increase in the protein content of male accessory 

glands and its effect on the fecundity of females in the brown planthopper 

Niloporvoto lugens Stal (Hemiptera: Delphacidae)", Crop Protection. 

29(11): 1280-1285, 2010. 

Wang, B. J. and et al. "High temperature modifies resistance performances of rice 

varieties to Brown Planthopper, Niloporvota lugens (Stal)", Rice Science. 

17(4): 334-338, 2010. 

Wang, X. and et al. "Current advances on genetic resistance to rice blast disease". 

Agricultural and Biological Sciences, Chapter 7: 195-217, 2014. 

Wang, Y. and et al. " Molecular mapping of the blast resistance genes Pi2-1 and Pi51(t) in the 

durably resistant rice 'Tianjingyeshengdao' ", Phytopathology. 102: 779-786, 2012. 

Wang, Y. and et al. "Map-based cloning and characterization of BPH29, a B3 domain

containing recessive gene conferring brown planthopper resistance in rice", 

Journal of Experimental Botany. 66(19): 6035-6045, 2015. 

Wang, Z.X. and et al. "The Pib gene for rice blast resistance belongs to the nucleotide 

binding and leucine-rich repeat class of plant disease resistance genes", The Plant 

Journal. 19(1): 55-64, 1999. 

Wen-qiang, L. and et al. "Avoidance of linkage drag between blast resistance gene and the 

QTL conditioning spikelet fertility based on genotype selection against heading 

date in rice", Rice Science. 16(1): 21-26, 2009. 

Wilson, RA and N.J. Talbot "Under pressure: investigating the biology of plant infectation bu 

Mognoporthe oryzoe. ", Nature reviews Microbiology. 7(3): 185-195, 2009. 

Win, KM. and et al. "Breeding the Thai jasmine rice variety KDML105 for non-age-related 

broad-spectrum resistance to bacterial blight disease based on combined marker

assisted and phenotypic selection", Field Crops Research. 137: 186-194, 2012. 



148 

Wongsaprom, C. and et al. "Two introgressed quantitative trait loci confer a broad-spectrum 

resistance to blast disease in the genetic background of the cultivar RD6 a Thai 

glutinous jasmine rice", Reld Crops Research. 119(2-3): 245-251, 2010. 

Yajima, I. and et al. "Volatile flavor components of cooked rice kaorimai (scented rice, 0. 

sativajaponica)". Agricultural and Biological Chemistry. 43: 2425-2429, 1979. 

Yang, H. and et al. "Molecular Mapping of Four Blast Resistance Genes using Recombinant 

Inbred Lines of 93-11 and Nippon bare", Journal of Plant Biology. 56(2): 91-97, 

2013. 

Yang, L. and et al. "Genetic mapping of bph20(t) and bph21(t) loci conferring brown 

planthopper resistance to Nilaparvata lugens Stal. in rice (Oryza sativa L.)", 

Euphytica. 183(2): 161-171,2012. 

Yi, M. and et al. "Marker assisted backcross breeding to improve cooking quality traits 

in Myanmar rice cultivar Manawthukha ", Field Crops Research. 113(2): 

178-186, 2009. 

Yoshihashi, T. "Quantitative analysis on 2-acetyl-1-pyrroline of an aromatic rice by stable 

isotope dilution method and model studies on its formation during cooking", 

Journal of Food Science. 67(2): 619-622, 2002. 

Yoshihashi, T., T.T.H. Nguyen and N. Kabaki. "Area dependency of 2-acetyl-1-

pyrroline content in an aromatic rice variety, Khao Dawk Mali 105", 

Japan Agricultural Research Quarterly. 38(2): 105-109, 2004. 

Yu, Y.L. and et al. "The combined effects of temperature and insecticide on the fecundity of 

adult males and adult females of the brown planthopper Nilaparvata lugens Stal 

(Hemiptera: Delphacidae)", Crop Protection. 34: 59-64, 2012. 

Yuan, B. and et al. "The Pik-p resistance to Magnaporthe oryzae in rice is mediated by a pair 

of closely linked CC-NBS-LRR genes", Theoretical and Applied Genetics. 

122(5): 1017-2108, 2011 

Zhai, C. and et al. "The isolation and characterization of Pik, a rice blast resistance gene 

which emerged after rice domestication", New Phytologist Trust. 189(1): 

321-334, 2011. 

Zhang, Q. and R. A Wing. "The Wild Relative of Rice: Genomes and Genomics", Genetics 

and Genomics of Rice. 5: 9-25, 2013. 



149 

Zhou, B. and et al. "The eight amino-acid differences within three leucine-rich repeats 

between Pi2 and Piz-t resistance proteins determine the resistance specificity to 

Magnaporthe grisea", Molecular Plant-Microbe Interactions. 19(11): 1216-1228, 

2006. 





d 
\911'l'1.:1'VI t:J .1 

151 

"' "' ., "'"''i'l,j ., II "' 'j !:;~• "' II nTl'fl\91 Lavnlil bub 'VI "llv.:~an"tmJzm'IJ'VI1'1J L -wa~n';i:: b19119ltl'IJ1\911a LLa::an"ttru::"ll11 

mii~1"llv.:i'l.h::"!11n';i F2 ,)1'1J1'1J 461 ~'IJ ~';iv191;i1191lil1nn1';iLihvha1~"llv.:IL'W~~ 
mzL\91191aJ1\911athz"!11m v'Ua';i1"!1o1ii ,J1'1J1'1J 13 1u~ul'.:~tl6lt~muJa.:~ • 

Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

1 WS14-M27-1 3 H H H H 

2 WS14-M27-2 3 H RGD H RGD 

3 W514-M27-3 3 R4 R4 R4 R4 

4 WS14-M27-4 3 RGD RGD RGD RGD 

5 WS14-M27-5 3 RGD RGD RGD RGD 

6 W514-M27-6 3 H H H H 

7 WS14-M27-7 3 H H H H 

8 W514-M27-8 3 H H H H 

9 WS14-M27-9 3 R4 R4 R4 R4 

10 WS14-M27-10 3 H H H H 

11 W514-M27-11 3 R4 R4 R4 R4 
12 W514-M27-12 3 R4 R4 R4 R4 
13 W514-M27-13 3 H H H H 
14 W514-M27-14 3 R4 R4 R4 R4 
15 W514-M27-15 3 H H H H 
16 W514-M27-16 3 RGD RGD H RGD 
17 W514-M27-17 3 R4 R4 H H 
18 W514-M27-18 3 H H H H 
19 W514-M27-19 3 R4 R4 R4 R4 
20 W514-M27-20 3 R4 R4 R4 R4 
21 W514-M27-21 3 R4 R4 R4 R4 
22 W514-M27-22 3 H H H H 
23 W514-M27-23 3 H H H H 
24 WS14-M27-24 3 R4 R4 R4 R4 
25 WS14-M27-25 3 H H H H 
26 WS14-M27-26 3 H H H H 
27 WS14 M27-27 3 H R4 R4 R4 
28 WS14-M27-28 3 H H H H 
29 WS14-M27-29 3 RGD RGD H RGD 
30 WS14-M27-30 3 H H H H 
31 WS14 M27-31 3 RGD RGD H RGD 
32 WS14-M27-32 3 H R4 H H 
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Glutinous rice trait BPH resistance trait 
F2 introgression lines 13 DAJ 

Wx-Glu23 RM589 SSR24 RM588 

RDD11259-1-9-25 9 RGD RGD RGD RGD 

R4-4-2-134-18-57 3 R4 R4 R4 R4 

IR57514 7 - - - -

Rathu Heenati 3 RH RH RH RH 

RD6 9 - - - -

KDML 105 9 - - - -

WS14-M27-33 3 RGD RGD H RGD 

WS14-M27-34 3 R4 R4 R4 R4 

WS14-M27-35 3 R4 R4 R4 R4 

WS14-M27-36 3 H R4 R4 R4 

WS14-M27-37 3 H H H H 

WS14-M27-38 3 R4 R4 R4 R4 

WS14-M27-39 3 R4 R4 R4 R4 

WS14-M27-40 3 RGD RGD RGD RGD 

WS14-M27-41 3 R4 R4 R4 R4 

WS14-M27-42 3 H H H H 

WS14-M27-43 3 RGD RGD RGD RGD 

WS14-M27-44 3 R4 R4 R4 R4 

WS14-M27-45 3 R4 R4 R4 R4 

WS14-M27-46 3 H H H H 

WS14-M27-47 3 R4 R4 R4 R4 

WS 14-M27 -48 3 R4 R4 R4 R4 

WS14-M27-49 3 R4 R4 R4 H 

WS14-M27-50 3 H H H H 

WS14-M27-51 3 R4 R4 R4 H 
WS14-M27-52 3 H RGD RGD R4 
WS14-M27-53 3 H H H RGD 
WS14-M27-54 3 H R4 R4 H 
WS14-M27-55 3 R4 R4 R4 R4 
WS14-M27-56 3 H H H R4 
WS14-M27-57 3 R4 R4 R4 H 
WS14-M27-58 3 H H H RH 
WS14-M27-59 3 RGD RGD RGD H 
WS14-M27-60 3 H H H RGD 
WS 14-M27 -61 3 RGD H H H 
WS14-M27-62 3 H H H H 
WS14-M27-63 3 H H H H 
WS14-M27-64 3 H H H H 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

65 WS14-M27-65 3 RGD H RGD H 

66 WS14-M27-66 3 R4 R4 R4 RGD 

67 WS14-M27-67 3 RGD RGD RGD R4 

68 WS14-M27-68 3 RGD RGD RGD RGD 

69 WS14-M27-69 3 H H H JGIR 

70 WS14-M27-70 3 H H H H 

71 WS14-M27-71 3 R4 R4 R4 H 

72 WS14-M27-72 3 R4 R4 R4 R4 

73 WS14-M27-73 3 H H H H 

74 WS14-M27-74 3 RGD RGD RGD RGD 

75 WS14-M27-75 3 H H H H 

76 WS14-M27-76 3 H H H H 

77 WS14-M27-77 3 R4 R4 R4 R4 

78 WS14-M27-78 3 RGD RGD RGD RGD 

79 WS14-M27-79 3 R4 R4 R4 R4 

80 WS14-M27-80 3 H H H H 

81 WS14-M27-81 3 H H H H 

82 WS14-M27-82 3 H H H H 

83 WS14-M27-83 3 R4 R4 R4 R4 

84 WS14-M27-84 3 RGD RGD RGD RGD 

85 WS14-M27-85 3 H H H H 

86 WS14-M27-86 3 R4 R4 R4 R4 

87 WS14-M27-87 3 R4 R4 R4 R4 

88 WS14-M27-88 3 R4 R4 R4 R4 

89 WS14-M27-89 3 H H H H 

90 WS 14-M27 -90 3 R4 R4 R4 R4 

91 WS14-M27-91 3 R4 R4 R4 R4 

92 WS14-M27-92 3 H H H H 

93 WS14-M27-93 3 R4 R4 R4 R4 

94 WS14-M27-94 3 H H H H 

95 WS14-M27-95 3 R4 R4 R4 -

96 WS14-M27-96 3 R4 R4 R4 -
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check \R57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

97 WS14-M27-97 3 R4 R4 R4 R4 

98 WS14-M27-98 3 H H H H 

99 WS14-M27-99 3 R4 R4 R4 R4 

100 WS14-M27-100 3 R4 R4 R4 R4 

101 WS14-M27-101 3 H H H H 

102 WS14-M27-102 3 R4 R4 R4 R4 

103 WS14-M27-103 3 R4 R4 R4 R4 

104 WS14-M27-104 3 H H H H 

105 WS14-M27-105 3 H H H H 

106 WS14-M27-106 3 H RGD H H 

107 WS14-M27-107 3 R4 R4 R4 R4 

108 WS14-M27-108 3 R4 R4 R4 R4 

109 WS14-M27-109 3 R4 R4 R4 R4 

110 WS14-M27-110 3 H H H H 

111 WS14-M27-111 3 R4 R4 R4 R4 

112 WS14-M27-112 3 H H H H 

113 WS14-M27-113 3 R4 R4 R4 R4 

114 WS14-M27-114 3 H H H H 

115 WS14-M27-115 3 H R4 R4 R4 

116 WS14-M27-116 3 R4 R4 R4 R4 

117 WS14-M27-117 3 R4 R4 R4 R4 

118 WS14-M27-118 3 H H H H 

119 WS14-M27-119 3 R4 R4 R4 R4 

120 WS14-M27-120 3 RGD RGD RGD RGD 

121 WS14-M27-121 3 R4 R4 R4 R4 

122 WS14-M27-122 3 R4 R4 R4 R4 

123 WS14-M27-123 3 H H H H 

124 WS14-M27-124 3 H H H H 

125 WS14-M27-125 3 RGD RGD RGD RGD 

126 WS14-M27-126 3 R4 R4 R4 R4 

127 WS14-M27-127 3 R4 R4 R4 R4 

128 WS14-M27-128 3 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

129 WS14-M27-129 3 R4 R4 R4 R4 

130 WS14-M27-130 3 R4 R4 R4 R4 

131 WS14-M27-131 3 H H H H 

132 WS14-M27-132 3 H H H H 

133 WS14-M27-133 3 H H H H 

134 WS14-M27-134 3 RGD RGD RGD RGD 

135 WS14-M27-135 3 R4 R4 R4 R4 

136 WS14-M27-136 3 H H H H 

137 WS14-M27-137 3 H H H H 

138 WS14-M27-138 3 H H H H 

139 WS14-M27-139 3 R4 R4 R4 R4 

140 WS14-M27-140 3 H H H H 

141 WS14-M27-141 3 R4 R4 R4 R4 

142 WS14-M27-142 3 RGD RGD RGD RGD 

143 WS14-M27-143 3 H H H H 

144 WS14-M27-144 3 H RGD RGD RGD 

145 WS14-M27-145 3 R4 R4 R4 R4 

146 WS14-M27-146 3 R4 R4 R4 R4 

147 WS14-M27-147 3 H H H H 

148 WS14-M27-148 3 RGD RGD RGD RGD 

149 WS14-M27-149 3 H H H H 

150 WS14-M27-150 3 R4 R4 R4 R4 

151 WS14-M27-151 3 R4 R4 R4 R4 

152 WS14-M27-152 3 RGD RGD RGD RGD 

153 WS14-M27-153 3 H H H H 

154 WS14-M27-154 3 H H H H 

155 WS14-M27-155 3 H H H H 

156 WS14-M27-156 5 H H H H 

157 WS14-M27-157 5 R4 R4 R4 R4 

158 WS14-M27-158 5 H H H H 

159 WS14-M27-159 5 R4 R4 R4 R4 

160 WS14-M27-160 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. Fz introgression lines 13DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

161 WS14-M27-161 5 H H H H 

162 WS14-M27-162 5 H H H H 

163 WS14-M27-163 5 H H H H 

164 WS14-M27-164 5 R4 R4 R4 R4 

165 WS14-M27-165 5 H H H H 

166 WS14-M27-166 5 R4 R4 R4 R4 

167 WS14-M27-167 5 R4 R4 R4 R4 

168 WS14-M27-168 5 H H H H 

169 WS14-M27-169 5 H H H H 

170 WS14-M27-170 5 R4 R4 R4 R4 

171 WS14-M27-171 5 H - H -

172 WS14-M27-172 5 H H H R4 

173 WS14-M27-173 5 H H H H 

174 WS14-M27-174 5 R4 R4 R4 R4 

175 WS14-M27-175 5 RGD RGD RGD RGD 

176 WS14-M27-176 5 H H H H 

177 WS14-M27-177 5 RGD RGD RGD RGD 

178 WS14-M27-178 5 H H H H 

179 WS14-M27-179 5 H H H H 

180 WS14-M27-180 5 H H H H 

181 WS14-M27-181 5 H - H -

182 WS14-M27-182 5 RGD - R4 -

183 WS 14-M27 -183 5 H H H H 

184 WS14-M27-184 5 H H H H 

185 WS14-M27-185 5 RGD RGD RGD RGD 

186 WS14-M27-186 5 R4 R4 R4 R4 

187 WS14-M27-187 5 H H H H 

188 WS14-M27-188 5 R4 R4 R4 R4 

189 WS14-M27-189 5 R4 H H H 

190 WS14-M27-190 5 RGD RGD RGD RGD 

191 WS14-M27-191 5 H H H H 

192 WS14-M27-192 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

193 WS14-M27-193 5 H H H H 

194 WS14-M27-194 5 RGD RGD RGD RGD 

195 WS14-M27-195 5 R4 R4 R4 R4 

196 WS14-M27-196 5 H H H H 

197 WS14-M27-197 5 RGD RGD RGD RGD 

198 WS14-M27-198 5 RGD RGD RGD RGD 

199 WS14-M27-199 5 R4 R4 R4 R4 

200 WS 14-M27 -200 5 R4 R4 R4 R4 

201 WS14-M27-201 5 H H H H 

202 WS14-M27-202 5 R4 R4 R4 R4 

203 WS 14-M27 -203 5 RGD RGD RGD RGD 

204 WS14-M27-204 5 H H H H 

205 WS14-M27-205 5 RGD RGD RGD RGD 

206 WS14-M27-206 5 H H H H 

207 WS14-M27-207 5 H H H H 

208 WS14-M27-208 5 H H RGD H 

209 WS14-M27-209 5 R4 R4 R4 R4 

210 WS14-M27-210 5 H H H H 

211 WS14-M27-211 5 H H H H 

212 WS14-M27-212 5 RGD RGD RGD RGD 

213 WS14-M27-213 5 R4 R4 R4 R4 

214 WS14-M27-214 5 H H H H 

215 WS14-M27-215 5 H H H H 

216 WS14-M27-216 5 H H H H 

217 WS14-M27-217 5 H H H H 

218 WS14-M27-218 5 R4 H H H 

219 WS14-M27-219 5 R4 R4 R4 R4 

220 WS14-M27-220 5 RGD RGD RGD RGD 

221 WS14-M27-221 5 H H H H 

222 WS14-M27-222 5 H H H H 

223 WS14-M27-223 5 H H H H 

224 WS14-M27-224 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

225 WS 14-M27 -225 5 R4 R4 R4 R4 

226 WS14-M27-226 5 R4 R4 R4 R4 

227 WS14-M27-227 5 R4 R4 R4 R4 

228 WS14-M27-228 5 H H H H 

229 WS14-M27-229 5 H H H H 

230 WS14-M27-230 5 H H H H 

231 WS14-M27-231 5 H H H H 

232 WS14-M27-232 5 R4 R4 R4 R4 

233 WS14-M27-233 5 R4 R4 R4 R4 

234 WS14-M27-234 5 R4 R4 R4 R4 

235 WS14-M27-235 5 H RGD H H 

236 WS 14-M27 -236 5 R4 R4 R4 R4 

237 WS14-M27-237 5 H H H H 

238 WS14-M27-238 5 H H H H 

239 WS14-M27-239 5 H H H H 

240 WS14-M27-240 5 H H H H 

241 WS14-M27-241 5 R4 R4 R4 R4 

242 WS14-M27-242 5 H H H H 

243 WS14-M27-243 5 R4 R4 R4 R4 

244 WS14-M27-244 5 H H H H 

245 WS14-M27-245 5 H H H H 

246 WS14-M27-246 5 H H H H 

247 WS14-M27-247 5 R4 R4 R4 R4 

248 WS14-M27-248 5 H H H H 

249 WS14-M27-249 5 R4 R4 R4 R4 

250 WS14-M27-250 5 H H H H 

251 WS14-M27-251 5 RGD RGD RGD RGD 

252 WS14-M27-252 5 RGD RGD RGD RGD 

253 WS14-M27-253 5 R4 R4 R4 R4 

254 WS14-M27-254 5 R4 R4 R4 R4 

255 WS14-M27-255 5 H H H H 

256 WS14-M27-256 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. Fz introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

257 WS14-M27-257 5 R4 R4 R4 R4 

258 WS14-M27-258 5 H H H H 

259 WS14-M27-259 5 H H H H 

260 WS14-M27-260 5 H RGD RGD RGD 

261 WS14-M27-261 5 R4 R4 R4 R4 

262 WS14-M27-262 5 R4 R4 R4 R4 

263 WS14-M27-263 5 R4 R4 R4 R4 

264 WS14-M27-264 5 R4 R4 R4 R4 

265 WS14-M27-265 5 R4 R4 R4 R4 

266 WS14-M27-266 5 RGD RGD RGD RGD 

267 WS14-M27-267 5 H H H H 

268 WS14-M27-268 5 R4 R4 R4 R4 

269 WS14-M27-269 5 H H H H 

270 WS14-M27-270 5 R4 R4 R4 R4 

271 WS14-M27-271 5 R4 R4 R4 R4 

272 WS14-M27-272 5 RGD H H H 

273 WS 14-M27 -273 5 RGD RGD RGD RGD 

274 WS14-M27-274 5 H H H H 

275 WS14-M27-275 5 RGD RGD RGD RGD 

276 WS14-M27-276 5 RGD RGD RGD RGD 

277 WS14-M27-277 5 H H H H 

278 WS14-M27-278 5 H H H H 

279 WS14-M27-279 5 R4 H R4 R4 

280 WS14-M27-280 5 R4 H R4 R4 

281 WS14-M27-281 5 RGD RGD RGD RGD 

282 WS14-M27-282 5 RGD RGD RGD RGD 

283 WS14-M27-283 5 RGD RGD RGD RGD 

284 WS14-M27-284 5 RGD RGD RGD RGD 

285 WS14-M27-285 5 H H H H 

286 WS14-M27-286 5 R4 R4 R4 R4 

287 WS14-M27-287 5 H RGD RGD RGD 

288 WS14-M27-288 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

289 WS14-M27-289 5 H H H H 

290 WS14-M27-290 5 RGD RGD RGD RGD 

291 WS14-M27-291 5 R4 R4 R4 R4 

292 WS14-M27-292 5 RGD RGD RGD RGD 

293 WS14-M27-293 5 RGD RGD RGD RGD 

294 WS14-M27-294 5 H H H H 

295 WS14-M27-295 5 H H H H 

296 WS14-M27-296 5 H H H H 

297 WS14-M27-297 5 H H H H 

298 WS14-M27-298 5 R4 R4 R4 R4 

299 WS14-M27-299 5 H H H H 

300 WS14-M27-300 5 R4 R4 R4 R4 

301 WS14-M27-301 5 H H H H 

302 WS14-M27-302 5 H H H H 

303 WS14-M27-303 5 RGD RGD RGD RGD 

304 WS14-M27-304 5 R4 R4 R4 R4 

305 WS14-M27-305 5 H H H H 

306 WS14-M27-306 5 RGD RGD RGD RGD 

307 WS14-M27-307 5 H H H H 

308 WS14-M27-308 5 RGD RGD RGD RGD 

309 WS14-M27-309 5 H H H H 

310 WS14-M27-310 5 R4 R4 R4 R4 

311 WS14-M27-311 5 R4 R4 R4 R4 

312 WS14-M27-312 5 RGD RGD RGD RGD 

313 WS14-M27-313 5 H H H H 

314 WS14-M27-314 5 H H H H 

315 WS14-M27-315 5 RGD RGD RGD RGD 

316 WS14-M27-316 5 RGD RGD RGD RGD 

317 WS14-M27-317 5 H H H H 

318 WS14-M27-318 5 H H H H 

319 WS14-M27-319 5 R4 R4 R4 R4 

320 WS14-M27-320 5 RGD RGD RGD RGD 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

321 WS14-M27-321 5 R4 H H H 

322 WS14-M27-322 5 R4 R4 R4 R4 

323 WS14-M27-323 5 H H H H 

324 WS14-M27-324 5 H H H H 

325 WS14-M27-325 5 R4 R4 R4 R4 

326 WS14-M27-326 5 RGD RGD RGD RGD 

327 WS14-M27-327 5 R4 R4 R4 R4 

328 WS14-M27-328 5 H H H H 

329 WS14-M27-329 5 H H H H 

330 WS14-M27-330 5 RGD RGD RGD RGD 

331 WS14-M27-331 5 H R4 R4 R4 

332 WS14-M27-332 5 R4 R4 R4 R4 

333 WS14-M27-333 5 RGD H H H 

334 WS14-M27-334 5 RGD RGD RGD RGD 

335 WS14-M27-335 5 H H H H 

336 WS14-M27-336 5 R4 R4 R4 R4 

337 WS14-M27-337 5 RGD RGD RGD RGD 

338 WS14-M27-338 5 H H H H 

339 WS14-M27-339 5 RGD RGD RGD RGD 

340 WS14-M27-340 5 H H H H 

341 WS14-M27-341 5 R4 R4 R4 R4 

342 WS14-M27-342 5 H H H H 

343 WS14-M27-343 5 H H H H 

344 WS14-M27-344 5 H H H H 

345 WS14-M27-345 5 H H H H 

346 WS14-M27-346 5 H H H H 

347 WS14-M27-347 5 H H H H 

348 WS14-M27-348 5 H H H H 

349 WS14-M27-349 5 RGD RGD RGD RGD 

350 WS14-M27-350 5 H H H H 

351 WS14-M27-351 5 H H H H 

352 WS14-M27-352 5 H H H H 
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Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

Pl RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

353 WS14-M27-353 5 R4 R4 R4 R4 

354 WS14-M27-354 5 R4 R4 R4 R4 

355 WS 14-M27-355 5 R4 R4 R4 R4 

356 WS14-M27-356 5 H H H H 

357 WS14-M27-357 5 H H H H 

358 WS14-M27-358 5 H RGD RGD RGD 

359 WS14-M27-359 5 H H H H 

360 WS14-M27-360 5 H R4 R4 R4 

361 WS14-M27-361 5 RGD RGD - -

362 WS14-M27-362 5 H H H H 

363 WS14-M27-363 5 H H H H 

364 WS 14-M27-364 5 H R4 R4 R4 

365 WS14-M27-365 5 H H H H 

366 WS14-M27-366 5 H H H H 

367 WS14-M27-367 5 R4 R4 R4 R4 

368 WS14-M27-368 5 R4 R4 R4 R4 

369 WS14-M27-369 5 R4 R4 R4 R4 

370 WS 14-M27-370 5 RGD H H H 

371 WS14-M27-371 5 RGD RGD RGD RGD 

372 WS14-M27-372 5 RGD RGD RGD RGD 

373 WS14-M27-373 5 H H H H 

374 WS14-M27-374 5 H RGD RGD H 

375 WS14-M27-375 5 R4 R4 R4 R4 

376 WS14-M27-376 5 R4 R4 R4 R4 

377 WS14-M27-377 5 RGD RGD RGD RGD 

378 WS14-M27-378 5 H H H H 

379 WS14-M27-379 5 RGD RGD RGD RGD 

380 WS14-M27-380 5 H H H H 

381 WS14-M27-381 5 H H H H 

382 WS14-M27-382 5 H H H H 

383 WS14-M27-383 5 H H H H 

384 WS14-M27-384 5 R4 R4 R4 R4 
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Glutinous rice trait BPH resistance trait 
No. Fz introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

385 WS14-M27-385 5 RGD RGD RGD RGD 

386 WS14-M27-386 5 R4 R4 R4 R4 

387 WS14-M27-387 5 H H H H 

388 WS14-M27-388 5 RGD RGD RGD RGD 

389 WS14-M27-389 5 R4 R4 R4 R4 

390 WS14-M27-390 5 H H H H 

391 WS14-M27-391 5 RGD RGD RGD RGD 

392 WS14-M27-392 5 R4 R4 R4 R4 

393 WS14-M27-393 5 R4 R4 R4 R4 

394 WS14-M27-394 5 R4 R4 R4 R4 

395 WS14-M27-395 5 RGD RGD RGD RGD 

396 WS14-M27-396 5 H H H H 

397 WS14-M27-397 5 R4 R4 R4 R4 

398 WS14-M27-398 5 RGD RGD RGD RGD 

399 WS14-M27-399 5 RGD H H H 

400 WS14-M27-400 5 RGD RGD RGD RGD 

401 WS14-M27-401 5 H H RGD RGD 

402 WS14-M27-402 5 R4 R4 R4 R4 

403 WS14-M27-403 5 H H H H 

404 WS 14-M27 -404 5 R4 R4 R4 R4 

405 WS14-M27-405 5 H H H H 

406 WS14-M27-406 5 RGD RGD RGD RGD 
407 WS14-M27-407 5 H H H H 
408 WS14-M27-408 5 RGD H H H 
409 WS14-M27-409 5 RGD RGD RGD RGD 
410 WS14-M27-410 5 RGD RGD RGD RGD 
411 WS14-M27-411 5 H H H H 
412 WS14-M27-412 5 H H H H 
413 WS14-M27-413 5 RGD H H H 
414 WS14-M27-414 5 H RGD RGD RGD 
415 WS14-M27-415 5 R4 H H H 
416 WS14-M27-416 5 R4 R4 R4 R4 



164 

m-a1-3~ e..~.1 m-a~~Liie:mm:'LI1'VItJ"'lv-3~n~ru~~1'1J'VI1'1JL'V'I~an-a~l~~aJ,~,~ LL~::~n~ru~-ih1 
L'ViUtl1"1lv-3'l1-a::"'J1n-a Fz ~1'LI1'1J 461 ~'IJ ~-av~1i1~"ii1nmwihvh~1tl"'lv-3L'V'I~tl 
m::l~~aJ1~1~'\.J-a~"'J1m vu~-a1"1Jo1il ~1'LI1'LI 13 1'LI'VI~-3'\.J~vmL~~-3 C~v) • 

Glutinous rice trait BPH resistance trait 
No. F2 introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

P1 RDD11259-1-9-25 9 RGD RGD RGD RGD 

P2 R4-4-2-134-18-57 3 R4 R4 R4 R4 

Check IR57514 7 - - - -

Check Rathu Heenati 3 RH RH RH RH 

Check RD6 9 - - - -

Check KDML 105 9 - - - -

417 WS14-M27-417 5 R4 R4 R4 R4 

418 WS14-M27-418 5 R4 R4 R4 R4 

419 WS14-M27-419 5 H H H H 

420 WS14-M27-420 5 R4 R4 R4 R4 

421 WS14-M27-421 5 H H H H 

422 WS14-M27-422 5 R4 R4 R4 R4 

423 WS14-M27-423 5 R4 R4 R4 R4 

424 WS14-M27-424 5 H H H H 

425 WS14-M27-425 5 R4 R4 R4 R4 

426 WS14-M27-426 5 R4 R4 R4 R4 

427 WS14-M27-427 5 RGD RGD RGD RGD 

428 WS14-M27-428 5 R4 R4 R4 R4 

429 WS14-M27-429 5 H H H H 

430 WS 14-M27 -430 5 RGD RGD RGD RGD 

431 WS14-M27-431 5 R4 R4 R4 R4 

432 WS14-M27-432 5 R4 R4 R4 R4 

433 WS14-M27-433 5 H H H H 

434 WS14-M27-434 5 R4 R4 R4 R4 

435 WS14-M27-435 5 R4 R4 R4 R4 

436 WS 14-M27 -436 5 RGD RGD RGD RGD 

437 WS14-M27-437 5 RGD R4 H H 

438 WS14-M27-438 5 R4 H H H 

439 WS14-M27-439 5 RGD RGD RGD RGD 

440 WS14-M27-440 5 H H H H 

441 WS14-M27-441 5 H H H H 

442 WS14-M27-442 5 H H H H 

443 WS14-M27-443 5 H H H H 

444 WS14-M27-444 5 R4 H H H 

445 WS14-M27-445 5 R4 R4 R4 R4 

446 WS 14-M27 -446 5 R4 R4 R4 R4 

447 WS14-M27-447 5 RGD RGD RGD RGD 

448 WS 14-M27 -448 5 H RH RH H 

•• 
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No. 

P1 

P2 

Check 

Check 

Check 

Check 

449 

450 

451 

452 

453 

454 

455 

456 

457 

458 

459 

460 

461 
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Glutinous rice trait BPH resistance trait 
Fz introgression lines 13 DAI 

Wx-Glu23 RM589 SSR24 RM588 

RDD11259-1-9-25 9 RGD RGD RGD RGD 

R4-4-2-134-18-57 3 R4 R4 R4 R4 

IR57514 7 - - - -

Rathu Heenati 3 RH RH RH RH 

RD6 9 - - - -

KDML 105 9 - - - -

WS 14-M27 -449 5 RGD RGD RGD RGD 

WS14-M27-450 5 RGD RGD RGD RGD 

WS 14-M27 -451 5 R4 R4 R4 R4 

WS14-M27-452 5 RGD RGD RGD RGD 

WS14-M27-453 5 R4 R4 R4 H 

WS14-M27-454 5 H RGD RGD H 

WS14-M27-455 5 R4 R4 R4 R4 

WS14-M27-456 5 H H H H 

WS14-M27-457 5 H H H H 

WS14-M27-458 5 H H H H 

WS14-M27-459 5 R4 R4 R4 R4 

WS14-M27-460 5 R4 R4 R4 R4 

WS14-M27-461 5 H H H H 
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l"l'U~~'Uoil"l'df111~LLrt~L'Vlf'lb'Ubrt~~hm'V'lLL'IA.:!"'J1~ (BIOTEC) 
\J ' 

o'U16u 'Vl1U"'Iil P\~n1 neJ~'U'Vl{~n~ ~1ti'Vlo ~~'Uiil1 LLrt~ ?1~'1"11 
' \J ' 

Lf11il.:J1~. 2557. f1111'i''W'VI1 QTLs m'Uf'l~"'n~ru~~1'U'Vl1'Ubf'l1'VI~ 
' ' 

1 u"/J11?11 ti~'Ufi IR57514. 1 'U f111U 1~"1J~i"ll1f111"1i'11 LL '!A.:~"'J1~ 
' ' 

1"1~.:1~ 3 ""/J111'Vlt1~?11f1rt", 11-12 tl'Utl1ti'U 2557 ru b"J.:JLL';i~~J"J1 
\J 
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5'U16U 'Vl1U"'Iil 1"1~?11'?1~ -il'U'VleJ.:J ~1ti'Vl5 ~~'Uii\1 LLrt~ ?1~'1"11 

' \J ' 

Lf11il.:J1~. 2559. ~rt'lleJ.:JeJ1t1"/J11~eJf111~1il L~elf1?11ti~'Ufi"/J11~1'U'Vl1'U 
' ' ' 

LY-l~tlf11~blillil~J1mrt~~~'U Bph3 'U'Ubf'l1b~b6"/J~ 6. 1u f11';iU1~~~ 
i"'J1f111"1i'11LL'IA.:!"'J1~ 1"1~.:1~ 4 ".:!1'Ui~ti"/J11L~eJ~'Uf111LU~ti'ULLUrt.:J 
'lleJ.:J brtf1 ", 1-3 tl'Utl1ti'U 2559 ru b.:JLL 1~L~'U'Vl';i11"l'U~';i1"1Jf111LLrt~ 
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