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Abstract
Brown planthopper (BPH) is one of the most significant factors leading to substantial decrease in rice

yield in irrigated areas of lower north, central and northeast regions. Continuous rice cultivation, inapprehensive

and excessive use of insecticides are major causes of BPH outbreak in the rice fields. The concept of utilizing

resistant genes has been considered as an outstanding approach to deal with the BPH problem. Recent

advances in rice genomics research have enabled scientists to identify various BPH resistant genes and

provided DNA markers for marker-assisted selection (MAS). Marker-assisted breeding for BPH resistance

has been started in Thailand since 2000. Recently, several promising lines with Similar grain quality standards

with KDML'105 and Chainat t have been developed. The improved lines can be directly developed into variet-

ies, which will have an impact on the yield stability in BPH outbreak-risk areas and serve as immediate

sources of BPH resistance to improve good grain quality in breeding programs. This review gives an overview

on marker-assisted breeding in Thailand and reveals that the MAS is a powerful breeding tool to improve BPH

resistance and shorten the period of varietal improvement in rice.
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Table 1 Brown planthopper resistant genes reported in the literature

ReferenceGene/QTL Chromosome Marker/Putative Source of resistance

Mudgo, lR28

Gayabyeo

Norin-PL3

TKM 6

CheongcheongbYeo

Samgangbyeo

Norin-PL4

Norin-PL4

ASDT

Rathu Heenati

Rathu Heenati

Line 1589

PTB33

Rathu Heenati

Babawee

Babawee

Col.5 Thailand

Pokkali

Kaharamana

tR65482-4-136-2-2

(O. ausfrallensis)

1R547 42 (O. officinal is)

tR742-23-19-12-3-54

B14 (O. latifolia)

O" latifolia

O. eichingeri

1R54745-2-21-12-17-6

(O. officinalis)

85 (O. officinalis)

85 (O. officinalis)

85 (O. officinalis)

Rl93 (O. officinalis)

O. glaberrima,

O. officinalis, O. latifolia

Rathu Heenati

1R65482-7-216-1-2

(O. ausfrallensls)

2183 (O. rufiPogon)

AS20-1

2183 (O. rufiPogon)

rR71033-121-15

(O. minuta)

tR71033-121-15

ASD52

Bphl

bph2

Bph3

bph4

bphS

Bph9

Bph10

bphl 1

Bph12(t)

Bph13(t)

Bphl 4

Bphl 5

Bph17

Bphl I

bph18(t)

Bph19

Bphle(t)

Bph20

Bph21

bph25

12

12

12

12

12

12

12

12

12

6

6

4

3

3

6

6

6

12

12

12

12

3

4

4

2

3

3

3

4

4

4

4

12

4

3

12

4

12

6

G148, XNpb248

OPD-7

em5814N, em2802N

BpE18-3, RG413

pBPH4-pBPH14

OsBphi252

G2140

KAM3-KAM4

RM463-RM7102

RM589

RM19291-RM8072

RZ69

RM3766-RM14687

RM3180, RM2453

RM225

RM589

RM510-RM314

oPR04, 52545

RM463

RG457

RG457FL/RL

G13'18

RM216

RLPP

RM240, RM250

AJ09230b

R1 925-R2443

Os03g0848700

c820-R288

RG1-RG2

BAC 20M14, 6409

RM8213-RM5953

7312.r44

RM273

RM6308-RM3134

RM17

MS'10-RM5953

RM3726-RM5479

RM6775

Hirabayashi and Ogawa, 1995

Jeon ef a/., 1999

Sharma et a|.,2003

Kim ef al.,2004

Cha ef a\.,2008

Park ef a\.,2008

Murata et al., 1998

Murai ef a|.,2001

Sun ef a|.,2006a

Jairin ef a\.,2007a

Jairin ef al., 2007c

Yan ef a\.,2002

Santhanalakshmi ef al., 2010

Kumari et a|.,2010

Kawaguchi et a|.,2001

Jairin ef al., 2010

Eun ef a\.,2006b

Murata et a|.,2001

Su ef a/., 2006

lshii ef al., 1994

Lang and Buu, 2003

Hirabayashi ef a/., 1998

Yang ef a|.,2002

He,2007

Liu et a|.,2001

Renganayaki et al., 2002

Huang et al., 2001

Du ef a/.,2009

Huang et a|.,2001

Yan et a\.,2004

Lan ef al.,2007

Sun ef a\.,2005

Jena ef a1.,2006

Li ef a/., 2006b

Chen ef a1.,2006

Li ef a/., 2006b

Rahman et a\.,2009

Rahman et a|.,2009

Phi ef a/.,2009

d,i - i
lr:fl'r:?T1nr:1l1? tltt + aulufr 1 iln:lalJ - lJnt,l1uu 2553 57
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Table 1 (Continued)

Gene/QTL Chromosome Marker/Putative gene Source of resistance Reference

Bph26

Qbphl 1

Bph(t)

12

11

4

11

6

b

10

2

RM5479

cl172
RM16655-RM3317

OPA16, RM2O9

RM589

RM589

RM31 1

5529-1 358

ASD52

DV85

852f034 (O. nivara)

1R54741-3-21-22

1R71033-121-15

BPH54 (O. rufipogon)

BPH54 (O. rufipogon)

Yagyaw

Phi et al.,2OO9

Su ef a/., 2005

Wu ef a/., 2009

Jena ef a1.,2003

Jairin ef al., 2007b

Yang ef a|.,2005

Yang ef a|.,2005

Liu ef a1.,2009

Table 2 Number of QTL associated with resistance to brown planthopper reported in the literature

Qource of resistance Number of QTL Chromosome Reference

Col.5 Thailand

ADR52

tR71033-121-15

Abhaya

Rathu Heenati

Kasalath

85 (O. officinalis)

O. eichingeri

lR64

Teqing

Chainat 1

lR64

2

2

2

3

3

3

4

5

6

7

5

8

2,6

6,12

4,12

6,10,12

3,4,10

2,10,12

2,3,4,9

1,2, 6, 10

1,2,6,7

1,3,5,8, 11

1, 3, 8, 9, 12

1,2,3,4,6, B

Sun ef a|.,2006b

Sonoda et a1.,20A3

Rahman eta1.,2009

Jairin ef a|.,2005

Sun ef a\.,2005

Su et a|.,2002

Ren ef a\.,2004

Liu et a|.,2001

Soundararaj an et al., 2004

Xu et a|.,2002

Kothcharerk ,2010

Alam and Cohen, 1998a

n'r r fi n tg1 n 1 T n : r a I u sl-'t fl o I il : ; tr n :rir x a I n Fi zu fi sJq

'udaa,ATsfi ': I { y! ur.a1 il?1't u9t't u n il ttn nl:fl n :91 q.3 n fl 'l ? LT8.J
q

n o d.r a u Lfi a u o ;'[ il fi tu:Jo o lTu rfi o.: o r n fi n r : ri'un :: fi u
q , & oqv t a a L Atilri I e.JrnlJu ?T't 114UlRAAnr:antg't onn.:tilo
rr FrIuIn fl 6't R1r{uny{'tui,i't d'r u6luelrirl ri'rrra rir

rda^AvAy
0 lJ'].: :'t o tT't a { m et 3.J Tl u.: I il n 1 :O 111,1 u u u a't il?l't 1,[

5l 'ev5.it;&au
t14 3J 1 14 T 0 eJ n :-J 9t') rr14 1{.1 :_J 1* [ fl T I e.J lryai $t rufl u E uol'r u

'r1iu B p h 1 0 lunr u n-ufii'r x I R654 82-4 - rca -z-z 6 t16
q

il fi ud'r urr uell at nlir x il 1 a ryza ausfraliensis fi o
d I ia e y i a d 6l v
u l*n n il [LTn I r 3J n1 : [T lft T0.l u eJl u 9t t 0 1,[t 0 lunl T€l 1.{14']7r

sir uu r.i.r :.1 uI er :I r I ry er u n-.: a r n lirl fi 13 ru fi n r : ri'u
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o ,a v i ; & , 6
y,t u 9l't LLH 1,{.: u u9't 1.[?1't 1,l 0 1,l 1 t?{ eJ eJl n1J 1*0 u't.i :? o tT?

oqea i r " i 6t va
?1'r L14eJ ro:0.1148J't u IsJInnn0tilxuillny]o il [ncfuurunr
V . q erl 

t,- 
, v dv vrv L

uu Rt 8.Jl:n ul eJ't tT tunl:1l::J1JT.t1 t Ur-lj'l? tO O Un;3r,lqq
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:J a a L u3J n1 TFt Uli'l lJ El't ttfi l*.tfl 0.i u lto't urr utn n u

t o ? l r r v vt tv
n:v Lo9lfrlt']91'rfluuta:t3J 1ryil1']x [3Ju0unxl 30 u1.[
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LY r
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t 1* 0 J 0 1 n :J 0 0 u u til 3J R't TT't u.t1 un 1 Tfl 1*y! u g 1,[a 0
I

HA a
Fl ll.[3n:TilR'l:o.]T0 UU (Committee on Gene Symbol-

ization, Nomenclature and Linkage Grorfs) (Kinoshita,
o q vd Z A a Y - a ,t d , Z

1985) Yt''r 114iln'l:91,1T0 uufi1nil n.: LLil1't uut14alililxJ't
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o 1 n ula 6i.0 urTt,lrn r: eJ u n s fi eir rrfi xi.J L ilT fl :hlry er fi u qr n
q

r q ea a '
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Y-raeaev6
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#u (Jairin et at., 2OO7a: Kothcharerk, 2010; Phi ef

at.,2009; Rahman etat.,20Og; Sun ef a/.,2005)ll30
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' a u y 
^- i ' a

?1.1 a'l a u n 1 t 114 u,t t 9l u 1 fl u a 1 n1 a il fl n1:? a u 11 zu] 1*3J I 3J
{q

t a v q v dw
nl :€r ul l 1.J gt'l LL1 U.tlJ 0.1 u ugt'l 1,[71 1 11 Ll,[v't 1.[t'1't'] Rath u

Heenati uuln:Ie:Irru 3 4 rrnr 6 (Jairin et at.,2oola;

Kumari etat.,2A10; Sun ef a/.,2005) ttRo.i'jrn"n:*rur
v t X r a? q - tX

9r''r u?Tl ufl 0 [1 t fl u nT3 to o fl lt't 01 n iuilt 1.t5u n n F]'t L o ]J

Torfiuerrnn'ir t fiu u5onnerrlqrelTou etts unr{c
, & iqqr u A

1 i u't I T,t 1.[01 ul,t uI'n TT il lJ 0 n fl il fl 3.J ?1 LT L%n 1 : fl T1.l t[ zu Xtyt
dqq

, ae r a? Aqu
t[ 6 r | :y Tl n : t il fl u n : 3 t o o fl u't 9]'t n r [T ?1 9r fl 0 :J ft x't 3J

YArA
41ilr1il3J zu n A 0n1Tttflo.i 0 0n10.J u1.{

+.2 fiwfl,tun''tu bph4

fru apn+ nnri'unro*ru:ntur{uf Babawee d.:
a, - eu X a

r u un-uf rir r ff u r ff o.: t a.l :j ry r yr fl fit n-d n r (s i d h u a n d

Khush, t ozo; fiuoi,:ndr:mreLrtnd'ruvrrudolil6'u
r a? d ^n:: [o q Rur fi r nfr rtff qr 1 -4 Lrfl ; Fr''l o'ir a s fi sth ura u.l

:r uIn :h Try r a rjln d'nir fi uqi'r ur r u aprrs luvlTufrir rgc

Rathu Heenati ttnr PTB33 (lkeda and Kaneda, 1981 ;

Sidhu and Khush, 1979) ifio.:ornornnl:finte'tn1:
-L;,

n :vo-i il fl 't lJ 0.: n n T? 0't u ?1 R0 n tLfl ; fl't 3J I a J n t,i &u{ca
, v o:Aaa

T314'l't.t y'l 14I',y',l 3.1 u u Bph3 ttn y bph 4 x:lt \1uejl n n1'tqr

1, 200 oiu'[ri n :r si'uff ei a u LL o 14i oki yl :l qi'ufi ar al'r :n
aY-,aY

rr u n u u?].t fl o.t a 0 n o"l n n 1,[ rrfl o.t "t't u 1,[?1.: no t o ritn d'niu

- Y a au Aa v t a Y onoilln fi dtQ'tnililil.:''11.[']0 u?'t uuEJu?l u1J?1,1 d0{e.J n1 LLfi u.l

oritnd'niuaSr (Angeles et at., 1986) qiarurqirurar.l.:

nirx .t 1r o.i fi u bp h 4 nnduvtuor nnrra ro:r sriTq EJlds

il:rtr n:rirr fl 0.: il:vtr r::L uIn:IruIryru 6 (Kawag uch i

et a t., 2oa 1 ) urqi n r :fi n :c'r oY'r n si r r 1 il nl aJ 1 :n ry !
. , ai- a i o v qd

sir ura r.ii fr rq ro u 6 r rr n fi o y drrio ru n aLr"[d'[u.:r u:J il
I t (v I q e ai f f j

!Tnil%mll Lou tTtF1T0.lHilru [il1flnfl [0u91:.] tl,t0141999
av9/tX

9n [t fi u.1 ? 0 .0 u u o'] ! fl il fl n :9 il y a 1 1* ?1'"t 1.l gt 0 t y! n u
s a? q q ,

n:r Io o Rur or nluvliufrir? Babawee
ot* v I v

a I n nl T?T o R0 ]J o t a u L 0 lJ a.t qt u1't't 9l't u?T'.l 1{ tLn r
, I qa i

eiouua Iou"Ld'rnSo.rfieJruIiJrnn6 SSR siru']u ts
I

t- I T A v " , ia
qr1 t[H 1.{.: t_l u tFr T LtJ [fi 3J 6 [fl 0 fl 1,i14't 9l''t tt14 1.[.] ?1 u Ft?',] 3J

tu a 6u ' e j

fr eJ y'l il5n L n d il Etl u?T't utLn r a 0 illt a'y,t :J']'t [Fl:o.i fi tJ't u
q

Ier rn n n RMsSo Rr Nr:n rlunn oi er oi'rurirurrd s Ei ou[[o9q

'[oi'a ri r "r d'o ro u a 1 nlio a.J n rr ru ufi l l-uan ::ar r,rr yir fi uoiT u
'qq
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q @ d 4o , J
yl-l il luil ut. Ba bawee [J El 1 !114 U.] 0 U :3 1,1 ?',l.J L O T 8.1 fl eJ 1 Uqs

Trurnnn RMs89 Lrdv RM586 r:uler:IruIryar o 6l
9u

vtAT
meJlTn 0r'L'l udnuilrqt'll3J a1u?111.[910 til fl un:3 t9l9l

frursrrn'leiiouar 58.8 LLnr 70.1 ro{FitJfleJ TN1/

Babawee LLn v Babawee/KDM L 1 05 nr I nil o-:.1 (Jairi n

et at., 20 10 ) n1:a Lnrl tfnr :n:rar ru qt-'l t a.: il :vtr n:

rir r #r o'r rL fi n'0.: fi u riukidr fi usir uvrr u b p h 4 an
c

dt a , A a ' & '- X
Qvttfl9r.t o on[iluu1.[o a ufiTO EJUtOl.[lj1*0 ilnLy,l1.[o'1ul]''1.]

ja-.'a

l t u5n::eJ1 o'l fl zu fl e.i Lu0.l01 n u 1* bph4 e.J 9l'l ttil1,1.1 0 u'' c q ' . n

u3 rr rxu d l': riun-r: fi u Bph3 I ueir u:l nr I #ul o.:

I qr :I llmr o fi er r r ar riJ uhl'[oY'i r fi uvr"l o o r 01 q a s Lil ilfi u
d v 

'Av d A a Vl--, v
LO il X n U tlqr 3.i 0 n n n ttfl n a1'] n u fi : 0 il n n tn o ?'l 11 9ll 1.{

a v a a Y a 'q Pv
yl't utll il o un il 1,1 

- o g 1,[r.: fl 0.1 lJ 0l''l tt14 11.1 0 il in n n uill n
M,i-uc,fa

au'lil fl;lsJlTnvtovttl n o 0no]n nu [o Lo u nl:Fin:9'] n1:
v a o d, A - a a- j a q

n :vql u n'l lJ 0.1 a n a.l a 1 tl u?] o 3 0i 0.1 3J.1'l u? a u [ 1,1 0 14 RA 1,[
qq

^ f , vr,
flilil0dlu1,{9r0 til

+. 3 d'n unrsn?1 aJ ei1 %l11rtfi or u e sJTo u QTLs
q

v dv Aa- * T- -.
1,t 1.[5fl 't 1 ?'l &J n n ]gilv Fl x'] e.J 9i'l 1t?11 1,[n n a'l 1J o eJ I o il

9{q

QT L s #n o v oi'r u vr r u qi o r lt 6'u n r tl o q 1 t,l: v etiu il r u n n r.l
e u e a L a ' - <Aaa

un 3 s{1 uYl't 1.1 Lo ur r ur uu : 0 EJ { u un 1 1 il 1A5vl u U Ufi d n

ufiu.:fiuu6lr (Alam and Cohen, '1998b; Cohen ef ai.,

t s9 7 ) vt'ufrir r Ab h aya 6.r I il uviluf qir ur 1 r* Ltlr fl .i ilr'l

I o.r :-i : r Lyr pr a u td u w l'ir fi er':r a.r oi'r uvr'l u:r oi:J il'l 1-[

, X t a? X T e
n n1{ qi o tv{ 6 u n:v [q o fl il'l Ell n ttn 3 Lvl fl u nrr L9] o u n.lljl'l

' 5l I Vl Vlt . 6lCtl - 4
1r'r.r:Jt3T1n: [u:J:rine L7]u [onnu1e.l'l LT Lunl:9f n:4r

rfi o durar QTls fi i fi I rrio l ri'u n-n :Er*v qir urr u ril r iJ u

.:ruio-utu:s u v ttrnr o t il :; Lil fl1Yt u lfi o vr qir urra r.i': fi u
v 6v &

qr'r unruutnvnlTylgIJl.['l ff']u1 ll.irlJ'l'] 9l'lu?1'lugl0 til a il
s a? r qe 4i r i a

n:r LgrqrAulglrn Lou lriio:0.:ururu til[dnn trll0lnR:-J
a v X T o? q

u r qir ttu t it I 0.1 il u G{l ilvl 1 1.[ [ v'l 6 u n : 3 L o o 
-6iu1 

q] 1 n Lu

r riu{rirr Abhaya aIRil:st'lnrzuRilnn'll acoro fitoi'arn
ad

9i zu fl rJ:314',1'].lv{ U5lj'l'l 9l On AJ36 1 05 [Ln3 Abhaya IO U
q9

tfrvrofieruotolraelruTlLnna Amplified Fragment

Length Polymorphism (AFLP) LLdr SSR i'lln-:-ltnnffo

Bulked Segregant Analysis (BSA)

o 1 n tt 1 Ta t o :r r v{n ei ru ar I nlu frir': oir u ?1 I u LL n v
9q

,irju
ei a utto 1 rl-J tfl5o {il e.Jr uIal t o n nfr 'Loi'or n rn nfi el ArtP

sir ur u 1 8 o-a ff n i rqr:r rv{rar air oYu ul al o r ttqi n v o-n 6 n

a'j'lr:fi'rr?trn'l:Trx :ttl + ariufi '1 iln:lnil - fiquruu 2553

v a & r q ve
LLnvqt-u14't 9l'l tt14u.l0 nii niltu il 9l Io u LT1J0 il n n']9111LLld

r o.: 6Iu ru lt'ufdr r ttt i p po n ba re a 1 n6.l ulio eJ n I o {

G rame ne (http ://www, g ramene. org/) nr :i rer :r rr'i
Arv'

qtr ttu ul to5o.l 14 lJ'l u [3J Lnn n r.lfi eJ o 1^l 1l1l nivo1 u 0 u
A

::uIer:Iallryl 13467 8g 10 11ttnr12fit:-L't.t
, Uh d Ul tw u ,,,,

air u"Loi rn:r rv1 ttn r?1 u.:'t u'1il rir'r ttrir (Jairin et al.,

2005) al n nr :i r er:r ; r.{'r-l rvrl n:d'l x Ei'l u'l u'1 23 R1 u

t d.t r- , tu q":slttr.i
v'ruI, (ilEil1.t1 Lo uuu'l utJ 6:l fln'l:Fl1.[14'l Ltflr LT:J

fludrr; Iorldrerio.:HeJluIsrtnnn ssR druru +s
Lyiif

sirLtuur r;ro'lu?11?1.] 12 tn:LaJL{8J alSJrrna:x0
ir

v'tLra5o.:143J1ULeJrnnfl RM3285 RM341 RM257 tlnt
c,

RM277::uln:TruIryt t z I ttilr '12 qnalniroil fi
v a €a v ' | {- - 

t d

mellt uf nl oxr 3.J91-''luvl'luqlol: rrr n:til d u n:r Lo 91fl

6vva
ur nr o ornq{fi 'l o 0u nTlT5'l Uttn 3n1 ttl l.: t1 s: 1,l0 n

q

VAr
srrl;.u flrillTnfl:"la?{Ltfl5o'3uil"]il LeJLdna RM261

RM170 RM105 LLnv RM224 :-Lulo:IilTqsr q o I
ji &

rLn r 1 1 qrl 
e.J d't d'L ff rff u'ido r fri fl x'l tJ ei'1 uYl'l uqi a tn n u

n :vI q (i fi #.1 rr x 01 n o-'0 fi ;o o u n 11 sr'1 fi r ni o I u ru r u

Iru rn n nfiri'ul JU flleJlrndrbl fin:cr rrnrtd':.1:rIutli"[u

T q :.i n r : :J iL :-J t.: rniu frir r oir uvr r u r rnr fi 
'u 

n : vT o o I ql u ld'
99

!r-'vlr
LO:0.11,1 ill u tSJ Ln nfl q 0 LLju

nr ud'ufrirr IR71 033-1 21 -s oiruvnuqi oLil6 u
9

n : rI o o fi rir o 1 n :r eiu il'r t*n n' l.t'[ siil r q r n n r : Fi zu fl e.l

rvn'ir.: fl'r EJ ?i'uf I ns t g t z-+5-3-2 n-ldtl h o. m i n uta
ju

ar u lrTu fri'r r o-.1 n 6i'r ? LL fi' a.: rJ fr ff i u r ei'r u vl 1 u qi o t il fi u
q

s o? q , u aq-j
n:v [o o fl il1 9t1 fl L]til:v 17] FI LYI U LLfi 3 tn'l U d [a q.J fl1 0']'l

1oi'ir fl usir uyr'r ueJl 01 nfl r rlr o. m i n uta (Ra h ma n ef

a t., 2ao9) rfi ai rn :r vr,{rar oir rura r.i.: fi uoi'r unr u 6 t\ri'

sir'rnnzual r siru'lu 400 oiu ufiovi'rnrlfilrarq2
o t d v X t a?

oir ttu ti.: u ua{l t,l?11 uql o tv\ n u n :v Lo o fl 1+'l o'l d ta n.lo1 n

loi'rj:rtr n:drx:ril'i1 i ri ru ReJ I R7 1 033-I 2 t -s fii lrr
q

ooneJvA 1 05 virnr:fln-odu6utoorntldrrlo.t
il:rrrn: F tlfi v?1o dott rtxtil d'l%Ylruqi o rn6'un:vlo o

2

fi#rrrnvT.: 400 aruvr"uf 1ou1"fr?6 Modified Mass Tiller

Screening Test (Jairin et at., 2007a) ttn;'[d'fYqL6on

- <Av , 4.- --.^4
fr 'r u 1 t uSYl fi'l 1{?1'l u tt n Y 0 0 1,[ Lt 0 Rll fi 1 t n r 0.1 fi 3J''l u

q

1 er u n n n fi #ru r,liu:i'nil o r r ru si'r uvn uI o tt"fri 6 e sn ir il

n-ll SSR
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a&eA
a1nnlTfl]J141 rl O.tA'il 1\U reSo{il ilr sll rnn n

r ulo:IruTryru o fi lfi r'l rio.r n-:r fr'n u6,ry oi'r urr u uqi

m e.J1 :n o ?:Jr I #n :grxy o tr rL ri'r unr u'leifi u.t 28.2%

(Jairin et at., 2005) flro'jru-.:fifiuri'rurruorjtu
ai riTAwdau'.

qr 1 r[14 1.[.J 0 U:J U t O T [ il lry] ryt o : sr o.: el nr :fr n :gr rfuer ir
' Vl 16l d @ VI vd u o , a

9r 0 tlj tulj ru3 [o u? nu Lo lJ n1Toill 1 L 9l-] rru ur Euo-:I o n

-- - ^.-y--.- i r a ? q -tt
Fr ? 1 il A 1 il 11't 1.[ L y'l d U n T r I o o d 1.['t 9t.t d I u R1 u trr u :i

I

tRT 1 os3- 1 21-5 iild;:r d'uei.: ud r 5u r o a r n rir r :Jr o.

minuta rirr nrsrh *r.r r.i.l 1 93.4-kb (Bph20) uu
Ier:Tnlrl 4 unyei'rrr14l.i.l 194.0-kb (Bph21)

T I T ,. A
]J 1.{ tfl I te.J tfl il 1 2 ry.: R',t 3J1Tn 0 r:Jl u n n t9lu3€l?.1 tJ d'l 1,{

rltr'[o"' 26.6 lrns 14.s% qril6iroi:J (Rahman ef a/.,

2 0 0 g ) u nta.: ra ru r uT I r n n n fi ri'urnr I o r n yr".: R o.: n 1 Tn I n o.J

o r fi rJ t rT r rrio d r.r ru r n lun r : ilrier ur il-u flilr T er uld'or u
I

rnriuf t nz I o g 3 - 1 2i - s u ii u uH ai.l uriurn ::aJ ei'r un I u9q

s . n'l : ilt-glt %'l 6[ 1 EJ y't't,t d#r e sir u vr r rlTo cl'l #q

a' l-
tATO\t143,11U tAJ tAnA

4- ea' a v . I d u X
n.J tt 3.J't 1 il n 1 : €l 1tl i lJ 911 t[ H 1.[.0 u u 9i.t 1,[?1.1 x{ t il a u

t o? - a
n T; L o o fl 1,['l o 1 n o x L n n L n 1 Ty{ o1J u.t r n5 o n il e.J1 u
Tiqvd
L ar r n r-r n ff o ri"Ln dfl uoi'r unr ilo"t ux 1.t s,J.r n [r ei fi rr u {.r ucq

orr ru nfr rSot o{nt:?liEil ur ur"u:i'lar I rnrTu:fi'rirrlo ltd
o sqe

r 05 0.0 u e.J 1 u L et rn n n r zu u rrniainr lr:r*y ei o urir.: #a I fil$

T'r u { "r 1.[ F]'t't il nir r5olunr : ri 1,[? n fi u ei'. r x{ n1u B p h 1 LLay

bph2 atnfrt? indica rrirairirr japonica Tout.i'ret6o.l
Ifiilrulilrnnn (Sharma et at. 2004) virtr.i'toi'arult'urf,

y au X I a?' uwa& 
q

lj'r't ?1 gt','t 1,[?11 l.t Lil n U n:3 LO O fl U',t 01 A [9i Ori U Li rrn ; o rxy

( 2 0 0 6 a ) I'liou ur mr u urlu f,'rni o * rj I o .l rir r n n zu n ru t r"'fi fi uqq

B p h 1 4 LL -- B p h 1 s nr unr-uifi'fi fi fi usi'r uyn uyrv.l fl o.t fi il
v e Vlea ria a a d

[[ fr o.] n n urw o'l 1,{?1't 1+ to o n't 1 fl't u 1,1 ul'yi il ttrl u.: E u to I r
J e n a Lln y o il: (2 00 6 ) r,lYqt ur nr u ur-uf'rir r ri'r un r ufi fi

q

?tu e p m alartd'rnioua rr uTar rn n o rio rfi o n :J:vrr n:
9

rir r zu a ru n fr'r o u'[ oi'nr r nTu:rt'fi fi or ul r-urR TT rJ [ il fi o t,lqe9
vi)
fi'uf Junamoyeo 6.: rilur rlurflil (recurrent parent)

Myint ua sa ilr (2009) yt o fl o! n?'t aJ qi'runr ul o.: ar I
v de Aaa

?riuffi r fi fi fi u b p h 2 s *az B p h 2 6 o r n I'l-ufiir r A D R52
t v vt ed eAa a 4 q 4 A

?'l L ?'1 El'.t u?lr u to o n?'t fl1 u1 ilr'ia eJ [1 ] u.1 u 1,[ [o g l,{il u.]
6l ,d ' a v t a u

Ltfl o.1 114 t141.t?1 n1TzuU? n U UO'tUyt1U8J't n nil 1 E u rrir
'[:Jtuar ufiuffi rvirtfoi'rur1ilei o 1ilfi u n:yToo'[ri'6du

q

62

:l :s r yr eilvr u rir r fJ urj :r rr e u d.: fi fi o r r ru ri'r -: 
H rir

dv - X r d10.tn1Til qlJ1,['t fl1u1^lu5'1Jl't 9t11{?'t,t ilty,tn I n:y Lo o R
?' r- qv ! '

ur or n Lo u"[d'uqr3o.l ra sJ1 uIeJ Inn n tu:t I y rr:nl o.: nl:
u Vlqilvv <

rrr ol ur'tri-tr'm"ufm r o a n al ; 6 t Os rij uo.r uyluln ::ilqdq

.-4_--o a 661 vd a & u
t?'t 0 y'l EIJ u1 fr 't u 1 1 uT L1,1 il €t tuR't 1^l t e.i 6i o 7t.i o t un r I n t wqq

, a ^ i^ ,^Id : n 1 :il.] o 3J 114 3J 0 1.[1J't'] O 0 n 3J y fl 1 05 vt n :J5 ru r rxq

al i e , 3 t a?
rr a il [n ooir lra r ei'1 uy]'t ud o rvl6 I n:y Lo o fr ul srr n To u
q e v v 6vtt Ltu n.t ?t u! n TTe.J o ?l &J 9t1 Url Uql n wufli'tx Rath uqq

Heenati PTB33 rrnr Abhaya tu:ruyqiolrfi nr:l,liouur
v dv I 6t wv dq' j 

^fl'r u 1 l 14ti1j'l x |o u Lril l ul'rir t fr rn :Eo:n:fi u il :J n n tduqqu

#u ur vr 1 lrn y:J r ri r''r fi t rij uor ull-uan::ilTe rtri'nr:qd9

tJReJnit"'

5. 1 n1 Ty{-ou lt1 6[1 cr rr-u fsir um 1 rt'l%o.l %q*

rntuon::ruzr? o o naJsA 1 os
a v (v 6l vv , at

n 1 :lt qri u't 1,t ur'lj 1 x1li eir ur r u qi o r n 6 u n :sI o e fi
.loavddt

u1 qt1 n LLn y il Ft tuR't y'l yn.: n''l u R'l 1,t tln 3n1:fi .l C{ il O Lil Uqq

r il r ra ru r I Eir riry fl a.J T o :.t n I T:J :-l rJ :.1 r^r-u frir.t a 1 n R I :qq

6 n :glnr l'i r fi uoi'r ur r u aphs tur{urf'dr r Rath u

Heenati fisirurar.i.:lnci'rilfiu waxy (Wx) finfr.: gran-

ule-bound starch synthase (GBSS) 6tqirriJusfrrail

nr:#r ro:r yv{uo fi In n (Wang et at., 1 995) I uln:TruTryru
Aa

o 6r ff :y u rvi't.JTyn'i1.t yl-.J mo.: fi uil:s ei1 rt,l 3g0 kb fl u

uzx luvlYuf Rathu Heenati fio-ofiorilu wf diryirtu"q

ddraai
rn fr o fr :J5rur ruo fi Ln aoi o urir.: R.: ( tsshiki et at., 1 998;

S a n o e f a/., 1 9 8 6 ) o-r #u n 1 r yl1sil u't d'r u vlTu :fi'rir r t uri t.:
d vl e - <Aa- 

I

rLTn o.i tofl'tultur,nrueio'nfin il2t' 6qilrei"tu fl'tuil-ufq9

e-r n 6i r r'l ei'n n rir bJ td'r fi o r d ru o l ru d'r uvn ulr,i'rfu:fi'r7r rq9

d'u ur r 1 o u'[oi'ar r riuffi fi qr':r il ei"r r,lnr ufi 6 n.ir
c

(Kothcharerk, 2010;Palawisut et at., 20OS)r*rdrrj
ql

rvfi'il.:n1:?lo aouluu:Jn.l r:JiII rfi u:-t zun zuA st

nr :?t'cet ur m I yiluifr':r u y qi o eJ 1 6 o nr :1 o-o o"'n fi n

Wxu "uat Rathu Heenati o o nvlil or n nr I urTufiirr rfi o
q

l,lioil ur ar u ilirl friT'l tra"fi o rxn 1 il n 1 Tta .t ei'il 6 r H fi o ut r':qq9

o o n ar v6 1 0s Io r nr:r.r fl r r.r fi'r u:;ra'ir.: nr:d'o u6 o n

#n :g rxy n r r ru ri'r u vr r ut uI:.: ui o u u n r n r :t f r nT o.r
r&vt!

11 8.J'r U L8J r n n 0 I U rrTn r o Ro :_i o't1 eJ 9ir url u9t o ril 6 uq

r- al
nrr Lo o Adl et't fl I o.i il TyTl nrdlx BC F sirur uyr-.:u el o32
2 3$ &u o-et ufi o n ei'ufi oi'r urr usir u? r* 200 oi'u a r n #u
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ttun linkage drag ::u'ht fi uqi'r uvrr urtn r fl unr I n al

n r : mir r ti o fi I n m o o n o r n n-ul o uldr ert o.: ra elT lI l t n l n

n-o rd a n oiufi d't urr u ttn r fi frn 6 n q :.t efr tlu dr fl u tztlx

ura fi a urnrlu:i'rLm o o n ewff I 05 (wf ) tun v o-o ufi a n d'urir r
q

I qe ei r- ii v v 9-
Lo r ltf toSo ru elt u Lru un n nr Ln u']ll 0{nlJ nntgrwfllll.l

| @dl

uoeJ n''rn1Tfid'rusr'r tuoirl uunrrjitrmtrofiInnbl
a a Vvv Av , Y -Y--.-..nfaelnu ootnon-loqtuvlqlo.:nr: 1 au ?\mJulttilYno

A Vl a v 6v - f44
rd o nou'lo-mr ul,l ufrtrrorilx il 5 fr'-l u ?'l u!11 tJ o ilnl w-qqq

n 1 { n1 u R1 v\ tt fl v nl Tfi .t aial qr d'r u l'lTufi r r o o n el v 6 I 0 5
ql

oi'rurr uqio rJrrn'',nr,* fi'u n:rIe ofi#lsrr nfi nltu
Ll:v tvt el?l u irn s fi ruurlriru fi tri'zu n zu6 sr fi 4'l n'jr ar u

g

a de vl r5l e dl t v ( 
-

yr uno I n nir I nr rur:n ur 
-[:l 

lti ttj u ttu n.: vl urn :Til o ?'l 3J

d'r uvr r u r l { fi'u n :vI o o fi fi o rxn r n t ru fi q 6 rr n ; il3 eJ r iu
ariri td.vl rF

lt o ru L n mqr r fr I :lr.: ar u vl urn n ill ttl tl l 3.J o x'l ?.J ei1 1*?1'l 
.l,t

q av v ( t d - A v dt v dv

Ltinrnun!r I nr u 1 ui 0 fl'l 3J1Tn ilqN u'l t1l ull u5o1 t,t
-qI 9

. o N A,
vrrurj n n"Lurfi ufi rJ n nrirrtr': e a n ilv6'l 05 nr o n ;iu

ss
A a j j q. a

a o n [A u d L1i 1.[o Yt t R u'1 CI 0 Rl T:r :-J'l 9] ?1 
-l d'l u fl 'l'l 1l 0.1 L1 { n u

s a? X I o
n:r Loqflurql fl Ltdrtl {n un:v 19101 fl .lfl 1':

zu n nltr o n 0.1Ltfiq $tlq'[1fiilfi t ri:rRnGn1il1o.]

nr:tftflto.l14 rur ulel tnn ntun:fifi rfi o linkage drag fi

'[ri qn o 6 o nrri ou (Jairin et at., 2009) i6nr::Jil:-l:l
v d Y 

^ 
tu qv

w*'uf, rr:ll olr rd ru (conventional breed ing) 01 a o 0.1 LT
q'

Tr uvL'r n1uluunrdtutut o r:l:rtrn:rirr ei ourir.: rurn
A - a ivt,v a A - 

a
rfr o o st o o E uvt'Ll ai o r nr:o 0 n ql R il uil o'l u fl lJ n n :9il3
j q s- i ue v eAw 4-Y- -.^ q d
fi mu [o L o nr mfr o r'Lel'fi't u 1 t 1.[Dfr a.o.i nlln*o u n.: Liln:na
X v a I 6ly d I av.Vtv td
fi nr:d'e td o n [o u LfterSo tu Nl u lil Ln n n e.lfl 0 Lel tt-l: u !

.j s j vr. - <Au a_Y -
tLn v tfr N L onr myl o s'[dfl'l u 1 { ur'?1 9] o.l nlT o n Yl { u { n 9l

Avaa
TS Uv t'l n'l tfr o.loln m e.J'lTn n o tn 8nT fl I U nn lgnlv T'] ll
Y-jivvd6l

vft nh :cilr fr t fl I r ria I n I o ilnl rl lJ 0.3 L lJ n q tur 3 EJ v n n'l
,[:.Jnfa1.1 

niu

vilurfdr r Ab h aya n n r.[r l'rtd'1fi eJ er x'r N ei'r t,l?l'r u

urnr fi'u n:rl o o fi # qrr ntvitrr o o n I vfi 1 0s Io s nr:zu sa.L

- A Y v a . Aaa v ..--a/.
n n'r Rqrfi LLn ro o th o n et'ufr fr il ust'r uvtr u?l ntx ( BC, F 

i 
-

Y-avq"A
BC F ) qlnuuooLflOnelU homozygous L1,{ql1LL14U.11']

4 1'

slornr:orn BC F outoi'mr Ivl"ufd'ruvrrutugru
4 2 -'-- - e d

nTun'n::ellrroonruv6 105 (Toojinda et al., 2005)
9e

lr yi r #n :*rxv o x l eJ ei'1 l*vl r u qi o tn d l n : 31 0 o rl o.l a n

rj'r.r fl'r u ?,1i1.[fd rei un'ir r,ri o rrri lJai ri n ef a/., 2005) fl'l u
q

r^rTuffi r,(ou ur o 1 n nl rtf L oi o I ra ru r lT :.r u n n n \tidr'[L]tf
q9

A a Aa " - i ,. r'--.- -^^.Y
11 o zuu? n Bilvt al o rrel gr o ru 01,{ LTl.i nR Uil3?1 U1{l ?11 Sl

i w vr , 5- te - .-.-1-Y
tfr ru trir'[:J Lq u nr : zu meJ n u frl u 1 1 ur'?T 1 l sal u'] Lfi ?1 1.[?'l''l u
? , , A u v d|' {-.---f

ur vi r al ttu I o u'l n ! fl 1 u ?\ ltr n 1 ilr'l 1{ t v\ n il n ;v L o o a 1 n
Y-avavv

uun o in on nn lE6*rr1.lnl uR''l1 Fl 0 dn :9rr[v?'1T.1 9] U

run r: il i1 { te.r fr o tuiu r uud": :-.1 ai o u'lr{zu mru or-r u o r\oi'
il_94

irufr oiu F ornriuvrqROUqr?reJei'ruilluqiotilfi u
c5

r at' Z q a
n:v [o q Aul 9t1 d [[n 3]l'l?1': 3J ill1 1 l fl u Ltfl 3fl o tn 0 n fl'l u

rnriuf oi'r uvr r t.t tt n r il 6i o ul r{zu m ru oir t a'i'[ aiL &J fr q i u F 
^996

Xa t d q l- ta
1rwflilfi fl't u fl't urlilfn n fl.J tll'lvlo fl0]-J Ll*tt:-J d.l tljTUlJ

da6lT
Lvtu:-J zuo il d ot Lu L€tT.ln1:urr.[r r]urir'l rrd'r

5. 2 n r :ilt-sil %1 G{1 s rt'u doi'r um1 %t%ql %
-4

rt'uon::a.r#u%'111 1 lta&ilnaJfi1fi 1'-q

l,lTufdr r d'u ur vr I ril ufi fi I I :'i n n alr nlun1 n n n''1.:
tg

a I & r- 6l

ltn 3 nr fl tfi fr o a o un'].1 Tx lJ Yl.l 1A'l il :.J tun 1 0 A 3? 1,[0 o n

rfi r.: ura fi a n-n :gr*v n I I il oi'r unr ul o.: r'liuf,dr r d'l ur vr t
*9

, T a Al4wv a v...
o'r g'j'l n n Flx tl fl eJ [o u fi fl 'l u u u t.: [o ::-l tl ual uv]1 ual n

aq

rnrluf lne+ (Bph1 LLilY G/hg) LLar lRa6 (Bphl) olnn1r
6r q w i T ^^^^..^.-' ' .i

'r L€lr'l vlr t9t u LT to r o.l 14 e.J'l uIs.J I n n n ss R n :l oir iura r'i.: fr
c

v v dv tu dv ',r:IlIryel
feL r,[uf ru er r 1 t J r,fl uYl'l u Lt,lil ulir u u1 11'l u u L (

1 3 I I ttny 12 (Kothcharerk,2Al0) T'llj'll lJl-J-l'3

d o r fl vv a T T T -- A a
QTL fiqirurailt"lndn:-juu BphT :-.JuLo:LeJLseJ 12 s.:eJ

nllerrihrhlloi'4tfi"fi'uurvr t orloiilfiu BphT a-rn lR34
q

raia I R46 ot n nl:ilTs tfi uqrrr I oirunlud ailTrTr nr

rilfi'u n:rIo e fi ur qr ntunr fl Lfl fi o n o ueir.: nr et n ar.:

qtoulru nlFtnnl{ nlflal3{uoon tLn3R']ofls{ustn

rrr :r'ir il::tr il:ttil ntn'irfo u n3 33 m eJlln tli'lYi1 n1 u

vilufd'u urvr I toi lcnaiya w al et a t., 2009) nr:ifr 3J €l'lr flJ

v 6t vv v (v vl ti " ^..-- 
Y rdr

oi'r uvr r u Lriril l l utit u ur r 1'Lo-nl or uuunl :ql.l ttql :J
q

2548 (Kothcharerk, 20'10; Palawisut ef al.' 2005)

ouRlNlrnFt-o ufi ontei'ar un''ufd uoiurrir qtriuq0unlr
9{

6lltdda
yl0 fl olr [ut[! n{ [:J:u1J L?l UL U n U fl A

o''l n n'l :a t fl rr : r{6 Iu ru I o r a'r u urluf,rir ? 1\ :r'j r
c

ffi u rxv o'r r ru d'r ur r ul o.t ar I nluf r ff o n I n fi u oir ur r u
q

epna filoiornuliu{ Rathu Heenati ttnr QTLs dru'lu
A - s- o o u

rafitarnl'l*ul:ruurr 1 (Kothcharerk, 2010) 0.lrr tu!'l'J
c

a (e \q v.
fl't rJ v,r ur'9 1 1,{Yl1 1.[ tq 9i n'iTni o turi ltra nsg ress ive ) fu

I
i " a A Yvt taw

tfi o.: rur ot n n1:7i.t.1'l uix eJ n urL o.: B u r.: l.: [l all 0 a.i n

-;rr:ar:itrnr:rirr Tlfr + a:iufr 1 iln:'lnil - ilnurut,l 2553 63
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A A o 3 vt- , vt d ' Z
t1 l u.t1 l 01103 0IIJ'] u?1 [n 01u Lo 0 u1.i tT ufl y uutu n'luu

M <r A' -
11'l {'1UT1 il n U0 U'].1 lT tlj UYI U'l fl { tn O 11 3J n 0 3 [n O trans-

g ressive nir :J:str n:fi '[d'or n oi zu oru fi fi rr r o o n ru yfi
q

1 05 rfluol1.m"uln::r raiooizunrufi fi QTLs n'lln:ldqqq

ffn:*rxvoi'ruilru (Jairin et at., 2005; Kothcharerk,

2 0 1 0 ) r il urJ :v r 6 ui a-u fi o r oi'0.: fi n r : d n :cr r fi o rJ : rI u t rf
v €v X t a 3

a o R'r T 1\ EIJ 1.['r 1 r Ur. O',l U?]',] U [ il 6 U n : y I O O A d1 n 1 nt U
q

'lil'0il1nooa Lil

:l vr H m fi t uij urnr-urf'rir'r n o ar €r ruR'r ?,rtn d'u d u nn'l3qc

qonsJsfi 10s i:r:a.:rt'ufriiotj 2543 rnuo:nrfiurl
' La q v a . , i ,

il n n il-t n 0 un Ts r \: n.l tl o 0 u un t llil Q y?l T''l :l']'1 t:xt 0 0 u tLogq
, : s a?

qi o r l,r 6 r n : s I o o fi ri1 n 1 n L 1 { il r; tr n r rr ii'x ilnf
:J vr ar rr fi t nr o'irlqii:r fi ud'r ur.rr urlr 6'u n:;Io o rr
01n lR28 (Bph1 Lt"d?. G/hg) lR36 (bph2 *az Glh10)

ttnv lR50 (bph2 LLdy. G/h9) fienurilul:llrtgtfin-n:gr*v

fl ?ril d'1il?r'rulu:l r erlrfi 1 arn nn't! Fr ruIo u QTls d.:qqlq
; , X s at i q

L:e.J 0 01.{1100 0llTvT1n:rilrfl unrs Ioo fllr'r fl1arilL [1.{

t? 9t R't Ft R n t,l tt n y R 1 Ft Lu fi o q o u 5i'1.1 r,,r l'i r r l,l d'u
s- al' q a

n T3 [ q q fl il't 9t1 a [ilnl 0 114 u 0 91 0 u d'1.1 R1 n n d 1.] 91 0 lt:J u

Rl oR n1.J R't €r n v;l.[o on rrd;R1 n glsiusr n n'irfo il n v

28 R''r e.l 1 rn rrir nh or u rrliuf,rj n et rr fi t u[ 

o" (C rr a i yawat
Ja,

et at., 2009) unsLfioiJ 2ss2-25s3 rfioerrrtuduuru
X s a?

olRn']:TvrJ'ro?11nlu1'r'rfl 0.3 r?{fi u nrsloofiur qrr n'[u
& AA, t d, a
v,l 1,[?1 ?'t il d n ?{ 1*r':l ?1 il r'1 u 1 R't uR ? a u ttn vfl gat 1t1fl ''t ?qqq

n : il n 1 :li'r x 6.: fi u zu ufi o v l ff ru qr r r ru si'r uvrr uhi'lt'urf'

:J r ar rr fi t tr,i'd'r urr uqi o fi ': tfi o l o.: u,r fi 
'u 

n::Io o fi

r,rr rt u:lo o :r-u I o u n r :1 f ar u vlTu :f'rir r d'r u yr r u fi du9q

o'r ur\iun'n r: il I o.J r''r ? q o n il i A 1 o 5 fi 'loi'rrlh ur rr ri o u

14U11.[

5.3 n1rr.r1[? n Eiruoiruvrru
du&

n''r:ru u'r n (pyramid i ng ) fi uoi'r urruul,r fi u n:;Io 9r

oY , a 
'u,q 

v Fa oqu,'
fi dr or n el n n'ir I fi uiriT'l:Jtult'urfr'rirr virtv{rfi ru qnr ru

I
o uod , - <Ao o o

911 U?11 U LO 9t nX1il l.lTyt il t1 l U.] U UtO U I (Li et al., 2006a;
q

Myint ef al., 2009: Sharma et at., 2004) [teiti{'lilfi
rduAA

:.1 u{l 1,[?1n1T21,[.tR uual u?l..}uil a1 u 6l u u 0 reJ Fl.t tJ

ve4\n'
o.: ?1 u? 0.0 n n 19ilv gr't 1*?1't 1.[ u't'] ltl ltn ?'l Lo t l fi T 0 ttj Ltux

^ i a ia \A v
€t't't 3.t o o ?1 a 3 ?.t ul R u um 3J n 0 tn n ? 1 3J 9r'r u?l 1 u rrfl R a 1.1

v a ^ afr'nrrir'lrjtuorulnriutnrrilfifinu uT0n1TH1.{'tnilil1 d e

QTLs nx u n il n-n reilv oi"r rAilr u o Li u6i'x ril u6 n urur rr.:9q
A A v v 6t va

14 lt.J Y] 0 y 1 t EAi U1 lj't ? [14 gr't 1.{?11 l,lq A fl ?',] il 14 n 1 n fi n1 U [t n 3

v ut- & Xuua o v 6
gr't u?l't u [o EJ1? u't ufl 1* 1l tu:u [o il nl Tu'r r 0'r fl't u 1 l uD
w Aa iu-- a

lj1',t ?',t tJ il1 U1 l U5n:T3J1l 0.t11'r',l O 0 n ilv fl 1 05 vi t0 Tlr u 1.[@q

oi"turruornlnriuf Ratnu Heenati Babawee ![nr
I

Ah yaya a.J'r zu u'r n r'r u rYu d.: en o i r o s'[ai'or EJ il-u:frir r fi
v t & r aY J

gr't 1*11',1 U n 0 L1^{ n U n Tv t O O RU'] 91 1 fl t?\ A 0 0 fl n ! n 1 T

vA^Xfa
l tElJUlSXTUO LLflvn't','1X114 n1n14 nlU10.t tT{d UnTr IOO fl
ZA6lrvt

u1 a1 n r ?i L txlljTv t14 €t tvt u

6. o%r o afl a\: n1:fi'suurfr'ufrirr sirumru
q

* {- o!
[v{aEJn:e[oo6[%1a1a

qva dv dt 
^aA 

a a
n'1 I tT 1 l 1.[ f q] r ur 1 u t :J 1.[? I.11 0 3 T n ul L fr n u T n 1 v,l

q

a v M 16l g d ,

1l 0.t tJ n tJ n o 1 1 ? [il 114 Rtx t fl ti 01 n n1 : ttll,t ::v lJ'r o fl 0.1qq
X I a ? q q a a dv

[?'1 n u n:v [o o fl u1 91 n | 0 a il iln1 T?{ qil u1 1,t u5 0 1 1*?1 1 lt

turj :s rr sln u o'r Fr-u Lrfi 6i.i ?\Yl{r'nr:il or n r n n t fi fi n r :td'
d u a u ,ia
Euci"rur,r'rurff u.:'1ilfffiu mu Bphl (IR26 IR28 IR29

lR30 lR34 lR44 rR45 rR46 rrnv tR64) bph2(1R32,

tR36 tR38 tR40 tR42 tR48 tR50 tR52 tR54 ud3

lR65) unv 8ph3 (1R56 lR58 lR60 lR62 lR66 rR68

lR70 lR72 rlnv lR74) (Brar e/ a:.,2009) Ioufiuqi'ru
u,e X r a

v11U Bphl $ z bph2 leJnlu?llu9r011/0Unrvtood
3 q ,q r M a A a

urerrnBiru"[raqi'Lu:J:trrer'[ru irnrflu Bph3 r3ilfi

:l u.l't ull atr urr uqi o tt ru n { !'t {:J:vtr n r r[ d'x

(c h a i yawat et a t., 2oo9) o-.r #u dr r fj uoi'0.: ri'uu't ttu ei o

lnr-uln :: ru oi'r ur 1 util ri q ir a.r ri'r ri.: r riun r :,i'q n r :tfq/q
r I d a . Aa ' i q.- - 'ilj:v t u5u01 n u iln1u?l1 1.{?'t 3.t 0 u Ll l 0 114 vt un L n1Ttil n u il

I d a T 6l rj
rHl n {T'rTl.{OlJ 0.0 tttj fl .t to u Lilv'/'t v tufl R1't vnl:t]J fl u 1,[

u:J n.i fi R1 ?\ n fi or nr e 6.: o r o n :r si'utr.{'uff o nr : urj 6 u u99
'A^a{aa'i,irr! n {T? tl*o t:'tlJ 1* fi T0 Ln o n1T tll fl u u t[1] fl { n']1 il n t[n t

X i a?
[ fr u?1'].t n 1 T 0 1\ u 1\ lJ 0.1 tJ : v T1 n : L?\ n U n I 3 L O O fl 1.t',] qt 1 n

Y"Aa^d
il 0 n q 1 R 1,{1.t o ? Tft't u.: a t ? 5n 1 :il : r t il il n ? 1 il q'l 1*?1'l 1.[

i aa v A r d v dv y t

tU 0.l 01 n'l I,nl5fl O tn 0 n y'l UI'/ fr'l U 1 l UI1J l'l 41 il?l1 il0 0
: s a ? io ', - ," 

t* 
u a

ril n u n r3 [ o 9t fl 1.['r 9] 1 il 7l u u 3J LT 0 u t1*il 0 a u u o 0 n1 T

:J :; r fi u er r r l oi'r uvr r ulu:r il v n d'rl o u ? 6 sta n o a rd

seed box screen i n g rest d.: fi er t1 sJ Lil u'[:]td"jr virtri'
v A ul va du Aa U e a

fl o L il 0 n to v\ uf a1 u?l't un 3J n n [n fl ?1 il a1 uYl'l u [14 lJ 0 u
q

Addod,A-@aa
t fl il q.: il Fl't't u o't Lll 1*yl 0 3 9t 0.1 1 l Eri il1't tr,nl TL T3 [ ll 1.{o']'t tJ
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-Ava\AYiqrr urr u $,1 0 n o ln 0 n n n [n n x 1 3J n'l u?1'l 1.{?1 H il1 nfi 6'l u

ru n s oi'r ur r u'[ oi'6tu an r lnr o3 rlu urj n.: ur (ch e n, 2 0 0 9 ;

Horgan,2009)
v f I aa al

o t r ru fl r r u u't ?1'1.1 o'l u t?l o Lu L n u tx u''l 1 l t1J o

I o nr nt#n r :eiuu r un rI o n u fi ufi rfi u r ria l fii o-n :gru:

er rr ar oir unr u unr 6'u n :rI o o fi # q r ntu6l u I rir I vf rtri'

ar atr:n tiruinr:vfr.:rut ot fiuttnrnr:f i':l:riIsri
g

i ; a d 4 e--
r fr o t ll el zu n ti n o Lt a r n o n't't lJ L fl u 1,1'l u r L n o a I n n1 :
:srr o vfr nr urirr a rir'lt:fr nr I nr:dn :*r #n rEr*rfi

o r :-l n ru qi": u u nr r fi urai o QT Ls a-r o.: til uR.: fr vir vn u qi o

rin rl fr :l :t nTu f' r fi a t o r n ffn u r*; t ra ei r fil il i r u fi
9q

a a a,T M di ' o vl e i
a v 6n :Et n n :En+3 vl1.J 1,{ [U tvl :J ?1 LISJ U U'l [O t o : 0.] 14 ul U

k r n n n o v trir er fi r n I r r o d r t at r n u fi o n r : r,lTou ur niuf,
9c

oqq,
rir r [u0 ur er s,t [u Lt.: I 0.: :l Tr fl 11 5 R'l vi o 1.[11 1.t [t fl 3:v u r

rr n rtunr :vt'fl ur or I rnrlufrir I o ri r t\:fr qr t el :J-,ttl t o
w wct A v v

o rr ru fer rr ru trir"[o r fi u r n I n rr I st't uvtt u ti n v nr :il :t .t
q,

oi": r o.: u ru n t r unTufoi'r uvr r u f.: fi n r r ru sir r il ufi o v qi'o.:
q

A - v v d, v
or tilu.: I u1 a u t 1 i 0 Rl.u-J Rt,lunl Tv\ gN 1.['l 1 l %51J1'] 9l''1 u

n', u,* 6'u n rvl o o fi rir qn ntu o ur n o d": rioi a-u o-.: n si r r

rriu

t I n''eu urifinr:il:v tfi unrr I d'rurru ufi o n-o

A v (y ia \n v a
r n o n lnt unrir r Y't tl n n tn nx1 il 9l'l u?1'l uu n''l n u a1 u tta r il

q

orr er qir urr utumnr vl ut:l ot ur

^ ulnnrrloi'rurrulo.:niufoiru
2) n15ffn191na !nfi?1tl9l'll,{?l',]ulj0.11,

?r'r u LLn r n''r :rJ ir oi'l I o.: r l'l fi 
'u 

n :rI o f, L uniuf,oir uvn u
q

tu:so-r6Iuru

3) nr:6n r*r fl ?'1 eJil n1nil nl u LLfl 3 o1'1 ru aru rrt ul'
' X t a ? u 44 44

:vu'ir.: tnd un:; Loodurnlnnlj ILLny]LTUYlv\.:v'll a1flu

nir* qi a nr:r-l ir oTu ult'ufoi'r uvn u

+ ; n r :o-o n si aL fl 'r't tJ T u I L:.1 fl o.: n r : trir vir n r u nluf
X r. o ? j q.

rir r r o.: :J :r rt n : ilnt fr I n : r i o o Rur qr r n ff lnt :i1uil : r til e
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