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o. 6u6'ruvrrul:ntrari Pi-lft) r,flu6uplruvrruT:ntyriuuun{x (broad spectrum

resistance) fioiruvriroduuTn:hltlrifi it 1n6'finrYurndrorr'',u6rduro RM1233 a1nUU

nr:finurvrrvriuri{mfi fi du6'ruvrruT: aluil p i t o siruru t o fi'utj 6n ufl u s u,J oirdurir or{r:tt
! 4 .j< & q v q '& 4 4 o - v i v & 4 d
1\ULlJO{Ufinulvl{14il4 V,IUIJlnLUt',r?L:1\UL]JO{fl',rFlt14U001U?U 6 VIUD fl1?y!ULilA{fl1n041U

siruru z frui unvrimfiurfiosnrn'Lol z frudli

t. du pias rfluduplruvrrul:ntr,rfiuurnirr nrurnlu{m6uonr fiTn:rafrrhJ:6u
6'ruurul:nu{Juuuu Nucteotide-binding site - Leucine rich repeat (NBS-LRR) lndfionlu

ddd-.tn:o{r4}r'ruFrrouto pid3-dCAPS-1 uas Pid3-dCAPS-2 01nn1:6uu$)u Pi-d3 Toul{ piag-

dcAPS-1 rav Pid3-dcAPS-2 vludrrdurfiolfidu Pr-d3 s;ruru t55 viud uav 184 li'us

mr:rrirsru 6prr,tju 7T.t1,ujoi16upi uav 9t.s+ r,rjoirfiuc,i'ror{rrfiuufiolfi6nr',dorm
souJ4di"advdouinrnrirr'ln Tprunu'lurirrfrurfroroaruillnfrao siru:u 107 rfi'uri *av 737 rTuri n']]ralnu 11

riraulo 6a n:ronudu pias lurirrduffiosnrnlfr'fidrnr:finurn{rdvrnr^Turi elnnl:
rrJiuuufiuurirn-ufi':na'Tolvrrirordu6'ruyrruT:nlufr pi-as uuf,'ru?ioila NCBt :vy'irl{r:fifi
uoaf;aolruuruuravhifiruvrru nu'irfinruunnsi'rrnlu t ,irurio Tp,uvrucird'ufirndTolvrsi c lu
u tv < a 4 v s x y ds uT\uo?'r?vrlrrtoaaaaluvrrul:ntvri pi-a: uravnua'rpr'ufirn6lo1vrri r 'Lurfi'udrirrfifiuoadatri

li

6'ruuru ufiorirrird'ufirnfilolvrr.iurtil6uurflun:rrovfiTu uavujiuuufiuuflu6ird'un:rr ovfiTu

tordu Pi-d3 uurtu{o4a NCBI (FJ773 285 Pid3-g311)) nu'jr nr:nJdtruLu,JartarriT 6'ufirnd

Iotvrriorn c r{Ju r lurirrfifiuroadahiolruvtu@i-d3l rirzualri'rfiqnr:naluiliuririJu:ri'arauer

riourirrauq (nonsense mutation) firaonnfrotniu:rutruto{ Shang et a[., (zOOq uav Chen

et a[., Q01,1) 6r:rulru'ir rjnfidud'ruvrrul:ntrari Pi-d3 qvilttn:ry]in:qovfiTurfid'u 924 ilt
.j q e iafrrovvru'[u{rrfrfruoada6'ruururoriu pi-as untuvVurS{rrfifiuoadatri6'ruuruovff'ult:61I
uCasv6rre.a{LFr:ruvn:qrovl tutrirfi ut 737 rTr ufiarornrfiqnr:naruvliur5r{lu:ri'araunriouriruuo 6nri'.rlt

Vtu 6v I u a < d a o d V ynlsnalUfluortlnarrultnOltuvtu5trru Leucine-rich repeats lirltanr:ait.l Leucine-rich

repeats TrJ:6uhJalq:ni6wir1fr'{rr4ryrf;unrrraur:nlunr:riruynuqiordoaruanT:ntrari

a. dufi'ruvrrul:ntrafi Pi-2(il fisirrurariroduuTrr:llTrrrifi o rflu6uplruyruT:ntrariuurUU

nirt (broad spectrum btast resistance ) tu'rud'r{ (flanking markers) ri:urnBolulrudrSu
Lo SSR140 uav RFLP )S{1.2Teufieir[vilrilrsqrnrniorvilrtJrr'u5uLo SSR140 tj:vlrru 0.9 cM

J"edut
m-odrur6'uutdu Pi-2ft) tudrrfiuffiollpruldrnto{v}J'tu ssR140 nu{rrfiuufiolfifidu pi-2(t)

siru'ru tgt fi'uii nor{Ju 65.17 njoir6uriro.:{rrfiurfiorfifinurfr'ryilq TqErnllrn"LurirrI
g4doutu"uuu
vrutr.ro{fl'rnoa1uq1u1u 1.22 rryuri drrlifiurfiournuufio si'ruru A fi'ud uav {r:fiurfio.rlt

qY o u dflln[n QIU?U 1 y!U5
I
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g. 6u6'ruvrrulzalvil pisq ei-kh) fisirruvrj.:oejuuurudrsurrrorTn:Illtueifi rr figU

Tn:tair.:Ir-J:6urfluuruu Nucleotide-binding site leucine rich repeat (NBS-LRR) alil'l:cl
u t & s o t qv u 4 4 o r Q Ya - .i d d
rtruurunotfro:rarturtto.:LrntuLynLoyaruaruyruD lJa1LL14u{LnatFtnuLn:o{141J1BFltout0

RM2o6 LLay pi54-inde[ (MAS) a1nn1:'L{rntorvlra6rdulo Pi54-rndel(MAS) d.:u{tu
J d a A u < ^.-- I d ^.-- 6) u & 4 v dv

rnso.ilrrJludrduuofrfiplularnEu Pi54launzirr:2afiou14tdu Pi54 '[urir':fiurfiol ulrffuq{rr
flsuufiorfifid u pis4 siruru t0 fiud 6rrtJudr':tidurfiosornnlatvfio uash-iuuEu Pi54huiln
X 4 d u & a av! o < !, &

v'r u Lil 0 { €i a 1 u Lta u t 1 ? Y,{ u ttJ 0 { n 1 n LFI vl v 1 n 1 5 fl n u1 n : { u

t0. duolruvrrul:nlrafi Pigm@ nuni.:r,r:nlu{rtarsvr-u{ Gumei 4 toltJ:vrvro6u

rfl udufiruvr rul:nlyfuuu n{x o d:vra'i rr rn6 o.rvu'r u6 rdu to c54;3 uav c0428 uuTn:TuTsu
U

O 6'noqflunq'llroldu6'1um1uT:ntfrn NucLeotide-binding site - Leucine rich repeat (NBS-
UI

LRR) ornnr:6urardu6'ruurul:ntra fi eigm@lu{rrfiurfiosTrrul{rn6o{utltu C5483 v,luLtoae

ad'ruururo $tu eigm(0 ludmdruru 198 fiurf 6oriflu 98.51 urJoir6upi'toldrrfiurfrolfi
X, o y s ti v -- 6t e 3 d

m :?odouyl{ru rr nu dufrruynuT:nlu {t ei gm(t) rr n"lurir:fi u rfi olnr n 6arusiruru t aa rfluri
.ri s qY d d I - u tY d

u,avuilom:roaoulnuLdrn5oryrrudud uto 529742 nr.rvl'uqtrrfr du eigm(t) siruru ,+O *irj
6orfluioun v 72.64 ros{',rdurfiorfin:':oa.u#orr, fluilrn'Ludrrdurfiornrn6arusiruru

r0O u'uri

J<alvslu$iorinulnl:n:u0ruahtorduolruvrrul:nlraffludllfiurfiournoixl nu'jrrirrfiurfiol
fidurn:roaoufiduolruvrruT:nlrari Pigm(t) lrnfiqo siruru r98 n'uri 6nrfluioun v 98.51

?orcirrdurfiotvY.:ra:rr, :o.ia{}r'r t6'uri 6u6'ruvrruT:n1ra:i Pid3, Pi-d2, Pi-2O, Pi36, Pib, Pig,

Pi-to, Pi-l(t) LLav Pi54tufi'uririrrdutfiot o'ruru !55, 737,131., L20,75,57,57,36 LLau 10

nud nrnrird'u fiou{Juioilav 77.t1., 68.16, 65.!7, 59.70, 37.31, 28.36, 28.36, 77.97 *av

4.98 rordr:fiurfio.:filirnr:6nurvr'.ryno nurird'u uavrvlrudufr'ruvrrul:nlrari Pi1(t), Pi36,

Pig *au Pi54 lu{rrlifiuufiolnrnrvfioillnfiAq finrtiuioua v 94.74, 84.27, 52.63, LLav

52.63 to.:{rrlifiurfiornrnuafiofilirnr:finur nrudr6'u riru{mduifiorlunrn
mviuoonldulrufioovlludufrruvrrul:nlyri Pigm(t), Pi2 *au Piblrnfiqrr Fni{Juiouav 100,

84.7 2 ua u qz.so,uatilrrdurfi our n n viuoo n r,d ur uufi ofi ri1 n l:fi nu1 n rr:rird'u ruavlu{rr
X d Oy d v I \ y_-,_ ,,6) v lAo d
fiuufiornrrr"[6vrtOuolruyruT:nturi Pid3 *aaPigm(d luqnrfi'uiifirirnr:n:?aaou uavnuEu
plruyrruT:nhuil pi-az *av Pito :o.ia{il'r 6prufluiatrav 97.37 uav so.oo tol{rrdurfiol

au) " a
fl 1n LFlvlil1n15fl nB1 Fr1ilA1n!



a l n n r : a : ? o du d u 6'r uv r ul: ntr,r :I[u dlu l {r r fi'u ufi o rlil u dr u? u 1 0 d u lu n r : fi n ur
nYrfi vru'jr drrdurfio.:r{'uri6r.f .: Gs.3372) firr,{iurirrurarufr{urfiornrnnviuoonrdurrufiofi
6uolruvrrul:ntvrilrnfian siru'ru g du t6'rri pi1(t), pi2(t), pig, pi36, pi-d2, pi-d3, pi-to, pib

LLav Pigm(t)ruouorl6, rnTu{raolrva (cs.tgqtg ; Lg7)fi6u6'ruvrrul:ntyri sr'ruru g 6u

Lilu;a Pi1(il, Pi2(t), Pig, Pi-d2, P|di, Pi-to, Pib uav Pigmft) ruav niuiSri'rEr$#r (U50)rfi'uri;ilru

nn 222-42-5 (Gs.598; 130) fiurivrruvor (Gs.3375; 155) vriuii{mraol (Gs.4829; 181) uav

fiu{nvfi (Gs.5565; r-ag) d.:fi6ufr'ruynul:nlrari qiruru z du unnsirrriutrJ nurirou

nr:finurtJfrfi3urnr:norauorrordrrfifidufr'ruvrrul:nlyri pip rio16'oaru,rql:nlrari

Mognoportoe griseo siruru a loTtravr fitfiu:':u:::rurorndufirirrllur.J:vrvrrrtvru 16'urri

BAG1.4, BAG2.4, BAG3.5, BAG4.4, BAG5.4, BAG7.2, BAG8.5 rrau BAG9.2lerufinurlurirr a vliuri
q v t u da aa j.
16'urri fiurifirilouurt: r{udfiurjouurr:fifidu Pr9 ruavfi'udrmqanrvd 105 lru'irdrrfi'urifit,"uu"i

urjoulrr,:vr-fEtu pig aru:nriruyrruqiorfi'o:rI:nlrari'16'vT.: e toTsrayl rirrfiurloulrr:firflu{r':
u 6 ,d < iq ,dd , <v[udujiuurfiuuilrn:orufihifi0u6'ruvrul:nrtr,tfi pip arur:n6'ruuru16'z tolrray anr{u

loTsLam gna.s riruil-JdrirrtrroonrvF t0s aur:n6'ruvrrurior6'a:r1:n'Lulrari:vpr''uilrunarr

t6' g laltravr 6o gncz.4, BAG3.5 uav BAG4.4 fiua6o6n + lolruavr triatrr:nd'ruvrrusiardo
:rT:nlrari'lri 6torotfluhildi:rrfia u. griseo usiavloTqrayluil:vryrntvrufinrrlsr"]n\ruLa1un.:

lunr:udtirarurir:6uGnr (rnTuiitrrrronrvf; 105) lrnn'irrirrorrJofinr (vliurifruilouurr:) rrn
zuanr:6nuraur:na:ilki'iruclo:rI:nlr,rrT[ur-i:vrvrntvrufirirnr:finurnYodlila',u'',rnr{rriraru

dmmrjofinrfi'urifirJrJouurr:fifiduplruvrruT:ntrari pip dru{tudufrruvrrusioufi'o:rT:ntrafuuuI

n?r.r Lp)
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Abstract

The objectives of this research were to investigate and to identify rice blast

resistant genes in landrace Thai rice varieties as we|.|. as to evaluate disease spectrum

of rice varieties containing Pi9 resistant gene to rice blast fungus, Mognaporthe griseo,

isolates in Thaitand and atso to evaluate the disease spectrum of landrace Thai rice

varieties containing blast resistant genes to rice blast fungus isolates in Thailand. Ten

rice blast resistant genes including Pi9, Pi-d2, Pii6, Pi-to, Pib, Pi(t), Pid3, Pi2(t), Pi54,

ond Pigm(t) were screened in 201 landrace Thai rice varieties: 19 from the No(h, 38

from the South and 144 from the Northeast regions of Thail.and (consisted 99 rainfed

lowtand and 45 floating rice varieties) using 8 gene specific markers (pB8-Pi9, NBS2-Pi9,

Pi54inde[, Pi-d2, Pi-d3Cap1, Pi-d3Cap2, Pi-ta and Pibdom) and 6 Linked DNA markers

(R36STS (Pi36), RM1233 [Pil(il], SSR140 [Pi2O), Pi54SSR ei54), Pigm(t)C5483 tPigm(t)l

uav Pigm(t)5297 4 [Pigm(t)|.

The results showed that the majority of landrace Thai rice varieties, 198 from

201 (98.51o/o), contain rice blast resistant gene, P(m(t). Besides that 155 (77.11.o/o), 1.37

(68.160/o), 1.37 (65.170/o), 1,20 $g.7oo/o),75 (37.31o/o),57 (28360/o),57 (28.360/o),36

(17.91.o/o) and 10 (4.98o/o) varieties contain rice blast resistant gene Pidj, Pi-d2, Pi-2(t),

Pij6, Pib, Pi9, Pi-to, Pi-1(0 and Pi54 respectivety. Our results atso showed that 94.74o/o,

84.21o/o, 52.630/o, and 52.630/o of landrace Thai rice varieties from the North contain

rice b[ast resistant genes, Pi1(t), Pii6, Pi9, and Pi54, respectivety. 700o/o,84.72o/o and

42.360/o of landrace Thai rice varieties from the Northeast contain rice btast resistant

genes, Pigm(t), Pi2, and Pib, respective[y. Pid3 and Pigm(t) were found in a[[ of

landrace rice varieties from the South in this study and Pi-d2 and Pito were found

accounted for 97.37o/o and 50olo respectively. Our screening showed that E-pong rice

variety Gs.337A from the Northeast is the [andrace Thai rice variety containing the

most rice bl.ast resistant genes (9 genes) incIuding Pi1(t), Pi2(t), Pi9, Pi36, Pi-d2, Pi-d3,

Pi-to, Pib ond Pigm(0 in this study.

Three rice varieties: Nipponbare, Nipponbare with rice blast reslstant gene, Pi9,

and KDML105 were screened for rice blast disease reaction using 8 blast iso[ates

collected from Thailand (BAG1.4, BAG2.4, BAG3.5, BAG4.4, BAG5.4, BAG7.2, BAG8.5 and

6v\-x^



BAG?.2). Nipponbare with Pi9 gene showed resistant reaction to a[[ 8 blast isolates

tested. From the resutts, it is suggested that rice btast resistant gene, Pi9, has a broad

spectrum resistant to Thai btast iso[ates and is appropriated for rice blast resistant

breeding program in Thaitand.

Twenty-eight [andrace Thai rice varieties containing severaI b|.ast resistant

genes (identified from DNA marker screening) were used for blast disease reaction

rating with mixed 10 blast isolates cotlected in Thailand. The resu[ts revealed that 14

landrace Thai rice varieties showed resistant reaction (R). Ten, three and one varieties

from the tota[ of 14 varieties are from the North, the Northeast and the South

respectively. Five landrace Thai rice varieties showed moderate resistant reaction (MR)

which a|.|. comes from the North and 7 [andrace Thai rice varieties showed susceptlble

reaction (S), 5 varieties from the South and 2 varieties from the Northeast. Multiple

regression analysis between the rice blast resistant genes containing and the blast

disease reaction revealed that the resistant reaction was the additive effect of several

resistant genes which Pi9 and Pi54 have the most effect on blast resistant phenotype.

DNA markers, Pi54SSR and NBS2P|9, were statisticalty significant correlate with the

disease reaction with R' equal to 20.86 and 20.33 percent respectivety. The

phytogenetic tree, constructed using genetic similarity calculated by DICE, showed 6

groups of l.andrace rice varieties which the resistant groups contain blast resistant

genes, Pi9 and Pi54.

The resutts from this study showed that landrace Thai rice varieties are an

important source of blast resistant genes and they can be used in blast resistant

breeding program. We shoutd protect and preserve these va[uabte landrace Thai rice

varieties for our sustainable rice production in Thailand.

Key words: btast resistant gene; landrace rice; rice genome screening;

DNA markers
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ut&ucd,yld6'rodxrfioriuii (genetic stock number) rur.j.:riJu{rrfiuffio{ 77,093 6'todrr, dr:arufi'uiSd
I

2335 dtaurr, {r:arul'uiirir.:rJ:vuvrn 3,391 d':odrl, {rrth (Oryza spp.) 1,065 n-:odrl uas

{rrdu1 (oryzo globerrimo) 19 6'':odrr lquarilr:nsiruunfiodrlvlsurfiordhi.uxr;utri'rl:uil1flt

5,928 fiofiuif {atr::ru, 2543)

n1:d1 uunu:s Lnilt o{fiurf {ra (Cl,assifi cation of rice c u ttiva r)

ed,aiarirrrtjufitfifinr:rJ6nodl.itLvriualu uavilonrrntumir,Jroudu Toufifiufi nr:tiandr:
- , t . t u -'-

ilrnn'jlfouau 80 iJo{fiufiilan{mri'rTan lunr:sirtrund:vrnurolrir':nu:vuufirrnnr:rJanrirrs-u
(rice ecosystems) fil6qtoranrilcJorfluufi:fiurflurnrud' arur:crsi'rL[unil:urnvrtorrjrrt6'r,flu
4 il:vmm 6tad'nuni, 2544) 6a

t. {trutmtlssntu (irrigoted rice) uu:rudr {rruraru raiodrrfirJan"Luanrnurfifiri,r!
-uc4-"oo{t:^-,-.a.-.----d'auoloYcTlfrfr:vd'urirf,nhirfiu 50 tquer^t:.rn: finr:lirnluuru,l'on"nrnuul uauiln1:urrirTnu:vuu
tail:uvt1unra16'anrnultail:vvnuovfinr:rnBurGurdofirhrirur finr:r,JirGulriGuuriour,Jan

@



(166I ''le ]a ralsraz) 6ntu1scfr1 oo lglDnu 6ruG1s0ft1 II ldll*t^tdlLtntouMuM

@16BLLIBpltrLLUlLgp UU1LL ul laSITBLUKTLBLu!tgl\411]LB@USpCltuLnAggl\allgLUnu]u to^t4[tu[Lld rFal

r nourdLllturrupnuLtulLrdngrugrurulugLnrpnLLUE lDmssubru$$Lt BtuktutuktttLLuttt Ls@a,tnl]lb&
F'"-;--"'----'-;-;{'-;'-i,1--- - -lr-- --F -- ft FP F t? F

2)es oasLti ouoptur{4 rs@gruLuutlor,uueg @ggz 'eruu*ult,gupntt :oDsZ'1gv*) Btuni^*ull

r.LrltAuLgunplsflnLuLn^aarrrgrlosu Nrgu@GABBglLtLguABagrrllNid rolngrfrrgureuulstu*Bnsul^ dd^sPFnn

n1Lrfl"rul4BrUu UsLnLp UUlL$LLnrdgMSLUloftn]^UUpuufi:gng1[do (aseaslp ]selq) Itktlusl

(esPes!p lsPlq) Fkrlusl

Nr411 LLnr4Unl B g1 0 gktrd@Brc,LB rd1 U un iaP.sFPssr

AunlnlnLp {rLIlE;rlpr'aruprulh@Auplcupu0pgnp rpnglu^uGr\ rnpLnn^uLl sLUEnl}grugSogkt

s1i,tL ue Sn$np ron..nnLrinp LpBp Le rrurrt upn1, U p[.tp nE1 @ ) u pu o7 d n 1 pp L*',
latrr SurleoU) uprugcuru

LpuBsl Lnbotun^r4Agnr\ 1gLunLr4g9lL*0r49usLnLpLL[tt], n091 I Ben]LB@nLnMt glrnl I nul]ptn it4

ruuAsLur41l 6unnnlLBUlruulNuru&61ru6tfl:sutguugtutnruu tdtdr LuruuusLntELullr.duulutDlurt nL a nt €, I t, y p p ^s s ts ^ pdh^ ,F d A ^ ft
st

0I-/ Bcnlt[3@.t41$*,]f 0ltu@st4 ltLlltLnnlltugtnLplttLu @9SU$A"LLIL]Gfusn-ivtL&AgFAruOU^u n@tdl

r B@nlLB@LnlunTnlbtunLl^truAuT 916nl I nulmluuLruruuAgttut]uutllnluurulocutuluBLltkt (a]ll i----r-btuao'g'kF:^pFrb,F^F

raleandaap) uuLnLLru nuLunL6[B@slnqbDmglf uLpn!,Asnlruru]pkrAulr usrru@ldl e -r ABI-L
n6ftoYF:,:tuP

ft6tr^
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Z F 6 p o 

^ 
I I b o d tt 

^ G
ruluiiFrrrrluBurK @)u 6u!too[ puo a)y )aJoMdaapl LpngLLg;Be11u9L[tLL*'e din

^r4wnnl[ 
u 91 

@ nu r u rrBP L e

uL@ruMLnLnbT LruULru@mlBtQ,ruLlltAgnUP,nnAgmml]UnMLntruLLtU ruMLn]@ttLl4BtUBgUgtUlvttUE , Z ' Z F i I p' hF I A 6 , Z tu
fts

nuBGnrtn]l/tnnrLU]pLlrn!,Asn@lkr ]411AuuL@LnnlLnNquNLn6T s14nlgruG1 09 ruglFlt-rlL]tBtdl
^i Ftrn n , 2 ^ P F n bA 2 , v

D ftI
Lnn^r4As uuFuru14urdGurdlr,rnmaunFLFBPLcl^rnnl gru]Gr6nrLUnLrdLL&rurd]Bur@ukt0M*tnFtp

444t44

nUIUU@MlBLltttLfllmruf[]tgEntnruUBUl 6LA"mggSlttbnFLI[B],tGAull LnnulU_U@LitlLnruULlltsLU p tu p h o F a P ^ s\ n 2 7 ft P ^ "

n u,LpnrLni LUprulubFN&nLpLnLL[ ]uBLnkt @)!r puolMol pa{u1ot1 npLpLnLLg;'z 'ai-ta

s rd rfl u ru81 I I - I ru L lt A S F^LlLr n^r4 A g 16r Ut A U A Ul1

6^G
LrumunLUgLULnft,fufftl Auntt^Agnup,tn6unBUl tt6LruruLLK@skt tuunsLQ,l utmnLPUungtusL GltPl



BLBt'[auuMlt ttpAutuut ttogt4Lll[tLUEnuLn Lt lpftumll]ruu[gr4 uL6rnprtuMrn@ru BLpAgurutoskr 7 4 P Pp -Z-F;-'- -l---;--
ft -- -, b

Lt4BL^UUFsnFlULl4LpPruFlruBU[tlADUMllLn0u LFL.EtdDruftlLLItn]*rpr^aUnlsBruLr/rLItl0&1@n1 (gI
t MLu) (]selq Jeal) ,,finlnlus1,, LLUBsIAu nyuLrgnBruLr Lrl,r@p,tuLr4 ng@[n1h@tltnLpnlLLruruu FEF'F'l'^a
BLUL-llL&lAuGp,lBt4l ulnuln:sulqLuN@ttABAguinnlulcugnqBLurl Lftluguftup oasu| d c&l o 6 F s s e g ---- -lih--;-A----6--;' ---i-'- u

B L nB E1 R L L U B en 3 L U L AErufl U e

apou (f) ]selq Jeal 191 oasuS ouoptui4 (V) lturluspGr'[gLuL@Aur butrupop"r I SMru

!-*t '?

... i-J.(v)

bnpauu t It nLnrp ubutuumonnl]Boruoon^LAr6
* 'tktlLp@81$@ruBLuktuLuktnLLU urunUBnluslbnlLpG&lr-ri,rB14l f8 AuB@slulDffr4luslL F

"nr mnlgurulruul^nr4luslbr41rp@&lAux !,n$BLp o7e nrnL.u ]*unutnLru uLBL[bn$BLp^ufl b,n$ orn b Yd h s F t tu ft
tt

BLtr gDT nLnLU LUBSFnMSPnT,TBLP nBlulu@obrufl Sn$BrE ezg plu@O@&lunllruugrrLg r Ul
t

tuL@\9 LD'Z tdnku'$0&1nv,, 8D9z-9092 ElLrkrAsBr lUr laSFnlnmrfikrluslbl4lrPcelmLsnLsnulBrdl

Bt lut lAs[tnutnluslidltlLpc&1]cttBLur4urukiltLLu]uruL]BLg^rdl (0992) AruuBu; guprutr

(0002 '..1r,1,.*eueug pue aornqe g'zggz 'sugbAur urLftI,) uulqtuutlAslr gg

rtuuLnugl |@frBLuEsugrvtllgLUnuAut lDbnusuplu BLukruLur4nLLUn rdul ruulLrdr nGurdLllMLUP r ^s t 2 ft ppdh 
^ 

,F d

nUttulLungnugLltLPutLs@a,1runl PnlLUltl 0D ruLmAsltmnlgUtntu bI=uZ nB[tlsUlnLnLu 6ayFt?

m ala:{uro:se mbunlhotounmnluslior,rruuogr oasuS aquodousDl / LpEUSn,LsG&luBglAutl

Ul\ lBUL@nnnbn-r,,tnpSUUrulp1l$B t0t-tPUlS@llNLgPAUtg@!,lltpALltl4llt@.UtrLlli LUP@ltlt!11 UtutlBUtGltl

ftrul1bnunpgLunr Lgor,truBl]g (Vt gr,tuu; oasuS ouoptur(4 rg@p,tuLurnburtuprcmnl usl t ft F PF F t? p.'- F F pd h s
t
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"Lrani:urr1urfluurarardur n:fiufinl:nduu3t:ru:ourio:vra'irtnruluuuasuaiutr (co|.[ar) riun'ir
".o",,.r btast" ovlirlrfiruriulurf,uilru firrfirr:f,udqio tiun'ir "node btast" (nrnfi tc) ovlirl#rio
o v Ado , v I A v o j 

^ u 4 r ,,s \ u
rirnufrfrrir ril:rv uavfin{ru urnuEorrirlirarufrr5rrruno:xtrr r5un'ir "l:n.Luttno:?{" (neck

.i dB u 3 e o v t Z oqv
b|.ast) {lovyrluruadrjrnratur:0u1 n0:?{?1? v1flLtot1J'rvr']a1u:?{lJ1?n0u:uuuu1uil 0uvl1L14

v 1 !, ,u ^ - Z o q Y d Y Y r 6 o q e e
:?{?J1?rAuyluyt{14ilFI tln0ltRnuar:vuvtitulr ovvr']Lvtrlaot'r']L]Ja]Ju:ru Ltauilltunfufl'tvtfl't?

rf,urarutfr (ri'nfiti, 2540; qud'nri uaunilv, 2550; {trra uauaiyr:, 2552) 1ufl zsas r{unl:
:vurorrorT:nlyflu:vrJs{rroon:x u3r?runlntvfiouavnrnmviuoonuduttufiotort.J:vtvfltilu
""u!),v\eud,-v\t,-.rdrirlrifiufirJanrirrld'iun?lilreuuruil:vrrlru t.z druli (Noenpl.ab et at., 2ooil siorrfinr:,.

:'ru{1un1::uuloro{T:ntul 2544 fifiufrtd'Yun?1ilreuu1uil:urlrru 78,7781i (n:uitrnl:Lnuer:,

254(D rrav"lufl 2553 runr::vu']oluo'{viruvrar:nril oua:ltorfi uavuiilti d':.:t6ourTuuruutl
d < u o4 A\u- d
n{rerouo'u?1nil ililufi16iunruuf,uu1uil1nn'j1 793,200 li (n:lrirrairnr:tnunl,2553;
rirfin l ru rn:uinn n.ri rnu ns, 2553)

n n il a t iu ua s d t do[s aln fr t a vh a

n1:n?uFrl.luasflo.:fi'ul:ntrari rfioann?llJLeuvluto{,{atJen{1? 41il1:nril16'r,tarui6 rtiut
dY d ohd qvu au dt V qv d C, aajrnl:[tal:rnil n1:LtidtflFlfl:5].r L[aun']:ltvruf,Frluvrlu tuunu nl:[ta1:Lniloutuu?ovl{'lu tLau

a1il1innruniln1r:uulrrrorl:nld'Lu:vd'uvfir lquar:unfifi'L'fi tfiud a1:tnfifl?nfiIufia, tuutavl
i

nanuJSoriouilanuavdrrduar:rnfiyr?nnliruuerrfiuufiofinr::uu1Fr:utt:.: usinr:'L{ar:tnfilirl#tsl
a v q e C, u I loted !, - Cr J v a 6)Yu

rRgal:nnn1{ luafltyttr?0aoil tLact[Juoun:1uFr04 Lt anvr{u{t1Jufl1:tililauilun15rJan tYnu
d v 3- v u o q Y ! I tu v .i ,

rnurr:n:dnpiru uonornflrirairrrr:{nnduli1"ltitfrofrnr:!fln'rtfron1:ou:oFl (selection

pressure) uuavlir"Lri'frruil1ueioa1:Lnfi oulilar:rr:fln?un:Jfl1::uu1erflofl:nr16' (trryru:lri, 2553)

dru?6rt m n::u rfl ui6fi fi nrru {r ur n Lnurrin:fro{fi 1:uau n r:nilunr:6'o n1: rila{ tdu

rurjarndr6o.:rflududdornroriruryldd nr:teitjutuTrr:uouhin::'La'Ludm:ra.:ufiutrj rflufr'u n1:td!U
u 4v v < q e Ct ^1 f, o u v o v f 'a u A Cr a<iyl'uorltrdruillul:n'LyrJ rtluionr:fllur1uail [unr:tJ0tnur]1{fl L:n Lvil tuo{0'tfltUu?oilavq?n

I

r,ravfinrulaoofiusiounua:n:uau{uilnn (vr-rrfiti,2540; Babujee and Gnanamanickam, 2000;

qufr'n6 LLavnruv,2550)

@



Eudruvrrul:nfit
i< d, s 4 a ^Y c, z! v " Xnr:fifitrijuI:nuiouao{orn1:froilnFriu rtjuruarfiolttrornnl:ruryrlaluro{Lroa1Lufllu

X ! a < a v oqv , d o a io . aYrfio16ofirrirurir.r 1 ra3oufinnr:{nrjr lriufirrnr:q..ruuurJ:vrrai:vimurrorfirfifierJnrlhJouails.ralv1

rfinarnr:tofl:nlu#nuruvFil{ 1fit4ntfiofin:uaur:nlunr:riruuruT:no-urfluqrua:rrififiqn
n?unil6'?unatnvrrrvriuon::il luffnrilu':q6'oilfiruil1vailfitfrurafirorarfluT:nffionn16'oalruFrrri'rll!t

liraru firfitd'rneirlil:1fi01nnatnvrr':fiuqnr:il 6odufr'ruvru (resistance gene) rio16'oaru,r4fifi

nrlilIutt:{ (virutence) :cn-unrt:Jfrluvnurlo{fitfinruunnsixffuoontrJ tu'fr'trusiavolu ttsiac

vliuri uriavtfirr tunr:nouauo{eianr:rrirlirarutorrfi'oarnaqtfinrafir 1 nliln?1il#urTuiS vrrr
ulou

fiuon ::r :vu'ircfr t rav 16o ar rvmT:nfi rtl

ln x a h w a'thl fi u fr u dt un 1 u[r a

floqr.liufi6u6'ruvrrusiruruurnfilfriunr:Inauornfittfinrir.:1rfofirfluri'ruvrrurio16'o
UYty

uunfiGu 16o:r rfiotrYa uavl#u6ourlou fi.:uu'ir duurarirfifrln:rairrfindrsrfiu 1u:v6'unr:ri.:

#rururruToErru'irL,J:6uorndu6'ruyrlu 41il1:nd'nuflu s ne{u loufiln:.:airrfifiai'lun#rufi'uludruI

ttol Leucine-rich repeat (LRR) motif uto serine-threonine kinase domain 6'td

n{ld f tflu cytoplasmic receptor-like proteins firJ:vnoud:u LRR domain uas

neucleotide binding site (NBS) sr"']oEjrt6udruyrTufirflu LRR-NBS motif iun{ld6o RPS2 LLau

RPM| qr Arobidopsis (fi6'ruvrrusior6'ouunfiGu p. syringoe fifiOu ovrRpt2 *au ovrRpml
o U . d Y - a -.tnrnrir6'u) 0udruvrru Pt' trnlvtfiotvra (fid'ruurusiotfio p. syringoe pv. tomoto ) dufr'ruvrru

N ornlvtfio (fifi'rumrurir,6'.rlruluarun'uiitor,6', tob...o mosaic virus) dufrruyru L6 ruav

6u6'ruvrru nz anflox (fipiruvrusiadrrlruluarurru{tortda uetompsorolini) 0ur{ruuru
RPP5 qtn Arobidopsis (fifi'ruururiatda Fusorium oxysporium f . sp. lycopoersicon) turcuvfi
LRR uav NBS domain fiil:snoud'rudu N L6 [av RPPs firrrja:#a ttHz-terminal domains fifi
homol.ogy rYu cytropl.asmic domains lai Drosophilo developmentol gene Totl L[au

mammalian immune response gene fiuila:ri'arflu interteukin- 1 receptor (lL-1R) (firflu lR'
ToU.-lL-1R homologous region) lqu apsz RPM| *av Prf urJa:riarfluTr.J:6ufirJ:vnot6':u
putative leucine zipper motif fi NH2-terminus



iaan{rd z rJ:vnor6'rudu Pto fifr'ruvrrusiorfi'ouunfiriu P. syringoe pv. Tomato fifiEuI

ovrPtolqu6u pto rrrJa:ri'a16r{Ju serine-threonine kinase fifi homol.ogy eio mammatian Raf,

IRAK uav Drosophilo Pelte kinases

n{1fr a il:vnouri'lu Cf-2 *au Cf-9 anuurfiorms ruav6u HStpro-le1n sugar beet loru

du Cf-2 *aa Cf-9 urJa:ri'a16'uflu putative transmembrane receptors fiairulraqjrflu

extracytroplasmic LRR domains uas tfl udufi phuvrrusi atda clodosporium fulvum uatualu

n'urf ei:u6u HStpro-l

nematode Heterodero

t u dt Av
uUa:yat[Ju transmembrane LRR protein vtrtruuruno beet ryst

n{nii + rJ:vnoupirudu xozt orndrrfid'ruvrrusiordorulnfiu6u Xontomonos oryzoe

pv. Oryzae Lslui)u xozl urJa:rflal6'rflu putative transmembrane receptor fifieiru

extracetl.ul.ar LRR domain uav intracetlu[ar serine-threonine kinase domain TquTn:lairltol
Xo21 *aaflfruiufirnr::ru:vu'jrr LRR protein (f) ruav Pfo kinase

nrinfi s rJ:vnourirufru HMl fifrruvnusiotda:n Cochlibolus corbonum race 1 lou
HM1 rrrJa:ri'auflu reduced from tol nicotinamide adenine dinucteotide phosphate

(NADPH)-dependent reductase dudrlitJfrfiSurfi'uar:fiufiair.rfiuolnt6'u C. corbonurn race

r inJdu HM1 fia:nuunnrirrornnduduolruvrru6urn:rs'ir Avr component tilkifieirutfiErr{0.:rYut

nr:rirarufiwlau ut\/tl

nlta nd1 ivui t$rhfiuot nfr ufrruntut atfit iludu Avi rule nce vao t#aka

nr:rfiorJfrfi3ur#lfiui5:vu'jrl Pathogen Avr proteins LLau pl.ant R proteins

riualr1fil# hypothetical. pathogen rdurzuauriuutaeifit uavt6'finr:ileiouqnto.r

Proteins lnuTr.J:fiuuaeirdovqlneitr{rfrrtarirfl1uillu?o{ Host proteins fiovlirurirfiufiurrYunr:US

rujduuutilacatoo'nrurja.rrtaeifit or6'u1#rralrvsionr:toirur6dnto{rdouaun?unilnr:qiofrrunr:,,
analilflo{vr't Tnul{ulnr1u6fir (metabolism) ra6o tu?un1:6uto{fit fifiruarionrrillutt:{tto{
i

r;8'oT:ndwirtfr virul.ence Proteins u,reird flnrfluuflt,rlruqiohhot Extraceltular proteins fitfi
oD Y o is s '4 iq '{v< i
lff[unr:ondrqionr:r{rlirarurorrtol:nlouttaafrtfr Lu toilnr:uaqlo0nt0{ R protein vt0v

arilr:novsirqio Viru[ence Proteins lntdoc?ir,{at#fithiarlrr0m:loltut6'01:nruav6'ruil'lufl'l:

:n:ru16'ri:ufitfifrrrr'',rrfu autnqnl:0niirn-u16'ufirfirurfir51uto{ receptor-eticitor

schochti.

IquL6'01:n

Viru[ence

hypothesis fi R protein finr:o'lffuIqufl:{riu Virutence Proteins firflurflrralruTnrurraqnr:nid

@



avn:u{u:uuun1:6i{d'6uqrrufi{u{au (complex signaI transduction network) fiovuiJonatnnr:

rio6'rufr1n:1u uonelnd;rJuuur:oosiruuu Guard hypothesis fi R protein (guard) finr:UI U

Fr:?ovru modifled host protein udrdtn:v{u:vuunr:air#ryryrrurfioriiqnr:rirruror:vuunaln
t e {s cct 1 ^ 

j i4n1:nofl 'ruLro r:n n LUuo n Lru?nouu{ytiln1:d1 Lauo ufi ohiuruilrfi

sggialn:.:afr r ua cilfirfr Eudruvrrul:nlrari

dufltuntuhalnfr bost resistance gene)

a"nuruvdruurul:nlr,triqnn?uqilIquEuua'n (major gene) uavdu:or (minor gene)

a'nuruv6'rumruT:ntra:ifinnn?unild'ruduudn ovfinrrl6'ruillufiiilrvrrvrYuaT urt'uiStorrdo:ruii

P. griseolouduoclilriud'rnr:uaq{oonro{rdo16'odrrauq:ni (complete resistance) lirlvifirhi
ttafl{o1n1rro{I:n dru6'nurus6'ruvrruT:nlrarifinnn':unr6'rudu:o.r r,{Ju dnuruvfinnnrunr6'rugrgi
d r 4 u , oOYd v t !
Euraarufl u5oa'nuruvutilSurru (quantitative trait l.oci: QTLs) lirl#fin:ufr'ruururioiBo:rg

i q 9 \ to 4 u v !,alrunT:nlurirruuhiorrv't1v r:unanuilun?lurtluvrlurruuurr "dfluruvfrrurruuuuurr?i2u"
(partiat resistance) drrfludnuruvfrruvrrufflrialq:ni ei.:rual#fitfinrufrrumrusiou6'otu:vrYusir

rufirilrunarr uacdnuruvfr'ruuruT:nlufifiqnnruqrfirudu6'rneim ovurJ:uJduutrJsrrl6uBvra

to{an'tntt?odol (Babujee and Gnanamanickam, 2000; Batl.ini et at., 2008; Koide et a[.,

2009)

ornnrufimvfirurrocuri'uonrani lirl#finr:duvruEud'ruurul:nlrarThisirn'ir 70 du
.).d(nr:rsfi 1) uuasfinr:rrrsl"rurarjr QTLs finrunr#nuilvn?''rild'ruuruT:ntraritririoun'j1 347

si'rrruilr (Koide et a[., 2oog) 6ud'ruvrrul:nlrariei:u1rar!fidnuruvr{Ju6urriu unriudu pizt fift)u
4 v t u d V s t vt o tuv u u
8ud'ou uraeisrYuqn::rtorEufrruurul:ntraridrutrar!16'rrornrirrfiudol (tandrace rice) firfiur
dupirumrulzaly{t pig, Pi33 *av Pi40@ fifiuraei.:rirrfiotlrorndr xh Oryzo minuto, O.

al.., 2009) duruftpogon uuav O. oustroliensrs nrlrirfru ({trra uavfiBn:, 2552; Koide et
fr'ruvrruT:nlrafeirulraqjfiol'rurari.:otjuuTn:TlTrurifi o, t1 urav 12 (fllnfi z) floqr-Tufi:1u{1un1:

Tnaudu6'rur',rirutrririrr5orudr r) a, ldttn pib, pito, pi9, pi2, pizt, pi-d2, pi36, pi37, pi-km,

Pi-d3, Pis, pi21, Pit ,Pi54 (Pi-kh), Pigm, Pio *av pi25 (nEar-a6i uavnily, 2553; chen et at.,

2011)

nruaur:nlunr:plruurusiou6'o:rT:ntllriqirruntrir{Ju 2 n{u 6odu6'ruvrruT:ntr,lriuuu
tlFtu (narrow spectrum resistance gene) uavdufrruyrrul:nlrarirruunirl (broad spectrum



resistance gene) Inudu6'rumruT:nlrafiuuurunu rfludufifin:rl6'ruvrrusiatdo:rartunl:ntr,rft6'
riouarufi'uri 6":odrrutiu du er|, pi21, Pb1 *av Pi34 (Bal.lini et a[., 2008) eiru6ufrruvnul:nlrari

va,aAaqeuuunil.r utiuOufrfrnruaur:n"Lunr:frruuruqio16o:raruanl:nlr,tfitd'raaluarulfuiS (Bal.l.ini etll

aL., 2008) sr-rodxrtiu du Pi2, Pis(t), Pi-2, Piz-S, Pi-to, Pib, Pi54 (Pi-t), Pigm, Pi1(t), Pi6, Pig

*av Pi33 ({'trra uavait:, 2552; Deng et at., 2009; Fujita et at., 2009; Joshi et al.., 2009;

Sharma et at., 2O1O) Chen et al. (1996; 1999) :1u{ru'jr6u Pi2 a1u11fi6'ruuruqiordoarr,raql:n

lu:Tluil:vrynfilfir,Jijuaiuuavl:vrilfi6\il6 qqs *av Tg2toTtravr nrlriro'u tuil:vuualvufi:rumu
'ir EudruvnuT:ntraf pi1il. pi-k. pi-ko. pi-kh. pis L.rrv Pig ufludufr'rumrul:ntrarififid'nunrvr

uraonn'rrud'ruvrurioudoaruanT:ntraflur.J:vrvntvrutri6 uavfitor0u Pi1(il, Pi9 *av Pi10, Pi-to2

uan.:nrud'ruvrrusior6'ou',,rrTrutr:it6'6fian lourdoarr.,rro,{l*lu',u16'rfiu.r iouav o.s o',n,d,
; & --- i s - A t- - Ifrmrraoufi'rvilq1iru:u 2,476 lalqravr (4un'nd Lraunilu, 2550) ,unolndr'ta:1Tr: uav nunnfr
(2552) '[6':ramunr:il:vrfiudu6'ruvrrul:ntrarifiarur:n6'ruururio16'oaruanl:ntufit6'uaruaru

I

fiuduavnrvu'Lunrnuvflonoudx inui6u6t'orfivila 80 loTquail nu'ir EufrruvruT:nlu{t pi-qoft),

Pi-to2 *av Pilft) firJ:cf,ilGnrvrtunr:frruvrrusior{o:raruanl:ntrarTlri'd lnuurarxn':urfrrumrusiot

rdotriiouac 33.33,31.15 uav 29.03 nr:rrird'u odrrl:finu eirr{JufinnufiurrYuoqj'jrdufrruvrrus

T:ntr,tfi 0u41il'r:flnruqu,6'ru'',uaq1:ntra:i1d'rflusirurulnn ravuarnvaruludufirixl ldtrmuru!i

ratotri (Qu et aL, 2006)

n n a N rh uu il $ u fr ru n t uls nlu ti
nr:rrrsiruurirtorEuuflui6nr:rafir lunr:urnru#lniuiS:vra'irrrntorraurududutorTu

#nuruvfiauh fisaur:novuondrdru:u sirurari{ L[av eJan:vvrulJorrrsiavdufinruqld'nuruvrfuli

nr:y:rusiruurirtorduovrflur,J:vlrJtririonr:Inaudu 6nurn1:utaq{oonciordu uavnr:rJYuiltlq

ri'udfir Touranrvnr:rJiur.J:rfi'uflorut{rndorvrrudr,Sutotirulunr:n'rr16on (marker assisted
il!

setection) 6.rdrulvinr:6'rr16ondnurusfiautofinrruuriud',tjo'f,u floquiufinr:':rrsi'ruvill6ui

nrunr#nuruva'r6'ruyrrun:rgofioludrraurtuniraaru uavdufrruvrrul:nlvrifirfludurafilfitdYu
iua

nr:rrrsiruurjrdu nr:airru,r.rufi6urfiodurarsirur,rrj.:6ufin:uqra'nuruv6'ruvnul:ntrari Tnuovlir
'[urJ:vmn:fifinr:n:voru6'ruxyruqn::il6{ (segregating population) triu il:vtrn:tolqnruau{r-i --- !''--J -J-- J I t - U

fi Z G, population) rJ:vtrn:ro{Qneiailndu (backcross popul.ation) uavil:vtrn:
recombinant inbred l.ine (RlL population) uflud'u o.nrYrrrroaouloul{v#nnr:iun:rvrivrl

afifi rfio{orrrrndoorarl',udrSurouuruarufin'uqn::rtor{r: lnurirrio4anrrufrruuruT:ntra:itol



tJ:vtrn:utsiav6'u rritn:rcdurnrlr#lyr"'urinlusiruuilrror Ln6o{uilru6r5urofiki finr:d'qrr11{
uuln:TlTsilrixl uuuruufifiuon::r d'rodrrutiu Prasad et aL (2009) :rurrunr:errsiruuarildu
Pi1(t)1uiltt6u6nr (indica) arur{'uii Samba mahsuriInul{tJ:vtrn: rr 6rrfinralnn''l:,{ail:cu'jrl
rirrvVuri C101LAC nlu Samba mahsuri uavmqaounlud'ruurulrrui{rdo P. griseo arurYurf onn

001 vru'ir du pitO fisiruuari.roduuTn:Trlmrrid rr ruavou'Ln#fiqffurniorurrufirduro RM224!!u

"Luil:vtuntuu Noenpl.ab et a|.. (2006) 16':ru':runr:finursirurarj.:6urlrumruT:nlrarito.:

{rrfiuiiri'rraolfia Inut{rj:utln: RtL rorriruar:vu'irrdr:rYudtrrnonuvf, tos ffurirrri'rraolfiatgi
qe ai a a iuavl{rnSouarradtduto 111 tnEoruurulunr:6nururn?1il#un'ui5:vra'irrsi'rrurarilrol

.iacves\Dyv
tn:o{141'tuotouto uav#nuruvfr'rumruT:n Luu turr?ra1ilorua Tnuunaou:vfruntrurlruururio
sqeu!
I:n1rafino:r.:n1urfio P. griseo qiru':u a loTruau 16'ud rHltgl, THL31B uav THL899 luil:vmn:
RIL c;ruru 587 n'rodrr vru'jr {r':ui'rraoufiafi QTLs nrunl#nrgruv6'ruvrrul:ntrarisi'ruru 3 QTLs

fiar'rurarjroqjuuln:Illtr{fi r, r1 uav tzlnufirntouaurufirdurofrtnd'fiorYu erls d":nri:n 74
j i I d d u r o qy A r q a 1 o

Ln:o{14tJ1u fl{tn:o{14:iluarouroq{na1? a1}J1:nritrrl{ufiosirulunr:d'or16onlunr:iliurJ:.:viluiitl

rirrr o.rlm utrid'ruy r uT:ntraril6'si otil

ile a ti x d u d t u n t uk alu tifi fi n n d n w i dulu * du ilu fr n
EudruvrruT:nlufi Pi 1 (t)

du6'r uu rul: nlrafl p i t (0 fiui.tud'ruvr ruT:ntrariuuu n{r { (broad s pectru m resi sta nce)

fior'rrurarjroqjruln:IuTtlrid r t r*avfirniorurru6rduuofilnd8orfi'udufr'ruurulzalufr pitft)
!U
d'4idc'o-ruru 2 tnSoluuru 6o unSoruilrudtdura RM1233 *au RM224 Tnuvt-l 2 rnioluurufisr"rruaril

virsorn0u Pilft) 0.0 cM (Fuentes et at., 2008) uavfi{marun'urf CtOtmC rflu near isogenic

line fi1d'[un1:a:?oaou du pi 1 (t)

lutJ : v tvr ntvr u fi :r u r 1 u'i r 6uoir uvr r uI zalufr p i t O fi n r u a u r : nlun r : 6'r uvr r u qi o 16'o

arrramT:ntufitdraaruaruyr'ud orn:ru{1uro{ 4ud'nnt Lraunruu (2550) fi:tulru'ir duriruuruT:n
Lurt pit(t) firt'nunrvruranrn:ru6'ruvrruqio16'oaru,rnl:nlrnffLuU:vrunlmutdq'lourdaarrynT:nr -- i--
1 v 9 o y Aaa u < Iluriarur:nulrdrarurirrfifi0ud'ruvrrul:nlrafi pil(il ldfiuriouav 10 uavgiuor0u pi1(t), pig

!

*av Pi1(t), P|to2 u-.:uanrnrtrdruvrrusior6'oarrvnl:nlrarit6'sr-dan Tnurdoarlr:nrrirlirarut6'it

rfiEx iouav 0.5 ornrdofivroarr#oru, dtutu 2,476 tolrr,avr (1un-noi uaunruu, zs5o)
,.no'lnddoa:rv{: r,rav nun'nd Q552) tri:rurrunr:tl:sffiudu6'ruvrrul:nlrarifiar:rr:nfiruyru

@



riou6'oaruranT:n1raf16'r,raruaruv,lnif uavnruulunrnuvfionoueirt Tqul{tdrforu, 8o loTtravr
il

nur'r 6ufrruvrrul:nlrafi pilo irllvf,vBnrulunr:d'ruurusir,d.r.al,rmI:ntraffl66 Tquuaos
v t ! utnru6'ruurusio rfi 01650 uav 29.03 tor u6ofr'rvto

6ufrT uvrruT:nlrari Pi 2(t)

dufrruuruTznluil pizl fior"ruuarjroqjuuln:Lrlur{d o rfludu6'ruvrul:ntrariuuunir.:
(broad soectrum btast resistance ) arur:nolruvrrusiordoarr,vqT:ntrafifiuu1urJ:vuvtnfiJfirjiluei

tfr qss isotates uavfi'rumrusiorfi'oaruurrT:n1rafifinutrrjrrr,rn6ut d tgzloltravr (chen et aL,

tgg6,tggg) uoada6'ruurusio{6ud'ruurul:ntra il piz(t) firuroil:vrlru 118 kb tururirl
(flanking markers) 6'rurnioruuru6rduuo SSR140 uav RFLP )SHlzIouilrlorntntolrauruduSu

ro SSR140 rj:vurru 0.9 cM uavilxornuniotvilruduSuto RFLP )5H12 il:vrrru 0.9 cM lqu

drrarurfluri c101A51 (near-isogenic t.ine) osfidufrruvrruT:ntrafi Pi2(0 Qiang and wang, 2oo2)

Eudruvrrulzilufr pig

dufrruvrrul:ntyfi pi9 fisirur,rrj.ro{fiuir,rrurrulvr:rfiuirosln:Iukl{m{d 6 (Liu et at.,

zOO2)TrruEu eil gnriruvroorurornrir:rJt (Oryzo minuto:2n=4x=48) (Amante-Bordeos et a[.,

tg92) 6u6'ruyru pig {t aru:nnfrruyrruriorfl'o:r1:ntrariarurYuririrrlt6'odrrnirttrrl (broad-

spectrum resistance) 6'rodr.:rtiu 6u6'ruuru Pigluilnatuviui.tzl-t-75 td'iunr:vroaouriurdo

:rarrunT:n'luriaruvl-uririrrl n'ir too aruri'uiitou.l:rrvrnfitf;UiJudfianrriu?6'u{rrururtrfi
(The tnternationaI Rice Research lnstitute, lRRl) Torutrjnuarurt'urir6'o:rI:nlrarifiarur:nrioI:n

16' uonornd liu et al.. (2002) td'lirnr:vrqaouarur[u,i,'8'ur.trulr,rridn +a aruri'urj 01n 13

rJ:vrmo fitriuuaruri'uiju6'o:r1:ntvriarufiuiilofiarlr:nrirTru,irrjlrarun'uii t2-7-7 5fifi6u

6'rumru PisldA, * *..f;i ; ; zooo to, et a[., 2006; zhouet a[., 2006) frln:rairrfi
utu

uflu nuctear binding site (NBS) uav leucine rich repeat motif (l-RR) filTn:lafr.rfito.:6ufifi

n:run6'rundlffu6ufrruurul:ntyfi Pi2, Piz-t, uaa Piz rrnfil 96% lu:vfrutoln:oovfiIu Toru

uirrrufifin':tilLlnnei1{ri'u6o uir:ru LRR motif 01nnt:ilqaolaa-uril6uu motif :vv'irl6u
6'ruyru pi2 *ay Pig @i2/Pi9 chimeras) nu'jrei:u LRR motif ufluri:urirffiunr:riruurrnrru
Ley{'tv t0luolriorJfr fiSurnouauo{trol6u6'ruurusio u6'o:rI:ntrariar u?t'udrirl'ltr

@



dudruvrruTzalufi piso

drr duo nrar un'uri Kasa lath :rXa Qo t ifiu Pi 3 6 fi t rtJudud'ruvr T usio r6'o:rT:ntrariar a

fi'urfrir.rl lurJ:vrun6uki6 loufisr'rrurarirtordu6'ruvrruogluuTn:TlTsildmqifi 8 ornnr:ld'rird'u
firnf;lolvrrinoro-Tul{motJofinrarurYurj Nipponbare rflur-rd',.,6,:trn",ri',r',u huilruvru pi36

I o u a < t e I * u 'o
1'{1J?1a1eruu?natoLvrervr{ff1il il[n:{d:l{ virflu NBS uav LRR motif L,J:6uto.: du piSO r,J:vnou

trJpi:u 1056 n:rrovfiIu firfiu.rrafirn:novfiIurvirrfufiqlnuruufiorn Rsp rflu ser fisr"ruyrit 590 drU

finrrnd'un'uiSriua'nuruvto.:fl1u1vrr1fi6'ruvrrul: a Pi36 rflu singl.e copy gene tudrr rracfi
uu@Yan?lilfirvruoLnatonudu Mlol nav utoo 6rfludu6'ruvrrul:n:ruflrtu{rruriueid lrnn'j,Eu

illunlu Pi-to, Pib, Pig uav Piz-tluiln (Liu et at., 2007)

EufrruvrruT:nlrari Pis4 (Pi-{ )

dufr'rumruT:ntrari prsa vrun{ru:nlurirraruvriuif retep rfilfio Pr'-kh riorrtduJdtrudo

tflu Pi54 (Sharma et a|,. 2oto) fioirur,trj.:oqjururrdlourrro{n:1l1tryid tt uflu Singl.eg!

Dominant gene du P64 frln:.:airtTrJ:fiu6'ruurul:ntfio Nucteotide-binding site lecine rich

repeat (NBS-LRR) (Sharma et al.. 2003, 2OO5) finruatrr:n'Lunr:6'ruyrusior6'orlalLuaro{
I:n'Lulrafi Mognoporthe griseold'ilaruarur&'urj 6u eisa arflndfrorrTurniouailruo-rduro TRS26,!U

TRS33, S!29, uav RM206 lquodvirrornrndorvrruduSuro 5l2g7oo 4.5cM raclirlorn
rntoualrun'tduuo RM206 0.7cM (Sharra et al.. 2005)

I r4ed - .J 1Criourld'fi n r:Wruur tnSoruu r u 6 rdu ro Pi54 MAS fi n :.r sr'r uyillr o I 6uoir uyr r uI: alufr p i s a

rfiot{rflurn6ouauradrutunr:6'q16ontunr:ilirrJr.:rYuririr:"Lri'riruvrrul:nlrari lrrurn6oruuru
6r5uro6'lneir':tflutniolrauruGtsurotfin t++bp insertion / deLetion (tnDet) r{Ju codominant
marker tu{mfifiuoaFad'ruvrrutvfirurqnruumrora'rniufirna'Tot tnd zto bp uravdrrfifiuoaSa

ejouruoovfitulnn?1ilu1mroreirh'ufirndlolvrri 359 bp firarur:nn:roaoutdTrruld agarose gel

etectrophorisis lirl#irusionr:n:roaou uavfin':u0nfroturiudrn'jr rn6olralrudrdurorfin SSRs

(Ramkumar et a1..2011)

EudruvrruT:ntrafi pito
49<tiluunluyt'tu L:n luil P/'-to fi sir ur,l rir a d u uln :TlTmr q' fi t z tn d1 rir rrulvr : rfi u i

fin:uaur:ntunr:6'ruvrrusio 16'oaruaql:ntraffld'raaruarufl'uif urao.:nru6'ruyrusiordo:r

rr/l 1oL+11

#oryn#eqfiu
u,1 \

rqt
trs)

4 +5H,



sq9Ard
a1 tual:n'Lu:lutuu Bum o Eu (gene-for-gene) d,aiaaordodse

LLA u rilU tiUM n tvr u r nr uuu{ t9r u? Lua luilt o {lJ'l?

(singl.e-copy gene) rfi'u{dr:fifi6ufrruyrruT:ahu{t pi-to firaarur{uri ttiu Katy, Drew, Kaybonnet,

1R64, C1O1 PKT uav C105 TfP 4-t-23 rflufru (Fujita et at.,2009, Berruyer et at.,2003, Jia et

al., 2002; Hittalmani et a[., 2000)

fi:rurrunr:il:varnrurirr5ttunr:Inaudu6'ruurul:ntrafi Pr-to ufioij n.n. 2000 lqu

Bryan uavnruy (2000) fir:rarru'jrdu pi-to rfludu6'rumrul:ntvrilun{l Nucl.eotide binding

site and leucine-rich repeats (NBS-LRR) airsn:oovfiluvtlvurrsiru1u928st-t uavnu'jrfinr:
.j . as d as d I qva r r v aa I v

rilriuurrua{ro{n:n0uil[utyru{n:o0vtJtutglu? a{zuaLytnon?1}.rL[glflFr1{:u14?'r{lJ1?vr}JLtoaaaalu

uru uavrirrfifiuoadatri6'ruyrru Trrunrruunnsirrn-rndr?rnea1nn1:uJduuuurJa.:torn:oovfiIu

rfiurn:novfilurduruir?rus{ruuil{fi gtS louuoadaeiouuroocfin:oovfiIu serine uuufisiruvri.:
aS I Y I t1 e- A 1C

clo.in:govfrlu atanine r.roruoadapiluvrlu (Bryan et al.. 2000) norr .Ln{erurtn5olvilrurltouto

i o r d v ' qect J a c t q u dytrr:.trr1rr14u{uuflluil1uI:ntr,tri Pr-to rfiorLtruurn:o.il4rruquouuoriru'Lunr:n"rrtfion (Jia et al..,

2oo2) uonrrndu-rvru'irdufrruyrul:nlrari Pi-to fifrnunryrtunr:rlruururiordo:rT:nlrarifindu
rJ:vrynlvrutfryaruarur'uq (broaa spectrum blast resistance) (qud'nri Ltaunilv, 2550)

EudruYrTuI:ntrafi pio

dudruvrruT:ntrari pib fia'nuruvufludurriu (dominant gene) fioiruuarjloqju3trruilarapiru

u1?ro{In:TlTmr{d 2 aur:nfrruurusiordo:1a1ruE1:n1rari1ufrqu16'raaruarurflurf (wang et at.,

t999) lufl A.A. tggg Wang uayncuu (tggil tdrj:varnmlrirriolunr:Inaudu6'ruvrrul:nlrari
pib loudu pib qnf,oroq'[un{lroldu6'ruuruT:nfifiln:rair.:1U:6uuuu Nucteotide binding site

and leucine-rich repeats (NBS-LRR) airlTrJ:fiufir.J:vnold'run:oovfiIu#.ruua !,25! 6'r uav
d, d 9 s \ v1 Aqv- i d

riluriunluvrlu L:n LviluutL:nil tq:un1: Lnauuu

fiufrruvrrul:ntrari pib fia'nuruvr{iun:or:nYrduturrrtHn (smatl. gene famil.y) floo'uorn

anrflLt?o#au rriu qrura4fi uavn?lilfin fizuasionr:tLaq{oonto{6u (wang et a1.., 1999) riolr
Wang LLaunilu (2001) 16':rulru'jr qrura4fi uao tj'', raualrLnfi (jasmonic acid, saticytic acid,

ethylene uav probenazole)fizuasionr:uran{oofltro{dulun{ufi {eio, PibH}, HPibHS-1 uau

HPibHS-2) 6'rurtiuriu

riolr Fjettstrom LLaunilv. (2004) lfrlirnr:rnTnruruniolulrudLSuto Pibdom vlu

n:rilsirr1,{rvrorvolriuEu Pib uauLflu dominant marker ufial{tj:vTutrilunr:rl:?aao!6u

@



6'ruvrul:ntrnfi uact{u{lurntoqaurudrSuuotirun-oudanlunr:il:nrJ:rrYuririrrt#6'ruuruT:nlrafilt

,uno',ndflofiuniorurru6rduro RM2o8 dfisr"runarirtnd8qfi'uduelruyrul:ntrari pio lqufinr:?'r{
sr'rurarjrvir.:orndud'ruuruT:ntrafi Pib ri:vtrru 0.0 cM (Fjetl.strom et aL, 2oo4)

1ur,J:vtvrnlvru fi:rurru'irdupiruvrruT mhuil pio firi:sSmBnryrlunr:6ruvrrusiordo:r

artunT:ntvrifivrulunrnu,lflonourirrt6'iouav 23.08 o',n,6'rfri6rnaouyru.:uln 80 loTrravr
(doa:rvr: ua, quo"nd ,2552)

Eufrruvrrul:nlufi Pi-d2

{r':arufruri Digu tortJ:vtuodu aur:n6'ruvrrusio16'o:rT:ntrafiarurYuririr.rlr"ru?u 156

arufi'uij ornil:vtmnduuavtl:vrunfiriu uavnndrurlt'Lunr:rJiurj:.:rYuiirirr'lurj:vr,unt-uodrrI e! ! I i
f<udtgurouuuiuaru ornnr:frnurmrrvriuooraninu'irrirraruvrnri oigu fi6u6'ruyrruqio16o:rT:nlrarioqjaor

U
l9vAd^.uuo?unu no uu vr-d(t)l *av Pi-d21nu6ufr'ruvrfl Pi-dft)lfisirurari.:oduuTn:1ulsilrifi z uavduUU

6'ruvru Pi-d2 itdrurarjro{ruIn:lulmrrir:{fi o (chen et a[., 2006) d{sioilrduglr uy11u pi-d2\d

qnlnautufl a.6.2oo6Tnu Chen uavnilu Eudruuru Pi-d2 dffialrair.:rorTr.J:6ufiunnsirrmn
d v -d d dr YEufrrumrusr"r6ul 6o frairurorrirnra ululuafiarur:ni'urTuuanFuld'oqjnruuonrraai (a butb-

U

type mannose specific binding lectin, B-l.ectin) uravtud:unrutursaaifrln:lairl serine-

threonine kinase domain dflrJ:sr-uorndudruvru pi-dz iquitpl'rurarirodfi16orfrurraai Inu{rrfiUt
arur:nfrruvrrusio16'o:rI:nlr,trifidu6'rumru Pi-d2 *annrrorn{rrfitriarlr:no{ruyrurfiuluri
n : rr o c fi Tuufi .r 6'r fi sr'r uuaril ++ t t o lTrJ : 6 u 6 u 6'r uvr r u rvi r #u

Eudruvr,u1zaluil pi-as

itu P i -d 3 triq n dunuTo u sh a n g ua v n ilu "Lufl zooq d'r a n r : rili uu r,fi uu Gir oiufi : n a'Tolvr ri
tol6ufrruvrrul:ntra:itot{r: tfiq Nucteotide-binding site - Leucine rich repeat (NBS-LRR)

:sra'jrtdluttolrir': 2 arufiuij 6o {rr6udnr 93-tt uavrir':orlofinr Nipponbare o..rnrf,
o{vdotdr nr:frnur nr:n:coru6':ciorduluncir6'rnrir:luil:srrn:ro.:rir:firfirrorn n1i,,re{il:ura.irunio ruri
s rJarfi'uiififin:trumnsirrri'ulu6'runruaur:nlunr:6'ruvrruT:ntra:i Iqu shang raunruv 6uvrudu pi-

d3 rirraravriuif oigu ornil:vrmniu Tquuoadarordu pi-fi frLuaur:nriruurusioT:n1raffl6'riu
tfirrornnr:nalutruu nonsense mutation fisirrrrari.:rird'ufitna-Toty6fr zzoa ornsl"rurarirrS:r6'u

tolnr:#lrn:rvrflri:6u lir'[##trn:rvritdTil:fiufifior',r#ruo rdooo.,nnr:narudrneir:rfiqrflu



stop codon

Fl:?aaou 32

o) s o u X rK q v v d
riu ro.r Iq u n r : n a r u [ua-n uruv fl vl uld"[rr ul r nluqir r 6u 6 a1 (29 ff I uv! uoo 1 n n I :

arun'ui5rirrdufinr) uqirTntrinu"Lu{r:orTrJfin1 (01nn1:ar't{6ou{lrorTrJfinr az
v dr I 4 'tpi-d3 rfludufifinr:[an{oonoulurfi{maruvl-uiifi6'ruvrruriotdo:rT:nlrarialuiluq) nal'tno uu Pt-dJ tuuuuililnl: , ,

uavluarurnTurifihi6'ruururio16'o:r1:ntrari rusiosuarxoon'Lu;rJuor pseudogene tdo,o.nn',t-9S

narurfluiifrifi1dnrir':lrdrr6'u floor-Tufi:ruru'irEu Pr25 *aviu Pid3 rfludud'rr,6urniu lnErfi1r

rird'ufirndlotvrriuafiouriu t00 uJoir6uci (okuyama et at., 2ott)
,rno'',nd Shang travnilu (2ooqt6'r,l'erurrnEoruilrurr'tdutotfio derived cteaved

amplified polymorphic sequences (dCAPS) ciru:u 2 rnriolulru ;irr,tiu'Lt"Lufl1:n:?aao!

uoaf, a nordu Pi-il luilttarurnTuririr.r 1 oid
o rntolyilrudrduro Pid3-dCAPS-t firirel-!firndlotvrritorriln:uuoi6'tfi!

F-TACTACTCATGGMGCTAGTTCTC IAU R-GCAGCACTTCTTGACIACTGTCTGTTTIUOVIfiil

rjilrrufi'udrSuroturo 178 rirua uavrfiod'fldruuoultlifi'ndrturvtfin Xbol uoadatilfrruvru
U

fidr 6'ufir ndlolvrrit o.rritn: ur oio'rd
U

AGCACTTCTTGACTACTGTCTGCCT TO UOV Ifi TI

tordu Pi-d3 quann-qduduSurooonil:srrru 20 ritra druuoada d'ruurutoldu Pi-d3 ovtrion-U$u
u v n 6u , < <3 a a r q

Fl pl Ft2 u r0 u [{tJ fl { n a 1? 0 { u tu Fr t0 u tolj u1 a til 1 L9l tJ

o rntorurrudrSuro Pid3-dCAPS-2

F- TACTACTCATGGMGCTAGTTCTC UAV R-

rjirrrududrsuroturo 178 rirua uavffio6'rrd:urouttrio'rro'1tvr1vtfifl BomHl rroadatridruvrru
U

nor6u Pi-d3 qvan6'ntts'u6r6urooonil:vur6u 20 Fitua druuoada frruvrutoldu pias ovhjQn--uus

6'o 6'r u r o utmi o'.r n ei r r 6 r fi du 6 15 u ro t u r rr tvi r th I

EudruvrruT:nhari P i g m ft)

durlruvrrul:nlrari Pigm(t) yru'Ludlraruri'uti cumei 4 tolrJ:vumsdu rfludud'ruurul:n

trariurunirr Tounu'irdupr-rndrrfin?ril41il1:n'Lunr:6'rumruqiorfi'o:rarr,r,rql:ntra:it6'6n'irEu
pi1(0, pi2, *auPd firurrnJ:urrlru 70 kb droqj:vra'jro,ndotut,ludrduro C5483 rau C0428 uu

In:[1[r1fi 6 6.1il:vnol6':udufiruvrruT:ntvfitot{rr tfio Nucteotide-binding site- Leucine

rich repeat (NBS-LRR) S rfio (Deng et a|.., 2006) siolrfinr:Inauduoiruvrrul:ntrari Pigm(t)

eiru6ouravvll'jrEufrineirr6'noq'Lun{ltol6u6'ruvrrul:ntfin Nucleotide-binding site- Leucine

rich repeat (NBS-LRR) (Deng et at., 2OOg) fin':uaur:ntunr:frruvrrurior6'oarrraql:ntrari6n'jT

@



Pi2, Pig, Piz *av Pizt nllnlroaouuoaf;atordu Pigm@ lurirraur:ndrldToul{rndorulru
pr'rduuo C5483 uav lndel marker 529742

- ,ndoorr.rduSuro C5483 tflurniouauru6rdurotfio CAPS marker Toul'rir6'ufrrn61o
\ 4 ,c tu !
LYIOTJO{NLA:U]O:9I{il F-5' TTAGGCTGCTTGTCTTGG-3' UAV R-5'GGGAGGAGGMTGGTAGGM-g

3' Inelovufi:lJ3rrrufi'uo'uSurouurrr 468 rirua uavffiosr-odruroultiln'qa'llyr']vtf,q EcoRt uoaea!
q tY d ^. d o o q a _LlJFrluvllullosuu rrym(t) ovfisiruvriltn-oottv'rrvno{[outgil EcoRtlir"Lri'arur:nsr-odudrSuLot6'

drurroaFa6'rumrutotdu Pigm(t) trifisr"rruil.r6'orsirrv!rvro.ruouttri EcoRthiarur:nnn6'nd'ru
14 du r o O ya{ a C r

t0 u Ltil a{ n a 1?yr 1 Ll4utu0 t0u r0ti u1 I Lyt't [91il

- tniolurrudrSuto tndet marker 529742 firird'ufirn6loluriro.:rilvr:ruoio-.:d
U

F- 5'CAGTGMACGMCGCTATG-3' ras R- 5'MTAGGMGGGTTGATGTTG-3' Irruuroada6'ru

uruovil:rnnunuduSuuofluln 555 bp ;iruuoaf;al:^i6'ruvrruuotdu Pigm(0 ovd:rnnunudlSuro
turo 461 bp

floqriufi:rurrunr::r.:sirurarirdurirumrul:nlraffLu6lulrirrodrruvriuara (nr:rrfi it

utav nrtryfi z) uavfiuii{rrfifi6u6'ruvrrul:nlrari (mr:r.:fi z) ruavfir{orasiruuarjrfiud'ruyruT:nig

tvfdrfludo4afrtd'ornqrurioraaror:ruv (oryzabase LLav Gramene) Trranunr:n:voru6'rtorduu4!
y s u 9a < s s 9 <
firumrul:nlrariufi orvrnIn:TlTsu u n r{uTn:hTssrrifi 3 Lray 1 0l!

I'ita, Pilo+
Pilt{l t

Chr

I'tlJ

l"J(0
/'Jll)
P',at

n,U,ii j
I'i(il.j!

Pt?(l

t\l PiL.h

Pil,li/"s,Pfi.n.!
Pil7.P*.9

nT^rfi z sirrrrailltoldu6'ruvrrul:nlr,li1u{rtfifinr::rulrurfiofl zooa (Koide et a1.., 2009).

t2

l'frIt
P,W
P40
Pil4t)

/Pik2
- Ptitlt

,Pil

'ltittl
Ptl(tl

J:+



j d y s y v 4 1d dli4 u 4
a151{fi 1 EUnluvnu L:n LUIJ ttAv tn:0{14:J',l Ufi Lout0?1 Lt Lufl 1:Plq tA0 fl

Target gene Chromosome Distance

Pi27ft)

Pi3sft)

Pidl

Pib

pi21

Pigm (t)

2

2

4

6

6

6

6

9

11

t1

t7

1,1,

tt
11

11

tt
t2
L2

7t.9

9.7

3.5

3.5

1,4.5

0

0

2

0

0

0

4

t6

0

0

0.7

0

0

0.9

0

0

RM151

RM259

RM1216

RM1003

RM262

RM208, Pibdom

P702D03#79

c26348

Pigm (t)-C5483

Pigm (0-529742

Pi-d2

pB8Pi9

NBS2-Pi9-195-1

Pid3-d CAPS-1, Pid3-d CAPS-2

76874f,40N23r

RM2O6

RM21

k8823, K8824

RM224,RMt233

Pi54 SSR

Pi54 MAS

RM7233

RM224

SSR140

Pi-ta 440, Pi-ta t042, Pi-ta 403

RM1337

RM5364

39M6

0Pi-d2

Pi9

Pid3

Pi5

Pi38

Pik

Pik-s

Pi54 ei-t)

Pi1ft)

Pi2(t)

Pi-to

Pi20ft)

Pi3eft) 0

: n'nutjalurorn Koide et at., 2009

Marker

@



i u .v ver1:1{fi z vlTuririrrd'luvrul:ntufiorn tRRl
I

Y{UE1 1?I uualuvtlu a1{a{

Ram et aL,2007

tufi"n61 uavnruv, 2550

Berruyer et ol., 2003

Ram et aL,2007

Ram et a1.,2007; Berruyer ef
o1.,2003

Ram et al, 2007; Hittatmani et

a1.., 2000

Fujita et aL,2009;

Sridhar et a[., 1999

Ram et a1.,2007

Ram et a1.,2007

Kim et at., 2010

Berruyer et al.., 2003

Ram et at. 2005; Hittatmani et

at., 2000

r4!1utilq * Co39 ufluvriuririr':fiuansa'nuruvejouuosiol:nlrari odrll:finu fin',::',u.:.r'j', co3g fi6u
d'ruvrrul:nlrarj Pio (TeLebanco-Yanoria et a1.., 2010)

vyyoirunrruflr:ufrurrrirurvrnTuTa66?n1fltuflogiu aiv.rahi'finr:Inauu'ufirfiurrio.rri'unr:
d'ruvrrul:ntrafirirrSou#rsiruru t8 du 16u:n Pib, Pi-to, Pi54 (pi-kh), pig, pi2, pizt, pi-d2, pi36,

Pii7, Pi-km, Pi-d3, PiS, pi21, Pit, Pigm(t), Pbl, Pi25 *av Pio (nt:rlfi 3) Trru6ufi'ruvrrul:ntrari
siruru ro dufifihJ:fiufrruvrruoglun{1fi 1 6o Nucl.eotide binding site -Leucine-rich repeats
(NBS-LRR) t6'rrri 6u6'ruvnul:n'lrari Pib rfludu6'ruyrrul:nlrarim"ru:nfi16'iunr:Tnaudu (wang et
al., 1,999) du6'ruvrruT:ntrari Pr-to 6.rrirrfifi6u6'ruvrru pi-to fi'url:n6'1uvrruqior,fi'o:rI:ntrari

8

9

10

LT

t2
I3

cT9933

C1O1 LAC

ClO1TTP

C1O4 LAC

CTO4 PKT

c105 TrP 4-r-23

C1O1 PKT

tR64

co39*
ClO2PKT

AZUCENA

ClO3TTP

c101A51

No information

Pi1ft)

Pi4o

Pi1ft)

Pi3,

Pi4b, Pi-to

Pi4o, Pi-to,

Pi-to, Pib, Pi20

Pio,

Pi4o,

Piz, Piz-t, Pik-m,

Pik-p, Pit

Pi1ft)

Pi2, Piz-S

@



a 1 i1 {fi g 6 u fi r uvr r ui: ntraridl6'iu n r :Irr a u 6 u uua vTr,J : 6 u 6'r uv r uT: n

UU In:Iulur TrJ:6u o1{o{l

Pib

Pi-to

Pi54 (Pi-kh)

Pi9

Pi2

Pin
Pi-d2

Pii6
Pi37

Pi-km

Pi-di

Pi5

pi21

Pit

Pigmft)

Pbl
Pi25

Pio

2

t2
tt
6

6

6

6

I
1

11

6

9

4

1

NBS-LRR

NBS-LRR

NBS-LRR

NBS-LRR

NBS-LRR

NBS-LRR

B-l.ectin

CC-NBS-LRR

NBS-LRR

NBS-LRR

NBS-LRR

CC-NBS-LRR

Protine-rich protein

NBS-LRR

NBS-LRR

CC_NBS_LRR

NBS-LRR

NBS-LRR

Wang et a1.,7999

Bryan et at., 2000

Sharma et at., 2005

Qu et at., 2006

Zhou et at., 2006

Zhou et at., 2006

Chen et aL., 2006

Liu et a[.,2007

Lin et a[., 2007

Ashikawa et aL. 2008

Shang et at., 2009

Lee et at., 2009

Fukuoka et a[., 2009

Hayashi and Yoshida,

2009

Deng et at., 2009

Hayashi et at., 2010

Chen et at., 2011

Okuyama et at., 2011

6

11

6

11

(Mognoporthe griseo) fifidu AVR-Pi-to Fr1:Jn?1il#ilt'uridu-qio-Eu (Gene for gene concept)

Tnu pr'-to 6'nrfluhJ:fiudufrruvnulundlfi t fiurJa:ri'atdrflu Putative cytopl.asmic receptor fifi

d':unarrrflu nuctetide-binding ,it" rta, leucine rich domain (LRD) fiu3rrru C-terminus fl15
,i,asr!auu;1ua{n:aoy}t ruLfiur6'rrdu:lu Pr-to uBr':ru t-RD ovlirlritfionr:4ry6un?1il6'luvllutlo{{1?

Tnuqvlirl#rfirnJfrfiBurd'lv[uririuTrJ:6uorn AVR - pi-to rf;utrJ (Bryan et a[., 2000) ?tu Pi-kh

air{rJ:6u6'1uyt1urfrg NBS-LRR (Sharma et a[., 2005) riolrrrjdau{iorflu6u P64 (Sharma et

at.,2010) dufrruurul:nlyri Pi2, Pig *av Pin rfludufrruvrul:nlrarififidnuruvnfrrufi'ulrn utav

@



fisirLtuiltaduu1n:Iulsu{d o uiur6urfi'urYudu Pigm(t) Qirfrh.J:fiu6'ruurul:nr{JuLru! NBS-LRR

urafioun1u (Qu et al.,2006; Zhou et al.,2006; Deng et a1.., 2009) riolrfinr:Inaudufr'ruuruT:n
tl v o' A d I --- - -lvrirfruu6ndn 6o Pi37, Pi-km, Pid3 uav Pit fi.:fihj:6u"uordu6'ruuruT:nufluuuu NBS-LRR

(Lin et a1.,2007; Ashikawa et al'. 2008; Hayashi and Yoshida,2009; Shang et at., 2009)

drudud'ruvruT:ntrafi pr:a, Pis *av Pb1 fiTr.J:6u"uoq6u6'ruvrrul:n1yfi r{Juuuu cC-

NBS-LRR fito-rroqlun{.rto.rdu6'ruvrutfio NBS-LRR (Liu et a1.,2007; Lee et al.,2OO9; Hayashi

et a[., 2ot} eirqrrfinr:Inaudu6'ruuruT:nlvririrr6orfiurfir6n z 6u 6o du Pio uav Pr25 filOu

6'.:nrirrairrTl:fiu6'ruvrrul:ntfirr NBS-LRR (Chen et at., 2011; Okuyama et a[., 2011)

uonornlil:6u6'ruvrrul:nrfin NBS-LRR rud'r ri.rnu'irdufr'ruvrrul:nlrafifrhJ:6u6'ruvrru

T:nrruu6udn rdu 6u pidz fitfludu6'ruvrrul:nturiuuunir.: fisl"ru,rari.ro{uuln:IuTru{d o fi
In:rafrrto.:hJ:6ufiumnrirtorndu6'ruvrru6'r6u1 6o firi:uroulrnrauruTuafiarur:no'urYu
uanfiuldo{flluuonttaei {a Uutn-type mannose specific binding lectin, B-lectin) uav"Ludru$

nruluttarifiIn:{a;1{ serine-threonine kinase domain drTrj:6uorndurlruyru pi-dz {tqvit
o | ,i ai v a . -. - - - , d v s \ t ' e u

siruuuroqjfrrEorllrtaei (Chen et al.., 2ooil 6u6'ruvrrul:nlrafifinrirurfi'turrrfifid'nuruvrfludugt
r A o u i s r I tv dd y < r vd d A Auvu s d

LOUUAviln?1ilQ1[v!1unUtt0A1LvE[:nLUil LtnU{ilUUFt1UytlU[:nLyil0nUUUUr ytLq5Unr:LnaUtru
du 1,1v 11v I q y -- - 1C,d-h,< o sxLravilanufuur,uuuu9l0u n0 uuelluvnu[5nLuu pi21 t{rl]uuuyrLililn?1il01ril1ufIu[1r0 a1il1:n

9 t ! s t yv u rs d { r d dd'ruvnuqiot6oaruraEl:nlrarTlri'raaruarunuii lrrudurr-rndrrfirfiursiruuilrrdu: (singl.e copy gene)
do I r s s.fisirurariloduuln:Illtl{fi + air':}J:6u6'ruvrrul:ntfirr Protine-rich protein (Fukuoka et a[.,

2009)
leslu,tdtrS.ti,yoXuunluvllu [:n Luiltila1uauLiluU5u [utu0u1{g{Fl0n1:n?!nilnr:ttrytraruto{Liloa1tyn

1:ntvri uavaon?1iltf,uuruto.:ruaarFndrr6'urfluruarrorfln'rr:uulerto.rI:ntrari nr:l{fiurf!
6rumrufuttluiEn:uquI:nlrafifrfirJ:vfivrBnrnfiaq Inua0n?lilrauu'ru01nn1:: vurouofl:nt6'

C, I d t qvd
tuuoul{o urrnl:LttiuellumruT:nlrafiuurunrfidrurrvfi'lrfl'orfia.rhifiarun'uii ovd.rrualrir{'uridrrli

1 e r s yE a r,j<, 4 & 4 tu u dau ovAzutaun?1ilFt'luv1url0 [:n La [u:vuvt?a1tf,u{ Luntl ruo.l0lnrBorJnl:iliusr:ruayITiruurnr:lrigu

a1u1:0t{lliraru{rr16'(trrpru:tri, 2553; Sreewongchai et aL, 2010) 6'lusunr:r,Jiur.Jllvr-uiidrr

trid'ruvnuT:ntrafiTnul{duplruyrruuuun{x raio nr:rJiurJ:,rfi'urjrjrrtri6'ruvrruT:ntrari lounr:9t

:':16u6'ruvrrul:ntrariraarul du (gene pyramiding) 6.:r{Juuurynltunr:rJiurJl.rr(uri{rr tri!i
v t X s q sy , "! aFl1uy1un0 ttoa''l t14n [:n tun [0ro urtul uuI

@



du fl t u n ruTs nlu eilutlt e th ua c fi t e fru fi a't
d u ' rurul:ntrafiri':ulr,rnirulurimvlsurfiot uavdrtjr rtiu Au pit(0 qruun?unilanufuunlu o

rirrarufi'urf LAC23, pi2(t) qnilnarurnTuri 5t73, pi-3(t) *av pi-4o(t) orndrraruniud Pai-kan-tao

uavdu pi-4bft) orntmaraniuii retep uflud'u fiuri{rruari.dufludmfiurfiorflt6'Yunr:rfiu:u::n
t{fianrriuio'arir:ururtr6 (tnRt) (Mackil.l. and Bonman, t9g2) riorrfinr:1{rj:vlut{ornEu
v < u vA q v i I ! 4 | v A o tu t a cv o ev
nruuruL:n Lutrfruu Lunmilruavtrr:fluulrorourrnirlcl:rl moUu tJ5!U:{v'tuot't't Lualuvtlu
stvtavu(v-
L:ntr,tu uriu nr:yrruurtrrarunuqnaru Co39 (near-isogenic fines) fifidnu*ru1lrr'.lrT:ntvri
ornduplruyrrul:nlyri pilft), p )ttl, pi-3@, pi-4"(t) uavdu pi-4bft) Ioufirir':arul'uti mczl,
5t73, Pai-kan-tao uav Tetep rfluarufi'u{Lfi6ufrruvrruT:ntrari ntrdtpr-u uavfi{rraravliuii

co39 firejouuoriol:ntrafiufluarufl'uifiu lirnr:ruarnd'uoufiuJ:vt1n: BC6F3 orluidrra',un-ri
ndru co39 fifiduriruvrrul:ntrafit6'uri crorLn c @i1ft)),c1o1As1 @i2(t)),c104PKT @i-3O;,

C101PKT (Pi-4'O) ras C105TTP (Pi-4b@) (Mackitl and Bonman,7992) siorrdr':arurTuiindru

Co39 uraririlnnriurtd'lunr:iliurj:ltfi'uri{m1rfrfr'ruvruT:ntrafiodrrrunir,raru uiu Hittamani etsil

al.. (2000) rflud'u (nr:rrfi q)

{r:r[uif oi g u n ouJ: v ru a 6u rfl u uraei wYuo n ::utr or d u 6'ruvr ruT: ntrariuuu n{r t dr ur u 3

dulfrrrd pi-d1l, pi-d2, *av pi-d3tdiunr:rJiurJ;.:r[uiirrorn{rrfiurfiordu6nrarurl'urj

Gunong ta uavt{rfluurarirr(uqn::rlunr:iliurlqut'uri'ilrA#u{lrrlrTrnlraffLurJ:vtmadu (chen

et at., 2OO4a; Chen et at., 2009) uiu nr:r.JirtJtc^Turidmvl'urj c+oa t#fr'ruvrrul:nlvf Tprunr:ttl

::rdu6'rumruT:ntrafisiru:u 3 0u 16'ruri ?tu Pi-d@l, Pib, *av Pi-to2lrrufi{mr{'u{ Digu, BL-1,

LLau pi-4 ti)uttudrvYusn::rrordu6'ruyrrul:ntrari nrlrir6'u Inul{unBorrarraduduroriru'Lunr:

6'rrr6on (Chen et at., zOO+Ul

{r':vr-u{ Tetep rflurir:fiurfioruorrJ:vrflorirJfluru finruarur:nlunr:fr'rumrusiou{o
< v -'' v ^ I u 4 'tmrul:nluilpi-to "Ludrrfl'uiialtua[:nLuuourln':r{fl?1{ uauLuuuua{flu5n::il1j0{uurlluvl1u[:nLuil P/-ro i

t, ! a v c- u c,rlfurlll Katy, Madison, Kaybonnet, tLau Drew uonotnfi {mnut}Jo{vlu5 letep tiltiiuu,raril
u 4 '- rruT:ntvfr pisq uavnndrlrlt"lunr:rjiurjr':rYuridrr Basmatilrid'ruvrrul:n11U6n::il1J0{UUFllUYl s i i

tyri Iouldrnlolulruo'u5uro nuzoo ti:utunr:n'rru6onlunr:rJiurJ:ci'uiirir':rruunalna-u uavld
. .)i-4 --- - '^a' v^^ ^^^^r1:ntv:i6u1t6'uri Pil(t), Pi-to Pi-25, Pib, I:rn1:r.ru?flurr',rr',r1r.tr*riu iU ,ri ,,r(r), Pi to Pi 25, Pib, Pis"uu* ),rrdr1r-flurj:strn:t'rfr

BC4F1 eiolil (Sing et a1.., 2011)

@



d - qu J d d t a ,u , u iv d vter1:1{tfi 4 nr: [{rn5o{uil1ufir5urotirulunr:iliurJ:lrYudrirr'[ri6'ruvrruT:ntraritl

Gene Donor Ch. Markers Crosses References

Pi1(0 C101LAC 11 Npb181, R2536

Piz-5 C101A51 6 R264, RZ6r2,
C101LAC / C101A51// Hittatmari et aL,

RG456, RG64-SAP
c101LAC / C101PKr 2000Pi-to C101Pfi 12 RG869, R2397,

RG241

Pi54 Tetep 11 RM206 TeteP ,/Basmati Sing et at., 2011

P|d(01 Digu,

Pib BL-1,

Pi-to2 Pi-4

2

2

t2

Digt-t/ G46B// BL-L/

G46B/// Pi-4/ c46B Chen et at., 2004b

Pish lRBLsh-SlCOl 1 RM74t9, RM7268, lRBLsh-SlCOl / tRBLb-
Koide et aL., 2010

RM6648, RM5811 WCOI

Pib IRBLb-W[COI 2 RM208, Pibdom

QTLs IR64 2 RM208

t2 RM179
lR64 / )ao Hom Nin

Sreewongchai et at.,

2010QTLs Jao Hom Nin 1 RM212,RM3L9

71 RM144, RM139

QTLs Jao Hom Nin 1 RM319,RM2I2 Wongsaprom et at.,

2010
RD6/Jao Hom Nin11 RM224, RM114

QTLs RD6 / P0489 2 RM48, RM207

t2 RM313, RM277 RD6 / P0489 // Suwannual et aL,

QTLs RD6,/ Jao Hom 1 RM319, RM212 RD6/ Jao Hom Nin 2009

Nin 11 RM224, RM114
-i s a -avltJ't: onu,ua{Q1n fi :a?a9l tLayaily, 2553

u ! I y y n c o o:uonolndl?frutIolu,d'r {rrr-lrfiqnrjrurtt"tunr:rJiurJ1.:fiuri{rttfrd'ruvrruT:ntraridru
rdufiu Ram et al., 2oo5 16'drnr:r,Jiur,J:rfi'uijrirrlrifrruvrrul:ntu:iruuun{rlrirui6nr:rJYurj:lr ----i-

vt-u{rtuulrn:!1u I0u,.Jffil:vu'j1wilryi'urir,Jan B 32-sel.-4 ffLrfrzuar.rfina.ru,qihioiruvrrul:ntyrii d 1 ! fu---''---" --

ffurirrr-lrarun'uri o. rurtpogon ro{il:vLmfidurdu udrrird'u r, flld'lrrualfi'urirtvriuii 829-6 6rI J t r .^ r __-
dtvc!'ov<rrtlu{r:vrutFl ornrlufirnr:d'prtdonsiolrrut{i6nr:rJfur-lq.:vliuquruuf,ur.l:vffi (pedigree

setection) oufilil:srrn:d'rfi 5 (Fs) rauuoaounrru6'ruyruT:ntra:j ou16'{rrarErvrTurjrjiurJ:l a

90- 1 5 ( I ET 1 5 420) fftrizu a zuf, n a{ ua yelluyt'tuT:ntrari
U

@



AGI AU?ofl1:20u

c q ty
1. n1:tnu:2u:?ilv{uqt1?

1. :ru:url'uiSdr:duufiolornulallanto{Lflurl:n:"Luo-lrairroua:rtorfi ornu,radlile n'--- - u I !

drr"Lunrnrufio nudid'urjr:oua:rtorfi rarjruduraruav"L{rJ:vTutiornEurjrr utavournr:rdofi'uii! -- - i r

fit il:vnou6'ru niuridr':durfio.rornnrnuufio, nrnnviuoontdurtuflo u6onrn6aru t{r':;flurht

rua v {rr ur a:u) ruav nr n'[6' dmrJr ua v{r:fiuiirjiur]:r 6'ruu ruI:nlrariIt
- d u 4Y id< Y S I o a u 69 idd2. rfru:rl:uaruvrnririr:fifi6up{ruvrrul:n Pig Tourirrfrunr:toarufiuririmfifiEu

sirurruT:nhufr pig o1n n:. Guo-liang wang :rfiriilErra'uuvi.:YgTolaTo tfiolirnr:rfiurJilrru{rr
fifi6u6'ruvrrul:n16'o:r'Lulrari (pip) ru. rioururuvflao{ro{nrnitT fiuE arcni nruviilurfiranii

rurivr urfiu rnuqr :nr ani

udC
2. n1:dnoorouro

nr:arindrSuroorndrr Toruil:vqnoiorn CTAB extraction procedure tol Doyle and
I

Doyl.e ( 1 990) 6.:fi :ruav rduo6'.rd

rir fr:o d rrtr{rrarr o r u 4-5 a'rj nrri siruru t -z n Yu rrr nl#a v 16 u otuTnirle ul{
luTn:rouruar ornriurird':ur.ntrfiuoacr6uotdtuuaoomnao{ tu'rer 2 ml. t6u warm 2o/o CTAB

extraction buffer l2o/o(WN) CIAB, 1.4 M NaCt,20 mM EDTA (pH 8.0), 100 mM Tris- HCI

(pH 8.0) *av 2 o/o B - mercaptoethanol] rJ3lrn: 700 pt r.rau'LfrrcirrYuodr.:6 ornrfurjurr-ju

iiqrura4fi 65oc ufluurar 1 {rTlr dryaoovrnaorurrrslfrr6ufiqrura4fivi'os ufiu Chloroform :

isoamyl alcohol Q4 : t) 840 pl. ,iailtu'rcl t#r,rirrYu ruftrjltrlflu,#oofiurlrt5::ol 72,ooo

rpm fiqrura4fi +'c uru 30 urfi ornriutrJuJmrol?{lravarueirulal6iuaonvrraol'Lurj t6l
isopropanot r6u6'rr lSlrqr: 1 volume to{d1:aua'.ruiitrL,tlrt6' ,.Ja:rLU'rclhfrrdrfi'u rjrhJutir6u

dqrura4fi 4'c rJ:vrrru 30 urfi ru#rrjrtr-tfluuulurfinrrutir:ou 12,000 rpm dqrura4fi 4"c

uru 20 urfi udrrilar:acaruai:ulafir fr'rrnvnou6uSuuodru 700lo ethanol r6u{rr z u{o ,',n
d d ov v 1C

rtunou errouLoLyrrl4{ auatuflsnouprrauro6'ru TE buffer uuav riro-rroritSuuod'ru Rnase A (10

mg / m[) il1fi az oC u1u 1 tt":hr r,td'.:ornrfur6l phenol.: chtoroform: isoamyl al.cohol

Q5:24 :1 ; pH 8.0) rJiurn: 1 volume ruaruavdrtrJflurraiulfin:trt5r 10,000 rpm uru 15

urfi trJurJn supernatant"L;ir,taosr'Luiluudrrfil Chtoroform : lsoamyl atcohol Q4 : D 1 votume

@



ox, j i d ;rjrhJuaiurfinruuir 10,000 rpm fioruranfifro.: ulu ts urfi tr,JuJneirulaldraaorrlrari rfiu gnlt

Sodium acetate rJilrn: 1/10 volume zuffrJr1J16l urdrrjrh.lflurraiurfi 12,000 rpm fiqrura4fi +

'C u1u 30 urfi u6:tuar:dru1afirurud.: f,rtnvnoud': u 75 o/o ethanol z n{r nrnqrvnou"L#

urfii avarunvnou6uSuuorirtr TE buffer tJilrru os pt ufiul{dqrura4fr -20 "C

n 1 1 n t 2a6r auGu t u ua q un m 6 6u n
n:roaouiliu'rruuaunilnrn6rdutoodrrnir:1 lorui6 Agarose gel etectrophoresis 1ou

1{ agarose nruuirriu 1olo tuar:avaru TBE buffer 1{nrrusir{6'ndtvhlrd 100 ind uru
il:vurru 45 urfr n:ronunudrduro nrutd'uraroansThTotan tfiotj:u:J1run?1:Jtdilciuravnrunrilgit

ddrddudd
fl 0{9 t0ut00u1{n:1? 5l tu:uu tv uu nu ttfl ua touto]t'tFr:5'tu

g. f, u6u1fl :uoitarEufi neunudnr*rucnr:druvrruT:n rda:rtutr,rri
A v v A 1c d f,dunuuavmr?0dout0{ator primer sequences fl0{tn50{14il1uritdutot0{uulin?unil

a'nuruvfr'ruurul:ntrari uriunr:t{ gene specific markers uav microsatel.l.ite markers uyr:rvfi
ovqi--i<1vv

n?1ilQ1 LV!',rU LAlu{{nUUUiln?!nilanUfUuyrfl nUl 01 nnlSAUnUUau:?U5?1r1J0ilAt 0{ primer

sequences fin':unr#nuruvnr:6'rumrul:ntrafflu{r: atrr:nf,udurnBoruurEJduduuouordult

fi'ruvrrul:rrtrafi 16',1'ruru to 6u ru.irrflurniorrauru6tSutofin:rsl'rrrrari.:du (gene specific

markers) iiruru o 6u16'uri Pig, Pi54, Pi-d2, Pi-d3, Pi-to *av Pib uasrntolrauruHrdurofrtnd'firr
u d v < \ 96 4 \ I I d u drYu0u6'ruvrrul:nlrafdruru 4 Eu ld'uri 6u ngm@ , Pil(t), Pi2 L,nv PB6 d$aar'Lunr:rrfi 5

4. nr:n:aodau6un?unudnurusdruyruT:n1rafi1uriT rdurfio.: Ioatdrndo.:iluru66usa

4.1 nlinteodauutfruiltuuru[snlufi Pi-d2

rirdrdurotor6":odr.r{rrdur,fiorurn:':oaorurdudruuruT: rluil pi-az drurvrnfinfi6ori
s oe i a c A u d v
LnuLrrnso.it4illuorourovrLovnvfluuumruvrul:nluil pi-az Pi-d2Con2F/Con2R) (Chen et at.,

2}o6)Irru pCn reaction rJ:vnolpiru 6r5uro zO urlunil, 1X PCR buffer (Dream Toq buffer),

MgCt2 1.25 fiaallari, dNTPs o.t fiafiTlari, primer 0.25 tuTn:Tlari *av Toq DNA

polymerase t qfin rJiur,Jilrm:6'ru dHro 1il6 zo tlTn:f;n: tdqrurn4filunr:litJfrfi3urfidori
d'.rd oruranfi 94 o{filrraudua uruig

ttatfiua u1u 40 iurfi anneal.ing

s urfi mril6'ru 30 :ou flo.r denature fioruranfi 94 a{fi1t!

fioruranfi 58 o{flltflarfiuauru a0 iurfi ttas extension fi



oruunfi 72 o{fi1Lflardua uru t urfi uav Final extension fioruranfi 72 o{flrt{aufiua uru t0qurg

ulvl
ra#l or nrYurir PCR orod uct :rrfrnfi': u r5ulqf d'nd1 rfl x M lul,d or ur',tr un nsirl:vu'irl!

orodrrrirrfifiuuoadad'ruurutor6u Pi-d2 *avfruridrrdtrifiruoadakid'rurordu pr'-az Toufi'u{

ilttfrfilu pi-az riuovfi;ird'uf,rndlotvrrifin:.:rYu recognition site tol Mlul lirlviqlnd'orriru

roulrrio'lneirild drhit6'turrrdr6uLo 400 uav 700 bp lirnr:uunturosr'u6uto AruaS 2o/o

a garose geI etectrophorasis lirnr:mnaoo#lorou{,

4.2 n1ffi izoaouutduiltuntuTsalufi pi g

nlffifiqaat6u Pio Tnil"lfflwiluai pB8

o:?aaouul6ufrruvrrul:nlra:j plp ludr:fiurfiorlvru6'rurvrnfinfi6ori Trru'L{rnio{14tr1u
ddi-<drdurofrravrrvriuEudruyl:ru Pig (pBS) F-S'CCCMTCTCCMTGACCCATAAC -3' uuav R-5'

CCGGACIMGTA CTGGCTfCGATA-3'(Liu et al., 2OO2) Toru pCn reaction fioldrJ:cnol d'td

drduro zO urTunil, 1X PCR buffer (Dream Toq buffer), MgCl.2 t.z5 fiafiT:rari, cirups 0.t

fiafiTlari, primer o.zs tlln:Iuari uav roq DNA potymerase t qfin rJiur.lSlrn:6':u dHro

ouldrJirrn: zo tuln:fim: t{qrura4filunr:rirrJfrfi3urfifiorioid qrura4fi 94 ornrttaufiua uru 5

urfi nrldru aO :ou ro{ Denature fieruyAfi 94 o{filtflatdua uru +S iurfi anneating fi

qruvr4fr 55 o{fi1rflarfiuauru a5 iurfi uu, "o"nr'on dqruraafi 72 o{ptltflaudua uru t urfi
uav Final extension fiqruvAfi 72 o{fllrtatdua uru , ,.4 ,#oolnrfrrjr PCR product lrlir
n1i uu nrulrrd r6uuo aruiS t.ioro u g. rose geI electrophorasis lir nr:rruro#'.lauou{o

ntffi fi qaaufr u p i g ln a"lfflws N ai N gs z- p i g- t g 5- t

n1:n:?nao udu pig ludrrdurfio.:tuuriruln:uroi NBS2-Pig-1g5-l Trru PCR reaction

rJiurn: zO luln:f,n: il:vnoudru Erduro 20 urTunYl, 1X PCR buffer (Dream loq buffer),

MgCt2 t.s fiaf,Ilari, dNTPs 0.2 fiaf,Ilari, primer o.z tlTn:Ilari uav Ioq DNA polymerase

t qfin lrrufi pcn profile fr.:d pre-denaturation qrura4fi 95 arflruqatdua uru a urfi 1 :ou
qma4fi denature 94 ornrrtaudua uru 3O iurfi qrura4fi anneating 57 o161Lflatdua uru 30
Ad1urfr uavoruunl extension 72 o{fi1tfla,fiua ,., Z u'.lfi siruru 35 :ou uavqrura4fr long

extension ,, aou1r*utdua uru 5 urfi 1 :ou rjr PCR product tJ'rFr:2caour.raTrrurjruruun

@



flulqlu 17o agarose gel el.ectrophoresis tu tx TBE buffer 'L{nrrlsixo"nritvlflr go hari rflu
"r< I u a ovL?alulu t t'rTl.r rud'rriufinnrflnlu'16'ua{ UV 10ufi'ud{rrfifiuoada plruyrurordud'ruvrruT:n

lufi pig avrJ:rnnurnudrSuroruro 2,000 bp

4. 3 n1ffi fl oataunlilufrluutuhalntT pi so

n:?raouuldu6'ruurulznluil piso Touldr,nBo.:ulrudr6uro R36STS fisirrflrvffudu
d'ruvrruT:nhufi piso firfiorrirJ:vnouflo{ pcR eriil6o 6r,5uro 20 ur1uniu, tX pcR buffer
(Dream Toq buffer), trngct, t.25 fia6Tlari, dNTPs o.t fiaf;Tlari, m6StS primer o.zs hrTn:

Inari *av Toq DNA polymerase 1 gfin rJiur.Jiurm:6'ru dH2o ou16'ilirrn: zo luln:fim: 1{
U

qrura4filunr:lirilfrfiiurfifiori pr-rfi Pre-denaturation qruu4fi 94 o{ptlrflar6ua uru 5 urfi ntr
dru ao iou 1ro{ Denature fiqrura4fi 94 o{fi1rsau6ua uru 4s iurfi anneating fi qrura4fi o+

orarttarduauru 45 iurfi uav extension fioruranfi 72 o{filrrardua uru t urfi uav Final

extension fioruranfi 72 o{Fllrflardua uru to urfit!

rad'rornrYurjl PCR product lrfrrr6':urduttrio'rrsirril n Hinftrfioonruunnsirr:vu'jrl
6':odrt{rrfifiuroaf,aror fru piso fi6'rumruriol:ntrariuavrflurf{rrfitilfiuoadaror du pi36 iltlI

frrumrul:nlrafifi drnr:ruunturodrSur,o 6'ruid 2o/o agarose gel electrophorasis lirnr:iloao{
!&4'dvtld0{n:{tyr0uuuur{a

4. 4 n 1ffi fl o a aunt €iu frrun tubalu eI pi-ta

n:roaoudu Pr-to iudmfiurfiortvruTqutfftfl:riloifidlrnrvriudu6'ruyrruT:ntrn fr pi-ta

lou PCR reaction tJ:vnou6'ru fiuduuo zO urTuniu, 1X PCR buffer (Dream Toq buffer), 0.2

fiafiTnari MgC[2, dNTPs o.t fiafiTlari, Pi-to primer 0.2 tuTn:Tlari *aa Toq DNA

polymerase t ufim Trrafi pCn profile q-td Pre-denaturation qrura4fi 95 o{filrflaudua uru 3
urfi t :ou qrura4fi denature 94 o{fllrtaudua uru 30 iurfi oruunfi annealing Pi-to 57 a$l
rtardela uru ro ?urfi uavoruu4fi extensi on T2ornrrtarfiud u1u t.ao urfi siruru 35 :ou
uravqffia4fi long extensionT2 otfllttatduff u1u 5 urfi 1:ou rir pCR product tJlFr:?oaou

eralourjuruunturqlu 1olo agarose gel etectrophoresis 'Lu tX TBE buffer 'L{n:rusirr

fr'ndty{flr 9o had rflurraruru 80 urfi riufinnrnTnut{un6o':rirunrfl Gel. document (Gel.

Documentation System, Weattec Dol.pin) lir nr:uoa ooauot'. rfi o6uflurua



n 1 :1 {fi 5 ua rxtn : rl o iffLd"lu n r : fi n ur u r d ufi n : u n u dn uru v n': u 6'r uv r uT: nlrari

Gene Ch. Marker Primer sequence ( 5' >>>>> 3') References.

1. Pigm (0 6 Pigm (t)-C5483 F-TTAGGCTGCTTGTCTTGGG Deng et aL,

R_GGGAGGAGGMTGGTAGGM 2006

Pigm(0-529742 F-CAGTGAMCGMCGCTATG

R-AATAGGAAGGGTTGATGTTG

2. Pi54 1.1. Pi54 SSR F- GGAGAGCCMTCTGATMGCA Sharma et a[.,

eit) R-cMCAAGAGAGGCAMTTCTCA 2oos

11 Pi54 indel. F- CMTCTCCAMGTffiCAGG Ramkumar et

R_ GCTTCAATCACTGCTAGACC al.. 2011

3. Pil(t) 1.1. RM1233 F-GTGTAMTCATGGGCACGTG Fuentes et

R_ATTGGCTCCTGMGMGG at.,2008

4. Pi2(t) 11 SSR140 F-MGGTGTGAMCMGCTAGCM Jiang and

R_TTCTAGGGGAGGGGTGTAGM Wang, 2002

5. Pi36(0 8 R36STS F- CAGAGACCACAGAGCATTTCC Liu et at.,

R_GCTCCMTGAMCMCAGGGC 2005

6. Pi-d2 6 Pi-d2 F-TTGGCTATCATAGGCGTCC Chen et at.,

R-ATTTGMGGCGTTTGCGTAGA 2006

7. Pig 6 pB8Pi9 F-CCCMTCTCCMTGACCCATMC Liu et at.,

R- CCGGACIMGTACTGGCNCGATA 2OO2

6 NBS2-Pi9-195-l F-ATACAGACCAGAGAMGAAM Qu et at.,

R-ATGGTCCTTTATCTTTATTG 2006

8. Pid3 6 Pidj-d CAPS-I F- TACIACTCATGGMGCIAGTTCTC Shang et at.,

R- GCAGCACTTCTTGACTACTGTCTGT 2OO9

Pid3-d CAPS-2 F- TACTACTCATGGMGCTAGTTCTC

R- AGCACTTCTTGACTACTGTCTGCCT

9. Pi-to 1,2 Pi-to F-AGCAGGTTATMGCTAGGCC Jia et al.. 2002

R- CIACCMCMGTTCATCAM

10. Pib 2 Pibdom F-GMCMTGCCCMACTTGAGA Fjettstrom et

R_GGGTCCACATGTCAGTGAGC at.,2004

@



4.s nnduntduflrunruknlufr pio

n:roaoudu pio lurirrduufiorlilulqu"Ld'lfl:uloifisr"rrvrrvfi'udufirumrul:nlrafi pio Irru
PCR reaction tJ:snoud2u drduro ZO urTuniu, 1X PCR buffer (Dream Toq buffer), MgCL2 0.2

fiadhari, dNTPs 0.t fiaf;Iuari, Pibdom primer o.z trTn:Tlari uav rog DNA potymerase 1

qfim lorufi ncn profil.e d'rd pre-denaturation qrura4fi 95 0{6rrrarfiua uru 3 urfi 1 :ou
qrura4fi denature 94 o{fl1r{at6ua uru 30 iurfi orura4fi annealing 62 orfirrsarfiua uru 30

iurfi rravqrura4fi extension 72 o{fi1tflatfiua uru t.ao urfi siruru 35 :ou uavoruunfi long

extension 72 o{filtflatfiua uru 5 urvr' 1 :ou rjr pCn product rlai?oaouzualrrudruruun

turntu 1olo dgarose gel electrophoresis lu tX TBE buffer "Ldnmlqirrn'ntftv,trilr gO hari r{Ju

t?a1u1u 80 urvr' riufinnrvrlrrul{rniorrirunrn Ge[ document (Gel. Documentation System,

Weattec Dolpin)

q.o nnduwtdufrtuntukalntl pi t (t)

n:roaoudu Pil@ 1uilt':fiuufio.rtuaTna16'tn:uuo i arrtrtzll Tou PCR reaction rjirrm:
zo lnln:fim: il:vnoudru 6r5uro 20-50 urTunil, 1X PCR buffer (Dream Toq buffer), MgCL,

0.2 fia61uari, dNTPs o.z fiaf,Iuari, RM1z33 primer 0.5 tlln:Tuari *au Toq DNA

potymerase t qfin lqufi pCn profil.e n-rfi Pre-denaturation orura4fi 94 ornrttatdua uru t
urfi t :ou qrura4fi denature 94 o{Fl'rtflatdua uru ao iurfi qrura4fi anneating 55 o{Ft1

rqarfiua uru eo iurfi rravqrura4fi extension 72 o{fllrflardeJa uru E0 iurfi druru 40 :ou
rravqcura4fi long extension 72 ororutatfiua u1u 10 urfi 1 :ou rjr pCR product trlFr:?oaou

araloudrurutunturo"Lu 3olo agarose gel etectrophoresis'Lu tx TBE buffer tdnrtrsirld'nritvh{t
go T?ari uflurraruru td'rTl.r 20 urfi r.iufinnrnnrutfi'uar UV lirnr:ururoar,#', ufioEuriur.ra

q.t nnduwfiuiltuntuknluti Pi-as

rr :r o a ou du p i -fi luilttdu rfi o.rlvr u lrr ul6rn6orvu r sr d rdu ro fi ron r v rYuE uiltuvnu P i - d 3

(pid3-dCAPS-1) (Shang et a|,., 2oog) fi1fi0.:ritJ:vnoutorfi6ori oid 6o firduuo 20 urTunir,

1X PCR buffer (Dream Ioq buffer), dNTPs o.t fiafihati, primer O.zs tlln:Tlari uav loq
DNA polymerase 1 qfin rJYurJiilrn:d'ru OHro ould'r.]ilrn: zo tlln:f,n: l{qrura4filunr:lir

@



rJfrfi3urfifiori d'rd Pre-denaturation dqcura4fi 94 o{filrflarfiua uru 5 urfi 1 :ou nrudru 30
i - -- d:0u 1J0{ Denature vrqruu4n 94 o{fllrflarlrua ulu

rtarfiuaulu 40 ?urfi tuav extension fioruunfi 72
i ^.extension froruvnfr 72 o.ifl1L{atdua uru 10 urfits

ydlornrfurjr PCR product lroo6'ruudutuin-q,fruv{w Xbol rfioqnrtruqrnsit:su'jrr
fi:oajrrrirrfifiuroaHafr'ruyluro{6u Pi-d3 *avfruririrrfifiuoaHatrj6'ruvrrurordu Pr-d: Tquvriudi
vAaderi1?lrl.ruoaaanluvnurlordurlruvrruT:ntrari pi-ds iu ovhinn6'n6'ruroulqil xbot drtri'16'unu
d c iq r a 4 -- r r e 6v ia d rt 19 d -- a v
FrLourovrlJru'rerrynreru 6o tza rirra ri':urfluii{r:fifiu,oafiahifiruvrruflo.i6u Pi-d3 osnflnnn?usiu

routtri xbotlil lir'L#tdturndr"Suuo 158 uau 20 rirua nrueird'u lirnr:uunrurrrdrSuro1nul{
3olo s gd rose ge I e lectro p horasis uua vlir n r:u rr a ordr o ej r lrio u a oln{{

nr:ln n oaaun'rduffi uvnuhn'lvti pi-d s Tn u"l&rnio wut a d 6u n pid s-dc,qps-z

n:roaoudu Pi-fi hu{nt-duufiortuuloa'l{un6orurru6rdutofiuarrvri'uE uilruvru Pi-d3

(Pid3-dCAPS-2) (Shang et at., zoocD drfiorr{rJ:vnoutorfifiori 6'rd 6o 6u6uro 20 ur1uniu,

1X PCR buffer (Dream Toq buffer), dNTPs 0.t finfiIlari, primer O.zS hrTn:Ilari uav Ioq
DNA potymerase 1 qfin rlYrrJ3:r1a:d?u aHro outfrrJirrrr: zo tlln:6n: ornriuldqrura4filu

nr:litJfrfiBurfifiori 6'rfi pre-denaturation fiorura4fi 94 ornrutaufiaa uru s urfi nrl6':u 30

:ou lJo{ Denature vr"qrura4fi 94 arnrutardua uru a0 iurfi anneating dqrura4fi 58 0{61

uqauduauru qo iurfi uav extension fiqrura4fi 72 o{fllrflardua ulu 1 urfi Ltau Final
i ^.extensron vrotuvflil 72 owrttatfiua uru 10 urfit!

vuoua{01nuuu1 dr
tv'l 0 n n 2 1il ttn n n 1 {:v14? 1.1

U
ua'rornfudl PCR product urrTrro'rurdu'Ltusirrsirrr:rv BomHl rfrogrnrruunnsirr:vvirr

U

v av id d u d y s t y - u ru ia d \ tyvruorr?vruuoaaamluvrrutordufrrumrul:nlrari Pi-di uavrYutirir:fifiuroaf,ahi6ruuru Torafilt
a,orrir,J:vnourorrJflfiSurn-rfi 1oX buffer t.5 llTn:f;m:, PCR product to llIn:fin: routrffr'n

drtnrv BomHl 0.5 tuTn:fin: ru6'rrJiurJilrn:6'ru dHro oukirJ3lrn:dori'lu 15 tlTn:f;n:
&"roornriudrlrr.Jl'luqrura4firior (zs o{n1rflar6ua) rflunar t 6u u#rrjrlrraqorJflfisurtorroutril,'

(inactivate) fi 65 ornrttatfiua tiJut:ar 20 urfi u,drdrrunfiurirudrduralu 2o/o agarose gel.

etectrophorasis Tqufiuritimfifiuoada6'ruilrutotdu6'rurrul:ntrari Pr-d3 ovtriqnsr-n6'rurouttf

BomHl lir'lrffkiunu6rSurofifirurrr 178 bp riruvriuif{r':fifiruoadahiolruyruovnnn-qdruroulrri19U

Bomlt lirtftfi6rdurotulo 153 bp nrueiro'u

frurir pc n p rod uct u r 6'rr d'r u rd uttilsr-rr sir tr r v

4o iurfi anneating dqrura4fi 58 ornr
ornrrtarfiua u1u 1 urfi tuau FinaL



4.8 nr:fl :aoaourar6ufrrumrul:n}ufr pi z(t)
n:roaoudu Pi2@ luilttdurfiortvrulqu"L{1fl:riloi ssnt+o Tnu PCR reaction r.Jilrn:

zO luIn:f;n: rJ:vnol6':eJ drduLo 20-50 urlunil, 1X PCR buffer (Dream Toq buffer), MgC[,

z.s fiaf;Tlari, dNTPs O.z nafrllati, primer O.s luln:luari uas Iog DNA potymerase t qfin

Toufi pcn profile n-rd pre-denaturation fiqcura4fi 95 ornrrsaufiua uru a urfi 1 :ou qrura4fi

denature 94 o{firutatfiua uru 30 iurfi U;rq; annealing 55 orarrrarfiua u1u ao iurfi
rravqrur,r4fi extension 72 o{Fl'rrtar,fiaa uru 30 iurfi siru?u 40 Tou uavqruunfi long

extension 72 o{filttatdua uru tO urfi 1 :ou
rjr pCR product tJlrl:?oAo!zualqudr:Jruunturolu 3olo dgdrose gel electrophoresis

tu tx rge buffer td'nrT:rsir.:d'ntftv.tf,r 80 hasi rflurraruru ao urfi riufinnrvrnrutfrLmr uv
Trruniuijrirrfifiuoa6a6'ruururorduriruvrrul: aLufr pizO ovil:rnnun!6r,surocJurnrvirriuunu
d c i , q e a 6v o q y ct d rrr'r5uuofirJ:rnflurimarurtuii6'ruvrru near isogenic line C1o1A51 rirrauntri'rflu uoada n airu

rft'uri'ilrrdhifiuoadafr'ruvruovil:rnnunudrSurorvirriu 1 15 bp uJiuuufiuurYururarrorunu

m:roaordu pisaluil:ndurfiortvrulnul{h:r,uoi RM206 Tqu pCn reaction rJBuTn: 20

llIn:f;n: rl:vnoud':u drduro oo urTuniu, 1x PCR buffer, dNTPs t fiaf,Ilari, primer 0.25

tuTn:Tnari *av i-Toq DNA potymerase t.s qfirr lrrufi pcn profil.e 6'rd pre-denaturation

qrura4fi 94 o{Flltflaudua uru s urfi 1 :ou qrura4fi denature 94 o{fi1Lflau6ua uru ao iurfi
qrura4fi annealing 56 a1fl1tflatfiua uru 30 iurfi r,ravqrura4fi extension 72 o{filrrardua uru
t urfi s;ru:u 30 :ou uavoruunfi tong extension 72 ornrrtardua ulu to urfi 1 :ou rj'r PCR

product illn:?aaourua1rrudrilruunturnlu 1,.5o/o agarose gel electrophoresis tu 1X TBE

buffer hin:rlsirrrt'nritv{flr t001':ar,1' fufinnrnnrul6'ura.: uv Tour'uririrrfifiuoada6'ruyrutor
dufrruurul:nlr,rfi Pi54 qvilztnnu,nuor'rduraturnil:vurru 300 bp rirr,tuntvirfluuoada R dru
v 4v dd d I ry , d C ,fiuq{trfrfruoafiahifrruvruovtJ:tnnunuordurorureil:vrrrru 400 bp rirrauo'Lriufluuoada S

(Sharma et aL 2005)

dd i o
6 rdu rofi rJ:r nfluar un'uriejou uo Co3 9 rirrauotvirfl u uro a6 a B

4.9 n1:er:?oaourar6udrumruT:n1uil pi sq ert )
n t ffi re a aa u v t d u ffi uw uk nln ti p i s q In a"l{rnia w u t a 6 rd u ro p i s q ss n R h,t z o o t

@



n:?oaoudu Pis4luilt'tduufiortuu6'rutvr:ruo i pisq-indet drfiorrir,t:cnoltor PCR

ri'rd 6o drduuo 20 urTunYu, 1X PCR buffer (Dream Toq buffer), dNTPs 0.1 fiafiTuati, primer

O.zs hTn:Tlari uray Ioq DNA polymerase 1 qfim riiuililrn:dru dHzo outfrrJilrn: zo

llTn:6m: Tnufi pcn profil.e d'rd pre-denaturation qrura4fi 94 a{filtflardua uru q urfi siruru

1 rou qrura4fi denature 94 o{Ftlrflardua uru 30 iurfi qrura4fi anneating 55 otortqatfiEla

uru 30 iurfi uavqruv4fi extension fi 72 ororrtarfiua u1u 1 urfi siruru 35 :ou uavqrura4fi

long extensionT2 olnrttatdaa u1u Z urfi 1 :ou rir PCR product l''lrt:?oao!ruaTourjrlr

uunruror'lu 1olo dgdrose gel etectrophoresis tu tX TBE buffer rrdrriufinnrvrnruld'ual UV

iourfi'urfrirafifiruoa6a6'rumrutordurtumruT:nlvfr pisc ov!:rnnunrduSutotruta 216 bp uuav

fiu{{rrfi fi uo a6 atrj 6'ruu ruo vil :r n n runu 6 rdu rotul o 359 bp

4. 10 n1:Fr:roaourar6uplrumruT: alufr eigm ft)

n:roaoudu Pigm(t) tu{mfiurfiortvufr'rurn5orurru c5483 drrflu CAPS marker Trru

PCR reaction ilEilrn: zo luln:6n: r.J:cnouriru firduro 60 urluniu, 1X PCR buffer, dNTPs 1

fiadluari, primer o.zs tiln:luari uav r-Iaq DNA potymerase 1.5 qfin Ioul{ PCR profile

rTld pre-denaturation oruunfi 94 o{F11rflar6ua uru 4 urfi 1 :ou oruunfi denature 94 olor
uqarfiua u1u 45 iurfi qrura4fi anneal.ing 56 ornrutatfiua u1u a5 iurfi uavqrura4fi

extension 72 o{ptlrflarfiua uru a5 iurfi siruru 35 :ou u,avqrura4fi long extension 72 a{fi1

rtardua uru 10 urfi t :ou ovtdduduSutoturrr 468 bp

rjr PCR product frtoiilrd'q6'rurouttrim'nd:tuv.:r:- EcoRludrm:eoaourualoruduluunfluln

\u 2o/o agarose gel etectrophoresis lu tX TBE buffer uavu-ufinnrnnrutfrrra.r UV Toufirim

l'uri lupponbare rflu negative control uavfi{rrvl-uri rp aoq uflu positive control vliuridrldfi
d e r r v Y d \ a o q q YX a C t a tY Aa 4 I 'uoada fi'ruyruocLnqnn'on:urduLsil lirtt,tLntududutoturo 468 bp a?unuqtl?vllJtLoaaaLil

U

plruururor 6u eigm(0 ovq n6'rr uaul qfi EcoRt

@



n:?oaouu16u6'ruurul:n1vri Pigm@ inul{ /ndel marker 529742 rirnr:rfilrJirrru
drSuuo1prul{ pcn reaction lSurn: zo tlln:frn: 6ril:cno!6":rJ el'rduro oo urTuniu, lx PCR

buffer, dNTPs t fiafiTlari, primer O.ZS llTn:hari uav r-Ioq DNA polymerase 1.5 qfim uav

t{qrura4fitunr:litJfrfiiurfifiori o'rd qma4fi 94 o{firLrarfiua uru 4 urfi siruru 1 :ou erlrr

dtu 35:ou flol Denature fioruranfi 94 o{Elrtaufiua uru as iurfi annealing fi qrura4fi so

olnrttatfiua ulu 45 iurfi uu, 
"ounrion 

fioruunfi 72 ororrsarfiua u1u 45 iurfi uav Final
f,-extenston yrotur4ntJ 72 o{nltflatdua uru f O urfi

rjr PCR product fitrilrn:roaouzuaTqudlilluuntul alu 2o/o agarose gel

electrophoresis lu 1X TBE buffer rrd':riufinnrvrnrul6'u,a.: Uv r'urf{mfifiuroadad'ruyrluro{

6u6'ruvr,uT:ntrari Pigmft)ovil:rnnunudrSurocrurnil:vrrru 555 bp n:rnUrrfi'uri rn aol fi
tflu positive controI eiruv[uri{r:fifiruoa6atrirlruuruovri:rnnunu6udurorurnd:uil1ru 461 bp

n :l ffu{rrn'ui5 N i p pon ba re fi tfl u negative control

5. n r :ra r a'r du fi r n fr lolvr rit o r 6 u dr uvr r uI: nlra ri ( o N n 5 e q u e n c i n g )

6uu'u,{anr:f,rdudu6'ruvrrul:nlraffLurirrfiuufiorTnunr:dusr-rodrrvl-ui5rirrfifiuoada

6'ruvruT:ntrafi uavu,oadahifiruvrrulrurrirnirfirnf,Tolvri {r"qr*.insl ,.06, Pi-d2, Pi-d3,

P i -t o, P i - g m (t ), *au p i S q Laufiilun a u ri r.: 1 O'rd

t. rjr pCR product ltirl#uiqud (purification)Tout{ QAquick PCR Purification

Kit (QIAGEN lnc, Vatencia, CA) udrei.:hJ6uura'rrr-ufirn6lolvrsi lnu uirivr Pacific Science

z. rirrir6'ufirndTotvrrifrt6'lrduuroordouqiorYuto.xirniufi:ndTotvrsi inal{
TrJ:urn:l CnPg

s. dr6ir6'uf,rnf,lolvrrifltd'lrujiuurfiula'rn-1fi:nf,lvrritordudEnul (BLAST) tu
gr u{o q a N C B I ( htt p ://www. n c b i. n I m. n i h. g ov) rfi o 6 u tiu q.r a n 1 :y q a o.:

+. ?tn:rvrituavuJiuutfiuudrn-ufi'rndiotvrri :vu'irruoa6adruuruu,avuoaf;atri
6'ruuru1rruldTil:rrn:u ctustaI W (http://www.ebi.ac.ut<,/Too[s/services/web ctustal.wZ
tootform.ebi? toot=cIustatw2)

@
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B. 1. n 1 re m t 1 cia 2 1sn4 a 1 n n a 1 un't wiud n rsa v a wh af,u fi a od fr Au fu un t uls nln ti,
Aduu.vu!<j<aunr:Trn:1v14n't1ilajly[udyrrrfiuon::]Jflo{rJ1?frurIo.:frilEupiruuruT:nlrari Inui{

lradLU:ttn:unoilfl?tn05 NYSYS-pc version 2.2 (NumericaI Taxonomy and Muttivariate Anatysis

System) (Rohl.f, 2oo4) Tnan"rurrurir#lrJ:vfivrdn?1ilrufiauy'r{yfuqn::ilfl0{ Dice (Dice's

simiLarity coefficient) orfr'u{olao-luturlto.:{mvlsuffio.r (ornnr:n:roaou6'?uLntormru6r6uuo

totdufr'ruvrrul:ntvri) ornr?urirdorarir#lr.J:vf,vrdnrurufiouyrrfiuon::iltr1o'en{t (Ctuster

anaLysis) dtui6 Unweighted pair group method based on arithmetic average (UPGMA) rfio

atrl Dendrogram uav?tn:rvfi Principte coordinate anal.ysis: PCO)

8. 2. n re mn arhlfi ffi u 1 n 1 ffi au auavua rihlfi fiAufl'tun tukalntisi a tdan at ma$t n

lnfr
itn:rvtiitn:a{uto.:6ufrruvrrul:nlrari (genotype) uava-nuruvnr:rfiqT:ntyritorrirr

!4.fiurfiol (phynotype) InuldTrJ:rtn:u STATGRAPHICS pl.us 3.0 lout{ singte regression uav

mul.tipte regression d'lalnr:

Y= C+bX

J .- 4 v a s q s v 3 4 sdo Y 6o frnuruvnr:tfiql:nl,ufflutrryruuro{ tnunluuorlfi Resistance (R)

= 3, Moderate resistance (MR) =2 *au Susceptible (S) =1
-4,.jL no nln{vt
.4u,daYb n0 dilu:ua?151j0{rffuFt:{

x 6o dudruyrrul:ntu:iTnuriruunlfi' R=3, H=2, uay s=1

9. :susr?a1firirnr:idu
ro'ounarnu 2551 fir rer'oufluuruu 2553I
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ClO3TTP

c101A51

82t

822

823

824

a <9 < q
Yru5911UYt',tUL5n lvil
a a9 < q

Yru59l1Uvt',tuL5n tvil
u au s i

Yru59l1uvt1UL:n tUil
u av s I I

?ru59l1uYt1uL5n LillJ

a
lJsurvrflv,lauuua

au:vrvr6Tlauuua

1J:vryrfiTla!!u6
a

uSuLylFlv'lauuu6

IRRI

IRRI

IRRI

IRRI

2. nr:arindrduua
A y \y, - u t < d 6t t y o a AC

ruroll'r?o'rrJLorJ:vurru q d'1Jor# ufiuhejou{r': duraffofitSuro (totat. genomic DNA)

Tquldh6 Crna o,traction procedure (Doyl.e and Doyle, 1990) n:roaoulStrrunru t{udutol
6rSuroTnui6 Agarose gel. etectrophoresis uJEuurfiuurTurJitrrunrutti:rriutrol6tduto

il1a:lilu (nrflfi q)

nt^rd + ovnrl:aroadrsnTvr:v'^loifrau,anrdlufindrdurotot6":odrrfiuii{rrfidrur6nur,,
1= loufiou 2 = elt)1fid 3= 0u0 4=tjorio 5= flornun: 6= rufiuaualilt?o 7= nvtuiultTl
8= rrafiolr,tol 9= osuolrau 10= tufioruoiltLo{ 11= 61u{1u 12 = ii6 udac t3 = #ruudl

t4= iJdTuriv{rl 15= drrnouuri 16= flouovro t7= iJ6 vrvlri 18= r,udolf,to 19= drtrtnl
20= rirrn-uu{ 21= thuu'tv 22= nafrqt 23= {oL{lv 24= tuitatna'1r,101.,(TRr 8409149 )

uarf,qo

13 14 15 16 t7 l8 t9 20 21 22 23 24

lkt*fuffi l::,m ** lx,ire {m

@



3. fl1:er:?oaau6ufrruvrrul:nrda:T tutrnffludrrduufio.:Iprul{rnta.:uurudrdura

3.r nlffiteoaauntdufltuntukalneT pi-az

u'ufr'rumrul:ntrari Pi-d2 fi',i?rturj.roqj centromere uuTn:IuTsu{fi o qnduvrutu{rr
arurnTuif Digu to{tJ:vtmniu drsiolrlfrfi:rurrunr:Inaududruyrrul:nlraf pi-d2 d:uiilufl n.n.

2006 Toa Chen uavnruv 6u6'ruvrfl Pi-d2 dfiln:.:airlto.:Til:6ufiunnsirlornEu6'ruvrru6'rdu1
4 d r 3 s A - a a \yno frd':utoldrrlraumuluafialill:flr'urYuuanfiutd'oqjnruuonrrad (a butb-type mannose

specific binding lectin, B-l.ectin) uavtudrunrulurtaeifrlnr{a;1{ serine-threonine kinase

domain dtL,J:fiuorndu6'ruvrru Pi-dz dquirsiruuarirodfi16ofrursaei Iorrdr:fiarilr:nplruuruqioUI

rdo:rI:nlr,rrifi6ufrruu m Pi-d2 unnsirrrrnrirrfihiaurr:n6'ruu'rurfiarurin:novfiTur.rfi.:d'rfi
sr'r uilill +q t roflU:fi udud'ruvrru rvitiu

0fflu

01fln1:m:?ayrEu6'ruynuhalufr pi-az iu,flr:rfi'uriduffiorsiruru 20t d'rodrrTqul{
tn6orurru6tsutosirtilrvrYrdu6'ruvr rultnhuil pi-az ru'ir atn:nrfiur.Jilrrufirsurotd qiru':u

tgo fiud ur.i':uflu rflurirrduufiotnrnuufio t5 fiuri {r:duufiornrntd 38 r(urf uav{mduffiorrii

nrn6aru siru'ru t37 rfi'uri trJ:vnordru{mduit qs vr'urf uav{r?ula?u 92 li'u{)Irrudueiru
o'r5urofirfi:nlilrrulddfirurnil:vrrru 1,100 firua u#rornrYurfiorirnr:sr-qdrurSulrfsr-qiirrilrs

U

Mlul atunnsirLtun:iluulJto{rnudrSurofirfio'f,.:uLd z:rJuuly5o 2 uoada 6o r,roaa'a S!!

(Susceptibte) fi.:fiurnusr'tSutoturrr 1,100 rirua rravuoada R (Resistance) fiunudrduro 2 u,fiu

uulo 7oo uav 400 {rua (nrnfi 5) Inuvru'jrfidmdurfiorsiru?u t37 vr-uii fifi6uu1lur.,uT:ntrari
Pi-d2 ilzaaoud'ru rirrvfuufiornrnrufio 4 vr-ud {mdurfiournlfr gz n'uii uavqir':duffiornrnlt

qiruru ea n'u{ (il:vnou6'ru{r:,f,u#1 32 fru6. Lrac?ir:ura')u 64 fiuif) {nr:r.r fr g *av zT)

rirraruvr-u{6'ruvrufifi6 u Pi-d2 rYuo,u{iuu,oa6a n fifiunudr6uroua'rornnr:m'qriru
\ 6Uroultrlst'ndlrvt'ts M{ul siruru 2 unu traqvirunudr6urofirfililslrruldriu aur:nnnfr'otrid'ru

rou1til6'osittutv Mlul duriurlanr:vroao{ Ipru;ir pcR product tou'urf{rrfifiuroada n (fifidu
6'ruuru Pi-d2) uavvliurjfirrJouurr:firuoadah.ifrruvnutordu pi-d2 \)u1rird'ufirndIolvrri u6'r

rirrir6'ufrrna'Tolvrpihjlirnr: uriiuurfiuurYuriro'ufrrnf,iotvrritordu6'ruyr nlznlufr pi-az lu
gru{o4a NCBI (Sequence atignment) (nrnfi O)



1000bp +

fl1v{fi 5 ounlT:aroaArSnlvr:v^{o3fiaran{r{afl1in:?oao!6tdutoto{{1?fi'uijdurfiolrrsiaualufi'uii
< o s ti "LeruLrLy'r:Lrro:ytolry{1vn-u ilu Pi-d2 (Pi-d2 Con2F/Con2R) rad'rfr'rr6'ruuSultrid'oqirr nru Mlul 

i

M =DNA marker, NIP = Nipponbare , Lane 1-5 rflu6'rodrdrrfiuridurfio.:tvrufifirroadatri

frruurutolEupiruurul:nluit pi-az Lrau Lane 6-10 rflud'rodr.:{r'lri'uridurfio.rtvrufifiuoada

frruuruu o rEufrruvrrul:nl u{t p i -a z

n1:1{fi 9 n1:n:volusT?ro{uoadaro.rdu6'ruvrrul:nluhufi pi-aztu{rrfiurifiutfiolornnr:
I

n :? a aou ei? u rndoruur u 6 r5u ro Pi-d2 Con2F / Con2R

lJ1?ViUtlr0{

o v . o u tl o v <Aa o u cAa
Q1U?U?\U5 A1u?U1'llu0vla1!',]:0 o1u?Ul',luovllJ Q',lu?Uv',luovllJrt19
i tr dd dfin:roaou rfruilirrrunuouto tuoaaa S* Ltoada R**

- Z *
tJ'r'tY{utu 0{n'tn tuu0

drrfiuufio.:nrn"Lfr
v14d
1J1?1\ULlJ0{fl1n0d1U

uu9v40dad- u12lJUU1Y{U[U0{n1n0A1U

,!4d- lJ1?U1A?Ufl Uttl0{n1n0A1U

t3

28

10

1

41,

t9

38

t44
45

99

15

38

737

45

92

4

37

96

32

64

20t

ilil1t,tfiq
s* raurufiruoada s tordu pi-d2 frL:rilflmrusiol:nlr,lri 6rroulsrid'qdrtvlru Mtul triarlr:06'nrirri'lfirndlmri

ro{ pCR product told'rotjrsr{uritrr nraraa'rornnr:rfiulGlrrudrsurorirurntolraurufirdutofiiirtrrs

iludu pi-az l4r1vl'td;i'udrdurorulo 1,100 bp

R** umudluoaf,a R tor6u Pi-d2 fidruyturioT:nlrari dqoulmifrnsi'rrnrv Mtul aur:n6'ndr6'ufrrndlvrritrol
pCR product toln-rodr.:fiuri{rrldnruradrornnr:rfirGurru6rSutodrurn6o{ralru6udutofidruvrrvriu

6u pi-az drhi'td:8'u66utotru'ln 700 rav 400 bp

52190 737

A*{ **
700 bp

400 bp

@



,,Ja0rnn1:1i1 sequence atignment uJturrfiuurYusrurio4alu trtcgt tfirirst-ufirna'Tolvrgifi

n:.rnireird'ufi:ndlolvrritol6u Pidz dil,,i)uairutro.rhJ:fiu B-l.ectin receptor kinase lugru{o4a
Inudu Pi-d2 frffialrair.rto.:TrJ:o'ufiurnnqirtffu:vra'irrrirrfiarur:n6'ruvrrusiordo:r1:ntrarififi6u
iltuvttu Pi-d2 rYu {r':dhiaur:nd'ruurusio16'o:rl:nluri lrrurimfidruvnul:ntyfiovfiuir:rufi
tflu substitution site toqn:novfiIu lsoteucine fisirur,tri.: 44t to.:TrJ:fiud udruyru Pi-d2

(Chen et at., 2006) ffiouJiuurfiuurird'ufi'rndTotvrriluuS,r*drr*u A/G singLe nucteotide

pol.ymorphism (SNP) tuai:u recognition site to{ Mlullquvriurj{r':durfioldfidu Pi-d2 iltuyttu
S Y 9 do u a1:nlrariovfrrir6'ufirndlolmsi - A'CGCGT- rY.:riurfiorir pcn product fitriornnr:ufilrJilrru
d c s qv a' q a Aa r d vritdut0 Lou ttun5ouaurudtduuofiiln?lilraillvrarvrrnoBunluyrlu Pi-d2 ei-d2 Con2F/Con2R )

)d,nrd',ori:uroutwi ututlirlrfrLi6f,uarsuroruror 700 uav 400 bp a?uLufl12yru5uyluouurr,:frlutlu
u av .ic rv r s \ y do u a * t a -r{uririrrfihifrruvrrusio}:nlv:i ovfirir6'ufi'rna'Iotvrsi s'- G'CGCGT-3' fiwir'Lviroukri nztut lil

a\v oauu! t ddaur:nd'olil lirir[L68uai:u6uduronuro 1,100 bp sioilanr:urrire-ufirndlolmriarlr:n6uriu
, A A av J d C -- 

q v I y
r-l:vf,vrBnrnto{n1:'L't tn:o{r4uluarouro Pi-d2Con2F/ Con 2R lunr:riuyrOun'ruyrul:ntrari
Pi-d2luilndurfiortvrE,

nr:til6uuurjamro.:Trj:fiulusirrurari.:fi qq otn lsoleucine rflu methionine eilara'Lririm
d o e t Z s r v A as i-qrgrf,unrruall.rl:nlun1:6rumrusio rfro:1a1LfiET:nlrari ufio.rornn:nosfilufirfionr:u.Jd uuurJal

6'.:nrirrr,flueiru [[e-rich motif to.t transmembrane ffM) domain d.rrfluairufisirrflurionr:
!

riruurrsirurarjl rn,1 (TM region) nr:uJduuutJard'.rne{r:ai.rruatririrrtrjfisirurail.:tor tle-rich motif
rarntrifisr'rrrvril lte-rich motif fiovlirl#nr:riryuosirurari.r TM uqil:vf,vrBnrnailr.rasionr:lirlru
tor6u pi-dz dviflririr':4ryrf,un?1il41il1:o1unr:d'ruvruqiordo:raruanT:ntrafi (chen et at.,

2006)

Ii,rnear#"*ee.
ElE3

E:"{ {

eunrttfi 6 uaer{ sequence atignments tordrrri'urffiuufiolfifirroa6adruvnuT:nlrari G) pi-d2 (u55=

fiuiiuradol6to, E732= fiutiuafiurrruf,, urav E!44= ri'urivr:rriu) n"u rYurffrvrrJouuru:fltrifiuroada6'ru

vrruT:ntrari (s) qrot6u Pr-d2 uaom A/G sNP lusirurariltolroutrrifi'niirnrrv Mlut (qfifr1uan{s1'ruuill
d4nloqirfiuttTrvtorusultri M{ut lufr'rodr.:rirti'uridurfiorfifiuoadad'ruvrrul:ntrari uorEu pr-dz

@



et

et

3.2 nllnzxodauul6udruvrruT:nlrari pip

dufrruvrruT:ntrari prp fisr'rurarjroq'Lnfr'riruit:rutquTn:rfiuito.:1n:hltlrim{fi 6 (Liu

al., 2OO2) Iou0u prg gnriruvroolrorn{rtilrl (Oryzo minuta: 2n=4x=48) (Amante-Bordeos
U

et at., tggz) 6u6'ruuru pi9 {t a:runnphuvrusio16'o:r1:ntrafiaruvriuiirirllldodrln{r.:trr.r
(broad-spectrum resistance) 6'rodrrrtiu durhumru Pi9 luilnarufi'uri 127-1-75 t6'Yunr:
yrraoufi'urdo:rI:nlyriaruri'uririrrl n'jr t00 aruv,riuiitorr.l:vuvrrrfilfirJiluei fianrl-uio-udrr
ururrrfi (The lnternationaI Rice Research lnstitute, lRRl) Ioutrifluarur{urir6'o:rT:ntrarid!

aur:orioT:n16 uonornd Liu et at. (2002)trilirnr:uoaou arufl'udrdo:r1:ntr,rriSn 43 d:ruI

vr-ud orn 13 rJ:vrmn fitrifluarufi'ui5rdo:rT:ntrariaruyi'uflrrfiarlr:nriol:nfi'r{Traruri'uri tz-t-'''-i - - I t I

75 dfidud'luvttu Pi91d du prp donlnautj n.n 2006 (Qu et a[., 2006;zl-tou et at., 2006) fi
U

s e )a, ,.^^.f,s -vIn:lafrl frrtlu nucteotide binding site (NBS) uav leucine rich repeat motif (LRR) Blln:ta5rl
.riosdudfin:un6'rundlrYu6ufrrumrul:ntrafi Pi2, Piz-t, *av Piz urndt 960lo 1u:v6'uto{n:n

ovfiTu Tnuuir:rufifinruunnqirlrYudo uitrru LRR n1nn1:Tqao.radurrJ6uu motif
rdY-:sr,t'irrEupiluvrlu Pi2 *av Pig @i2/Pi9 chimeras) LRR motif uflu;iru;irfrru1unr:

motif

vru'irdru

riryunnruroy,rlsrelv0.:riorJflfisurnouauo{irordudruurusiot6'o:rT:nlrariarurflu{oirr1

3.2.1 n1ffiflalraufru pig Tnulffmiawutsdtduo pBa

a1nfll:mi?aaorEu pip Tarut{untorurrudrSuro paa ludrrfiurfiuo#oru, 20t fr'rodrr

nu'irfir^Turidmdurfior,iruru 6+ rt'uif fiarur:nrfilrjiurrul#runrdrduuoturqil:surru 500 bp

ryirn-u positive control (Nippon bare) fifiduolruuruT:nT:ntulr,rrj prg SiflrirunudrduLotu'trr

500 bp (nrrfi 7 urav nr:rrfi to) Torurfludrrduufiornrnrufio 16 n'uri dr:durfiornrntfi' r rfi'uri
u ! d d o -- v e u u

uuav{rrfrurfiolnrndaru druru +z fi'urj (il:vnou6'rurirrfiurjr ra n'uri uav{rrura'lu 33 niuri)

rrnr{afl 1:Fr:roaordu6'ruvrruT:nlv{t pig In utfi1y{ : utr o i pB8 ura rxlvluiu'j r cir r du rfi o fl u

nrnruflouavnrn6arudrulranj fi6ufifrruvrruT:ntrafi PP tutruvfidrrfiurn'olornnrntfr ruri'urji
{r:fifi6ufrrumru1:ntu:i piq rfiu{ t vl-uif ornvl-u{{mfiurfiorfim:roauu#.,rror siruru 38 vYuri

I



l0 llJ-e 13 l. 15 16 17 t9 ?!2t

500bp

nrrfi 7 oun{iatoaAuSnlvr:v'lo3fiarao{u0!6rsuuofltriornniirfiilGillru6rdurodrolvr:rloi pB8
qv-<!a\v.iaov<
lu{rrr{uiifruufrorlvru Lane P = titt Nipponbare frfrEud'ruvrrul:ntrari Pi9 (positive controt),

an. z-)zuflun-rodrr{rrvriurii{uufio.:tvu, M 6o tro DNA tadder. Qnfl: uao{unu 6r5uro

lru'rn 500 dtua Lane 2, 4, 5, 6, g *av2o rL6rr{sl'?oeji{{rrrt'uridurfiorlvrufifiuoadator6uU'I

6'ruvrrul:nluil pig

er1:1{fi 1o nlTn:v01u6'?ro.irLoaFaro.:dud'ruil1ul:nluhvfr piglu{rrfi'uridurfiolornnr:

n:?oaoud?urn6o{ril1u6r5uro pB8

Y^a
tJ1?l'tUtUO{

osl
o1u?uTtu5I
j
un:?0610u

o v eAa
o''tu2uv{uEylut

uaa6a R *

o e tA01u?ultusYtI

fiuoaf,a S**

v41 4
1J1?VtULIJ0.1fl1nIUUO t9

38

t44
45

99

t6

1

47

t4
33

97

3L

66

3

37
v 4 4 09
11?r'{Utlr0{n1n [Fr

uEad
tJ'l?v'lutilo{fl1n0a1u

940444- tJ1??UU1y,lU1il0{n1nOA1U
v!4d- lJ',t?U',tA?Ul^lUtlt0{fl 1n 0a1u

201 137

ilil1utuE * vrrafituoada R (reistance) uol6u Pi9 frilruvnunoT:nlulr,tri to.:r{uririrrdu6o.: nraud.:ornnr:rfin
a ac u i de 'tElrrudtdutod:utn5o.:uuru6r6uro pB8 fiql'rrnrvfi'u6u pis tirlfi'tdtudrSuroturor 500 bp

* urrafil uoa6a s (susceptibLe) ro.:vriuiidrrdurfio.: dtrjiEud'r ulllu pi9 riol:nlrari

64

-3*
-

f--4,\-z^



3.2.2 nlffii2adauilu pig Tnul&mdawuudtdun Nasz-pig-1gs- 1

dufrruvrrul:nlrari pi9 fioiruuari.roduuTn:TlTrrrid 6 finruarlr:n6'ruv'tusio16'or,rruanUUi

T:nlr,rrild'yaruarufiuii siour Qu et at. (2006) t6'ri'erurrnioruilrudtdutoornsirurarjltol NBS-

LRR siru:u 6 unBoruuru rvl'o1d"tun1:n:?aaoudu Pi9 tufr'urimfrtdiunr:rirudufrTuvrrul:ntufi
P/9 uauy{u'irrniolrarrudrduro NB52-Pig-tg5-t 6ooiruuarirtordu Pi9 WBS2-Pig is the PD

gene) rn6olulra6 6u; NB52-Pig-1g5-t fia-nuruvtflu dominance marker uravfiturq 2,000

bp

ornnr:duurdu6'ruvrrul:n1rafi piq tu{mfiufiotdruru z0r n'u{ rirrrJrsr'ruru t6 r{uri

uavrir':frruvrrul:nlyrisiruru za fiui arur:nrfirrJilrru6rSurotudmdurfio.: {rrrjr uavrirr
9

6'ruurul:ntrari1,6'siruru 57,4 *aa r fi'urf nurird'u rujrvr-uiidrrfiarur:nrfilrJilrrutd'sr".:nrirr
il:rnnrunr.r6rSuuon:lffurimrtuiid'ruynu TP-Pi9 fiuflu positive controI ruaovjrr{urfiimrvrirfifi

6u6'ruvrrul:n1rafi pig frudhtduufiorfifiuoafiar{ruvrrutordudruurul:ntra il pig lzvnot6'ru

{rrlifiudolnrnruflosilu?u 10 fiuii r,rav{r':durfiourn6arusiruru az vl'uri (drrfiurirfiurfior

ra u'uri uavrlrrurarudurfior aa n-uii) urr"lrjnuduriruurul:nlrafr pigluilnvlsuLfiotnrntd uav

nurirrr-lrfifiEuri,uvnuTzalvrt pig siruru 4 aruvl-u{ uravqir:6'ruuruT:ntrari a rfi'uri (nrufi a

uau 9 uav nr:rrfi 11)

riloror n unSorurr u d u duto NBS2-P|9-1 95- 1 ttlutn5oruur a 6 t6u totile dominance

marker 6wirtv?triaur:nufiuil3urcuo'rSurotuvliuri{rrfifiruoadatrifrruvrruld odr.:1:finrlfinr:rir
rntoruilrud 6un Nasz-pig-l95-1lr'Ldlunr:6urar6uoiruvrruT:nlrari pip tu16'0fi'uon::rrilr

arurfi'uiidornil:vrynrnrrad siru?u qa fi'ud vru'irfidr:,i1u?u 1 vriurffifir,roadafrrumrutordu prp
rll

(Cho et at.., 2007) u"riornnr:duur6ufrruvnuT:nlvrTlua:t:fi nudrrimdurfiortvrufirroadafrru
yrrurordu pD lrnn'irrdofiurn::r{rrarurfiuiidornil:vrvfiunruH vr'rdororfiotilrornil:ctilnt9
" !, o ja u .v o E s[yufl{ouLurrnmiln?1ilya1nua1uflo{yruotl?Ltauiln?1il14a1nva1uflo{ttoilalLun[:nlrarial 6.:

--g- --- 9 I U

lirlri'vruuoaf,afrruynutordu6'ruuruT:ntr,rrj piq ludrrdurfiorlmuufluiiruruurn dtuaol"lrirriu

r'rcirrvr-uddurfiortorlyurfluurariui'uon::lfieir6'ruuordu6'ruvrrul:nlr,rfi filarlr:nriur'L{-i q u

rl:vTurflunr:rJYrrlqunTuf,luournn uuavfi'uijdrrduufioru,rrirdn'::finr:oqinull'L#4rgrarutrJi''-'-r-'-- - '-q- I ! u

A41Ctu0{41 n Ln:0{14u1 u 9r t0ut0c d,Jdcqtuutn:0{14il1u a [0u t0tu9r



3,000 bp

1,000 bp

n1ild 8 roadrsn1vr:vloi6auan{ua!6rSurofifiuoadaplluilluTrnturirordu Pr9 r,rd'rornnlrryr'rr

rjilrrudrSurod:u],il:riloi N gsz-piq- t gs- t

n1r1.:d 11 nl:n:uorua'?ro{Lroaa'atordud'ruyrul:ntulrari Pi9lu{r:n'uifduufiolornnr:
vA

n5?aa0uer?urn50{14il1u NB52-P|9- 1 9 5- 1

flu01,'r?I o1u?u Eudruvrrul:nlrari pig

Resistance (R) Susceptibte (S)

rirrfiurfiotnrn'16' 38

79

744

45

99

76

24

0

10

47

t4
33

38

9

97

37

66

rir':tifiurfio.rnrnrufio
v14d
ti'r?vruuJ0{n1n0a1u

99Uu10d4d- 1J'r?1JUU1y{U ttJ0{ fl 1 n0A1U
v944d- 1J1?U1A?UT{UtlJ0{n1n0A1U

rirrr-lr

rirrd'ruvrrul:ntr,ril
4

5

t2
2t

247 177

uil1ull,re! R ulrodl uoadafrrumrurros6ud'ruvrulsalufr pig lu{rr ua-sornn.r,firrJ3r*6Grrodro*Trlrr.,o
NBS2-Pig-1g5-l fiqt'rrvlrvriuFtu pig lirlri'tri PCR product fifiuoufirduroru'tot 2,000 bp

5 urlru6.: uoadaejouuorial:nlrarito.:6u prg Inutrjil:rnguoudrdurotulo 2,000 bp

64

@



(A)

3,000 bp

l,000bp -+:

(B)

3,000 bp

1,000 bp

F6
ccz7

FSAEiilO rF(il(<-<-
EII.IHEHI{l{

E<O!D9F6aqrrr-el
;ddddddddozzzzzzTzzt)

EO9F66Erdilil((ilQo
I{H1.lHF:HHt{

:1- 2,000 bp

(aB
FIHU

(c)

n1r{d 9 ou nil:a toaa uHnTvr:v'l oEfr a Ltao{ e{a n1:Fl:2 oao! 6u6'ruvrruT:nt vfr Pig tu (A)

drrtlr (g) drr;usulhdurfiourndalu rau(c) rirruraruduufiotnrn6aru ufr'{olnn't:

ufi ntjinrrududuuorirotn:$roi N BS2-P ig -tgs-t

2,000 bp

-'FoaE-F6?uPF6*crilaCEfM= 
= 5 S r 5 r 5 5 5 5 S 5I I5 s E F



3.3 n1tntlaataufi1€iufrtuntulsnlnei pi so

6uoiruvrrul:nlrafi piso R)udufr'ruvrruT:ntrafiuruun{rr arur:nfrruvrrurio16'o:1alrurr

I:ntrari luil:vtvrn6ut6'raaruaravliuri fioirurarjso{uuTn:hlru{fi a tnd8nriuoioorrl.up,',5r,0
R36STS filn:.rairl}J:fiuto.:6u6'ruurul:nrfluuur nucteotide binding site (NBS) uav leucine

rich repeat (LRR) rJ:vnoutrJ6'run:novfiIu#rrruar 1056 sr-r tflu single copy gene nl:rruudtoo
n:novfiTulusirruil.:fi 590 01n Asp rflu ser eirruat#dr?rffn{n?lilfrruyrrurioudo:raT uraqT:n

tvri (t-iu et a[., 2Oo7)

olnnl:n:?aaau?tu piso
, : d d \v

11U?1 ff 1il150 tY'ltJlJ:tJ1fu9l t0U t0 tO

1o alt'lil:ruoi ngosrs'Lu{r:du r,fi ,orf':rr, 20 1 6'r o drr
riru'ru r za ri'uri ffi olir nr:drrpiru rSutrrin'crsir rfl r v Hi nft av

'Lriunudrdurofiuurnunnsirrniuau;r.Juruu 6o ruoadafiyfi.r (A) ovfiturqunudrSuro 100, 4ooU

uav 500 {rua iiru:u ra fi'urf uoadafiaor (B) ovfiturnunu6rSuro 100, 200 uay 800 {rua
qiruru 102 fiuri ruav uoadafiatr (C) r,16o S al.l.el.e ovfirurqunududuro 100 urav 800 rirua

siruru sa rfi'utf TrruujiuurfiuurYu negative control. (Nipponbare) fihjfiuoadaro.rdufi'rumru

T:nlulyri pB6 A{#LLnufirduuoturo 100 uav 800 rirua (nrnfi to)

800 bp

500 bp

100 bp

nrlrfi ro ovnrl:auoadrsnTvr:v{oifrauaa{rran1ifl:roaoudud'ruvrruT:nt ufr piso lu{rrfrurf
durfiotToul{lu:uuoi R36STS raa'rrjr PCR product lrn-rr6'ruuduttf6'odrrur v Hinft[M =DNA
marker, NIP = Nipponbare (Negative controt), Lane t-15 uflurr'':odr.rq7nvYurjfiuufioltuu



n1:1{fi 12 nl:nrvalu6'x?ro{roaearordu6'ruvrul:nturi PB6 luilnvYurifiudolalnnli
9

rl:roaor6'ru rudoorrr'', r., 6 uduuo R36srs

9 4 < o o u ad o a a o v alJ11v{ULilOd Q',rU?U o',lu?Ultiuovl Q1U?UflUo Q1U1UVIU6 A1U?UItt
u cA -l ia a ia < v ria11u0vt ?{11J1:fir}r}] vl}J[oaaa uilLLoaaa iluovlllir I d Ar Btt uoada c+al?040u !:tJ16u9tt0ut0

e44drlrrnufiornlnruilo 19 18 - 1.8 -
u E 4 ae
1J1?V{ULlrO{fl1n tn 383373i55

t44 127 5 69 53v44d
t1?r'iu L}.t 0{r't 1 n 0 alu

, t XA 4 d-{rr{uilrfruufiordaru 45 42 7 23 18
u!<d-{rrurarufrurfio{da1u 99 85 4 46 35

201 178 18 702 58

14il',]Ut14E:

pi36 At uilrudl uoa6a A ro.:6u P66 firrfluruaurornnr:rfirGurrudrdurorirurniorurrudtsuto R36STS

rita:-udu6'ruvrfl Pi36 rd'rd'qeiruroukf6'or,irrvrrv ninftldfruatuifirduroturn 100 400 uau

800 bp
Btt ratrufir uoada g tso$tu Pi36 firrfluruaurornnr:ufiuilErrcudrdurod"lurniorrurudtduo R36STS

airraiu6uplruulu pii6 udrn-nd:orouhri6'oiirrvrrv ninftlddua'tu6rSuroturo 100 200 uac

800 bp
C* ulrtrir uoada S (susceptibte) uorEu P66 6.:rfluruarrornnr:tfiuffiurcudrSurorirurnioluurudusuto

R36srs ;irraiu6uoiruvr :rt) pi36 ud:frndruroutr:id'q1)"rrilrs uinft lilduatuiitdutoturn t00
ms 800 bp

ludrrdurfio{1i'tu?u 201 rl'ud nluroaf;a n lu{rrfiurfior siluru ra r{'uti rj:vnol6'ru dtt--rt
! 1 qvo u . v ! 4 d o - v . , ct , ! Z ! 4
fiuffiolornnrnlois;ru'tu t3 r(ud {rrfiudoro1nn1n6a1uii1u?u 5 r,l'uo uur-itutjuchrfrudrfruLilo{n1n-ar
d o il . , ! 4 a o - u d 'tl ' q Y- -I1,-]-4-.9 4
daruqiruru 1 l\uo Lrau{1?frurfro{u1a?ulrlndarusiruru 4 vriuri r,rrikivruludrrtifiurfio.:fl1ntuilo

druuoafia g iluluqilrduffio{siruru t02 r(urj l:vnou6":urirrdurfiorornnrn"tfiqiruru 15 fi'uriql

u X 1 4 o -- u 4 r dt v ! Z 4 4 ,-4----.-o^-.- -- n^ -!. 6 e
t',]?llurrJO{nlnOAlUiilU1U 69 fl'Uij rrr-jlrilUljl?ruu'rv'rurrJo{nlnaaludruru zl frui Ltau?11?_1 i

g 4 d o -- u <
ula?ufluL1o{nlnoalusiruru qO fl'uif rravdr:tifiurfiornrnurafiodruru f a rTuri (nr:r.rfi tZI

*av 27)

@



3.4 n1:a:?odauul6udruvrrul:n1ufr pi-to

dufi'ruvrrul:nlrafi Pr'-to fic,irurvriroqiuuln:luIur{d rz tndlrTuor'rrurari.:uruTu:dui 6ud
dioaovaal,l< douotaayoyursufrfrurirrfroIu{mdu6nr rtJuEufrfrnrtrrir6'ry"Lunr:rJYurJ:.rfiuri{m1ri'6'ruvnusioT:nlrari Jia et at..

Qoo2) ldl'zuurrn6orvurudtsutafifinrrusirtflrvfiu0udrumruT: nlu{t pi-to uavuflurnio{14}r1u

Erdurotfirr Dominant marker ornnr:duurdufrruvrrul:ntraf Pi+o 1uiltt6'rodr.:qirulu 24t
ul,vuu

niurf tJ:vnou6'ru {r:fiuffioriiruru 20t vriuif, {r':6'ruurul:n1yfi drutu 24 rnTuii urav{rrr-lr

iiru:u 16 arur'ud nu'irarur:ntfilil3urcuo'udurofiqirrvrrsnnEufrruyruT:n'lr,r{t pi-to ldiiru:uI

69 n'uridflv1unudrSurolrulor t,o42bp (nrnfi 11) uarx'irfiuroaf,aolrumrul:ntrafiuo.:6u pr-to

Iquiluroada6'rumrurordu6'ruyruT:n1ra:i Pi-to1uilnfiurfio': siru:u 5z fiuri (nr:xfi 13 urac

27) tj:vnoud'rurimduufiornrnlfr riruru tq fi'ud uav drrduufiornrn6aru siruru 38 yr-ud
!i

(ruilrtflu dmurarudur,r'or qiruru zg fru6. uardr:du#rfiuufio.r dru:u e vl"'uri) rir':r]r 1 a1u

n'uii {mr:rrfi za) uavvlnri{rrrJiurlqrdruurul:nlrafi5n riruru rr rfi'uri (nr:rrfi zq) reitri?'ru

duoiruvr rul:nlrari p i -t o huilntifi u rfi ou r n uafi o (n r nfi t t- 13)

l,000bp *
500 bo'+

1,042bp

nrr^rvrt rr ovnrl:atoa6rHnlvr:iloEfiauranrzuanr:n:roaouEudrumrul: ahufi pi-to "lurirrduufiol
qv tr ,- d c v A a d j. v anrn'[6' ornnr:tfrlilSrrruououtoer?utnio.:14rJ1unLou[ovrorrurvnudu Pr'-to r(uddmfifirroada6'ruvrruI

tor dufrruy rul:ntrari Pr-to o vl:r n4 uouo' rdu roturor t,042 bp

M= 100 bp marker (Gene nuter" DNA Ladder Mix, Fermentas)
1 = 0fl9{1 6 = tiOunl 11 = U1{fld1ULLfl{ 16 = nar6'?! - - i- - -

2=rfiut"luri 7=ni.: 72 = dlfr1
3=6fl1[91.1 8=oOnbity: 13=nfrl!!

4 = tSuunrut 9 = 5?.tvlO{ 14 = fioo:yrd 19 = t'EJuryll

5=tio 10 = anlar 15 = U'l{tO{

17 = 140t1

18 = fioutvrir

@



n1:1{fi 13 nr:n:vorufi':crorrLoa6atordud'ruvrul:nlulrafi pito tudrrfiurji,fluufior ornnr:
I

v A 1c io v
fl :? a a o u 9l ? u rn : o { 14il 1 u o to u Lo vl o'l Lvr 1 v n u 6 u P/- to

l'tuEt1?I

{rrtiduufio{n1nLilfio
,X4d
lJ1?1\UtlJ0.1fl1nOa1U

v 3 Z! a d- ?J1??JUUl1^tuLilO{Oa1U

oudo'ru2ultuEI
Euoiruvrrul:ntrari pi-to

0

38

9

29

t9

106

36

70va4d- 1J1?U1?{XUl\lUttJ0{061U

dTrrJr

{rrfrrumrul:nlr,lri

79

744

45

99

T6

24

1

It
15

t3

Resistance (R) SusceptibLe (S)

241

firl1rJrilq

R yurufil uoadadruyru (resistance al.tel.e) tordu Pr-fo nruudrornnr:ufiltjiurrudrduro6":utntolutru
d I !.erourovroltyr'rvfruiu Pi-to drlfi'tri PCR product fifirrnudr6uuotu'tor 1,042 bp

S ulrafi.: uoadahidruvnu (susceptibte al.tete) tor6u Pr-to loulrirJ:rnnuaudtdutoturo 1,042 bp

1,042bp

n1ilfi 12 ounlliaLaa6uSnlvr:v^{oifrauarxzuan1:ni?oaou6u6'ruvrrul:nlrari Pi-to ludmuraru

du ufi o r n r n 6 d 1 u ( L 20- L 3a) 1o uldunt o { uil 1 u 6 td u uo fi sir lil r c n-u du P i -t o

69 773

@



M 4100 E10l 810? E103 Et04 Et05 !105 Elm 8108 El09 Ello El1l Elr2 El13 El14 El15 8115 EU? iuu]nl

1,042bp

1,042 bp

vaL<

OU

;'78
=Eh-_t
EE'oI

VFGF
oo

F
rdao

?ots-ru2()

l,000bp l,042bp

n1fld 13 oun{:aroaArSnTvr:r'{oifi6LLan{rran'rim:?aao!6u6'ruvrruT:nt urt Pi-to lurirr:flurl,
durfior6aru G) {rrtifiuffiournruflo (s) {rrdr (c) uavfi'uiirirr6'ruvrrul:nlrari (o) Inol{

i d c Ao
rnso{14rJ'ruFr Louroyrolrlllvniu6u Pr'-to

t'J a 0'1 fl n 1 : et :? o a a! 6 u elluu r uI:nlra fr p i -t o turitl du rfi o t d ao rr n do l rYu n r : fi n u1r o {
nrfifi uavnruv (2009) d:ruo',un',:n:?naoudufrruyrruT:ntrafilu{rrdurfiorlvru Ioufiu6{r'1fifi
dufiruvrruT:ntr,rri Pr-to osfiunu6uSuroru let 1,o42bp uonornfi rrlit, et aL (2009)16':.uo'.ru
4 6le J d a A a d 4 y I q v q u tyt'r{fl1:l'ttn:0{14}.1'lu0tL0ut0Lil0?Ln:1ul4u1guFr1uyrluL:nLuu Pi-to Lu{uqtr1?otn lRRl (lRRl-bred

rice) siruru +z fiur,6'runr:tfirililrrudrdurolnuld'ty{:ruoifisirry!ryffi6udrumruT:ntufi pr'-to

siruru g lvr:moi 6a Pi-toa6j , Pi-toaa6 *av Pi-to ,ro, nu'jrfirunurr'rduuonorEu6'rumrul:ntra:i
Pi-toluilnsiru:u 27,28 uav 28 rt'urinrlriro'r rravfirirrdru?u 14,15 L[au 15 n'uiimtrrirn-u fi
trifi 6u6'rumr uI:ntrafi Pr.to

ffi q,;rl'e

@



6ufluzuanr:n::oaourYufrirlfifi6u Pr'-to Tnurjr PCR product uo{iro{nr:ufitrJiurru

6udurolufiu{{rrfifiuoaf;adrumrurorEufrrumruT:ntrafi Pr'-to siruru o n'uri uavrnTuiidrrfifi
4 \ tY o 

- 
u a , j

uroadahid'ruilru s;ruru / fluq (n'r:l{yr tq) riililvrrird'ufirndlotvrsi rfi fonarard Ltau reverse

trurfr,d', 26 sequences dorjrrirniuirndTolmrifltd' ,r assembty rfiodurarqortfiolrioffutol

riro'u firnf,lotvrri irruldlil:un:l CAP3 uujr fr'r 26 sequences hifilorfirdolsion-u ornrfulir
nr:uJiuurfiuueiro'ufi:ndTotudTrruldlil:un:u clustal.w Inuuunrird'ufi:ndTotvrsioonuflu 2 qo
a-.o-o6o qo forword ciruru 13 sequences tuauqfl reverse qiru:u 13 sequences (nrvlfi tq)

nr:rtfi rq :rufiovriuii{r:firirurirn:rvrirird'ufirna'IotvrricrorEu6'ruuruT:nlufi pr-to

ood
a1ou?l uoaaao u 6y:1461 vru5tl1?I u?ta{il}r1

t
2

3

4

5

6

7

8

9

10

11

t2

t3

572 u'r{tr1 (GS.no 7414)

577 6u6u (GS.no 4290)

S8O aru!"t (GS.no 10346)

S81 tiofifin (GS.no 10354)

86 t'uurvrl

B19 rR64

573 rufiururn:rt (GS.no 9982)

S75 LruvLru{ (GS.no 10060)

S85 qfrqao.: (GS.no t2704)

L4 rremru#r 55-5-55(Gs.546)

L5 nrrlraqj 33-22-61(Gs.547)

L6 trrlrnufo 74 (Gs.548)

rmnonrvF 105

u 3 a oe
lJ1?lIUuJO{n1n Lgr

v t 4 qe
lJ1?TrUtlJO{fl1n Lm

v E 4 qv
lJ1?VrUtilA{n1n LFr

u & a qe
1J',r11\ULilO{fl1n [Fl

uushy
r1?n1uvr1u L5n tMil
9USiy
t1?n1uvr1u L:n luil

u ! 4 oe
t'r2v{urlJo{fl1n L9r

v t 4 qv
u'l?v,luLlto{n1n Lgl

u E 4 qv
1J1?Y!UrilO{fl1n Lm

u!4d
lJ 1 1 U',r A?Uil U LIJ O { O A 1U
u!4d
tJ1?U1A?UflUUJO{OA1U
ut4d
t1?u1a?uv{utlJo{oa1u

9u(
t12A1UilU0rl:?naO!

I

rlluvllu
Ialuytlu

FtlUvtlU
I
FrlUvllU

rlluvt'tu

n'tuvtlu

lilm1uvt1u

Lilaiuvrlu

Lila1uvl1u

Liln'tuvtlu

tlJnlUvllU

LtJs:t1uyt1u

Lilmluvr1u

@



flT{fi 14 uder{o?1rru'ntora'rfi'rfirna'Totvrritout'uridrrdrirhjirn:rvrirarriro'lfirn6To

tvr dt o.r E usir uvr r uT: nlrafi pr'-to

01nnl:rilEurrfiuua'ro-rfirnfilotvrritorEu6'ruvrul:nlr.rfiTrrErtdlil:rn:il ctustaI w nuir
riro'ufirn6loturitorqrr fonvord hifinrtrurnnqirr usiyruntuunnsirrrorriro-ufirndTolud'Luqo

reverse (nrnfi t5) Irruficir6'ufi:nfiIolvrriunnsir.:rTurafi.:sirur,lri.r:vv'ir.:rYui5rirri{urfiorfifi
I

uoadad'ruvnuT:ntrafi Pi-td uav{r:duufio.rfifiuoadahifrruvrru @i-td 6rnunr:uJduuurJar

torrird'urra C uav c Tnuflurird'urla G lu{mfifiruoadad'ruuru uavnua'rqilr,ua C tu{mviluridI
fiuroadahjp{rumru (nrvrfi t6) ornrYurirdr6'ufirnfilolvrridldlrnorr:ri'auflun:novfiIu
(translation) rfion:roaoun:nocfiIuuirrrufirfionr:rl6uurilarro.:rirriufirndloluri uav

d d v v -- , .i 6 Y d t oyartlSuurfiuufiumu{ola NCBI nu'irnr:rilfruuuilartorrirriufr':ndTolvrrialn C uav G riv,ralrirfier4S
,i s ro u a { r <.jo ,.j Y d, , .jnlStuauuuua{fl0{n:o0u3J[u uaalnuu?na[0Lma?1rnon1:ruauuuua{uutluff?ut0n intron fl{

q,.i e u y as r r o j e uLurnu'rto.rnunl:a5r{n:oovlLuurroul{1fl {{ffoqnao{rIu:1u{lut0{ Jai et a|.., 2004

@

ueIlcfl
e aJ[re n c a {;

folnat is Pealson
assrrnerl to he DHA

egLtencrl
eqrrence
eqt(ence
ei{Ltence
eqtrence
equefice
eqltenct
eqlrence
eqr,(encc
eql"[enC{r
eq{.rence
eqtrenca
eqrrence

528 hp
491 h;r
481. )rp
4BB hp
521 bp{97 }rp
51 E btr
4?4 hp
51? bp
514 hp
486 bp
474 Lp
493 hp

}(DI1L FGCGGGCCATNfi TCCTGCTAGCTfi C
llae yans_llCCGl CCICIC0 TCACTT TBT T
Hc un akkar.at --ECGGT CC-IT CT CA I CA CT T
S rik ikrr 1o n s-nC..iGT T fr CCT T CT Cn I Gff C
Hha ut alran g_ HGGCGCT Tfi fl CGI CTT CTG
lihaugai_RGCGTTT ft *CT CTnTGACTTTA
Hharrpal<na r-_RCGGT n CCT CT CT GR CT T T
I R6 .l_RI GGGCCH Gfl Cft CGGT GT CT I T f] T T
CH H I Hfi D1 _RCGGCR CCT A T N CGCT GT CI T

Cho n inid_FGGCGTTTRCTCCTCTGR CTT
Saihoa-EGGCCI TTTHCTCCTCTGACTTT
HarLdd in _iIGGGGR GfICT ft CTCCT CTGiI CT
Nan gna_BGCCGT CI fi CT CCT CTGft CT T T fi



!;eli-akkarat
:{l:aiiia:<r,o:
i:ae:Ja:g
:"L- ?--'^.-
:<ha{-taha::;
xhah,!'ai
:R€4

g::ere=
Sa:b3a

I:a:gr.a
:(a':SC::l
K!!'E:.r5

d-sE- - -4- - - : - -eU-aE!-

E-!d- - ^a: - - - - -L{-4LI-

;: GA: : :;.:: : T: : C G:;:i:
A-fd- - :4- - : r - -eU-Ag--;-:G::::;T::T::3G:;Ct:
a-f dA- - -dl - - l - -LE-A\d-

-- IQHAIPRIAT-------- I-F I
-- IQHAIPRIAT-------- I-F I
-- IQHAIPRIAT-------- I-F IT5
-- IQHAIPRIIF-------- I-T ITS
-- IQHAIPRITT-------- I-F ITS
-- IQHAIPRIAF-------- I-F IFS
-- IQHAIPRI.[.F-------- I-T IFS
-- IQHAIPRI^f,.T-------- I-F ITS
-- rQHA rP Rr.[.r- - -- ---- r- r' r Fs
-- IQH.[IPRIAF-------- I-F IT5
-- IQHAIPRIAF-------- I-TIT5
-- IQHAIPRI.LF-------- I-T IFS
-- IQHAIPRIAT-------- I-T
RRL D^f,.PFDCRAFVRTPRRP D IITK IL

F--d- - -ALd&U-ts-e-@-g- -s-f -Eg J=-:

--d-U- - -dE!.HU-dE-J'i'Iu-U- -s -s$!
-- -i+-d- - IALE#E-dv-..i'j+-Ul -l-s-if

,u - : -.+i g - - lAsgFSc-6L -G-gl - u; gsg

-*-d- - lALEalc-A-l#-gl -L-U+-!

^ -#-d - - tAlg,sd-AL:I*.rq:{l :L tU-Ag

3? -a

9ZA
{04
3a6
129

fl1y{d 15 ran{ilan1:r!3uurfiuurird'ufrrnf,lotrri (sequence atignments) qot reverse loru'l'8}J:urn:l

ctustal W tocfi'uridrrfiudocfifiuoadatrjfrruvllu Pi-to (KDML = 1l1?ooflrru6 105, Sukikul.ong = qfrq

a0{ (GS.no 1.2704), Maeyang = LLtJUttu{ (GS.no 10060), Newnakkarat = tufiu?urn:rt (GS.no gg82),

Khawtahang = 1J1?n1ttfi{ 55-5-55(Gs.546), Khawyai = r'r?tu6}j 33-22-67 (Gs.547) urav

Khawpakmor = 1r1?il1nufro tq(Gs.5aB)) uav{rrfiuiidurfiorfifiuoada siruvrutol6u6'ruvrrul:nlrari
Pi-to (lR64,Chainad1= {uurv1, Saiboa= arEJfr (GS.no 10346),Kauddin= fiufru (GS.no 42gO),

Nangma = u't{rJl (GS.no 7414), rr6u Chornimid = dofifin (GS.no t0354),tun:ouduraduu fioeiruuil.t
dd { { < 4 ofrilnruurrnnxrorriro'ufrrnt[o1mrirafrtsiruuill do ctc poLymorphism

l{aeyang
NeunakkaraE
Sukikulong
Rharrcahang
Khauyai
Khaupalsnor
KD}IL 105
Chonimid
Saiboa
IR5{
CHAINAD 1
Kauddin
Nangma
giTetep

----------IIFC
Y---------------------UrC
Y---------- - --- -- -- - --UrC
Y------------------ - - -Ur C

LZ6
119
118
131
L?4
132
L?,8
130
LZI
118
130
11?
124
300

-----urc
-----IIFC

IIEVDRLLETIRTHLQDK
. ti

n1flfi 16 nl:riliuuLfiuua'rn-u:novfiTutoruroadadruuruT:ntr,tfi Pito LLavLtoafiatrifrruvrr u (pi-to)
i^ ,.j 4 Y . ^ | qv -t ,i ct IA) lirrrufirfiornlirlttuurL!a{ro{a1n!u?na'Totvrri C /G dtzualfin:qocfrlurl6uu uauLtlud?uto{

intron

'i - -;j-- J - - -;-Ld;iE---- -#- € - - s - E-r-c J i J
-AgsEs-F-L-F.4a-g- -! -UrEs i i-

- - -ii--c- - tdLUFi-C-i-i -#--d- -u -f -tC : e,

- -#--G- - lALb#^E-d--,i#-s- -r -€+U J 5i
- - --i-r - - -ELJ#{:E--#-U- -!.sr-EU r4>

- -#--U- - -ALUt4-g----!-*- g- -s - JreC : ie

t 9Y*rYir*r Y*t.riiifr *



3.s nlrduutfuilruntu[ralnti pio

EufiruuruT:nlrari pib fisl'ruurnilroejuuTn:TuTqufifi z uinruilarutorTn:lulur (end of the

long arm of chromosome 2) rflu dominant gene alrl:nfr'ruyruqiordoarurql:nlrarTtufrqu
vtv v t d !' - ct 4 I f y yd ir4uv I d t \e1uLoualualuv'ru0' 0nu{u{ruuuurlluvrluL:nLuiluurL:nyrLnSunr:[nautru 9t0tllLanyleturI

tniauaurusr't5uto Pibdom 6rrflurntolr,ruruer'rdurofiiirryrrvrYudu6'ruvrruT:nlrafi pio rdold
rJ:vlutrilun1:a:?odoudu6'ruvrrul:nlvri uavrfluuniorvrrudrdurotiru'Lunr:rJ:-urJ:.:rVuridrrl#

6'ruvrruT:ntra:i {Wang et al.., 1999; Fjetlstrom et aL, 2OO4) rntorralru6rduuo pibdo. rflu
Dominant marker rfiorfiurJilrrudr5ur,oovt6'r,rnudrdutoflu'rel 365 bp rirrvrrvi-urroada 6'ruuru

nordufrrumruT:nlrari Pib (FjeLl.strom et al, 2OO4)

e1nn1:n:?0aoudufrruurul:ntrari pib Trrurnio{uilludrduro Pibdom dlsi'rLflrvfiudu

Pib tudr:r-Jruarrirrdurfiorqiruru zat frui ur-iroonrflu{rrdurfiar 20t r(uii dmtlrdruru t6
fl'uif ruavcirrd'ruvrruT:ntrafisiruru zq frud vruirfi{r'rfiaur:nrfiu!3lrru6r5uro ldsiruru ettl
u dS O I d d

rt'uri loutfr'unudt6urorurn 365 bp (nrvrfi tz uav 18) firn:rrYuuoadafrruyrurordufrruyrru

I:ntrafi pio

500 bp
40ubu
300 bp

nrr^rd rz ovnrl:auoa6rSnTvr:v'loifia uuaoruuou6rdurofifiuoadafrrumruriol:ntraritordu pio ua-lorn

nr:tfiuilBurrudrduro6'ruln:uroifiiirtnrvrYrEu Pib rifl'frld PCR product fifirmudrdurolruler 365 bp
(M = 100 bp marker (Gene Ruler" DNA Ladder Mix, Fermentas) 1= ur{rfio? 2 = uniuur,l'n

3=trrlvrd 4=d'uJy,n'tu 5=rufiu'luruf, 6=rradolriltu 7=tr:un:ltufii 8=r6'raou
9 = drraou 10 = illuFrviu 11 = lj't?tFltUd 12 = dltJi?{ 13 = t'uurml



vdvJddIsrlY- -.o--u6|LuyruDlJ'r?ytuuua'tuytlul:nLv{t piO iiruru 8t yriud rJ:vnouriru rimfiurfiorsr"ru'ru 75 TTuiS1rl
\ u t v ! 4 q vo - u c u u ,& d 4 o - u . u ! 4
ld'ruri rirrfiurfiolnrn"L6's;ruru a rt'uri rimlifiurfio{nlnruf,oiilu?u 6 rfluri uav{r?v!ut}ro{r'r1n!t

6aruiiruru ot rfi'ud (ur.iruflu rimuraruvl*uffior siruru qzv1u6. uav{rrdu#rfiuffiot druru 19
i' I

rfi'uif) {nr:r.:fi 15 uras 27 , ntllrfr 18) urav{mriruvruT:ntrafi siru:u o n'uri rusr-lrirudud'rumru

T:nlr,rf pib lurir':rir (mr:rrfi !5,28 *av 29)
v*uu

,ian1flnl:Flu14'ruuFt'tuytruT:ntraffLudrrfiuufiolfi aoondolril:1u{1uljo{ mfifi uavnruv

Qoog) fi:rumufirn1:n:?aaoududruuruT:nlrafilucirrdurfiortvuTnun'uri{rrdfi uoada6'ruvrru
I

.dauuvu-
ovrJ:rnnunu6uSuroclurn 365 bp 6nvr"rri':aonnd'orrYr:ru{'rutlo{ Fujita et aL (2009) fitd'

:'ru{rufi{n1:t{un6o.:raurudrSurorfior^rn:rsrirardufiruvrul:nlfi}i Pib lufi'uririr:o1n lRRl

riru'ru +z fruqTrru'l{1fl:riloifidrrilrvfiudu6'ruvnuT:ntv:i Pib vru'irfidr':siruru a0 r[urf dldu
vslu
6'r uu r uT: nlvri ua c fi {r r sir ur u z rt'urSfltil fi 6 u dr u vr r uI: ntrafi pio

I

er1:1{ii 15 n1:n:u0ru6':roruroa6atordud'ruvnuT:nlutrafi pib tudrrv[uridur,fior t1nn1:
I

v A d c io u
a :? oaou Fr? u Ln:a {ur 1 u q tou toma 1 rvr r v nu du Pib

UElJ1?I o1u?u fiufrruuruT:nlrafi pio

Resistance (R) SusceptibLe (S)
v i 4 09
lJ12vlULlJ0{n1n [9r

u u ,! 4 d
fl12 L5TrUU.rO{n1nLUU0
914d
1J1?V'{ULIJO{n1n0A1U

v4oA4d- t't?uuu'tv{utlJ0{oalu

38

T9

744

45

99

t6
24

8

6

30

73

83

26

57

6t

u&4d- lJ1?U1A?UY,|Util0{041U

tirrtjr
rirrfrruvrruT:nlrari

t9
42

0

6

1.6

t6

:?lr 7s9

r4tJ1gt149r

R urrafir uoaf,afrruurutrordu pib fid'ruvrrusiol:ntvriludm uasornnr:tfilrjiilrru6rSurod'ru
rnio.:railrufir5uro pibdom fisirrflrvn-u6u Pib rirt#tri PCR product fifiuou6rSuroturrt
365 bp

s uilrufi r uoadadouuoriol:ntra:ito.r6u pib lquhiil:rng rroud tdutoturn 365 bp

81247

@



M SSI S91 S92 SS3 S9,l S95 SS S97 s Ssg Slm 5101 SltD Slm 5104 SltE S1m 5107 lR6,l

A)

500 bp --->

B)
500 bp

c)

500bp +

t?EllSlpt=D)rt
dc
Di]DI

F

)5rF

365 bp

365 bp

D)

500 bp

E)

500 bp+

@oo-Noio@ts@ooFNor@@NNNNNNNNNNOOOOOOO

=EfiilEEEEEEEEEEEEEEEfi

;; E -'e"7 + * 3 - E E _ 3 E E E E = - .i E- E E.3 E E A = = E e E = e = s : s E =

n1t{fi 18 ovniliaLaaArsnlvr:doi€araa{rlan1:ni?aao!6u6'ruvrruT:ntrari pib lorul{rn6oru:Jru
Pibdom lu (A) r{uri{rrfiurfio{n1n16' (B) fi'udrirrtidurfiornrnuafio (c) fiuifdlrurarudurfiornrnl-ta

6 a r u ( D) rfi'uri'flurl, i{u ffi o r n r n 6 a r u ra u ( E ) n'uri{m 6'r uvr r uI: nlrari

@

M Lilg 150 151 152 Ltr) Ltl 155 155 L5/ L5B t$l 151 L52 1.56 154 L55 156 157 drruu1

---'-.

H 
- 

lltit, ._. €aI- 365 bp



3.6 nr:durar6udruvrrul:ntrafi Pi 1 (t)

dud'ruvrrul:nturi pil(il ft)uduolruyrruT:ntrafiruuunirr (broad spectrum resistance) fi

sirr,rrariroduuln:Tulurrid rr tnf,firrfi'rr,niorv:rTu6t6uro RM1233 *av RM224 (Fuentes et ol.gU

2008)
J a c -- " ^^^ ct d o ' Iun:oluurunrduro RMt233 rflu codominant marker lJrrlLtl4u{uutn:Illtleifitt

siruyrirudurfi'u6u6'ruvrruT:n1rafi Pilft) (o.ocM) Iaruuoada6'ruvruro{6u Pi1(t) qvfirrlio.o

unudrsurorvirrYuunudr6urofirJ:rnflu{rrarur[uiioiruvrru near isogenic line C101LAC dru
<rddCtudal,uoadaoourroocr.rruroro{tt,nudrduLoryiln!unuertouLovtl:rnflurirrrTuri ttlipponbare dlrflu

rfi'uridrlfiajouuosiol:nlutrafi InurJ:1nflun!6tdutoturrr 175 bp (vrnnnrr.gramene.org) rvirfi'u
' o a A, q v v d

qr u 1 etlr o { u0 u d rd u ro fi rJ : r n glurim a r u fiuriej o u uro C 1 0 1 45 1

o1nn1:duurdufrruvrrulsnluil pit(0 tudrtJruuacdmduufiorsiruru zat rt'uri rur-ir

oonrflu{rrdurfio.: 20t r[uif {rrrJrs]'ru:u 16 vriuri uav{rr6'rurruT:n1ra:id1u1u 24 n'uriTrrut{t,

rnEoualru6rEuuo Rtrrttz3a nu'ira1il1:nrfiililBrl*6,5u,otfr,truru 236 vt-ud nul'uririrrfifi
d v a Jto 1, 4 -uoadanluytru Gufrilriryuqrtluuoada A) siruru rs rfi'urilouriliuurfiuu,ir{',rri'rii6'ruvrru

C101LAC (positive controt) drtriiu:rurru'jrfiuoaf,a6'ruvruto.rEufirumrul zril'vrt piilt)
(Fuentes et a[. 2008) (qr:rrfi 16) lnurutudrrfiurfio.:nrn"l6'siruru z fiuii {rrtidurfios

d o 'utu & 4 d o ^u< e u4.a' 'lfl1uT:ntrari,r1nruuoa1u?u 6 r{uq trrvruttJ0{n1n0a1uillu?u 2 v\luq uacfl 'l?iluq!:uu:{a1L
qiruru s ri'uri u,sihinuuoada plrumrutor6udruuruT:ntvri Pi1@luilmjrfirirurdnn lu#oil
(nrvrfi t9 -23 uacnl:1{fi 21,28 ttav 29) druuuoada B 6rr-l:rnnunr6uSuuom:tffurir':arart'uii

douuo C101A51 riuocilulu{rr siruru 183 fiuri

''.:L'
,r:l.tr 

ti.r



n1:'r{ii 16 nr:n:vorud'rroruoafiatordud'ruynul:ntulrari Pil@huilnrfi'urfdurfiol arnnl:
n :: o aou 6'r u rn6or uu r u pt' u6u uo RMl233

?,lu0ll1?I

Aty{ll

o1u2u utulfu
d C \uorouro[o

Eudrurnrul salufr p i t (t)

Resistance

aLl,el,e (A)

Susceptibte Heterozygous

al,l.ete (B) (H)

{rrfiurfiornrn16' 38

t9
144

45

99

2

6

2

1

1

0

5

45

97

38

79

142

i5
22

t6
24

9

10

27

3

133

t
6

3

9

43

90

72

I

trrtdfiurfiornrnuufio
uXAd
1J',t?yrutlr0{n1n0a1u

94o44- 1J12tUU1VrUtlr0{
u!4- lJ1?U1A?UTIULil0{

{rrr-Jr
UU<U9
?J1?9l1uvl1U L:n LUil

18375241:?lr

14111Utfin A uilrudr uoadadruvrutorEu Pit(t) nruufr.:ornnr:rfiuiliurrudrSurod:urntoruxlu RM1233 ou

rJ:rnnunu6rsutoturortvirriuuaudrSurofirJ:rnfludr:aravr"uiffrruvnu near isogenic Iine

ClOlLAC

B vilrufir uoadalrid'ruvrrutorEu Pit(t) nrEJvd.:ornnr:rfililSlrcudrSurooirurniorurru RMt233

ovil:rnnuoudrduuouurnrvirriuuoududurofiil:rn4ludmarufiuiiejouuo C101A5t (175 bp)

H urru6.: heterozygous attetes torEu pil(t) nruua-.rornnr:rfiurJiurrudrsurori:urnio.:ur:ru
RMt233ldunudr5urofi rJ:rnquoada A uav B

allele -175 bp

nrr{fi 19 ounlT:fiLaaArSnlvr:v{oifia rao{,{an1:durar6u6'ruvrrul:n1raf pil(tt lurt'uif{rruraru
duufio.:nrndaru pirutnBorulrudusuro RMt233 lnuriliuuufiuu6'ur{'uri{r? ClolLAC fifiuoa6a
6'ruvrrutol6u Pilft) (ruoa6a A) uavarurnTuri{m ctotnst d.:fiuoaf,ahifrruurur o$u pi1@ (uoada

8-175 bp)

*a€-(atEI3333333 Fea333
500

200 bp

A allele

@



500 bp +
200bp *

n1y{d 20 ounlTraLaaarsnlvr:y,lo3fia LLan{,{an1:6urardufrruurul:nlrari Pil(t) lufi'uri{r't
u t,& d 4 v A a d

6"ruvr ruT:ntrafi ua vdrrlifi urfr or n r n rufr o 6? u rn:o{l4rr l u Fr rou ro HM 1 2 33 Tn u uG uu rfi uu

n"uvr-uiid1? ClolLAC dfiuoadafrruvlura{Eu Pilft) $Loaea A) uracareni'uri{rr C101A51

dfiuoadahjd'ruvrluto{Eu eil(t) (niurieioutro) (uoa6a B-175 bp) ( M= 100 bp marker

(Gene Ruterru DNA Ladder Mix, Fermentas) U38 = loufiou U39 = aulvd U4t = florio

U42 = flornun: U43 = rufiur[ar{L?o U44 = nutuiu.i?r11 U45 = tudolvol] U46 = ovuotuu

U48 = d1ur1u U49 = iJ6 uuriav U50 = #rurdl rau U51 = iJ6 tuilv'lrs)

A allele B allele -175 bp

n'n^rfi 21 ounll:aroaArSnTm:vloifia uaa{rranl:6urar6ufrruvrrul:ntr,rri Pi1ft) lurfi'uririm

duufio.:nrn16'6'?uuniolulrodrduuo RMt233 lnurilEuuufiuuri'lvriuridr? C101LAC fifiuroada

6'ruvrrurol6u pi1@ (uoada A) u,av{rrarufi'uri C1o1A51 drfiuroadahid'ruvrutolEu Pilft)
(ruoada 8-175 bp)

500 bp

200 bo

er(otutl'a ! F { *. c c e c c c*qaqant-A&EUINTEEETE

ap-
k.: x -E--e

@



s00 bp

200 bp

500 bp

200 bp

Aallele- l75bp

alnd 22 ovn{:aroaArSnTvr:v,{0i0ff rao{rran1:6urarEufrruvnuT:nlr,lrj Pil(d "lurfi'urf{rr
t. y J a C s d d u u avtlrdrur,nsorullufir6uto RMr233 lourGuuufiourirfi'u6{r? C101LAC fifiuoadafi'ruuru

ro{6u Pil(t) (uoada A)

n1flii 23 oun{rataaAuSnTvr:v,loifia uao{flan1:6urarEufrruvrrul:ntrari pit(t) luvYurfrirr

d'ruvrrul:nlrari 6"r u unio{l4rr1 ud rduro RM 1 233 Inu rGuu rfi uurYurt'urf{rr c t o t uc fi fi
49d-d.roaAadluvrlu to{Eu Pi1ft) (*oada A) uavrirlalufiud c101A51 filfiuoadatild'ruyru

l9SUvro{Eu61uyt'tu1:nlrari pil(t) (*oada 8-175 bp) 
I

B allele-I75 bp

*gx
@S
*,€ ,itF*r +.a
{m&&qr* 88 ,,

{ll* x a
. . a,&*fiff|as*

@

-.ul|e*}**'.t*,-tr* *l-' 
-€



LL[nln[Brdl dg grt uLnrtGlnolunuTuuLsF]& ep-ld ltlrluslruLrruLuruB]@ftnrrnLuuuu@1l
a*'

Ep Frul,t 99I nrruLuLLnmrLnm $L6ut llnLLutlogr pqx Arr,uLuut4lttulrlglBL^r4u#Ln pnpord

n r41 L nl U rn I cl n 91 !d tlBlt b u L L u u ] Ld ltEl n 01 B L^t4 t4], u u l'tla u tp-ld '-- -i- ? P iP P t tut h

ngNgfun,nLrruLqupuernLp pnlU 0z ruLm^snu@@ernglldru&ulduUAu ,p-!d nlrorunLt,truLrdrtlug '-p--- d P r r t 7- X ^
ft

e@\ pqx r4sa,ALt\ 1rur4*rF6lnc1BLl4r.d*,@nrAull Eru]P 8/I ruLmAS[tuLntu@1n91unLpn&y1@1n919

ruLrtsFm ,lugtlrLP LLuu]^r4Gln@luBLnut]GsulBtdl e p-!d ngftepuLgl4gLUnl,$lesl I-sdv)p-tpld

PP 4 h S 4 P

5ueq5 $0mlrlBLsnub@^uur4op (Dz gnuu; dq oz aux BgI uLntu@rnorunurulltlu /Dgx tt81ru01

ncroupubauBaL ep-ld nalotunrrnL1,nlugsoll$$ !n$ Ig rutnLuLLrbn-r*neun (62 Ae:n Lt W

}rsrrd) Fnf f I nrnLu nkrluslnrrnuuslpn;pbru*cul"nut1(LZ 
^e\ /I SltsLl4) 9n1,t ZOf nLruLu

nrggurulcmrnulL& 9n1t oi nLnLu onrluLu!@prngplcun, bru1t 8t ntruru rdluLulc$ng P F F 4 t tu - o F o 6O a

au1 dquLnruolnolununEuusplg

u)d LpoEl dq gzI urnruclnglununrt lnf /6I nLruL.G,^rdlLLrnl@lngluruLmgFmSlugLnLp

gnlt uz nLruLpfikrluslnLrnLulLrrAull 9ru1,t roz nLnrplcnlnuLLftruEl$Fn Fn* gzz nLnLb

LLftrl,nl I-Sdvfp-€pld c1n91uBril4]0sul_Q,lBr41 ep-!d ElyrlvglnrrnruruBLrn^ugLUULu

uopo: dols

ruDluulq-uMlpLruuryrur.rgn!,rqtr:uuugruuLu$@rol $unptdrnrury^r.41ltALsul]prn6s[tytLl ngsl-tl tp vab i t ^ e t ft Y 2 F ,

lr8Lsul$pgrulctunr4ltgl$nnTLpuLu 80zz slFKllrynLr4r l@wutsn^tiLP$0rL uorlelnul esuasuou

nnllBruugruuLur.dgl tp-ld ruglctunu,tnLrd;rluuu@xBrdl nguutlAsltuuu n8rq bw"avewg ep-u

ruGnMng AruuAult 6ueq5 BUI nkrluslruLrn1togrunlusLnrpnLLunL^t4ruln#bLtdutdrtttLLUE$tny P d - sd h s 6 I n
5

Ir11@MlLLkrAgnpMgLUULUrdgl SrLftNC[,gULp,sSFnlLrUU*'ltUUnlnB]CttL*'BLUagUgtULAUPSLU Ll
5

nguru arequoddrS LUSFILULLTAUII II-96 rugn@LL1r cg Bnpnue Z ttft]@tumn1g]LLktAs (UUt

-SgN) leada.r qfu euonol - a]!s Surpurq-eprloaltnN uga, LLft$@nfinlus1nLutnLrdnB[@t'uut l
@WULSn^rdLuruBSlnBg[ugLUBLt4 600z'v'v nnl sruu*ut 5ueq5 aulnr*nuu& ep-ld ng

e P-!d Futlvslntrnt*,ngun*,stu Z' g



n1r{d 24 oc nrI:aroa6 uHnTvr:v,lo3fi auan{rra n1: durardu6'
A d r s ^ ae A a e
rnlurn or una va1 u1[u6 [o u tr un5o lr,1ur u d rdu ro Pid3-dcAPS- 1

I

oun{:aroaauHnTvr:v,lo3fiauan{rran1:durardu6'ruuruT:ntrari Pr'-d3 turirrfiurj
u a I d \ tu

ua{ nnn? u t0u Ltu9l9l0't !T{'tv

Xbol (M =DNA marker, 1 = drdutorioufr'nrieurouttri, Lane 2, 3, 5 uLav z rflufi"rodrr{rr
ri'uridurfiorlvrufifiroadadruvrutordufr'ruvrrul:ntufr pi-as Lrav Lane 4,6,8,9, 10 urav

'* v u tX d r ia d t '
1 1 ruuFl? o u1 {rj1?vru5$tu Llro{ Lvr uvrlJ rroa a a tridluvrrul:nlraf P i -d 3)

er1:1{rfi 17 nlrn:uo1u6'?ro{uoafiator6ufrruvrrul:ntuhvfr pi-as tucirrfi'udduffior ornnr:
v A dc i" v

n :? n a o u 9r ? u tn : a {uil'r u 9r ro u ro vr 1'r Lvr 1 v n u 6 u P/-d3

vru01,1?I
"io1u?u rlluu:il1ru Eiudruvr,ulsilufi pi-as

d C ,9olaulato Resistance Susceptibte

aLLeLe (R) alLeLe (S)
u 8 a ov
lJ1?ilUUJO{fl1n[n

{rrlidurfio{n1nrufio
uE4d
lJ1?v,tutil0{ft1n0a1u

, 4 !X 4- u'r?l,uu11\uLlJo{
u!4- tJ1?U1A?UV{UrtJ0{

cirr6'rurruT:nlrari

38

t9
t44

45

99

24

5

8

0

9

t3
2t
86

t7

38

79

r20

26

94

20

38

10

t07

37t66797:?U 225

14ll1Utfi9t H r4u1u0.i uoaaamluvnutos6u Pr-d3 nruua'rornnr:rfrurjilrru6rdurad:urnio':r,llrufirdulofi
iirrnrvrTu6u Prdi *avilEdturoulrfn"oiirrn:w Xbot ovil:rnnuoudrSuuoruro 178 bp

{ c 'es r4rJ1u0.r uoaaaLrtelluvrruras6u Pi-d3 nttudtornnr:rfirUirrrudrdurorirurn6o.:raurudrduro
fi,irrvrrvrYu6u Pi-d3 saadaduJroultrid'niitn:r:- Xbol ovrJ:rngunudrSurorurn 158 uau 20

bp

@



01nn1:6uvrdu6'ruvrruIzalurt pi-as lurirrqirurlu 225 r^Turi rur.irufludrrdurfiorsiruru

zot vr-uii uavdlr6'ruvrrul:ntufi,i1u1u 24 rt'uri Toruldrntouaurudrduua Pid3-dCAPS-2 fi1rr1rn
i .- a d o e uYo u . t d, Y 4 4 o u a Y e

rvuru:rlrruerrourouurimt6'siruru 225 frui ur-i.rrfludrrduufio.rsirutu 2ot r{uii uavtr?aruvrluii

T:nlrarisirutu24rfi'urjfiririunr6rdurorulq 178 bp rfiorir PCR product ur6'n6'ruudutq:ifr'Fr

sirrflrs Bomtt,fiur*luurrnrirr ilu'irfidrrsiru':u 199 fiurS u,tirrfludr:fiurfioviruru taq v'riuiiu!l

ruavrirrd'ruvrruT:nlrarisiruru t5 vr-uij fifiuoadad'ruururordud'ruvrruT:nhuil pi-as 6uJ:rnn
unudr6urotulfl 178 bp (nr:rrfi 18,27 *av 29,nufi zs)

, ! < i<a v s \ v -. .- o - - u a t4 v ct va1nfll?vluruorvruuufiruvruT:nluil pi-as siru:u t84 rfi'uri d1il1:rluunoonld'utJu tm
- u a u \ r& 4 4 o - u a Y ! 4 4fiurfiornrnlfr iiTuru la r{uif, dmlifiurlornrnruilo siru:u I fi'uri uavdr:vl'urfiornrndaru

siruru r37 r(utf (rirruraruduffio{siruru l+ rYuri uarrir:durjrdurfioro'ru tu 43 n'uri) d'ruan.:
o i -- v u'lunr:rrfi 18 rac 27 aaqldarflu:rurruror Shang et al.. (2009) fir:rurru'jr du Pr'-d3 nulrn
q9
LulJ1?0Unn1

nr:rtii 18 nr:n:vcruqr-?no.:uoadatordufi'ruvrrul:nlyhufi pi-as lu{rrfi'urifiudor ornnr:I

m:r o a ou 6'r a rudoorrl'', u 6 rdu uo Pid 3-dCAPS-2

?1Uotl1?I o1u?u rfiuGursu
d C ,9oroura[o

Eudruvrrulsiluil pi-as

Resistance

al,LeLe (R)

Susceptibte

atLeLe (S)
v 4 a ou
?J1?vrurilo{n1n [m

'ilrrlirflurfiournrufio
uJad

tJ'r?Y'{u t}J o.tfl 1n 0 alu
94o44- tl1?1JUU1ilUrU0{
,3d- t1?u't?{?uv{uru0{

uu<ru
r1?rl1uvr1u L:n Luil

38

t9
744

45

99

24

38

t9
744

45

99

24

137

43

94

t5

0

10

3B

9

2

5

23t99:?il 225

143J1Utiln H 14rJ'rB0.r uoaaagrruvrluuorEu Pr-di nruudrornnr:lfilG:rrru615urod":utnioruuru6rSuto Pid3-

dCAPS-2 uavo'nd':u roulrrid'o sitilrv aom H I ovl:rn gunudrdurorula 1 78 bp
d \ tv - .] ta d c t .i a I ^.S uilrufrr uoadakiriruvnutorEu Pr-d3 nrElua"rorntfilrjilrru6r6uroonutn5orvrrudtduto Prd3-

dcAps-2 uasrr-nriraroulriln'ns;rrv{rv BomHt ovil:rngunu6rSulo'rru'rn 153 bp

@



n1fld 25 oun{iaroaAuSnlvr:v,loi€aLLan.:r,ran156urarEu6'ruvrrul:ntrari pi-ffi \u
{r:rfi'uridurfiorlnul{rntoruuru6u5uuo Pid3-dCAPS-2 raa'rornd'n6'rurdutrild'Fr

iirrnrv BomHl

tfiottJunr:Euriuruanr:n:?0aou{1?frurfrorfifidu Pi-d3Iourjr PCR product uo{ro{
nr:rfiurJiurrudrduroluvr-uiS{rrfifiuoada6'ruvrrutorEud'ruilrul:ntyfr pi-as ciruru s rYuii uravli

u'urjdrrfifiuoadatrid'ruilru siruru 5 n'uri trut,ro#, qiruru ro ri'urf (nr:r.rfi tq) eirlilurcirn'u
q ds { ( v o ds t riufirnf;Iolvrpi rd'rrirarquu?na[otmrrmL6'rrujiu!rfiuu (BLAST) riurird'rfirnf;Ioturitol6u
frrumruT:nlufl p i-a s tuorurio4 a rucat

6'ruvrruTo uttTil:urn:l clustaI w
rua v u.Ji a u rfi u u : v y'i r r dr r fi fi u o a f, a 6'r u vr r u ua vh"i

ornnr:tilEuurfiuuuuoru{o4a ttcgt ilu'jreirfrufirndToturid'.rnrimn:.ln-urird'ufirndlo

lvrrinordu Pi-d3 *avrfiouilEuutfiuuTnul61rj:urn:r clustaI w nu'irlr-ur5{rrdurfio.rfifiuoada6'ru

vruutavlild'ruvrutor6u pi-ds itd$ufilndTotvrriunnsirrrYu t siruyri.r lnunurird'ufirn6Totvrri
- q I av id I v s u 9 * I < 6c luvruot1?vrluoaeiad'ruvrrul:ntrari Pi-d3 *avurrird'rfi:n6lotvrri r tun'udrimfifiuaadatrir -i-

oiruvru (nrvrfi 2o) rfiorirrir6'ufirndTolilriuruJf,uurflun:novfiIu uavu,Jiuurfiuufi'ucird'un:n

ovfilunord u Pi-d3 uugrudara NCBI (FJ77 3zB5 Qid3-g3tl)) nu'jr nr:rilfiuuuilaltolrird'l
firndlotvrriorn c rflu r ludrrfifiruoadatil6'ruvrm (pi-d3) ai.rzua"lrirfiornr:narufiuiirflu:ra'araqntl

riourirvupr (nonsense mutation) (nrvrfi 27) 6.:aoqndorrYu:rarTutol Shang et at., (2009)

urav Chen et at., QorD fir:rutru'ir rjnfidud'ruvrrul:ntrari Pi-d3 qailttn:rv#n:norilurfrdu
g24 qt-l firovv,tu"ludrrfifiuoadafr'ruvrrurordu Pr'-d3 unluvl-uif{rrfifiruoadatri6'ruvrru
ovaur:n#rtn:rvfn:qovfiTu16'ufiur zez 6'r ufiorornrfinnr:narErr{'ur5r{Ju:#ar,rurrriouriruuoii
a Z, v te I u a i'.j -6nillnr:narur{uri6'lnrirrrJrtilntufru5trru Leucine-rich repeats lirtrinr:afrl Leucine-rich

s , d I t a4 0 q vy d o u u
repeats TrJ:6u1ilalq:nidwirhfr{r:qryrf,unruaur:nlunr:6'ruyrrusiorfioarur,rql:ntrafi

R.tllclc

@



. ) - cv ao a ' o v a 4rs '4 < 1fr'ruyrrul:n1ufipi-as
0r1 :1 { Yt 1 9 : 1 U t0 vr uofl 1 ?vr u'r },r 1 ? rn : u u a 1 q u u'l n a L0 Lvl 9l lJ o { u u

osJ
a1ouvt t1461 T{U6tJ1?I uua{il}r1 B0aaa

2

3

4

5

6

7

8

9

10

NPB Nipponbare

U42 flounum:

U45 ru6o{uol

U49 il6 uilac

U3g ourue

U3B {otfiou

L77 nonuva t}9-L-tt9 (Gs.569)

Ls6 6fq (cs.3376)

E111 V16u1til

Ertz ufiur

ul
fl1U1\U5A5?0AO!t

v444
1J1?ilUtU0{fl1nLUU0
ua4<
lJ1?Y!UtlJO{fl1nLUU0
u344

lJ1?y'lUu.t0{fl1ntuu0
v1<4

fl 1?1'{Ut8J 0{r't 1n LUU0
v144
t 1?vlutil0{n1n[uu0

I944d
lJ1?U1A?Ur'{U ttJ0{ n1 n 0a1U

I914d
lJ 1?U',r fl ?Uvl U tlr 0 { fl 1 n 0 a 1u

v4044d
lJ 1?tJUU1vl U tlt O.t n 1 n O A 1 U

u 3 U! 4 d
lJ 1?1J UU',tV,lU til O d n 1 n 0 A 1 U

LtJFitluyllu

Liln1uvr1u

LtJgllUvllU

hi6'ruuru

Lila1uvt1u

9t1Uvt1U

911Uvl1U

v
9r1Uvl1U

FrlUvrlU
v
9l1Uyl1U

1N;=S
ln,:. ? e

3tr45S
+!+ J:

i !i .'\

3r1L1R
10E11:H.

:.I'iF=S

-L=-:

i5{;s
:n?:c

i1:_:F.

-?:L:.:_e

3T T 3:i3-TT 31 3P-3C&3TI 3TT 3AT 3=:I-rt.3i Tl:rlT anTT :1r ;r T;; : : 3r :f 1 3 1 1 6
311,3:3rT3T-"X33-3TT 3TT:I-T33C:I-T:X:rSTlTS1TT:XI3rrA:::'3T3r r3 i :5
=T 

T 3: :ITT 3T -:}33I3TT 3T I ::. T.?3: :.1r 3: T;TTX I -:;T T ]II 3I T;. : 3 : 3T ]T I 3 1 : 6
,3TT.3:'ATI-:13}T&3TTCTT:}.T-33::AT:ATTT]IITA1TI.:iT':ITA;C;3T3IT'3 11?
:IT'*:3.TT3T3l-333TT'3TT:.3-T;43:C}T';3.III}I3-T3-3-TI:Xf ;TT3-3:33r;rTi i2n
STT i:gTT 3T -:I333rT 3rT CAT.s33CeTt3f Tl;-rl T ATT :aT ]I Tl-: : : 3T 31 1 3 i :. ?
:TT3:=TT3T-:I3:I3TT3TT:}T3H:.gT:}.:T.:].T;.T.TTT:;T:TT;.]::3T;TT3:1:
STTS:':ATT-3T..:33I9.?TT 3TT3T,33CC3IC}.CI}.3T3T,3ATT :}.T]IT}g:C.3Tif T3 ].17
,gIT3:3TI3TGA3CA3IT 3TT:I.TS3:CS][IiT;.ETAT3.1.TI:3-TCTTA:';.:3I]IT'= i:.?
,SIT3:;ETT3T.3.E333.3TT-:1I:&TSH:AT:3CT:3T3TSCIT:CTClT};C3GT]ITG:.].6
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n1ilfi 25 ran{rranliujiuuufiuuriror-ufrrna'TolvrritorvliuiSrirrdurfio$firuoadapiruuruuuavI

r,roadatri6'rurluro{6ufr1uvrrul:nlr,lfi Pr-d3 loutduniosrarrud rSuro Pid3-dCAPS-2



=3.'-'_
=!'-2r 56
:11

Pi33- 33:1
--r{9

-\ l!

:13 9

r-40
s)
39
39
39

Md 27 oranl:tGu!rfiuurirdun:novfiIutor{mfifiuoada6'ruil1u1ro{6u6'ruvrrul:nll^fr Pi-d3

(E111= r'{rylrrJ, E112=rflu'r, 156=6fn (Gs.3376),117=oofrilu6 7}g-l-|tg (Gs.569), rrdv U38=
d.vAa{otfiou) uuavrlrrfifiuuoa6atrifrruvrru (U49=iJ6 utilav, U45=ru6o{u0il, NPB= Nipponbare,

U42=ilolnun: LLav U39=nu'ru6) n"rdoXaair6'rn:novfrIuo1nilu{oila NCBI (Pid3-9311)

3. 8 n 1ffi fi ad aunlaufl'tun tuk alu ei pi 2 (t)

6u6'ruvrrul:x,1Lvil Pi2ft) fin'ruuarjroqjruln:Tllru{d o rflu6ud'ruyruT:nlrafiuuunirr
(broad soectrum btast resistance ) tururirl (flanking markers) d'rutniolylrudrSuro
SSR140 uav RFLP JSHL2 Touilrrorntn6orulrufirSuro SSR140 rJ:vlrcu 0.9 cM uavdl{oln
rnioryurudrduro nfLp )SHtz rJ:slrru 0.9 cM fi:rurru'irri1?a1ufiuif c101451 (near-

isogenic tine) fiduoiruvrrul:nlrafr piz(t) (Jiang and wang, 2oo2) rfiorfilrJilrruGrduro6':u
Jad- -tnso{utrluntduto ssRl+o fi'urj{rrfifiuroaf;a6'ruil'turro{6upiruyrrul:nluil piz(O ovrJ:rnnunu

4 d I d ,', q v u 6efit0ut0lJu19ltil1nuttnuoL0utovlu:1nfl LulJ1?aluylutnruyrru near isogenic [ine c101451
o qvdt d . I a dy da d \ t9 t d dnluu9l[14tuu u0aaa A ?{?u11u511?vruuoadaL:rnruyruovtJ:rnnunl6rduuoturn 115 bp

(marw.gramene.org) rvirriuturotolunurr'tdutofiil:rnniuarunnriajouuo CO39 ritauol#rflu

ac^:-.r i:-:a- iatr:E- - 3Y- =- anF- c-;c- =--ra'.raT- \:

roa6a a (nrnfi za)



(A)

!a r r - - n i i - -usssssSsSsSttts

s00 bp

200 bp

l00bp

i < a C < , da Y 4 e sn1ilfi 28 ounlT:aLoaoran Lilil{or{auan{ilanl56urarEudruvrrul:nlr,rri Pi2ft) luiltrfiurfior
nlnda'ru Iqul{rn6o$aura6uSuuo SSR140 idtnd8nrTuEu Pi2(t) (A) rirrurarudurfior (g) drr;usu
"o! 4ulvrutu0{

olnn1:duurdufrruvrrulffiluil Pp@ 'Ludrrsiruru 241aluvriui5 rutirrflu rirrdurfios

siruru zOt rTuti dmd'rumruT:ntrari riruru za fru6. uaudl?d1 siruru 16 arurfiuii ff1]ll:nLfltr
d d \YoUiurru rirouroLqalu?u 193, 24 $avt5 aruil'utiflrudret-u :?iltfl u 23241ufi'uri llu'jrfi{r:

s;ruru 153 a1ufiurffifi6uri'ruvrruT:nlrafi pizftl dvlzlnflunuALSuron:{rYldmrfi'urifi'ruuru

C101A51 firflu positive control (uoa6a A) u,r.j.rrflurirrduufioluavdmdruvrruT:ntrr( tlru
131 uav tz n'u{nrlrirer'u, uavflu6udruvrruT:ntrari Pi2(0 Lu{nrdr siruru 10 aruvi'uif uavfi

rjrrsiruru 7a ri'urfiJ:rnnunu6uSuron:rriu{rrrYurieiouruo Co39 fitflu negatiue controt {ilfi
rroadalilfiruy1u1lo{6u6'ruvrrul:n1vfr piz(O (uoada B) (nr:rtfi 20,27,28 uav 29, tnflfr 28)

rasfi{r'ldruru 2 aruyliuridrflu heterozygous 6uJ:rnnun!6udutocro.iuoaea A uav g uillrflu
u&4u6{r':fiuufior r ri'uE uavcjrrdr 1 arurfluii

500 bp

200 bp
100 bp

!o9FF*CrilQ!59€60Eec
-rLIEL:EHHEHHLIENE
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n1:1{fi 20 n1:n:u01uer-?rro{uoadatotEu6'ruurul:n1u1ufr piz0lu{r:rfi'uridurfior ornnr:'q

n:roaor6'rurndorulru6rSuro SSR140

iluot1?I 01u?u trilu Eudruvrrulziluil piz(t)

Gurru Resistance

firdurotd attete (A)

Susceptibte Heterozygous

al.l.eLe (B) (H)

drrduufiornrnld'
y u,X 4 4

1J1? [5ilUt]J0{nlnLUU0
u!4d
u1?ylutlJ0{r'r1n0a1u

u ! X! a- t,11uuulT{u1il0.1
u!4- 1J',t?U1A?Uy{UL}J0{

rir':rJr

cirr6'ruilruT:nturi

38

79

144

45

99

I6
24

38

18

t37

45

92

t5
24

t
8

722

47

81

10

I2

37

10

15

4

71,

4

t2
153

uil1ut?tE

A ulrufis uaadadrumrulasiu Pi2(0 nruua-rernnr:rfilGrrrudiSurodrurnio.:ilurudrSuro ssR140 ov

rJ:rn4unudlSuloturntvirn'uuoududuuofirJ:rnn'lu{rrarovYuiifrruvrru near isogenic tine C101A51

g ulru6.: uoadahifrruvrrutor6u Pi2(t) nxudtornnr:rfrrilirrrufirdulodruLnEouarradrduro ssR140 nv

rJ:rnnunrdrSuroturnrvirfiu 115 bp rvirrYururorto.runudrdurofirJ:rnflurirrarur{urieiouuo Co39

H uua6.: heterozygous attete torEu Pi2(t) n:roudtarnnr:rfiuUirrcudrdurori:urnioruuru6rSuro

SSR140 kiunun'r5uofirJ:rn4uoada A uav B

ri'urjdrrvriurfiorfifiuoada6'rumruto.:6u6'ruvrruT:nlyri Pi2(0 lzvnorpi:u {rrtifi'urfior
4 o ^ a 6 v ! { q, u

nlntuilolilu?u 8 u=uii, {rrfiurfio.rnrn't6'qi1u?u 1 vrnri, rilrfiurfiornrn6arusiru'tu tzz fru6"I
({rrfiurirfiuffior +t r{uE uravqirlula?ufrurfio.r at fiuri)

7824t

7



3. 9 n1:er:?oaouill6udruvrruT:n1ufr pi sl (Pi- t )
d9--Eud'ruyrul:ntrafi p,sa *ru#ou:n"Lu{rrarur[uii retep r6udo Pi-kh riorrlduJduudo

tlu pisq (Sharma et at. 2oro) fioirurarj.:oqjuuuru{1{ur?rofln:TilTtl{fi tt rflu Singl.e

Dominant gene 6u pisq tflu1u6'ruyrruT:nfiairrhJ:fiufrruvrrutfior Nucl.eotide-binding site

lecine rich repeat (NBS-LRR) (Sharma et al.. 2003 ,2005) finruaur:atunr:frruvrruriordo:r
< o u v UY v 64 O Ya - J

alrunro{l:n'Lu.Lun Mognoporthe griseo louaruaru{un"ilu Pi54 0qtnatnnutn:0.i14}J1u

6r6uro TRS26, TRS33, 5129, uav RM206 louoqjvirrornrntorurrudrSuuo S1.2g7oo4.5cM uav

r,irrornrntoqalru6tduto RM2O6 t]:cilril 0.7cM (Sharma et a[. 2005)

siolrtpifinr:r,rruurrn6olralrudrduuo Pi54MAS fim:rsirrurariruordudruvrrul:ntrafi prs+

ufiol{ut]uuntou,rrrudrutunr:6'nu6on"[unr:rJiurJpt'uri{rrl#frruvrruI:nlrafi Tou untoruilru

6rdurost"lnrirruflutnBolralru6usurotfin t++bp insertion / deletion (lnDet) tflu codominant

marker lu{mfifiuroadaolruyrruosfiruronrrlrumtordrdufian6lot vd zto bp ruavrir':fifiruoada

triolruvrruoyfirurnnruurrrordr6'rfirn61ot vd lsg bp 6rarur:0Fr:?oaoutdTprut{ agarose

geI etectrophorisis lirtrf,irueionl:el:?oaou uravfinrrlgn6'orurludrn'jrrntotvurudtdutotfio

SSR (Ramkumar et a1..2011)

rnto.:ulrudrSuro pi5+SSR (RM206) rfl uun6ouaurudtdurofftndfi orril6u6'ruvrrul:nlufi

Pi54 uavoqjvirlorndud'lneirril:curru 0.7 cM mnnr:fruurdufrruvnuIzaluil pisq Iout{
rniorrailrudrduro pt5+SSR (RM206)lurirr,fru')u 225 vriuri rur.irrfludrrdurfioluavdmdrumru

T:ntrafi,irutu 2Ot *au 24 fi'uiinuaird'u arur:nufiuil3urrun-rdurot6'siruru ttq vtiuti uillrflu
uY

{mfiurfiordruru t09 fiui5 uav{rrd'ruyruT:nlrafidruru s fiurf vruirfi{rrfiuffioruavdr:il

piruyrul:ntrari fifiuaaf,a6'rumrurordufrrumruT:ntrafi Pd4 fiuJ:rnnu,nr6rdutoturnil:vrrru
300 bp siruru 68 uau + rfi'u{mtriirdu (nrnfi zg) uavnuuoa6atrjd'ruvnutoldud'ruuru

Lzahufr pisq iiruru az fiut"filovrJ:rnnunufirduroturo 400 op ur-jrrflurirrduffio.: +t fr'r,i

uavtrrrirumruT:nlrari 1 vl-ud (nr:rrfi 2t *av 27)
9tYv d9 4 4 dd d I I v I v I I 4 4{uo{rrfrurilolfrl=uoadapirumrurorEupiruvru Pi54 lzvnaudru {r?frutilotnrntuilo

iiruru tc ri'uif, rir:fiuufiornrnnviuoonrfiusuafio siruru 5+ ri'urf uu-jrrflu dmfiurirfiurfio.:
o-v.u44o-^uattltn1u?u o fluo utaurl?u'r?{?uyruLro{ a1u?u +a rnTurS um-lrivruu,oadad'ruvrrulurirrfiurfiolnrnlfrit

@



n1:1.:fi 21 n1:fl:uolurr'?ro{uoadato.rEuolruvrruT:ntuhurt pisq tu{rrrYuridurfior ornnr:I

n:roaou6":u rndoorrl', e,6 rSuro pi54ssR

vtu5t1?I o1u?u [v{1ru:u1fu
dC h,orouro[n

EupirumruTsalufr pist

uaaHafrrumru (R) uoadalildruvrru(S)

{r'lfiurfiornrnld 38

79

t44
45

99

24

225

18

t7
74

10

64

5

744

18

3

20

4

t6
1

42

6

48

0

74

54

4

72

riretifiurfiornrnrufio
u44d
1,1?YluuJ0{n1n0fl'ru

919u4o41- ?'l?tJuu1lluttJ0{
uX4- 1,1?u1?l?uilutlro{

{rr6'ruvrrul:ntrari
52U

fi!1ulilq R urrs6l uoadarlrumrutro.:6ufrruvrruIzalui pisq nraradrornnr:rfilrJBlrru6rdurorirurn6oru!ru

firSuro RM206 u6:ovtl:rngunududuro.uuror 300 bp

5 uurafir uoadabjsirumruuarEufrrumrul:nlrafi PE4 ua-rornnr:rfilrjilrzu6rdurod':urnia':urru6rSuro

RM206 uauourJ:rngunufi uSuro?Ju'rer 400 bp

500 bp

300 bp

nt^rii zg ounll:aroaAuSnTvr:v'{oifrauan{rranlidurardufrrurlulinluf pi54 '[u{rruratu
durfi ou r n 6 aruTn ol{rn3o {uil1 u 6 r5u ro RM206 vrin dfi n ri'u 6u prs+
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:-....-
i],,jdt&
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n 1 ffi nq a au wdufrtuntulrnlnti In El"lfrmi o fi,:u't u d 6u n Pi5 q i nde I

ornnr:6uurdu6'rumrul:ntrari pisa lstflilrntoruurudr6uuo Pi54 indeL (PI54MAS) lu
drrsiru:u 22s fru6 ur-irrfludrrduufior ruavdrrfrruvrul:nlrariiiru':u 201 uas z+ n'ur5mudrdullr '^ ' 5urot6' 222frud rur.irr{lu{rrfruufiorsirurl -- u 4 v v rvrrul:ntr,tri6'1111:{'rrvlrrlJ:rrruorudur old zzz vliuri rur.irr{Ju{rrduufiorsiruru 201 vrusraurr?Fnltl

siruru 2r fi'uri vru'irfidrrflsurfiorfifiuoada6'rumrurordu6'ruvrruT:ntrafi Pi54 dtutu ro rfi'urii

ruavdmfrruvrrul:ntrarisr'ruru 6 fi'uri d.:rJ:rnnunudrduroflulo 216 bp (nrnfi ao)

rJ : v n o! d'r u {rrlidu rfi a rYru01J't'lYrutlt0{vllJ ttoaaafl luyl'tulj0{ uun'

nrnruflo t0 rTuii urihivruu,oada6'ruvrrulu{r':durfiournlfr' urarrirrdur,fiornrn6aru (nr:xfi
9

22 *av 27)

nr :r tfi 22 nn ntvqr u rTrcr o r rLo a 6 a t o r du6'r uyr r uT: nlulurt p i s q tu{rtfi'urifi u ufi or or n nr :I

n:roaou6':r rudooru', ud uSuuo Pi54-indel. (Pi54MAS)

v{u0lJ1?I siruru arur:orfiu
Gurru

d C ,9otoutoto

Eufrruvrrulsalufr pisq

Resistance Susceptibte
(R) (s)

v E a 6e
lJ1?1'{UUJO{n1n L9l

U \ IA 4 4
lJ',l? 151'{U UIJO{fl 1n IUUO
vEdd

1J1',ly,tu til o{r'l1n0alu
v ! iX 4 d- 1J',t?ljUU11'{U1il0{061U
y!4d

- fl 1?U1A?UTIUttJO{OA1U

dT r6'ruvrrul:ntrari

38

t9
744

45

99

24

38

t9
744

45

99

2T

3B

9

0

10

0 744

45

99

15

206

14lr1utilq R urru6.: uoadadruvruuor6u P64 fioiruvrrusiol:ntrai'lu'ilr': va'':ornnr:tfir:Gurrududuropirutfl:uroi

Pi54 indet fi,irrvrrvrYudu pisq vi:irfild PCR product fifiunudrdurotu'rn 216 bp

s uilrEJfir uoadaaiouuoriol:nlrariuo.r6u Pr54 ua'.:ornnr:rfilrj3rrcudrSurod'rulfl:ur ai pisq indet fr
qirrurvfi'udu pisc viflfild PCR product fifiuoudrduroflu1fl 359 bp

t6

@



nr{d 30 ounlTiarnaarsnlvr:lffifiaulaorurnudrSuuofifiu,oadafr'ruurutorEu6'ruvruT:n
huil p i s q u a-r o r n n l r Lfr l ilEr r rud r,S u ro fi? ulv,r : ul o i p i5 q-i n d e [ ( M = m a rke r, 1 = dn i i il!3
!, 2= CLOIITP, 3= C105 ITP 4-l-23,4= C101 PKT, 5='t'uu1v1 7, 6= 1R64, 7=il4lorfi
1,8= MUCENA, g= C103TTP, 10= C101A51 uav 11=nt 33)

4 v u .u ! a iaa Y S- q

Buriuzuanr:o:?aaoufl'urfritlfiurfiolfrfrEupiruvrrul:nlvfi Pi54lquat: d1 PCR product
^' ^ de d u tv )a d u tnhir{rutror6uyrrul:nlufrpisqfit0{n1:tv1:Ju:tJ16uFlt0ut0 tufl uqtl?vrilu0aaan1uvr1ul'tau tt0aai

J ,- d d s ov A < aryr:Ju:tJlrugtrouLo[elu[trn:o{l4r]luorouro Pi54 indel. qiruru t0 r[ui5 rJ:vnou6',rurffursrirrfifiit

uoaf,afrruyrrul:nlyri pi54 dmm s rfi'uri uavn'uiirir:fifiuoadatilfi'ruvru siruru s ri'uri (mr:rr

fi zg) utuuird'uf,':ndlotvri ornrfurirriro'ufi:ndlotvrrilrujiuurfiuufi'udr6'rfirnf,Tolmritordu
plruvr rul:nlufi p i s a tuorudo ra t',tc g t Iq uldTrj: un:u c lusta I w4U

,.r.ont 23 :rodarfi'uri{rrfirirurirn:rvfia'rn-ufrrndTolvrriuordufrruvrruT zaluit pisq
t

uua{mil1 uoaaao s J u e 6yalnum :ilcl T{u01,12

1

2

5

4

5

6

7

B

9

10

u38

u42

u46

u48

u52

ET44

s72

s78

s87

NPB

{otfl0u

tJounum:

ovuotuu

alut:ru

{mnouai

u6nn:vTopr

urtrr(GS.no 7414)

oonfrna (GS.no9754)

arrfivro (GS.no t2717)

Nipponbare

,!aA
lJ 1?y{U tlJ 0.1fl 'ln tUU0
,!44
tJ'r?Y{u LIJ 0.1fl 1n tuuo
u!44
?'r?11Util0{nlntuu0
u!1 1

1J',r?1\U LlJ 0{r'r1n Lfi U0
uEA4
u1?v{uLtJ0.ifl1ntuu0

u t X& 4 d
tJ 1 2 lJ UU1 Tr U LlJ O { fl 1 n 0 A1U

u
{rrfiuufio.rnrnt6'

rirrfiurfiornrnl6'
rirefiurfiornrnt6'
9ua
'u1?Y{U0ml?0aouI

FrlUyrlU

Flluvt'tu

nluvt'tu
v
FllUvl'tu

aluvllu

LlrFrluvrlu

lil6'ruvrru

Llr9r1Uvr1U

LilFrlUvnu

lil6'ruvrru

@



01nn1:riliurrfiuuriro'ufirndlotvrsi:vr,r'irut'uridrrfifiuoada6'rumruT: ahufr pisq rYuviluri
v ia d \ tv a < c d 4 v 

t 
a \ 9 q v 

I

{r:fifiruaa6ah-id'ruyrruflirfrrYrfirniltolmritor0u6'ruvrrul:nlrafi Pi54 lurru{oua NCBt

(gi 63103205 gb AY914 077.t Oryzo sotivo (indica cuttivar-group) cultivar r*"0 NBS-LRR
h(Pik") gene, partial cds) ru'jr lurfi'urf{rrfifiuuaada6'ruurufinr:troulullo{d1d'rfi':n6lotvrri

siru:u 143 bp fitaonnf,orfiu:rurruro{ Ramkumar et al.. Qoll) fitd'rnTerurrnBotu:rrududuto

ornsr"ruuilrfifinr:rrnrarutorriror'ufirnf;Toturidruru 144 bp ror6u6'ruvrrul:nlrafi Pi54 *au
o u A d Y <.iqv j d c - -- u o u a 6 r a drir6'ufirnalolusifild'ornrn5oruurududuro Pi54 n:rrYrrird'ufirnf,Iolvrritor0u Pi54 n1n

rrudola NCBI uaqrtunrnfi at

ufiorirdouarird'ufirndlotvrrifild'lrurj6aurfluriro'urorn:rrovfiIu (transtation) vru'irlu
U

v av f,d d q re < I er{uE{mfifiruoaf;ahjdruuruilnr:rfriluirilrtordrdrtua (insertion) siru?u 144 bp unhivrunr:

ril 6 u u ul a r o r n r{ r rlu vriu ririr : fi fi u"o a d a 6'r u vr r u

nr:finur [uni.rf,uarxhlrfiufilrj:sf,uBnrnrorun:o{r4}r'rupruouro Pi54 MAS fflt"tunr:
nr?oaouvldufrruvrrul znluil pisa ei-kh ) Touunioru:irudrEuron'.rneirrfirJ:vf,uBnrnlunr:

durar6u pi54 unnirrniorurrudrduro pi54ssR (RM206) rfiorornfin:rlqirrnrvriuiu pisq fit
v v au 4t 1Caonnao{nu{1u?0uljo{ Ramkumar et at. (2}tl) fi:rEJrru'ir tnso{14lr'ruertouto Pi54MAS fi

n?1ilii1rvr1u fluiu Pi54 rrnn'jrrniormruo'r6uuo Pi54ssR d':rvuriutd'jrlu{rrrYuii tno+ rfio
< ov J a d , d d d vn:roaouIoEr"[{rnioruilru6rduro Pi54SSR ovil:rnnunudu6urotoruoadariruvru uqin:':oaou

s Oy 4' d C - , d I d rl ty S I uIou'[{unioruuru6r6uro Pi54MAS ovil:rnnucru6rSuroruoadahifrruuru Inuritrvliuri tno+ ovfi

duplruvrrul:ntrari Pi-to *avpio umlrifid u Pi54 fitaoonf,ornn:ruvrutor Ramkumar et a|..

(2011)



s??_s
583_5
592_S
L9_S
NPB-S
U5O-R
U52-R
U42-R
u3 8_R
ultE_R
Tecep_P i5{

s??_5
583_S
s92_S
L9_S
NPB_5
u50_R
U52-R
U42-R
U3 8-R
U48_R
Tetep_P i54

57?_S
583_5
s92_5
L9_S
NPE-S
U5O-R
U52-R
U{2_R
U38-R
U48-R
TeEep_Pi5{

s??_s
s83_S
s92_S
L9_S
NPB-S
II50_R
u52_R
U42_R
U38-R
u{8_R
TeEep_Pi54

- - - - - GC TTC ^f,..[,TC C C TGC TAGAC C TC GAT.I.G.I,TTATGGC 3 5
-----GCTTCITICICTGCTAGACCTCG.I,TAGI,TTATGGC 3 5
-----GCTTCTTTC.I.CTGCT.N.G.I,CCTCGATAGATTATGGC 3 5
-----GCTTCAATC.O.CTGCT.C,GACCTCG.I.TAGATTATGGC 3 5
-----GCTICAAACACTGCTAG.U.CCTCAATAGACTI,TGGC 3 5
----_GCTTC AATCACTGCTAGACCTC A.[,TAGA- _ - - - - - ? B
-----GCTTC.[,ATCACTGCT.C,GACCTC.[,ATAGA-_ --- -_ ZB
- - - - -GCTTCIATCACTGCT.C,G.T.CCTCAATAGA- - - - - - _ ? B
- - - - - GCTTCI.I,TCACTGCTAGACCTCAATAGA- - - - - - - ? A

;;;;;;;;;;;;;;;;;;;;;;;;;;;il:ii;:i:l::li:i:!liitli:t-:----: 3i
I tittt t ttit tf,f,Eif,f, tttti

TW TW iTTAGATCCAAAGTTTGGATCCAAACTTCCGTCCTTTTCCATCAC.I,TCAACATGTC 95
TGTGTTTAGATCCAAAGTTTGGATCCAAACTTCCGTCCTTTTCCTTCAC.I.TCAACATGTC 95
TGTGTTTAG.I,TCC.I,AAGTTTGGATCCA.LACTTCCGTCCTTTTCTATCACATCAAC^T.TGTC 95
TGTGTTTAGATCC.I,.I,AGTTTGGATCCA.IACTTCCGTCCTTTTCC.T,TCACATCAACATGTT 95
TGT.[TTT.[G.ETCCAA.IGTTTGG.C.TCTA.IICTTCCGTCCTTTTCCATCACITCAACGTGTC 95

ATATACACATAACTTTTCAGTCAC}TCATCTCT.I.ATTTT.I..I,TCCTTTTTC.I,.f,..I.CTTTGCG 155
.LTTTACACATAI,CTTTTCAGTC.C,C.[,TC!,TCTCT.T..[,TTTT.L.[,TCCTTTTTCAAACTTTGCG 155
^U,TACACAC^I,TAACTTTTCAGTCAC^I.TCATCTCTA.I,TTTT.T.GTCCTTTTTCAAACTTTGCG 155
ATACACAC.I.TT,ACTTTTCAGTCACATCATCTCTT.ATTTTI.GTCCTTTTTC.I,.f,,ACTTTGCG 155
.[TTCACACAC.LACTTTTC.C,GTC.T,C.I,TCITCTCT.I..I,TTTTAGTCATTTTTCAAACTTTGCG 155

CTGAACTA.T.AC.T,TAGCCTATCACTAGTGA.I.CCTTGAAIAffiTTTC.I,G.I,CACTGAAG.LTGC 215
CTG.T,ACTT,A^[.CATAGCCTATC.I.CTAGTG.C..I,CCTTG^I..I.I.C,ffiTTTCAGAC.N.CTG.[,AG.I.TGC 215
CTGAACTAAACITAGCCT.I,TC.I.CT.C,GTG.C,TCCTTGA.I,AArcTTTCIGACACTGAAG}TGC 215
CTGA.[.CT.[..[,AC.LTAGCCTATCl.CTAGTG.I,ACCTTGAA.I..I.GGTTTCIG.I.CACTGA.I,GATGC 215
CTGIACT.I,.[,.f,,C.[,CAGCCT.I.TCACT.[.GTG.[.ACCTTGA.T.T.I,GGTTTCAGACACTGA!,GATGC 215

--- - -CTATC.T,CTAGTGA.LCCTTG.I,.il..I..I.GGTTTC.T.GACACTGAAGATGC ?2
-----CTATC.T,CTAGTGIACCTTG.I,A.I,AGGTTTC.{,GACACTGAAGATGC ?2
- - - - - C T.C,TC AC TAGTGA.I.C C TTG^O.TAAGGTTTC AGAC AC TGA.I.GATGC ? 2
- ---- CTI,TCACT.I,GTG.[,.C,CCTTGAA.N,I.GGTTTC.I.GACACTG!,AGATGC ?2
-----CTATCACTAGTGA.f,,CCTTGAAAAGGTTTC.I.GACACTGAAGATGC ?O
-----CTATCACTAGTGAACCTTG.T.A.I,.I,GGTTTCAGACACTGAAGATGC 9?

tttttttitttltttttttittttttf, f, tttt*f, r*ttittti*

n1ilfi 31 uaorte'ranr:tilEuurfiuucir6'ufrrndTolvrriro.:ri'urfiirrfiuufio.rfifiuoa6aoiruuruuuavt

rroaf,ahid'ruvrrutorEufr'ruvrrul:nlraf prsa Inul{rnsonalrududuLo PI54MAS uav{olaror 6u!

Pi54 ffifln:ruriola NCBIdU

@



3.10 nlffifloltouutduilruntuknlueiPigmft)

6u6'ruvrruT:ntvri Pigmft) nuludrraruri'uii cumei 4 touJ:vrundu rfluduoiruvrruT:n

trafiuuun{rr lrruvru'jrdu6'rneirrfin?1il41il'r:nlunr:fr'ruurusiordo:raru,rql:n1raff1d6n'jrdu

Pil(0, Pi2, *av Pr3 fiturorJ:vllru 70 kb d.:ogi:vra'jr{Lndorvureldudur,o c5483 uuav C0428 lu
In:Il1tlfi 6 fiuJ:vnou6'rudufrruilrul:ntrarito.rrirr tfior Nucteotide-binding site - Leucine

rich repeat (NBS-LRR) 5 du (Deng et at., 2ooil riourfinr:Inaudu6'ruvrrul:nlrari Pigm(t)
oCrdvtvprdYiAdrrSo uavnu'irEuel'rnarr o'qoglundrrorEunrumruL:ntilo Nucteotide-binding site

Leucine rich repeat (NBS-LRR) (Deng et at., zoo9D finrruarur:n'Lunr:6'rutruriotfioarnaq
T:ntrari6n'j1Pi2, Pig, Piz *av Pin fillnTloaouuoadatordu Pigmft) lurirraur:nlirlfiTnul{

J dc --tnSo.lurrudtduto C5483 uav lndel marker 529742

rnioru:rrudrduro cs+aa uflurniolrauru6tSutotfiq CAPS marker ov6'ot1{routmin"er

rirrvrrv EcoRtlunr:uunnruunnrirr TquovrfiililiurrududrSurolruler 468 rirua racffioa'q6'ru
U

uoulrripTosirunrvtfin EcoRl uoaHatilfrruvrurordu Pigm(t) ovfisirurarjrn'rrqirtnrvto.rrouttri

EcoRtlirt#arur:nn-qdudrudrSuuot6'druuroada6'rumrutorEu Pigm(O trjfisr'rrurarirn'osirtflrv

ro.:uoultri EcoRt6ilrinnfrod':uroultri6'.:neirr lir1fr'fi;ts'uairudrdurotuT otvirtfir
U

ornnr:fruurdufrruvrrul:ntrari Pigm@ tu{r'rsr"rur u 225 u'urf rJ:vnou6:udr:durfior
siruru 20t rrl'ud uav {md'ruvrrul:nlr,rri siruru za fruilotr"Ldrniorurrudtduro C5483 al}r1:n

i9'J '^ d c "i1ulu zt6frui uilrrfludrefiurfior zoo u d v v uI:ntrari torfiurJiurcudriuroldsiru')u 21.6 vl-uri uuJrufludmdurfior zoo vl=ud uav{rr6ruurt
- qA | 4 c 'yruo fl{u:lnnununrouroturq 468 bp r,fiarjr pcR product fi16:rr6'116'rurouttild'nsirrflrv

EcoRtruirfidrtilu')u 2r3rt'uri dfiuroadad'ruvrrutordu6'ruurul:ntrari Pigmft)TouovrJ:rnn

unu6rdur,ouurn 468 Up {i*rro,iudrrrt'uri TP 309 (positive control) ur.jlrfludrririuufiol siru?u

r98 r{uri uavdrrd'ruurul:nlrafidruru 15 ra'u{ urasfi{msiruru 3 rfurirJ:rnnunududuuoturer

il:vlrru 300 ruav 200 bp 6rn:rriurir':rVuii ruipponbare fitflu negative control (nrrfi az)
udv&4iddrlrv-.o.^^u|teu&4yr'uE{rrfrurfrorfrilEufr'ruvrruT:n1rail eigmft) siruru 198 n'uri il:vnoud'ru {mfiuNol

nrnrufio si'ruru to fiurS {mdurfiourn16'siru,:u ga fi'ud {mdur,fio.:nrn6aruiiruru 144 n'urj
9l

d, u 3 uo ! 4 o -- o c u & 4 o ^^ u d\(uulrtiutrr{uilrr4uffiol siru:u 45 yl-ud ruavcimurarufruufior druru 99 li'u{) (mr:rlfi z+

*av 27)

@



{rrlout{rnsotulrudrduLo CAP marker-C5483 ua-.:ornsr-or PCR product oirurdutsiler"el

qirturv EcoRl (M =DNA marker, yt"u6{m C101TTP, CO3g, 1R64, JHN uav rradortraqi

rflud'rot.iru{'uririrrfifi r,roada6'rumrutorEufrrumrul:ntrafi Pigm(t) LLav NPB

( N i p po n ba re) ufl u6'r o t.j r ufi'urf rir ed fi uo a 6 ahi 6'r uvr r uI: nlr,rri P i g m @)

n1:1{fi 24 nnnzvalun-?ro{Lroadator6urirumrul:niulrari Pigm(t)tu{r:fi'urif{uufior ornnr:
n::oaoudrurndoruurudrduro CAP marker-c5483

ilu511?t o1u?u rfirGlrru
d d t9otouroto

Eudruvr rul:nhnfi P i g m (t) -C5 483

Susceptibte

aLl,el.e (S)

Resistance

al.tel.e (R)

rirrdurfiomrnl6'
u u,E 4 d
u1? [5VrUttJ0{fl1ntuuo
v14d
11??rULilA{n1nOA1U

94044- 1J1?tUU1T{U[lJO{

- 1J',r?U1A?UilUuJ0.1
,u<h
t1?m1uyl1uL5n luil

38

t9
t44

45

99

24

38

18

t44
45

99

T6

38

t6
t44

45

99

15

0

2

0

225 276 2t3
?uJ1t tl4Fr R vurufir uoa6apiruvru'ua.:6u6'rurruT:aluit eigm(t) nraraa"rrrnnr:dr PCR product lrn"rrdru

touttrjpTnr'r rvrr v E co R t r vlduauo' rdu rarurer ryir r6il 6 a il:vur ru 468 bp

S vlru6l uoada'lli6'ruvrruuo.r6ufirulrulzaluil eigm(t) nrur4a"lornnr:dr PCR product urq]"otpieu

roulrri6'no'r rnr v EcoRl octriuoldr6urorurorJ:vurcu 3oo Ltav 1oo bp

500 bp

300 bp

200 bp \
S lllrlc

@



unioruurud tdun 529742 rtJurntouauru6uSurofiln#fiqniudu6'ruvrruT:nlrafi eigm(t)

uuavrflurnto.:r,turu6rSurorfin lndet marker Touovil:rnnrunrdudutoturnil:vlrru 555 bp n:.1

ri'udrrvl-uii TP 309 (positive control.) d':un-uiidr':fihifiuoada6'rumruovtJ:rnnunl6tSuro

rurqrJ:vrt il 461, bp n:.:niudT rfi'u{ Nipponbare (negative control) (nrnfi ea)

or n nr:6uurdu6'ruvrrul:ntvri P i gmft)
< o, .ri a d - ----O u t vTqu"[{rnioruuru6rduto S2g7 42'Lufi':odrrtrr

n"uri r*av{rr6'ruurul:ntvfisiru:u z+ ri'uriildruru 225 frui ur-irtflu{rrduufiotsiru')u 2ot
tr ,^ d d \eo - u d t dt v 4 1 Y Y s 14 Yo

alil1:nrv!r.JurlJ'rruordurol6'siruru tga ri'ur5 r,u-i.:tflurimfiuufiolu,av{rr6'ruuruT:n Luil01u?u

180 uau 18 rt'urimrurirotn rfiorjr pCn product fitriurn:ro aauwilu 2o/o agarose gel.
I

electrophoresis lru'irfirir:fi'urfiorsiru:u r46 fi'u{ fifiuroada6'ruvrutordu6'rumruT:nlvri
pigmft) ur-irr,flu rjrrdurfiornrn"lfrsiruru 3r n'uri rimtifiurfiolnrnuafiosilu?u 15 vr-u{ uavrirr
& 4 v d 4 o - -^ v 6,v & X g 4 o ^- v 6 vfruNolnrnnviuoonrfiuruyfio druru 100 lt'uri ({rrf,urjrn'uufiotsiruru ro fiuri tuav{rrura:u

durfiorsiru tu 64 fiuri) {nr:rrfi zs uav 2T) *auilttfrruvrruT:ntrafidruru I rfi'uri

A)

nrufi ga ovnrT:auaaduSnTvr:ynloifiaran{EJafll:dur,nEufrruvrrul:nr1rafi Pigm(O toldrr
< ov A a al"nal{rn5aturrudu6uta lndeI marker

X4da?uilutlJo{u1n0a1u

c297421u (A) dtldurfiolnrnl6', uav (B) rirrur

S allclc .1(r1 bp



n1:1{fi 25 nr:n:v01usl-?ro.:uoadatordu6'ruvrruT:nlrhu{t eigm(t) iurirrn'uriduffior ornnr:
n:':oaou6'ru uniorvilrud r6uro lndel 5297 42

r[urfdrr siruau rfiuGursu Eufrruyrrul:ntrafi Pigm(0-tndelS29742I

a[outOto Resistance (R) Susceptibte (S)

9 4 4 q9trrfluNornrnLm 38 33
v q,3 d atr:L:flurilornrnruuo t9 19
uX4dnrrfruNornlndalu 744 128

u t !X 4- trr0urirfruNor 45 43
u!4- nTluraruYrurilol 99 85

99Sq9nr:struilrul:nLuil 24 18

37

15

100

36

64

9

2

4

28

7

2t

225 198 155

uil'tr,[uq R yrrufi.: uoafiaqlrumruuo.:6udruvrrulzalufl eigm(t) nruua'rarntfiuGrrrudrSurolou lndel. marker

S2g7 42 ovil:rngunudtdutoturoil:surru 555 bp

s u!rufi.i uoa6atrjfrruvnutorduslrumrul:n'lrari Pigm(t) nruila'rorntfilr.Jilrrudrsuralprol{ tnoet

marker S2g7 42 ovil:rng unudtdutoturottJ:vrt'lru 46 1 bp

43

orndurardu6'ruyrul:nhu{t eigm(t) tudrrdurfior uavdrr6'ruvrrul:ntvfivrudr{rr
! d r o rdd y f tt v^- J d4 {, g
fiurfiorairu'Lrar!fi8u6'ruuruT:nlrari Pigm(il usir.raa-rdfltfrorntn5oruilluFr-tduto14'{ff0{1iurnnn1{

\d.jaaldtJdaAqeaudvnuil1n ou1{ t:nn1ilrn:o{14}Jluotoutor{ao{ruutn:o{l4uluorouLovlLnatonuuuFrruvrrul:ntrafi
pigm(t) rvirrfu hrldun6o{ulru6r5urofirflruuurorna:{ei1Ltuil{Eu dwir'lvftlafrtdfin':ruunneil{
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mqaor:u 10 loTtramtdfifiqor (nr:rlfi 36 uacnrild qr) Toufirtflfiiu',r.uurrod.,6'rr.
aruaqT:nlrari (n':u6'ruvrru) tu:v6'u6'ruvruilrunars (MR) oufilfr'ruvrru (R) utavdm
i 4 ov | , & Afiuufiarnrnld'uaosnru[aqrnrril€iour,uo (S) rioufrofrvroaournfiqor (nr:rlruurnfi t urav 2)

d t 4v & < - ri , -
,{ao1 n fl 1:fl nu1 Yrul 1 tJ lJ',l?v{uttJ o{va1 u?lu5v141il1:fl nluvrurio tfi o:141 LuqI:ntufIt

tfirf,: ro toTrravr firurarr.:"1#ulu'ir rirrdurfio.rrfluurari.:6upiruvrul:nlrarifirirn'ry Luillvailfi

ovrirlr'Ldrflurur,rri.:r{uqn::ltunr:iliurJ1.:ll'utf{mtfifrruvrrul:ntrafiriohJ

nr:rtfi 36 uarxn:v0rusr-lro{rYuridmfiuufior6'ruuruT:ntraffLuusiavnrntortj:vuuonr:t

: v riu n r u : u tt: { rJ o { n 1 : rfi oT: ntvfiol n 16'. o',,r, iir ur u t o toTs ra vt
9l

01u?uv{u6 uu nn1il:Joun?1illuu5{tl

il:cmil{rr
:?il

(v{uq)

UAAA
lJ1?vlUtrJO{nlntuuo
u E 4 oe
lJ1?1\UuJO{fl1n Ln

,X4d
lJ',r?V'{U rtJ 0{n 1 n 0a1u

fiuif m :r o a o u fr'r uv ruI: ntraff

fi'ui5n:r o a outrioiruvr ruT: nlufi**

323
1-

67

21

15

6

5
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1

t4
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t5
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9r1:1{vr 37 uaqsrird'rtj:sf,vrdto.:nr:fr'rrfrulo uav P-vatue ornnr:itn:rvrinr:nonouoEirl
iru (singt.e regression analysis) Tnal{rio4a6lutvrrJ (uniotulruq'rduratol6ud'rumruT:nlrari

1 4 rnto ruur u) rYu :v 6'1 6'ruu r uT:nluffludrrdu rfi ot

marker r (o/o) P-vatue

NBS2Pi9

pB8Pi9

Pi1ft)

Pi2

Pi36

Pi54indeL

Pi54SSR

Pib

Pid2

Pid3Capl

Pid3Cap2

eigm(t) C5483

Pigm(t) 52974

Pi-to

20.3307

8.4507

3.11818

3.39876

9.00297

13.1034

20.8621,

2.940tr
2.17157

2.48276

3.0094

0.369004

0.7t232

71.2644

*

n5

ns

n5

NS

n5

*

NS

NS

n5

n5

ns

NS

ns

t \ d , j dd -. da a t u Yodrll:ilmrufludr rnSo{fi:rludrduro P|54SSR (RM206) ildvEranoa'nuruvstruvru
< e v t J a d --i C, d .iu o I d v
L:n Luil?{{n?1rn:o{14u'tudrSuro Pi54 MAS 6ruflurnEouarrufifi'suutil1a1nn1utuu{uualuvt'tu

T:nlr,rfi prsq rfl.:dororflutrjld'ir n?1:J4lil1:n'Lunr:frrumrul:ntrafito{rndo{uil1u Pi54ssR
d, a q .i q J i 4 d J i 11

rtjudyrBnarfrollrornEudu fruonryiloornEu P64 tuo{o1n tnso{villu0tdut0 P|54SSR

uflurntolrarrudr6uuofitndfinrYudu6'1ufl1uT:ntu il pisq oEjvirrorndun-lndrrrJ:u:J1tu 0.7
U

cM uayfin?rilqirrilrvrTuiu piSq il:vrrru 800/o (Ramkumar et al. 2Ot1) uavfinr::1u.l1u'i1

rniorraurududuro RM20o tndfirrrYudud'ruvnul:ntrari6u triurri 6u Pi38, (Koide et at., 2oog)

uravdu pi4: (t) (Huang e t at., 2ot1) d.:ortrflutrJt6"jra'nuruvn?1rifr1uvllufir,finduufluzua

ufiornrorn6yBvlarol6u Pi38 *av Pi47(0 firnr:tvfinr:finutJfrfiiurnrrl6'ruvrufrindrr
siotr,l



f,1:1{fi aa uuaorrir#urJ:vf,vrdto.rnr:d'nf,ulo urav P-vatue ornnr:irn:rv?inr:nqoour\{nru
(mul.tiple regression analysis) tordud'ruvrruT:nlr,triuuurirl 1 ff{aq 3 ou6'uut:n

marker o1u?uuu R2 ('/o) P-vatue

NBS2Pi9, Pi54indel.

NBS2P19, PiJ6

NBS2Pi9, Prto

NBS2Pi9, Pi54indet, Pid3C1

NBS2Pi9, Pi 1(0, Pid3C1.

NBS2Pi9, Pi1(0, Pi36

NBS2P|9, Pi54indet, Pid3cl, Pii6
NBS2P|9, Pi54indet, Pi1(t), Pi2

NBS2P|9, Pi54indet, Pil(t), Pi36

NBS2P|9, Pi54indeL, Pid3C1, Pi1(t), Pi2

NBS2Pi9, Pi54indet, Pid3C1, Pi1(0, Pib

NBS2Pi9, Pi54indet, Pid3C1, Pi1(0, PigmS2

NBS2Pi9, Pi54indet, Pid3C1, Pit(t), Pito, Pi2

NBS2PI9, Pi54indet, Pid3C1, Pi1(t), Pito, Pib

NBS2Pi9, Pi54indet, Pid3C1, Pi1(t), Pito, Pigm52

NBS2P|9, Pi54indel, Pid3C1, Pi1(0, Pito, Pi2,PigmS2

NBS2P|9, Pi54indet, Pid3C1, Pi1(t), Pito, Pi2, Pib

NB52P|9, Pi54indet, Pid3Cl, Pi1(t), Pito, Pib, PigmS2

2

2

2

5

3

3

4

4

4

5

5

5

6

6

6

7

7

7

**

+

**

**

*

**

#

*

27.5013

22.7075

20.2851

39.7917

29.7039

29.2997

30.9675

26.3429

26.31t6

44.6842

38.0017

36.1424

42.0639

35.7143

33.5876

42.3659

39.176r

37.t4

**

+

*

H

#

uon0lnirn:rvri6u6'ruuruT:nlrafiuriavdufifizuarion?1ila1tlr:nlunr:6'ruvrrul:nly:i
, X a e \vo a rd v ' e

tor{r:fiurfiorud'r lrrmrnr:rrn:lv14uuFrluvrruI:ntrafifinulurir:fiurfiouaarudu:rlrTu'irfi
,'Jaeion?1ilarilr:nlun1:6'ruvrrul:n1rarj16'urnrjourfiur"Ln lounr:iun:ryvinr:nrrnouy!{eru
(multipl.e regression) to{dnuruvnr:rfinT:ntraflu{r':fiurfioruav 6lutvrrJuo.rEu6'ruyruT:n
I q Y u c! 4lraff[urirt{udfiurfio.: Terunr::rilOuolruyrrul:ntrafsiruru 2, 3, 4, 5, 6, 7,8, 9 uav 10 du!

vru'ir d'nuruv6'ruvrrul:nlrarilurir':fiurfiordrfiodurfluarau101nn1:li'rrrui:uriuta.:du
druvrrul:ntrafiurnn'ir t du u,avfin1:uaq{oanrordur{Juuruudluail (additive effect) Tqufi

rir#rtj:sf,vriito':nr:fiqf,u1o (R Square: R') rolnr::u6urirtl dlfi (nr:rlfi Eg)

@



- dud'ruvnul:ntyfi s;ruru z du vru'irriaraf,':rfi'uii:sr,l'irrduolruurulsaluit pig

(NBS2PI9) *au 6u Pi54 (Pi54 indeL) firir n' aoa, a. 27.5073 rr,Joir6uri uav:olalurqi!iu

aua'nvriuii:vra'irrdu Pig L.rrv Pr36Trrufiurjoir6uririr n'uflu 22.7075 urjoiufiuri

- dud'ruvnul:ntrafi qiruru a 6u vll'jr eiaraa'1fi'u6:vra'jr.:du pip, Pi54, Pi-d3 it
U

6uBvrasio#nuilvd'rumrul:nlrafiurnfiqrr :orarurrflu{au#ufi'uiStol6u pip, Pi1(t), Pi-d3

uuavridu pig, pil(t), pB6 6aft)u 39.Tgrr, 29.To3g *av 29.2992 u,Joirfiudnrurirfru

- dud'ruvrrul:ntrarifilirrruiurYu siruru + dunuir du Pig, Pi54, Pi-d3 LLavPi2 it

rir R'a.rao6orr1u qt.gz uJoir6ud:orauruflueiaraf,'lvr'uri"t)ai Pig, Pi54, Pi-d3 *au Pi1(t)gt!

*ava Pi9, Pi54, Pi-d3 *av Pi-to firir r q.:qo6 aft)u z9.gg *au 37.36 uJoirfiuri'nrlrird'u

- Eufrruvrrul:nlrafifilirmuiruriu siruru s dunu'ir iu Pi9, Pi54, Pi-d3, Pil(t)

L,rrv Pi2 firir n'alarr 6rrrflu ++.oa u,Joirdudgr

- dufi'ruvrrul:ntrafifilirsruiuriu s;ruru o du uu'ir iu Pig, Pi54, Pi-d3, Pil(t),

Pi-to *aa Pi2 itm R2 arao 6arr{Ju a2.06 uJoirfiuci

- dufrruvnuT:ntvrifilirrruiuriu siru:u z 6u rl'ir iu Pi9, Pi54, Pi-d3, Pi1(0,

Pi-to, Pigm(il *av Pi2 fi nr:uaoroonurrfi'uqn::rtot#nuruv6'ruvrrul:ntrafi4r6.: 42.36
, ad a

tu0StsuFr

odrrt:fisru ru'jr rir n' ovfirirqrqorfioduoiruvrrul:ntrarifilir.r,uirlriu s 6u uav

tilrrnruunnrirwrrafifiuorrir n' "Ludmdurfiorfifidu6'ruuruT:nrturi druru 8, 9 rau 10
d r u e s v v I q Z 3 dr a a o ! a u
uu uaolrranuilvnluytluL:ntuil0'rnn1:finullun:{utuuovrovrat0{n1:vl'l{'luILUUa.:La5}Jnu

cior6u6'ruilru1:ntrafisi'ru?u 7 du 6o iu Pi9, Pi54, Pi-d3, Pil(t), Pi-ta, Pigm(t) ruav piz fit
tilfidyBnatordu eib, Pid2 *av Pi36 *nnn:udu Pig, Pi54, Pi-d3, Pil(t) *au pz fidvrBna

sionr:uarxoonrordulrnfi4o 6qr{Ju +q.oa riloit6ucitorflo6'uurunTuqn::lfin'luqtdnuruv
9<UV
Fl']uvrluLSn Luil

@



6. n1:il:cfi un?'rilua1nua1uvr1{fiuon::ilrJo{d1rdurfi o.:dfi 6udruvrruT:ntrafiI
Advv!<.ja
T rn : r s v nr r il u a 1 n u a 1 u m r r fiu o n : : il I o W1 ? fr u uI o r fr I 6 u 6'r uu r uI: nlra fi si'r ur u 2 6

n'u{ {nr:rrfr szlTqu"[{rn6o.ir,lrru6u6uro 14 rntoruuru ornEu6'ruvrruT:n1raffsi'ruru to
d I v A 1c i o r 4 \ o - 4 \yEu il:vnoud':utnSoruurudtduuofrm:rsirrurarjrEu (gene specific markers) qi'ruru o Eutdur,d

pB8-Pi9, NBS2-PI9 (Pi9), Pi54inde[, Pi54SSR (Pi54) , Pi-d2, Pi-d3Cap1, Pi-d3Cap2 (Pi-d\,

Pi-to uav Pibdom (Pib) ruavrntolralrududuuofitn6'sqnludueiruvnul:ntrafiiiru?u 4 6u

l6uri

eB6)

Pigm(t)C5483, Pigm(t)52974 lPigm(O) , RMt233 @ilft), RM140 @i2) *av R36STS

(nr:rrfi 33) Trruriru':rurira-1il:vf,udn'lrluafioutor Dice (Dice's Simil.arity

coefficient) (Dice, 1945) ornriurjrdo4alr{'rrn{uvrxr[uqn::u (Cl.uster analysis) 6'rui6

Unweighted pair group method based on arithmetic average (UPGMA) rfioaix
dend rogram torrirrdurfi otfi fi 6u6",uvrruI:ntrafi

n t t {n n e! u u t o vlu q n n uTo u U p O un c I u st e r a n o ly s i st1

01nn1:ern:rvrirird'rrj:sf,vrdnruuafiourot Dice vru'ir firir6'.rursi 0.14 - 1.oo lou
rTuiirirruo.: TRt 8409149 (u56) uav vriuii{r':flura4 (U57) finrrld'ur[uiivrrrfi'uon::uror6u
,<vv;.sddvs\v1ed'ruyrul:nlrafltrnfiqn (1.00) loufidupiruvrrul:nlrafiuafiourYu 6a Pi9, Pi36, Pi2 uav Pi-d3

(mr:xzuurnfi q) ornnr:6'ornfrlvrrrfi'uqn::ileru UPGMA (UPGMA cluster anal.ysis) nl'jr
aur:nurilroont6'r{Ju o n{r (nrlrfi +z)

n{ud I (cluster t) rJ:vnou6'rurirrvlsuffio{ siru:u o v[uri nrulun{rda1}r:n
ru"r.i.:oonr,flu z n{udou triuri

Sub-Ctuster l-l fisiruruail1fin a n'ud"t6'uri flotnunz (U42), tudoruon
(U45) uravuafiurrualqrro (u43) n4udfit5nBurnr:nouauolqio16'o to tolrravrtu:vd'u
6'ruvrrusiol:nki6 (n) rfiofior:rurfi6ufrruvrrul:nlrarinu'irrirrvr-ud6'rnrirrfidu6'ruyruT:rr

Luil pig, Pi36, pil(t), pi54, *au pigm(O uafiourYu

Sub-Ctuster t{l fio"ru':uarrfin A ri'urf td'uri ovuotrau (U46), iJ6 guriv,lr.:

(u51), uavalufllu tu+al n4udfirJfrfi3urnr:mouauolriod, to toTuay lu:vpiueirumrurio

I:n16'rJrunarr (MR) ufiofior:rurfisirurarirdu6'ruyruT:nlr,lrivru'irdrrr(u66'.:neir:fi6ut

6'ruvrul:n1ufi piso, Pi1(t) uav, Pi54, tufiauniu usirixorn Sub-Cl.uster t-t fisiruur,rrilEu pip

*au Pigm(t) rfiolirnr:?tn:rvfinr:nqflouilun6u (muLtipte regression analysis) latdu Pii6,

Pi1@ uav, Pi54 vru'irEuri.rnrimfi6vrBnaqion':uaur:nlunr:d'ruyrrul:ntufr n.qz
r 4 C C t a d d o I d I d da a t vLu0:ttuFl [mu1nflo't:tu'tuuLvru{n1uuu{triu?0vvw11ilu Pi54 u0ronanontunruyrulrn

fiqa lauitu P i s + fi dvrBnasi o n r:6'ruy rul:ntrari4l fi .: r a. r os ru.J o ir6uri 6r o r o rfl utrJtd'i r

@



v v i- g d, a a 4d'nuruvdruil1ufrrnfl{uutlu6yBrarlaln0u Pi54 nluvqr*fr gene for gene tol Ftor 0,972)

uavdrr"Lu Sub-Cluster l-l dfidu Pigm uav Pi9 r,filrtiur fioirn:rcr,i multipl.e regression

to{6u Pi36, Pil(t), Pi54, Pigm ttdv Pi9; Pi54, Pigm uav Pig *av Pi54, Pr9 nu'jrfi6uBnaqio

Fr?1lr61rr'r:alunr:6'rumruT:nlrariuflu 20.00, 24.64 a.rrv zz.so ujoir6uoi'nru;ir6'r 6'.,tYrr',0

rflut6"jrnr:lirrrui':rrYu:vra'jrrdu Pi9 *au Pr54 riruaEri#{mtu Sub-Cl.uster t-t fir.Jfrfi3ur

n 1 :rr ou auo r si o rdo t o loTt uav lu:v o1r 6'ruvr rusi oT:n16'6 ( n)
, ; d a il tV I t Y I s \ Y u

neiafi 2 (cluster ll) fialrtn 2 vriud ld'ud rimpiruvnuT:nlr,rfi t'auril 1 (815)-i - i

uav tR64 (816) fidufrruurul:nluil Pito, Pib,*av Pi1(t) Lti)aurYu ursicimvliuritluurvrt fidu

Pig *av pz rfilrfiuurnn'jr{r':vriurf tnoq uavrir:n'uijd'Eruril 1 fiilnniulnlrflauauo{siorfi'o
arur,r4T:nlraffLu:vfrufrTuvru (R) usicir: IR64 fiilnffiu1nr:nouauortu:s6'ueiouuro (s)

n{ud 3 (cluster lll) fiarrfin s fiuri 16'ruri florio (u41), dmruor TRt 8409149

(u56), rirrfiura4 (u57), 6fo cr.arz6 (156), uavuonvi.r Gs.2o99o (E141) n{:rfiairulraqjuraor

r.Jfrfiiurnr:nouauorsioufi'o"Lu:v6'u6'1uyr1u unr{u{rrfi'uriraorvjr Gs.20990 (E141) filil
u A o i< , s \ e , r i. 

too
piruuru fiofror:rurfiOupirumruT:nlrarinudrn{ufi6'ruvrr ufilu pig uririmr,rollirtilfi6u prq

,indufi 4 (Cluster /v) fi aurfin s vr'uri 16'uri uurjrirr Gs.3374 (154), vrruvo.r1-r

Gs.3375 (155), uuruufin GS.no 10284 (S71), fiu6u CS.no 4290 (577), uau u'r{tr1 GS.

7 414 (572) n{rdeirulrar!uaou.Jfrfiiurnr:nouauorrioT:nlrafflu:vo'uciouuo unriuuri#rr
Gs.337 4 ( L5 4) ua v il luvr o { Gs.337 5 ( L5 5) fi n ou auo.: si oT:ntuftu:v d'u 6'ruu ru

, 4 - .-. , e u ! 4 o
naxtvt 5 (Cluster V) rJ:vnoun?u1l1?v!ut:Jo{ 01u?u a r^Turi nru"Lundrfi61il1:n?'-9i

utjraonrflu z n{ldou t6'uri

sub-cLuster Vl fi arrfin a fi'ud kiuri {r':nouri (usz), {oLfl:u (U60) uav

rl'ruLrd'r (u50) n{lduranuJfrfiSurnr:m.uuruonuT:nlra:ilu:vd'u6'ruuru Torutun{rdfidu

d'ruvrrul:ntuil pidz, pi36, pi1(t), pi-d3, pi54, pigm(t) rvfiouffu

Sub-CLuster V{l fi aurfin s vliuri tri'uri yl'urinrtrdutt.r (U44), ua6ol6to
(U55), uvf,ururn:lt GS. gg82 $73), uuruuo Or. 10060 (S75), LLas qonfl?l GS.10062

(s76) n{ufiuran.:rJfrfi3urnr:nouauo.rsiol:ntvffLu:vd'rejouuo untiu {mn'uiinvuuiultm
(U44) uaso o nn?{ GS. 1 0062 (576) fi fi ilnfi3ur nr:qr ouauoflu:vdl6'ruvru

n|uii 6 (Cluster v/) rJ:vnou6'ru{mduufio.rsiruru z rt'urilduri r^Turitotfiou

(u38), uasflolud: 2 Gs.3B94 (168) filnniurnr:mouauo.:sioT:nlu:s6'u6'ruvrruuaveiouuo

lrru{rrvr'u{ n'uiirorfiou (U38) uaq.rr.Jfrfi3urnr:nouauollu:v6'r:6"ruvru (R) uav flolur6"l z

Gs.389 4 ( L 6 8) ua o.: rJ fr fi i u r n 
T : n o u au o ltu: v 6'u aj o u uro ( S)

@
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a1nn1:a'q nduvrru,i'uon::utordu6'ruvrruT:ntrafinu'irfi rirrfiurfio.rurrfiuiifirirlti

^ J 4 O 9a u td q v S { u tdur.J:vBvrBnrurufiouro.: Dice lndtqrYuurn usifinrruaur:ntunr:6'ruuruT:nluiunnnr.r
utyua
rYu rtiu rirrr{'uiinvuaiurtr: (U44: Pid2, Pi36, Pi1(t), Pi2, Pi-di, Pigm(0) ruav rt'uiSuradordto

(U55 Pid2, Pi36, Pi1(t), Pi-d3, Pigm(t)) finrua-urVuiSvrrufi'uqn:::rrardu6'ruvrul:ntrarflndfirr

rYufi:vriu 0.g3 usinr:mouauorriou6'oarrumT:ntrafito.:{rrvriuif ura6o.:6to aulu:vrr'ueiouuorl!
tv v d j o u v o !< v s tl I t I v drlqltJ'r?vru[nury:u{iJ1? ou'Lu:vFiud'ruynu ulny{ar:ru'rvruuFrrumrul:ntvfiosnu'imrrnuoi!r

nrrr,tdu.irrrfi6u6'ruvrrul:nlr,tri pz rfildurr 6oirn:rsr,i mul.tipte regression nai6u pid2,

Pii6, Pi1(t), Pi-d3, Pigm(t) *av Pid2, Pi36, Pi1(t), Pi2, Pi-d3, Pigm(o nu'jrfirir R' rvirriu 4.58o/o

*av 79.51o/o ntrriroiu uaovirdu Pz fiovrBnadraai.:raiu'Lfrnruaur:n'Lunr:6'ruvrul:n
\ ee v 6 j j g v u ilvfirlrryl'urinvrviurtrrrnu{u rirrr{uErorfiou (U38: Pib, Pil(il, Pi 2, Pi-d3, Pi54, Pigm(t) ),!t

uavfloru,6': 2 Gs.3894 (L68: Pi-d2, Pi36, Pib, Pi2, Pigm(t) ) fin:ru#lvrudvrru,r'uon::il1l0{6u
9 s q vA v v < 4 . o u
FlluyrluL:nLililyriuou O.zA uri{mfiuiirarfiou (U38) finr:no!auo.ieio16oarrunl:ntrarIlu

l u auo r si o r'8'u o',r,, qI, utvffLu

:v6'uciouro (S) rfrofror:rurfr0url'ruvrrul:nlrafiuo.:{r:rYuriroufiou (U38), uavflorudr 2

Gs.3894 (168) nu'jrrirrn'uriroufioufi6'ruvrrul:ntufilu:v6'u n fi6u6'ruvrrul:nlrari Pilft), Pi-

dj uav Pi54 fiurnoi.o.rn{r:r[urjflotud: z Gs.3894 6rornnr:irn:rvr,i mul.tipLes

regression flo{Eu Pi-d2, Pi36, Pib, Pi2," Pigm(t) uav Pib, Pi1(0, Pi 2, Pi-d3, Pi54, Pigm(t) nu'jrfi
iuBvraqion':1il41:01un1:riruvrrul:ntrafir{Ju o.oo *av 27.01 nurir6'r drovuriutri'irdu

Pi1(0, Pi-d3 nav Prsa fidvrBnarionrufr'ruvrrul:ntrafiarduorn 0.00 uJoiufiud rflu zz.ot!
, <d (

ruo:r{um

ornnr:o'qn{lurlrtuqn::il uuu Principal Coordinated Anal.ysis ( PCO) (nrvrfi qt)

vru'jr rirrnurfrorfiou (U38) uavn'uiiurado.:vou (Ua5) 6'rroqlunrirtdurrYu urqirirrvreraoci'urifi
auaudgsnrruaufiuourrvl'uon::ltorEudruvnuT:nlyfifi:vd'u 0.58 ursifinr:nouauo.:sioufioarrunT:nit

lrafiou1u:v6'ufrruvnu (R) rvfiouniu rfiouJBuuufiuudu6'ruyrrul:ntrafifinulu{rryrurao,:r^Tui5Ur

ovnu'jr drrvriuii.:orfiou (U38) ruavfiuriu.rdo{uolr (Ua5)fidufr'ruuruT:n1ufr pio, pil(t),
I

Pi54, uav Pigm tuitaurYu rfioltrnr:irn:rvr,i mul.tipl.e regression rorEu Pib, Pi1(t), pis4,

LLRr Pigm nu'irdu pio, Pil(t), Pi54, LLny Pigm fidvrBnaqianr:6'ruyrrul:nlrari a.zt
t 6 C 4 t a d d o I d I d da a t y

tU0:Lflu91 uflulnv!0'r:tu'ruutv!u{Frruuurtriu:0vuttttuu Pi54 n=oytonanontuntuurultn
fi4rr Inudu ersa fi6vBnasionr:6'ruvrrul:n1rafiarfi.: ta.to urJoirfiuri d.rororfluhj16"jri - - -fu -

u v i- g c, a a da'nuruvdruyrrufr rfr nf,u rtludyBnalrorn0u 6a pisq,



uonalndfl{nl5n'jr qirrurrx TRI 8409149 (U56: Pig, Pi36, Pi2, Pi-d3 ) ffu {r':riura4
(tJ57: Pi9, pi36, Pi2, Pi-d3 ) fin':rlfilr(ui5ur.rvrYuqn::ilro{6u6'luvrruT:nlrafiurafiourYu tOOI

, d d d ty d 6l v S I t4ruo:Lturl rLnr'rlrLq{ TRI 8409149 (U56) finrruaur:a"tunr:6'ruuruT:ntrnffLu:vqnfiu
narr (MR) urav {rrfiuraq (U57) fin':ruaur:n1unr:6ruurul:n1raffLu:v6'ufrrumru (R) Iqu

drrvY.:ao.:fiuiifi6u6'ruvrruT:ntrafir,rafi auiluilo Pig, Pi36, Pi2 $av Pi-d3 titaituritn:rvd
I

nrrlf,'urnTuiirordu6'ruuruT:ntr,r:ifrrne{r:rio#nrgruc6'ruvrruT:ntrari (mul.tipl.e regression

analysis) ruirdu6'ruvnul:nlrafi#r + sirurarir fi6uBnarion?lil41]J'r:fllunr:6'ruvrul:ntv:i
18.40 uJoiu6ud ti'odarorfluruaufiorurorndmdurn'oruaeirdfifiuqrufiuqn::l (genetic

dl

backg ro u n d) d ri x ffu d r o r o fi 6 u 6'r u y r ul : ntra fi t fi n 6 u fi u rr n si 
T r riu 6.: lirl ri: v 6'u n r tr

v v , i t u v s q q u I Y I e s u w vl rlrtruyrutoltrrruarilunnnrrnunr:u [0u [uIJ0lUuunr:nuvruuuFlluvrlu [5n Luilua? lilfl1n?1

70 6u (Koide et a[., 2oo9) uqinr:i{utuu#ofll6'rilnl:6nurtfiur t0 6u filorohinaounqlEu
v s " uZ e q - i< t e i t v v r d
6ruuruT:nlufivr"rralrr urn6'ornr:u:rrfloouvrilzuanon?1ilFl1uvnuvrer1{nuo{na1? n?r}Jnr:
o d tr ^ .ri - y A q v U - "3 a, dytrnr:nnurtv'lilL9til tuo{elnanuilvn?1}.tFt1uyl1uvll\u Lulj't']il{40{ylu5utuu0vloY,{ail101nuu

rlruyrufilirnr:finurluu{odrfiu{ ta.+o u.Joiuduri uusifiu,r6o6n at.oo u,JoiuduriufludvrBna

rror nfl oo-u6ufi rfrawir nr:fi nurri ottj

mn{oua1u{r.:6'uuaqr'[#r#u'ir6u6'ruvruT:ntrafr pig *av Pi54 (Pi-kh)fidvrBflasio
!

n21ila1il'r:nlunr:olruvrruT:nlrailu:v6'16r uasa'nuruvrlruurul:ntrarifinuai':ulraqjrfioorng

4 v iX dr .i a - EoilDilaflo{uuflruyrul:nlyrirfiurtilfi6u ri'.rflorouilur.rauflo{il141nn1:Frouauo{fl0{uunutto
< u y*t y 

" d - Y uatruql:n1ufifrl{lirnr:yqao! nuvqufr gene for gene tlo{ Flor (1972) uavaorrnaalflu
--'-':'1v.tluuna 0{ro{ }lun nA LLavn ilu (2550 fi r:rurrurr uumrumruT:nlra:ifi fi 0-n un1v! tuao{n?lil

U

v t ! s x vA o , I - , r v<i 4 4 - u

d'ruyrrusiorfioarrunl:ntrarifinulurJivrflfitilufr?rJ:vrvrrrtd'pr'fiqor 6odu Pi1(0 *av Pik' *av
dvsuvAa
uuFrluvl'tuLsaLuilva 6o 6u Pig, Pi5 *au Pi-to2

lunr:rJirrJ:rri'uri{mhi6'ruyrul:ntrafflurj:vrvrolvuriu n?Tfin1::?il6uo1ruvrruT:n!t

trariraarul du rfiotririrrfinrruarrlr:nlunr:6'ruvrruriorfi'oaruraql:nlraffld'rdl'f,u o-uovcitzua

'Lri'drrfinrrila1ilr:nlunr:plruuruT:nlrariodrrrirdu & pig *au Pi54 rfludud'ruvrruT:ntr,rfi

firjraulo rdolornaur:n6'tumruT:ntyfiuuun{rl (broad spectrum bl.ast resistance)

floofuf,ifiifi:rurrunr:t{6ufrruvnuI:n1ra:i Pi9 *av Pi54 lunm.JYurj;1fi'uri{rrtol1vrulfi
rql

6'ruuruT:ntyfi naoprourirtrifi:ru.rruufiutn-unr:dufludupr-lnrirr'Ludrrornil:vtustm u a1n

rionardo,:6'u 6ln'::finr:finurii'urfiu':riudud'ruvnul:ntr,trj pip *au Pi54 rior6'oarrraql:n
!

tyfflu1:yuvrnlilurfiilufiil r,fioovtririrlrldrJ:vTutflunr:rJYurJllu'uri{rrt#frruuruI:ntvfitri
, .)a0u1{u{uu

@



dqil

o''r n n r:Fr:? edutluu{rr du rfi or rfi odurar 6u 6'ruvr rul:ntufi siruru t o 6u 16*n pi gm(t),

Pi1(0, Pi2, Pig, Pi36, Pi54 Pi-kh), PLd2, Pi-d3, Pi-to ttav pib Toul{rntoltnlruFt-rSurofivrierur

n:rsirrrrailsdu (gene specific markers) ilduri pBa-Pig, NBS2-P|9 (Pig), Pis4indel (Pi54) , Pi-

d2, Pid3Cap1, Pi-d3Ca p2 Pi-dl, Pi-to udv Pibdom (Pib)l uavrnEorrurufiudurofrindfiorYu

0ufi'ruvrrul:ntrafi tkiud pisqsSR @i54,) Pigm(t)C5483, Pigm(t)S2974 [Pigm(0] , RMt233

(Pil(t)), SSR140 Pil uav R36STS eBO) iurirrduufio{:?rr zOt vriuri il:vnoudru n'udtm
! d 4 c u <v u
fruFornrnruilo riruru 19 rfi'uii, nuri{rrfiurfiornrnld'qiru:u 38 rfluii, fiuiidtrfiurfiornrn
mviuoonrdu.irufio siruru taa yr'uiS ur-irrflu rimurarududor uavrirl'oturhi^urrfior siruru

99 uac a5 vYurinu;irfru nunrrnrro,u6'rrordu6'rumrul:nlraflurir:durfio.:nrnrirrl loudu

d'ruyruT:nrluil eigm(t) lrnfiqrr 6a 198 fi'urf nnufluiouav 98.51 ro.rrirrdurfio.r#.rralo
(zotfiurf) :o{a{il't t6'ruri 6u6'ruvrultnluti Pid3, Pi-d2, Pi2(t), Pi36, Pib, Pi9, Pi-to, Pil(t),*av

Pi54 dtutu!55, !37, !3!, !20,75,57,57,36,\avfO n'uri mrilrirqiu finrflufouav77.77,
68.76,65.17,59.70,37.3!,28.36,28.36,17.91 uav4.98tor{rrvrsurfio.:fi1irnr:finur#rraro
ntrrir6'u

6urlruyruT:nlrarifinulrnlu{rrvrsurfiorusiavnrnfid'rd rilrlifiurfiornrnuufiofidu
frrumruT:nhufr pit(0, Pi36,Pig, nav Pi54 urnfi4n6orrflufouas g4.74, 84.2!, 52.63, *av

52.63 tordr:lifiuufiornrnuaflofilirnr:finu', *rri,d'u 6u6'ruvrrul:nlr,rrifirulrnlu{rr
A<d4fruufrornrnoaru 6o fru eigmft), Pi2, *avPib, Gnr{Jufouav 100.00, 84.72 *av qZ3O latiltt
! 4 d i o d o u q v ! 1 ov d e s cv'ruuJo{fl1naa1uvrv1n1:frnurnrua'rrr'u u,av"[u{rrfiurfiornrn"lfrvruEu6'rumrul:nlra{t pid3 *av
eigm@tulnn'urifirirnr:n:roaou raufludud'rumrul:ntrari Pi-d2 trau Pito :o{a{}rl 6orflu

io u a v gT .37 LLav 5 0. 00 t o rrir r n'u rfi o u r n101fi lir n r : 6n rgr n rlr rir o'u

,raolnnr:Fr:roaoudu6'ruurul:ntvfilurir:fiurfiortvru nu'irdrrvlsuufiarniuiidrjr
(Gs.3372)({rrurarudurfiourn6aru) fi6u6'ruvrrul:n1rafilrnfi4n siruru g 6u 16'rri ,,r,r,,
Pi2, Pig, Pi36, Pi-d2, Pi-d3, Pi-to, Pib ttau Pigm(t):olawr6o ,n'rirruure (Gs.18419; 197) (8
d \ u 4v u u
0u) uac n'uii#ruud'l (u50) ri'urifinilrl? 222-42-5 (Gs.598; 130) vl-uifnruyol (Gs.3375; 155)

vr-uii{rrrao:r (Gs.4829; 181) urav rTudnvfi (cs.ssos; r-eq) drfidufrrumrul:ntra:i st'ruru z 6u

nrlrir6'u

@



odrtl:fimu e1nn1:Fr:?oaou6lurrirrf,uufiornirdtrivruEu6'ruvrrul:nlufi pip ruav 6u
pisqluilntduufiornrnl6' eirulu{rrliduffiosnrnrvfiorfufiririllrr:?aaouriuh^ivludu Pito *av

o v 3 4 d .io !"tlurirr fi u rfi a u r n 6 a rufi dr u r n :: o a o I riuhi vr u du p i s q

ornnr:finurrJflfiBurnr:no!auo{torrdoaruaql:nlvfi g toltravr turimfifidu6'ruvrruT:n
v.

Lurt pig nu'jrrdo M. grisoe siruru 8 isotate triarlr:nrdrltrarudrrfir,Jouurr:fifiiu Pig *av
9 a. \Y
lJ'r?UuouU1t: Lfr

ornnr:finurrJfrfi3urnr:nouauo{florcirrdurfiorfifinr:n:roaourirurntolralru6rSuuo'ir
dd I s \ 9o t s I Y ^t'l IiluuenuynuL:nLuilo1u?u 2a r^Turi siou6oarrurrl:n1rafi:':l o"ruru to loTtravr vru'ir{mfiurfio':

9l

airulraqifiilflfiiurnr:nouauorsior6'oaruaql:nlrarTlu:vo'urJrunal{ (MR) oufi.:6'ruvru (R) 6er

rfluiouay 66.67 rordrrfiuoaru#orm urar{rrdurfiotnrntufioraq{n?1}r6'ruvrurior't m.

grisoe:?il 10 isotate fivroraou6fiqo ffiorjrurirn:rsriiun:a{u nl'jr anrgruv6'ruvrruT:ntrarifi

rfirrduufluruail1e1nn1:lircruraBilflutordu6'ruvrruT:ntrafiraarul6u TouEu Pi9 *av Pi54 fi
,eYf!ei

o udna m o dnuils n1:Fn uvllu L:n Luuil 1 nilafi

ufi orirdor arro-o ndr nr rl #lr[uijy rrfi'uon::rro rdud'ruvrruT:ntr,triTo u or fr'uri't
!tl

dlrj:v?vdnrurufiouvnu'uon::rnor Dice vru'jraur:06'rrndufi'uon::ut6' o ndl Trruil'ud{m-!l9it

urx TRt B4ogt4g (U56) rav rTuririr:rTura4 (U57) ornnrnlfrfirir#:l,J:vf,vdnrruuufiouurl

fiuon::lrordufrruvrrul:ntrarirvirrYu 1.00 (100 u,Joir6ud) Inufidud'ruvrul:nlrafi piz Pi36,

pi2 uay pi-d3 ryfiourTu uasndurflui5{rrfi6'ruvrul:ntrafiairulraaifidu Pi9 *av pisq fr$u pig
ri

*av Pi54 aur:nrlrurlrd.rlaluvnT:ntrarTl6 zo.zl o/o *dH 20.86 o/o rrrrrrirfru
I

auo Ji qYc 4 qv J oa q 1 e d
ornnr:1{u Lun5luua0r LytuunrU:udyr5fl'ry'r1j0{nt: LtLn:0{14ti1uqt0uL0 tunl:6unuuu

, s q E u ! 4 u i 4 qvc I t Y & a i 1l
6tuurul:nlurTtunrrfrurilol LyrrJ Brruaornnr:6nuruaor tr4n4ud{qrun1t0{lJ't?YtuLu0{ flnt!u

t v i o - I e s q Y - {, < d C u Y .v A 4
uudtfluEn::ufrrirr{rutoluunruyruL:n Luil 9rduuo{n?:iln1:lflU:flUl uau0u:nut1?ilutil0{tu

, j uy A g ay q ' , tt A qYc, t u o u tv t u (Y qv
ruadrflrarliufiolri lfiarurarutilorniliuril6tylu rfio [{riluuu,tdlyl'uOn::leirr,riurJiur,J:1fl'uq{r:"1fi-- - S-, - i I I

6'ruyrul:nlrarTldodrru{uu rav L}.rlraqrpraratr.Jornil:vtuotmu uautfiohfldo4afitd'o1nn1:frnul
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a1:1.:eiu?nfi t raqtfi'uricirrfiudorfifi6u6'ruvrrul:nlrari siruru zs fruEuravrJflfiSurnr:
,!sryA<

n ou auol Fi o rfr o :r ar runl: nlraflfi fi nrgr siruru t O toTr ravr

v{u6 UU

ev:soua21il :cnun?1il
:uui.r druuru

{0tv'rou

uana

t14UU?tta.:ilt?0
U

nuLv:u.1fl1?

tva0{il0}r

{0[t:u
ruririr.: (Gs.3374)

5fl0 (Gs.3376)

Pib, Pil(t),Pi 2, Pi-d3, Pi54, Pigm(t) 0 R

Pi9, Pi36, Pi2, Pi-di, Pigm(t)

Pi9, Pii6, Pi1(t), Pi-d3, eigm(t)

Pid2, Pi36, Pil(t), Pi2, Pi-d3, Pigm(t)

Pig, Pi36, Pi1(0, Pi54, Pigm(t)

Pid2, Pij6, Pi1(t), Pi-dj, pi54, pigm(t)

Pid2, Pito, Pib, Pi2, Pi-dj, Pigm(t)

Pi9, Pi2, Pidj, Pigm(t)

tirruiurary Pig, Pi36, Pi2, Pi-d3

?r'ruvro.i (Gs.3375) Pid2, P136, Pito, Pib, Pi2, Pigm(t)

flornuer:
y?utta.:

{mnour.i

ooflvr?{ (GS.10062)

Pi9, Pii6, Pil(t), Pi54, Pigm(t) 2

Pi9, Pi-d2, Pii6, Pil(t), Pi-d3, Pigm(t)

Pid2, Pi36, Pi1(t), Pi-dj, Pi54, Pigm(t)

Pid2, Pii6, Pi1(t), Pi-di, Pigm(t)

il6 grrilrir.: Pii6, Pil(t), Pi54 3 MR

rirrun.r(TRl 84091.49) Pig, Pii6, Pi2, Pi-di

osuotuu

a1ufl'ru

tuaa{a{0

t'uurv t
uouvi.r (Gs.20990) Pi36, Pi2, Pi-d3, Pigm(t) 5 S

torr,rdr 2 Gs.3894) Pi-d2, Pij6, Pib, Pi2, Pigm(t)

uuruufin (GS.no 10284) Pid2, Pito, Pigm(t)

rvfiururn:rt (GS. 9982) Pid2, Pi36, Pil(t), Pi2, pigm(t)

LlrJvrLU.r (GS. 10060) Pid2, Pi-di, Pigm(t)

6u6u(GS.no 4290) pid2, pito, pi-dj, pigm(t)

lR64 Pito, Pib, Pil(t), Pigm(t)

urtrr (GS. 7414) Pid2, Pito, Pib, Pi-di, Pigm(t) 6

rrrnonucfi 105

Pi36, Pib, Pi1(t), Pi54

Pij6, Pib, Pi1(t), Pi54, Pigm(t)

Pid2, Pi36, Pi1(0, Pi-di, Pigm(t)

Pi9, Pito, Pib, Pi1(0, Pi2
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