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ABSTRACT

Pyricularia grisea is a fungal pathogen of rice blast disease, a major disease that
currently outbreak and causes yield losses in several rice growing areas of Thailand.
Utilization of the resistant varieties is considered to be the most effective and
economical method to control the rice blast. However, resistant varieties are usually
have less durable resistance because the fungus is high genetic diversity, and able to
break the resistance within a few seasons. Therefore, the screening and mapping for
blast resistant genes that confer resistant to several blast isolates is important in
breeding for the resistant varieties. In this research, genetic diversity of 19 isolates of rice
blast pathogen collected from paddy fields in Thailand were analyzed using 14
Magnaporthe grisea microsatellite (MGM) markers. Thirteen markers resulted to
polymorphism and their polymorphism information content (PIC) values were 0.1 to 0.8.
Cluster analysis grouped the 19 isolates of fungal pathogen into 4 groups, group 1
comprised 73% of the total included isolates from the North, Northeast and Central
regions. Group 2 was 15% composed of isolates from the Northeast and South, and 2
isolates from the Northeast were separated from others and set in group 3 and 4.
Relationship of rice blast fungi in each group did not depend on the outbreak area. The
disease outbreak area in the same province appeared to be infected by more than one
isolates. The nineteen isolates of rice blast pathogen were pathogenicity tested on 250
Fo- plants derived from a cross between Huai variety (GS19769), one out of four Thai
indigenous rices that show highly resistant to blast, and KDML105, the susceptible
cultivar. Reaction of blast resistant genes in F, population was evaluated 7 days after
inoculation with a mix of 19 isolates at concentration of 10° conidia/ml. The result
showed the distribution of blast resistance: susceptible in a good fit ratio of 15:1 (X? =
0.90, df = 1.0), indicating that Huai variety carried 2 non-linkage of major dominant
resistant alleles. The location of blast resistant genes was identified by using
microsatellite marker. Out of 230 markers, 66 markers were able to distinguish the
parents. Only 3 markers, namely RM125, RM144 and RM224 were selected after
screening by BSA method. Distribution of 3 microsatellite markers in 250 F,- plants for
the proportion of the susceptible parent allele; A: both parent allele; H: resistant parent
allele; B, showed a good fit to the ratio of 1:2:1 with the Chi- square value of 0.05, 0.1
and 0.5 (df=2.0) for the RM125, RM144 and RM224, respectively. The result indicated
that each marker linked to each single blast resistant allele. Analysis of marker RM11
and RM1132 on chromosome 7, marker RM287, RM5926 and RM6094 on chromosome
11 and marker RM247, RM235 and RM1261 on chromosome 12 were conducted to
confirm the gene location using 15 F2- plants that showed the susceptible phenotype to

blast disease. Recombination frequency of each marker was analyzed and the results



showed that the marker RM144, RM224, RM5926 and RM6094 on chromosome 11 were
linked to the blast resistant gene at the distance of 20, 20, 26.67 and 26.67 cM,
respectively. The location of the resistant gene was analyzed using MAPMAKER software.
The resistant gene located at the bottom end of chromosome 11 and linked to markers
RM144, RM224, RM5926 and RM6094, at a distance of 13.7, 13.7, 7.1 and 20.5 cM,
respectively. The results of the genetic diversity of rice blast pathogen and identification
of blast resistant gene indicated that Huai variety was broad spectrum resistant to
multiple fungal isolates of blast pathogen. It carried 2 non-linkage major resistant genes
and one gene located on chromosome 11. Therefore, Huai variety can be used as

genetic resource in breeding program for resistance to rice blast disease.

Keywords Thai indigenous rice, Blast resistance variety, Marker assisted selection, Pyricularia grisea,

Broad spectrum resistance
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Uspina Flidiuianeiuguesdolsalwiifinnuunndsilussasfiuiiugndn (s, 2534)
Mnmsiideanvelsaluifaumainuanemeiugnasuuasdinsususlvidniuanm
wndexldidn nmsfuussiugindunlselniEainsdiiunsedisdeniios nefidmne
WielsileiugTdudunuuuusdu (durable resistance) thufonswannlsiddBuguniy
WUUTUWIE (major gene) Manusnue sauAvBumunuLuUlinaes w3 minor gene
(Bonman and Mackill, 1988) agyhlvitnilanusuniusielsaluilisgaeniu vsens
FauliBumuauaudunulsaluiififnansouaquudinvesdongaintisnns  (broad-
spectrum resistance) flazshlidelsalianusaimudresdivhaeiusimeduld su
G’humu‘liﬂlwﬁﬁﬁmiﬁﬂmLLé’aaiauinJjagjuuu%nmimiﬂ%mﬁ 6 uaz 12 (Nagato and
Yoshimura, 1998) d@wsuguaiuauanusiuniulsalnilaoginiteinedidunuseguy
Tasluloadl 7 way 9 lusaziidumuguniuiunulsalninesisegfilaslulund 4 5 6 uas
11 WagdInuINNISTINNUYDIBULRaEA WAL ANUFURUSHY (Sirthunya et al., 2002)
Useinelnediuddnivgnussanas 24,000 dvegne sausiulaegudufifnsuaziiu
widaderiugiwded nsdvninnens uay atsen (2543) Isemuswiuiusiniy
SoweslmefisusniBilusuensiugiinduinnit 5,900 mewug uenimioluanndiuga
Huiidesmsvesmain dfusin aiuguiulss . Ssduldiussmalneindneinsiusdn
wnuiwisvedan - fugtmiudonduiudindldsumdndeninenuasns ey
fugiudieslanandAnifduiidosnisvesaulundasdiosin - auisanusoan nundoud
Wasuudas nudelsa wazuuas Fudufnenmussuvantusnssiivedneitinsuiuslés
uazenafuuvasiusnssutalneiaansothu i lunsfu seusiunulsalmsls

2.2 ideiineates
2.2.1 91uazANUAIALY
Frdusyiiaiteglursdideaiuivsmanvar (Family Gramineae or Poaceae) gn
nogluana (Genus) Oryza fsunulaslileadu 2 4a (diploid, 2n=24) ndignidusims
(cultivated species) gnutssenilu 2 wlla fie 11wy (O. sativa L) wazd1awenini (O,
claberrima Steud.) @wiiwdedn 21 afialudvi (wild species) FainTuiemusIIHTIRL
Uszinenige %amﬂﬁﬂﬁﬂgﬂ%’ﬂ W O. perennis, O. officinalis, O. spontanea Way O.
nivara Jusiu §1aveide (0. sativa L) wudlaidu 3 wila Ao 4138ufA1 (Indica rice) 1Wutn
wEnemiBenssyiulaldaluusnaeadou $1aluia Uaponica rice) Wudnudndution
WiAulaRluneugy wazd191721im Uavanica rice) Wudhasdugs waalwgdou Ugnuanluy
Useinadulatlde (Yeywad, 2549)
Usminalnesegluanguinasenuiuulsvesin Ysznaufuanimiandeuuasy

b D

p1InadaNuLansiuluwsiaeiul vilbAaAneuainratevesiugivslunguuesiug



fosdgnoglutagtu fusdnfiudies wasiugini (umss, 2550) Tulsunalvenuiugin
Ugnuszanaietnatios 3,500 Tefilidnwazsinetu Tasantiuddednldnurmiusinlgnuay
d1vvednglilaunnndt 17,000 e (@ansud waz usysal, 2544)

Uszmnsnitasalanuilaadaduomsndnlaoianzuszvnslunivieds  unas
Ugniniiddaeeglunivieds (aensud, 2540) auanansalumsudndnvesing Tud w.e.
2555-2556 dutliideineugn 6435 ils wawdn 26.60 Frusudruuden wandnsiols
413 Alan3u wardrund¥sdidefinzugn 16,07 1wls wandn 10.78 Sududrauden wowdn
fols 669 Alansu msuilaalulsemadssana 14.10 ausudiden Ussimaduivdnan
Fralsundudusu 1 edan sesaunliuwn Seaun dmsulngdeeendlamdududu 3 vas
Tan (Ednidewmsugiansinues, 2556) Tl wa. 2556 Tnedseandmsusiomn 6.61 &
dans yan 133,839 ruum sedusnudiniideenweniuinvemyd 29 wWeddud vie
1.91 Susudians dyaminisasesn 59,479 duuimviseAnilu 44 iWesiudveyarinisas
aaﬂﬁﬁn‘ﬁwm (ﬁﬂﬁfﬂmums@ﬁamimwm, 2556)

2.2.2 41v1Inenuzd 105

WuguIeendEd 105 IFnanmsdadenuuuiaiuiuians  (oure line
selection) UgniFsudisuiugiianiiimasostnlandlse  wagUgniieudiouiuglusiosiu
At MANaN wasaeegfusenideuvie auldmetusunnenuyd 4-2-105 daav 4
vinefs annuiiusedn fesunounsed lay 2 mnefsiugvaaaud 2 fie unnenuyd way
18 105 vanefis Lviesasil 105 :ndauau 199 529 stuguamenizd 105 it
Frauaseg1ay (weakly photoperiod sensitive) Ugnlvnadlugguidl mnsgeienasiaais
140 \wufims o Udesdmiesgou mulukedlufides fuly aglun Auludvnngy
Suuvaud 2 van ylukartesieludilydgou Uateuannendun NaUTEINBNEYIY BaANETH?
Fedun fudnudsiunans @&uthe) saututunas pesisenn szuil Tusseudunans
Wienuazsanuwdndvng dvuduuuidenudn ndusesmendudivha thniindriuden 1,000
wan Uszana 27.9 ndu wandradensn 10.4 Badwes 0319 2.6 Tadwns wiadnindes
US98 sezindivoauda 8 dawi nandsads 515 Alansudels drivenvesinedy
fiflewisrnlneuasymsmssuna Wudnidamunmuied $11a1sla wnss aanmdndd vios
lutfos SUTun amylose i Uszanas 15-16 Wedidud levsaniidnwasiviled yu uas

v A

ddniindureniiilueondnual Wwiugdnivuliunaiwoan i Aud3en  washuay

Ugnlluiufinouuazanmdnls uilifesnfin fo wandnroudneh Sdusdeudude Ll

munuselsalazuiangtmnuin lnganizlsalnd nudwhanudemesenaninvedn

1wenugd 105 Wuedrawnn @winddenazimundn, 2553)
Frmenvedlnedufidesnstinelulssmanaruendssna  nansadiveuland

yarlaifiingt 2 wauduum eswiadudnvenusd nsusuliiuginvenuzavesinglng

AMAMNARTY  PunusslsALazklal  Azdsaliusemalnedieantnreulauiniu  way
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HumafisTamnuannsolunisusturesinmenlnglunaislan fununisuaniivenazgn
as Badunadreinuasnsuaznsudstulunanalan (Frinisouagsinmntn, 2553)

Tud w2541 @onUWddet1IuIuwfi (International Rice Research Institute,
IRR) SuslefuAudideiniguasnestd andlunmsuiulsaiuguinenusd 105 Tiduniusie
Tsalys! Tnednwaunmdauasmaeduifidudeiuiugifaly weeinsufudldaluanm
uniwy lumamionsuuuaznieny Tusenideanile dufumsnasiugimi IRRI Ussina
TEUTUA situs IR70179-a5-1-1-1 \ustusvientidnuwaizarmsuniulsaluel waziinisususld
Auumiey Tnesunsdadonannisugnnasouluguiitednguasesiil Ao wasiugen
ponuzd 105 (Jusiugusl Ugnusvansgnuandail 1 (Fi- hybrid) wagdail 2 (F,) Taedmden
duidhumlsalniuasimuven saunduluiaiusvnnonuzd 105 Idgnuaundutail 1
(BC1F,) ¥msvagauamuiumukazaavall Andenkaziiluugnlunndn waundudnads
ldgnuanndutni 2 (BCF,) uazsusieq 1U Tull wa. 2545 dadeniugiiannsasmmmlse
udfléd  wagthumegeugua sy WineyunfitinuadRmiousnnonuzd 105
U 19 @eiug ﬁwmmaaumﬂﬁwamﬁmLﬁaaé’uiquLLé’mam@Nu W93 W.A. 2546-2547
sameluaniuarluutaninuasns audldtugdn R77924-62-71-1-2 Algainnisusudss
ufdufiveuiureanunsns dnwasisu fo Huimlihseruas o1gannédnisoonaen
Usginas 100-110 Fu danudunulsalniinoluneng fusenideamilenazmaimiloves
Useinelng aunmiudn msvedy wileuiugynnenuzd 105 (ygysmi uazansg, 2548) il
Fuil 6 Tunau 2550 AREATIINSAANTINRUS NsuMStn TaFliiwug IR77924-62-71-1-2
Huitusiuses 3o nv33 (vewgua 80) ileuusthlinunsnsugn (@rinanuideuasiaundn,
2557)

2.2.3 Tsalvdivasdn

Tsalvsivasinudnindesianug £ grisea Sacc. fitedenluszarduiusuuilding
21 M. grisea (Hebert) Barr. aq”lu Class Ascomycete Funveadesivwn 37.8 é’m@jwa il
Juulasiulan 2 ya (diploid, 2n=14) Lﬁw,%aiwﬁﬁmmﬁwﬁzyt,l,azLﬁuﬂagmﬁiamsﬂgﬂéﬁﬁﬁu
anefiudivialan (Dean et al., 2005) Tagludl e 2535 Usenalvenumsszuiavesisalmdly
srovineennainunamie shilvfuivgninldsuamudemeduliinunt 1.2 s &
FenuLadIAUEEEUTEINM 436 @uum (Disthaporn. 1994)

2.23.1 wasTinveaden

2.2.3.1.1 syuvUdzuiuskuvenfene (sexual reproductive)

Weslu Class Ascomycete anansnduiiuglasodomalilned
fuiimuaunsnasiug Ae MAT1 laefinaeg 2 WUy (mating type) 1A MAT1-1 uay
MAT1-2 iWesannsonauiusiulfidodeniinaiivnety duloveadessanatududey
fnffy fnssadvesiuedea (mating Wosavaiaiadeveruiifdnumeyssay Sond
perithecia Meluaing ascus wazngluudag ascus as1vauveNeRUIUTe ascospore U



8 ascospore Tuvsndademannsonauiugiulduslianysaioranuiiimsaing perithecia
fimelua$rs ascus udlalanunsnadng ascospore 16 viliFoslaianunsnduiusuuuendomne
pegvanysal (vguﬁ’ﬂé, 2548) 1ile ascospore gnudesreenan ascus wseniduidulouas
Wiy unguduly waganunsnaiia conidia lddelU (Dean et al, 2005) (nwdl 2.1) Tu
Usgmelnenuidomannsonauiugiuiuuanysoiuarbiawysel  Weawmlsaludiisas
WA Ao MAT1-1 way MAT1-2 wsdiuluanuiduind MAT1-2 (Mekwatanakarn et al. 1999
dalnemudng (2548)

- j \
Germunation In asive growth
\1 D

Hyphae =~ § J Lesion Penetration

Sexual Asexual ‘

N M
Comdia

\suls

Appressorium

7
'8 P

%. Hooking
mnnm wtion & achiiont &
N e
I’ullllulum T Germination

AT 2.1 2995830 (Life cycle) wagaaasnsiinilsn (Pathogenesis cycle) VA DHA)
1salyal (Dean et al., 2005)

22312 isuuﬁuﬁuﬁLLUUIﬁaﬁﬁaLWﬂ (asexual reproductive)

s

Wosnaunsaduiuguuuldenfuine  laenisadediuveneiug
nUangvaadulefisenin  conidiophore diuveneiugild Send1 conidia  dnwnves
conidia #5Us1auaNa1aUABENREIFUIIUUY pyriform Ue obclavate d@dusnnAulaELAY

nIenulAy wazll 2 ldWNU (septate) HIUNANUAINKAIBUANANAUANNYDIABLAZENIN



windey tnsUnditlvuin 19-23 x 7-9 lulasiuns Wildvseliddeugnengeu duuin conidia
wdynnwadUats (apical cell) vi¥owadgmu (basal cell) wnnirfaaIganwadnan
(middle cell) conidiophore FigUs1ssdudiuiuiitiongs conidia 13 dausnniigiuiivuin
Tngjnirdans  AWadundulndinanuinluidennuiaeadis § 24 dufu lunds
conidiophore inmu conidia Uszanas 1-20 conidia &1 conidia Huduresdesiiannsauan
TUauan wazamnsalyiatsduneg vest1ale (Ou, 1985) (m‘wﬁ 2.1)
2.2.3.2 29933\ AnlsA
doanlsalviiazasng conidia waruaaluluerme e conidia vesidasn
ANAIULAIANIY 203917 (attachment) conidia 239N (germination) nneluszazian
30-90 it lenvanimwandeumingan i auduluoniegs wasgumnogludag 25-30
ssmwaliua insasyuendulenasyinistning (hooking) Uszana 2-4 dalue widsniu
Wosnavadne appressorium wazldetunzlansunauiidonin penetration peg unaunsng
Wl @esasalagldormsluin amendadesidwhatsussna 7 S0 S1ezuansuinunai
Annnsdvhansesdeavalsalus (lesion) nisdhasvesdesnifnduluisnainans
Audagamgiroudradunasilmniugs (il 2.1) (udnd, 2548; Dean et al., 2005)
2.2.3.3 dnwizeinisvedlaluy
Weavalsalvsianunsadivhatedilinnszeznisasydiuln fusszes
fundnluaudissrezeansas enmsvedlsaUnguuduvesiiniegmiedu Ao lu alu dese
Yo4lu Tevedaiu wazaeTie Ineulieinisveslsamuengvesteandu 3 ssey
seendn (leaf blast) lusvogiFuusnnuandtimarung 1-2 Saduns vl
17 anthigedinissseedlvgduuesidmasnaunareuusadfiiema Snvmzunand
JUM ANuNIavesuNaUszIa 3-5 laflng waraHe1IUTEa 5-15 Ja5lAT WHAFIUNTD
yeregnaaaznszaIeuinaly mnetmsveslsasuusinddnazusiume e1msadegn
il (wudnd, 2548)
szozuanAe (collar blast, node blast) snswuldilu nwlu desevedly
UAZUDVDIAIFU EmﬁiﬁauimgazwugmﬁﬂgﬁmagﬂmmaﬂaNLLwaL’ﬂu?ﬁLm PUALHAIL LGN
finuluszond unagnauinreiuld fusnndessluasidnuasunatidiimad ludiney
vigavisevinitudne (yudni, 2548)
J88209NTN  (panicle blast) WosranursardThateissiniauiinesas
Tsnlvsluszesdl Sondn lsaludinesas (neck blast) ndedwhangluszesfidrifiseanss as
yludatmavue Waonwdadnifmeives conidia Wos widniulseluszeysisdnoud
Tndifuifer asusngesunatidimaiiuinurenailineinde sednsmdudens
wn fuansssuinesasuusdlasaniglussesfitinGusonnsgilissdndutdld
annsaiuRemandald @ihauiteuas i, 2552)
2.2.3.4 AravannvateveiugnIsiveteavalsalviluim
Weavelsalvifaruuusununnniideseindug esndesiad
fnsdeuadldedmaiimeluliidony  mmumanvanenetusnisuvesdos Anld



vasanvg ldud mananeiusveadion wuhmsnansvesdnuarnisadiadiad (melanin
pigment) UinauBoruiead Tnaderusuuseaton lnediadvesdoamglsalniusznon
#was polymerized dihydroxynaphthalene ansiiiigndosiuruiunsiendulowaznisun
Wglutn (Wheerler and Bell, 1988; Howard and Ferrari, 1989 81dlag muﬁﬂé, 2548)
nsnaneWuiues conidia WeswhlvinuRnunivesguidnuasiignauandieiiu sMoz
miﬂmaﬁ’uﬁjﬁﬁﬂﬁlﬁmmuﬂ?iauuﬂaqmaﬁm‘lsmau%mw (Shi and Leung, 1995 813laemu
ﬁﬂé, 2548) N1ITINAIVRIBULUY parasexual (parasexual recombination) Ao MsuanUaey
mhegiugnIsuveatelusrszvasnsulawed  Rntuluszeridoniinmsduiuiuuueidome
waznuasTannsonszduliidoamglsalviifin parasexual recombination léFeauia
G (Genovesi and Magill, 1976 SRNGE ‘Iquﬁ'ﬂ?;, 2548) n15LAA transposable element %ﬂL‘flu
Judrumesiiduovnduy fannsnndeudrdioontudluumesiivld o1ovilideamglsn
IndfiAnmanaeiusld  swlufimaadeudeusstinsveadesianunasugndrnidlugsn
widawils shliananumetusideamelsalnifunnisanidegduluiuf Mo
viliAansszuinvedlsalusiogiiulsedn  etihusuuseiusidimunsiugindunulsalml
ftuslmisanun Wosfamsouiudadtedivitmednaiuslmildlussosnaliuvn - (wudnd,
2548)

WUANA uagAni (2550) ATRABUAMVAINYIANEYB BT USToa LI
Ivsflutszndlve Tapdhstustnumsgunifdusumuifoanduunwesinseiauuse
vosaneiudidien Ugniuginiftuiunmulsalniiiundsfuluuamasosniang usen
Boandefiguiidednguaveid wasguiivednveuuiy  aamdeiquiitetiouns aa
wilonouansfiguiidednivalan waemalifaudisedimas usesdoanmglaalnid
dhangluinuazaonsdnluiudinmeseuinasguiisusuniulsalmifudes Tagiins
uenidelsild conidia wwenauldidiovsans iiluneasuaiusuusslumsdwinaisvesdouusiug
dranesgruiituduuien 18 metus mndesiuau 2,476 Telsian annsasuunideld
U 623 JULUUNISNALIA (pathotype) Uuiiug?ny uuseonidu 186 pathotype finudinng
ssuinvedlsalugl uay 437 pathotype W pathotype #imenn Faandlifiuindszynsde
anvalsnalundidlulsy mﬂlmﬁmﬂmmﬂﬁmam pathotype suaw?}jaﬁ']ﬁwwivai’wﬁﬂmm
ussniant pathotype fmenn mangtusenidsunievedlnedisiuiu pathotype vodide
sidshanedmniian

Sirithunya et al. (2008) ﬁﬂ‘mmwmmﬂwmamqﬂ’uﬁmimmL%yasq P.
grisea ludsziweilne Tnenfiusurudoawmlsalvdiinndn vgh 4 nuiad wazinatr
fomadiuay 174 lelwian avm@puATIMaINTaIeugnIIIveatesn TnelHinada
Random Ampilification Polymorphic DNA (RAPD) LLaaﬁ]mﬂqmmmauwuﬁmmlfuamlmﬂu 9
nau leringu A fangy | nudng B, C uaz H fanulansiufiganuannda 70 Wesifudues
dorwimaslunsfinuil uaziimsnszedmesussrnsas nedinsznefuesUssrnsdon
sthanhemeiissmalng udluaeiugaug aedinnansznefvesUssrnsdosednesiia
wAluiuiiiug wu aeiudngu A gndrfnegifiodutinunialivesUssmalne Tinmams
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Ansgenuvannaensiugnssventen  wuitlumansTusenideundemamiie uas
amenansesUsendlng - Jenusainuanenistusnssuvesdoamnlselndas  luvneiiann
nz Tuoonuazmaldtinrumannvaemesiugnssudeudie

Saasms uar yudnd (2552) vhmafunusudoaislsalnddviliie
o1msuutnismeiug  Aguditetniivalanuazuacuinunsnsununamieneuandy
sgwriagguan we. 2550-2551 nenftuaniinauvatssmusazuitidy Tutniudesasdn
15 swrmdeavalsalundldiomn 80 lolwan wondoliusavsudninvaaouiugadn
Near Isogenic Lines (NILs) vosanti3detnununma (RR) Afgiuiugnssundofuusiitu
Frumulseludifumnenatumeiuday 1 Bu saoiesiuou 18 aeiug esiuun
pathotype woaflos wulinrmmilon 80 wWedud awnsaduundenlésium 13
pathotypes lngiidndiulolasian: pathotype Wiy 6.2:1 wansininaraInMaeveateT

a

Tufmdnnivalanuagiiuilnaifelalunntn  winuI@esIdARUTULITWIN NS 1ERUET

noaeuntsusuvulsalug anunsafuvnusiedeamslaluliliiies 20 lelsianain 80 lely
i@

2.2.4 gudrumulsalusivastia

JaqtildsimsAumududumlsalwsiludnavssinn 96 Bunszasegindluudn
wusnnusnalestalond 2, 6, 11 uay 12 wagdidusuniulsalul 9 uiildvnisiaauduwazm
anuLuaLad Laun 81 Pib (Wu et al., 2004), Pi-ta (Bryan et al., 2000), Pik-h (Sharma et al.,
2005), Pi37 (Lin et al., 2007), Piz-5 wag Piz-t (Zhou et al., 2005), Pi9 (Qu et al., 2006),
Pid2 (Chen et al., 2006) way Pi36 (Liu et al., 2007)

Prasad et al. (2009) A51¢%Us281n5979 near isogenic lines (NILs) &4l@annnns
uawsEIneRug CLOILAC Fudutusiiduniusodoanvalsnlnd M. grisea g4 uazdnidufan
#ug Samba Mahsuri (BPT 5204) iusfusimiugninysemeduiie TwdaFerenaiunans T
dasmanouLugalazinuanAudsouledelsalul  naaounisiAnlsanazaiisunuisey
dumisBusnunmdsalvel wunisnszanednvesdnuazsummilsalvlussanstndai 2 Tu
NI 3:1 (FUNIUBOULD) IATIENAIID bulk segregant analysis (BSA) WuBUAIUNIU
Tsalos! Pi1() Sinnandeslesiuinfouniane RM224 vilasluley 11

Koide et al. (2011) iumummiTeaalsalntlvaludssnafdududdnau 23
loloan Suundioamgeendu 16 pathotypes dsflida 11 pathotypes wansnIsLAAFULLY
Uﬁﬁ%mﬁLLmﬂmaﬁu’Lué’aﬁamaﬂﬁu Pik (Pik, Pik-m, Pik-h Uag Pik-p) wag Pil Tunns@nuniinu
fu P19t Tenudunusedeanvelsalvivanslolnan wuhiaudeulssiuniemneg
RM27937 uay RM1337 uagildumniseguulasiulay 12

Zeng et al. (2011) wudu Pia vulastuley 11 Tud1aiug Aichi Asahi kansndny
drunuseideauglsalndanynuamalulssmaiusndunumaien  amIdeUALITULSS
vosmsifalsalagldideanmalsalifiiunusalussmaiu 612 Telwan uaziinsizinian
syaeivesdudnunlsalniuaznisnszaneivenaiomneluana  luussnnstndan 2
(F,) $1uu 800 ¢ fildarnnswanszninaiug Aichi Asahi waziug Kasalath wud uinumu
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Pia-1, Pia-2, Pia-3 way Pia-4 dau@auleanuinseaviang AL7, A25, A26 way A27 wavdany
91 8u Pia-3 \WuBuiidAgyfiandmsudusnumulsalul pia vulasluley 11



s 2.1 duvsestusunulsalusindenlesiuesamnefd ueuulasiulyuiig

Chr. Gene Marker name Map position (cM) Reference

1 Pi24(t) K5 64.4 Salad et al., 2003
Pitp(t) RM246 114.1 Barman et al., 2004
Pi35(t) RM1216, RM1003 132.0 - 136.6 Nguyen et al., 2006

2 Pid(t)1 G1314A, G45 87.5-89.9 Chen et al., 2004
Pi25(t) RG520 157.9 Sallaud et al., 2003
Pib RM138, RM166, 154.1 Fiellstrom et al., 2004

RM208, RM266

Pitg5 RG522, RG446 150.5 - 157.9 Tabien et al., 2000
Pi-g(t) RM166, RM208 Zhou et al., 2004

a4 Pi39(t) RM3843, RM5473 107.4 - 108.2 Terashima et al. 2008
Pid6(t) RM6748, RM5473 Matsushita et al., 2003

5 Pi26(t) RG313 225 -247 Sallaud et al., 2003

6 Pid(t)2 RM527, RM3 65.8 Chen et al., 2004
Pitq(t)2 C236, RZ508 103.0 - 124.4 Tabien et al., 2000
Pi8 Amp-3 Pan et al., 1996
Pigm(t) C26348 65.8 Deng et al., 2006
Piz RM527 RoyChowdhury et al., 2012
Pid0(t) RM3330, RM527 54.1-61.6 Jung et al., 2007
Pi27(t) Est-2 519 Sallaud et al., 2003

8 Pi29(t) RZ617, RGA-IR86 69 Sallaud et al., 2003
pPi33 RM72, RM44 45.4 Berruyer et el., 2003
Pi36 RM5647 21.6-252 Liu et a., 2005

9 Pi15 CRG5, CRG2 31.3-34.9 Lin et al., 2007
Pi5(t) S04G03 31.3-33.0 Jean et al., 2003

10 Pi28(t) RZ500 114.7 Sallaud et al., 2003

11 Pia ycar2 36 Kwon et al., 2008; Zeng et al,,

2011
PiCO39(t) RGA8, RZ141, 49.1 Chauhan et al., 2002
RGACO39

Pilm2 RZ536 56.2-117.9 Tabien et al., 2000

12
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Chr. Gene Marker name Map position (cM) Reference
11 Pi30(t) OpZ11-f, RGA-IG14  59.4 - 60.4 Sallaud et al., 2003
Pi34 C1172-RG702 79.1-91.4 Zenbayashi et al., 2002
Pi38 RM206, RM21 79.1 -88.7 Gowda et al., 2006
PI44(t) AF349 - AF348 91.4-117.9 Chen et aL., 1999
Pik-h RM224, RM1233, 101.9 Shama et al., 2005; Fjellstrom
RM144 et al., 2004
Pi1 RM224, RM6094 112.1- 1179 Hittalmani et al., 2000
Pil(t) RM224, RM6094 - Fuentes et al., 2008
Pi18(t) RZ536 117.9 Ahn et al., 2000
Pik-s RM144, RM224, 115.1 - 117.3 Fiellstrom et al., 2004
RM1233
pid7 RM206, RM224 - Huang et al,, 2011
Pike RM224, RM144 - Jia et al., 2009
12 Pitg6 RG869, L102 29.2-475 Tabien et al., 2000
Pi31(t) 010-800 44.3 Sallaud et al., 2003
Piz2(t) AF6 475 Sallaud et al., 2003
Pi-ta YL153/YL154 50.4 Jia et al., 2009
Pita-2 RM155, RM7102 50.4 Fiellstrom et al., 2004
Pi19(t) RM27973, RM1337 - Koide et al., 2011
Pi20(t) RM1337, RM5364, 51.5-51.8 Li et al,, 2008
RM7102
pid8 RM5364, RM7102 - Huang et al,, 2011

2.2.5 Ufdunusszninaesunlsaludinunugdiafiuniu

nsinlsaluigdunannanufiserssninsfivwaziveanvnlsn  Jave1asUNI

W3ngauLasaleaNMAlIA wazueIiueaslsAaavIae iy llansaviae

vl MsinlspReufisenseninduiiegluiivwasduiiegluioavnlin Bunnguliidn gene

for gene hypothesis gnAunukaziaualag Flor (1971) asuldinmniigunilanaiuauuize

AUAUNI (resistance gene, R gene) Tuiivgoudndunilandiuvimiiaiuauufisens

157 (avirulence, AVR gene) Tuoaivelsn LagN1THAAIDBNYBIANATUNIY (resistant) ¥

a c’{ @ 1 A & oA v XY gj N z:qu < a 1 . 1 gj
Nndunsailegunidianunsluivwagludeaimvalsaduduiy (dominant gene) Wity w1n

a a & & A v . Y A !
Bulpdunialuduney (recessive gene) azuaninuluiiuniulsaniosoulosiolsa
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(susceptible) Fifuudindufivazitusumilsaludiog 1 Suniefinnninfinnu fuazgnidorn
shaneldfrauiagnidelsafifiBunuy recessive gene dnvhany fregradu Tudoavalsalud
AVR-Pi-ta Baifu dominant gene Wwhanednn Tuusinidesiid wiumulsalvsl pita My
dominant gene Wuify FrziiaURATe MUY compatible vilifudianuiumulsaiiniu Uia
et al, 2009) Bad exawlsalnddulirumainuaiemesiusnsssags aunsaususaliidn
yhanevldlussoyiiodsiiteony  awnsaufudeuanduiidy  dominant gene Ty
recessive gene dodvhanedfiale (Valent and Chumley, 1994; aiilu, 2541)

2.2.6 msUTulsaugdsumulsaludluyssmealne
nsliugdnsumulsalndiduisnistestumdnlsanfiusednsam  udegnsls

s

I & D o 9 0o g v = 9

fAnueannslsalndiduwesnlinuwdsusiumeiusnssugs  sihbigenilenianaieiug
Ananeiuslyg ATaNguse waganusadiateiuginduniulsalvdiugnula dau
nsusudgeiugtalisumulsalud - eglddusuniunaiunsosuniusewe s ldvaleans

U s

Wug vise n1sUsulgeiudtmliduulsaluilnanissgusnunulsalunivass ulisauiu
Jadunumdlunsusudgeiugdnlidmunulsalmilaegnededu. Tnevalunisusudsaiugdng
mgsnuunsanagldszeznaiuu  Nddyludunrsunishndenanuagiiuulsa v dudu
pouiifotliussnuuasaldiieas doserfvanmwindouiivingay wazdndudedliszeznm
Tumsuiudsiugussana 8 ¥ Fhliluananseusudsaiuginalaviunitanudenisves
v a v A a @ 1 [ v o 1 v A [
wnwesns  Uaguuimsldasemsnefduetiglunisusuuseiug  tevtmndiedndandnuaey
AMUATUNIY UNLAIAALEENAIN phenotype Fawanilaiianuuwiuguiosarndunisdnidond
genotype MSREUNAIUANENYUEAINEINEATS (ASATER LazAnE, 2553)
auly waganuy (2553) smnaneiuginawdealrdnuniulsalug ladramdedans
WUgAi  RGD334-3-11-1-1-147-1KPS-3  &sAnidenlaainnisnaunduseninadnimileaiug
6 T duiugual wasiugivendaldiluiiugie Tnenaunduluviiug nve druau 4 asa 1§
WwIasuneAduetIslunsAnden (Marker assisted selection, MAS) dnwaugaiuniulsalusl
auflunisnaassiviherumialiusslordangudnl - audiugimnssuiasinalulagdinm
i a ° ° v @ A a o A v say a
WA dunemundiay Jarinuasugy Wied WA, 2545 wazAndenatenugifenisi
audidednlunengiueendeaniie  Inaeiudlminladudnmieilsedauas  oanaen
UszanaJui 22 ganau LUNed 22 wAIngw ANguads 144 WuRlins 31U9U 9 399eNe
Tuanmudameassvesauditednilinaninate 642 Alansudels wazluwdasnuninslv
a N a (% 1 Y A = 9:; e Y [ a a ] a
HaKdAnade 538 Alansusiels d1iUdenduinna wantandesed 6.99 Tadwns JUTAEE?
gamaiindeandn dfanmileaniy Wlindurey A wnnsdiuniaglddadiuwdn sunnu
solsaludlafininiug nue udseuweselsaveuluniuazimdsnsylanduinamilouiug nve 4
= 1 a U WV v v ° & A
wdesnmlunislinanings Usudmlaalunaivanimwindey wavaunsatiludgnluiuiisig
1A9E19 119279



15

yudnd wazaz (2554) Wanndniugumnenuzd 105 Tridumuselsalviideds
NsHAUNaY (backcross) Wnelddnad wau 5 ateiug lowA IR77955-14-17, IR77955-22-53,
IR77955-24-75, IR77955-24-88 uay IR77955-30-13 dafudngnuausewineiudunnensza

L% s v a

105 uaziudidveuda UHN) vise DHL279 Faduiudireudumulsalugd wagviniswan

9

13 a

nduludaiuguninenued 105 Jallanvazengg wilounugurinenuegd 105 vniswaundulugs
fusiuhe 5 aeiug S 3 e Tuudardanedeusuiumunesaeiugingenis
yaaoulsalniluszozndrdodoaimalsaluidiun 20 aeius uaznsramnduitiug
Tsalnsilaglfiadomane RM246, RM319 way RM212 dwudmidenduidusummilsalusiuy
Taslailwa 1 waglfindosvane AP10, RM224 wag RM144 dmiudaidenduniusumulsalms
ulastulen 11 9uldUsznsdng BGF: S1uau 20 anesiug thludgnissinets wazdaidendn
aneudnaunduauldiail 5-6 (BCFse) i umulsalnd Anwiitugidosiudiuau 105 aeiug
dudisuiflounandnsevinand warluanineasns seyaiuniulsaludongn 30 ae
WG wazenguunane 43 @i Wl 2551-2553 amnmsiUTeuiiourandnseningannil wu
gaaumulsaludioigundimay 6 agiugiinandngeniiugiuSouiieuannsgiy (nal5)
faus 2-10 wWosidud wasgedumulsaludorgiunatsdnau 9 aeiug wuiiliondngs
nitusuninenuyd 105 daud 0.1 - 11 wWeddud lugaund 2553 wudadunmlsaludeny
Wi 6 aeituslinandnganiifudiuieuiiovsnsgiu (Mu15) dud 11-3 wWesifus
wagdyamumulsalueryUuna NI 9 meug wuitlikandsgeniiiuguni-nenued
105 faust 1.6-9 adifus

ally wazany (2554) Wawameiugiwmideregiulirumuselsalud et
wilomeusiiau KKN97057-7-1-1-6-4-NKI-1-1 Fadmidenlsininnissanndusgninainamilen
wug a6 Wwiugul Audmideaiugmed 71 Wuiudne Tnawaundulumiiug nve $1uu 2
¥y Aqudifedmueuuiu  Imaeiugiifuinminhdetuas senaonUszuiuil 2
AanAy (AURLIUTEINAAUT 2 WoARnieu AugsiueAY 148 WwuRising $11UT 10 T
no Tinandnindsluanmulameaowesquiisedn 557 Alanfusiels uazlinandnindely
anulasuineasng 532 Alandustold druvendtiaa wlnen susaen dmndesem
7.36 faduing gauvndutaanen dmdsgnindeaniy Snduven aauamasarun Tedfumde
wazAui1Teay 61 anvaey fie TegiuIndiug nvl12 Yseana 1 duaw wanzdmsy
fufurouineudslivnzauduitug nv12 Aoudisiumudelsalysluvanefiud anunm
MavsLazSUUsENIUA Induven Wuilseniurennuning willdomsszis Ao douesielsa
vouluwsuasndensslnndiina

UV wazAnE (2556) smuiaeuitidieguhiretsuasliinuniusielsa
Tvis! Inemansewinaiug IR77955-24-75-284 (Husiudual fuwug DHL-279 Affudumulsalnd
Juituswe duiunsfiquiideinguanesiflugguil wea. 2546 vihnsuSulgeiuslagliss
MsUFUUUSLULUNG (conventional breeding) $amifumsliintesmnelianatielunisdn
\don (marker assisted selection, MAS) aulsiaewug UBN03007-47-7-7-26-35-19 Gaiiudn
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ihdetaauas mwguads 157 wuflms $1uiu 9 wviens Tinandamedsluanmudas
veaewasguiidedn 517 Alandudels uazlvinandmadsluanimulasmnnuasns 431
Alansusiels d1auudendnne windnndese 7.80 fadwas U958 Y3una amylose i
grunpiutiand aunmdnan wiled yu fnduven dnvamdu Ae dumusielsalwiiidly
Induazlndinesis 010 Tnandmadsluanimulasmnnuasns gandniug nuis Amdu 24

Wosidua

2.2.7 dniudiasnguazmsAunvdudunulsaludluiugdrinuiios
fuginnulisaduiuddnnlasunsdadeninenunsns uasduneaiuuvaneds
- @ o e A A vada & Ay i Y a !
91y Lesniluiugiiuiiesdinuaudinaidundeinisvesrulundasiediy  a1unsonuse
Yy A A ' o sy X A & a2
annndeuiudsuwlas nudelsa waziias (1, 2544) siustaiudieslnenmuaiiiy
TN 76 e lneduunteilessuliveligdunuianie 5928 Feiug 9INANNKAIN
nagvasnugiINuilie e s smalneviliaimailddninasiiuginnudelneuinniad
wsrzdiugindddnnanedregeidilivsiute  wasiiAusiusiuligslalavinnisuseidiu
anwarUsETINUINIedIwUnTenug  WustiNwliosesingwmaidiininunainvalgnis
WUGNTINOLNNN wazliUseleyidon sUTuUTiusdn (@233a), 2543) Hog1nNn1sUsuUse
wugirebiladiugiliineslunmsiunands Wuauan Wineusunulsn uazau
FIUVIULIAY WBNAINTLABIBIABMANANTITUTUUTINUG MInauNLg uazn1sAndeniug sy
i maseuiugivaneay  adidgivielild fie @weoiugtn  Bavenuginaligiumig

3
Y [ L4

fiugnssunaimnuvainvansinuitle  TenawasaudnSanagliiusinnadesnisiaydl
1N (A, 2544)

AUNI hazAy (2554) ?ChLLuﬂLLasUszLﬁué’ﬂwmzéf'}umﬂiﬂlwﬂ%aaL%aﬁuqﬂism
F1Uszanas 5,000 Mg Aqudidednimussma Tusesined wa, 2551-2553 nusiugdn
dnilvajroutrsseune aufedeunanin Miuginfamsadummlsaludluszdugednau 50
fhegs wu Tnie (3257), willaames (12518), e (21648), 38 (22769), nud (22197), s
Mau (23509), deTuen (15101) waznowdy (13773) Wudu LLazﬁﬁuﬁjﬁnﬁmmmé}’ﬂuwwuiiﬂ
IngdluseAunansd i 19 fleg1e Wi A1I0Ae (23271), ¥1Awns (5467), AunE1 (13905),
IenapEuy (23152) uaziudaz (23728) 1Judu

Zhu et al. (2004) wudniiudlesesssmaiuiug Q14 wansnudumulsalvsl
f8u Pi27(t) Feduvusedoamnlaalng AunununUssmaduu ne wasdu dumuay
szysumisBusnunmulselndlaenaaeunsifnlseluussansdndd 2 (F) fnauiugszning

¥ v (3

#nriug Q14 uazdnsiug Q16 Noeuuesielsalusl wunsnszaefvesBudunmilsalvsly
Sasid 3:1 Fumuseuus) dndenezesmneiiielilumsinsgidumisdusemaia
bulk segregant analysis (BSA) NeSemIIY microsatellite $1U 189 1ATBIMINY WU
U 2 LATeMINYENITALENANNLANANTENINANLE ULz AN Lseuusld  Fi
\3eevEng RM151 uwag RM259 dsfidumseguulashilen 1 denlfussnnsdn F, sy

155 suiianinnugautasiaeamslsalng Wensaaaaun1snIzanefiivesaseviung nusy
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frunlsalndignenueuiefufiodufer  Fulduwmiegserinuaiemng RMI151  uas
RM259 1Juszeenng 11.9 uay 9.7 centiMorgans (cM) AMu@16u

Wil wazauy (2552) nsyadaududnulsalul Pib, Pi-2t way Pi-ta vulaslulay 2,
6 way 12 auddu Tudmiudlednesnin 110 fedn Taeliafesmneiduediiian
FumzazasdeBudumulsalviiie 3 Bu wuirdniudesesveswau 79 fega Tou
Frumulsalwsegnatosniltu wardidniiudles 3 fegre WWun $1vnlng (0001) $1amw
sy (D016) wazdunileaunsls (0058) Afusunlsalsiis 3 Bu

B900u wazaniz (2553) FumBudunmilsalnl Pidz Tudmiudledlnesiui 69
fiug Tneltinsesmneluanafidueiianudimnzinnzasiotusumy Pid2 waaNM5ATIe
apunviuduvlsaludl pid2 Tudnfiufiossou 39 Wus Afsadavesdusumulsaludd
Pidz  Buunanisnsndeulnslinssidisuiandlelndvesiusiniudeiiisadavestu
frumulsaludl  Pid2  Wisuifleuiuiugifisadanlifuniuvesdu  Pid2 wuindl  single
nucleotide polymorphism (SNP) A/G Tugau recognition site vasaulasidndnig Miu | lng
stustinfudosifisasarisumuuesBusunulselul Pid2 fdwuiiedlolng 5-A*CGCGT-3
yilvlsouiiduwenun 700 uaz 400 guua ndsandasaetoulssl Mu | dwludiusifisa
fafilisumnuvestu Pid2 faduiandlelnd
5-G*CGCGT-3 Baonllasl Miu | lalannsosntandlelvdludnild Ssdinsléuouis wevunn
1,100 fLud

Shi et al. (2010) 331 Quantitative Trait Loci (QTL) Tudmwugiuidies Heikezijing
fuwanannudnumuselsalviuuunte  (broad spectrum)  lnglduszans  recombinant
inbred lines (RILs) ﬁlﬁmﬂmsmamwdwﬁnﬁuﬁ: Heikezijing S?fqt,fluﬁuﬁ:%’nﬁmﬁawaq
Usswedu  annsndumusedeaivalsalnlulssmaiunesgiuldlussiugs  wasdnoiug
Suyunuo Fuduiusiniiseunedalsalul naseuanudunulsaludlnemsugnidoainnlse
vt 18 lelwian vutszwng RiLs $1au 166 fu Frasfusniouarisl srufsiusiisSeudioud
Frumusiodoaimalsalnl wuludnfudontus Heikeziing Siuns QTL vilasTalow 11
LATNULIS QTLs 18U gtl11-5-5 uansnnuduniurodeanvalsalud 2 lelsan viounnd
QTLs mjwﬁmizﬂauﬁw qtl11-2-2, gqtl11-3-1, gtl11-4-1, qtl11-5-5, qtl11-6-1, qtl11-7-5,
qtl11-8-2, qtl11-9-2, qtl11-10-4 wag qtl11-11-1 mamﬂﬂWiﬁﬂmfﬁiﬁlﬁudﬁnﬁmﬁaqﬁuﬁ:
Heikezijing mmméﬁumwiaL%amLwﬁ‘[iﬂiwmé’mawalaimam Susumusinududuguni
Isalusiuuunine (broad spectrum)

noaRMRARNR uazAmy (2554) dumBudumulsalud P9 waz Pigm(®) vulaslilyy
6 wavBu Pi36 vulaslilew 8 ludnfludedvedun 203 g TeeliatesmnefiBuedi
AuTIzarasteBusunulsaluifindnn  annsmsaaeunuidniudeseding
Jraunsu 203 stusiBudumulsalviioshaoevidu uaridnudesiun 42 fusiou
Frumulseludita 3 Bu

Huang et al. (2011) Aunudumumulsaludidulud Pid7 way Pias vulaslalaull
way 12 nudeiu Tudmitudlesiug Xiangzi 3150 (XZ23150) Fsfianusrumusiedoainnlss
sl M. grisea TAuTIUTINUAMag ULluUsEImMATY AumuazaiauisyyBusmmlse
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Iwifluitugdn xz3150 Tegdiasginsnszaesvesdusunulsalniluvssanstndi 9
Fadulsznns recombinant inbred line (RILs) w3y 286 ¢ Ifannnnsuausmiteiug
X73150 \Dutugwe uay CO39 uiusingounedelsalnl  Auvuazairsunuvesdy
frumulagliiaiosmng simple sequence repeat (SSR) wudBudumulsalvsddula pig7
Tunsisoguulaslulua 11 agsewinaadomans RM206 uay RM224 uagdugumulsalud
fulwl pigs Siuvisisoguulaslalan 12 ogsgviaaiasng RM5364 way RM7102 uazdl
asUBninaiemneiiduedideslostuiuiumulsalniBulmidnulunsinui  andu
Usglovtlegnannlumsaausmidusiunmiselwiilueman  wazdianunsoliussloviluns
Taaudu warnsusuUssiuddnldhummilsalwilngliinieamneluanalunisdadon

Li et al (2012) ssraaeududnunmlsalvsl P ludriiud sswesmmaguu
$1uru 173 g Tneliieeamny MRGAT66 duduaieamnefiduesia simple sequence
repeat (SSR) Ao wuBudumulselusd Az Tudtusfimdlessiun 64 stus Andu 36.99
Wosifusvesiusinimuafivinnisnsaadon wuihiuginadifou piz Snsnszasegitluly
uaumaguIy wazdamuingu iz fenmdvesnanszaedng snAndy 4103 wWedidud Tu
vinadiuiiugnirmmelivesuamaguululssmeiu

2.2.8 LAIDMINBADUD
a a = VEN 1 N A o a0 |

\ASeMEALe (DNA marker) M8 BUaIUMIOUSRMUDIFIAUL TN
sguulaslulauvSofouelusesunuad THdwesosmnefmuvieiugnisy wieduvesdadl
Tinuazanasadienendnunilslugdnuniisld  ldusiarudmiveesddldin ey
Adweanseliilunssmneudiaudunizliidenn  Wvusazelaudazatgiuginisda
Boavesindlolnd  wie  arvuwaluluianafdueiduendnualuazdauuanaieiy
(polymerphism) (@S, 2552) wnsowmnemoueiduasedioniivszdvsamunn nanlagnses
wazwilugnNnIINsian vae JUTMTodugmveity (morphological marker) sinduuyUsly
muan nnaey Weeen, 2554)

Uagtunemunemautelidnandunuimdaglusuiuiugeans  waznis
USuugeiugiivegiaunn wu ldlunsfinwianunainvateniafiugnssu (genetic diversity) 14
\eRnnumBunauaNanuaenfneg Wdudeyad wivleseimdunisduiaradaunud
S [ o = d' A L Ao [ £ o v 1 Y o LY v ¢ =2
gu Wudu Faununvesdunauaudanyuenniee WudeyadAgydelrdnuiulseiugnauds
U dunds wavdnsnavesduniiniudfy Waiduuuimsunmsnuinsmdumraituiiie
asafivareiudlndlasgnsinds  wsemunefiduemihuussyndldluauduiiviivae
Usetn o e3eamnefildwesia Restriction Fragment Length Polymorphisms (RFLP),
Random Amplification of Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism
(AFLP) waz Simple Sequence Repeat (SSR) 130 microsatellite Tngnsidonifiniosnunemioute
=4 VY 3 wa d' a < '
TuagiuTngUszasd uarauaudRveunTomIngfilduauwiarUsELAN (NN, 2555)
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2.2.8.1 Restriction Fragment Length Polymorphism (RFLP)

Juntemnefiduediiauniulneedeanuuanmaeuaidueiiia
nMsinsageulelfindunig  (restriction enzyme) annsansiadeulagefordannisidng
(hybridization) wesfiduiefifiuagauiuseniiiBuensindey (probe) AuFufBuoan
fegeiidne Yervenniemneiisuesied Ao nsnsedeuLUUEITaI WMLy
Tasluley  awnsavigrldnamilowdn  aunsanenuanwauASwonuuTuswiy  (co-
dominance) ¥ilWanunsansiadeu heterozysous i wiiidasainfiddy e %umausquﬂ T
gou Ty wazelginglunisandunuas (@ns, 2546)

s

Yu et al. (1996) a¥1aunuiid usnumulselvsl P-1t) Falé¥ vanndnaiug
LAC23 wadeunsiinlsauaziinszinisnszatefivesdnuaesdumuluusyannsuaundutai
6 (BC¢Fs) LLaﬁmeﬁmiﬂizmEJ(?]JTU@QLQ%WMEJ Restriction Fragment Length
Polymorphisms (RFLP) Tuusenins nearly isogenic line (NILs) %39 BCsFq WUBU Pi-1(t) &
duvmdseguulasiulen 11 fenudenleaiuiniomne RZ536 lnedszogrng 14:4.5 cM @i
wfiBudunulsalniBuiiaes Ingliussrinstn Double haploid (DH) Anauszmiteiug
Apure Bedmumnulsalus uagsiug IRAT177 Gagouusdelsalus nuduiumulsaluiimumis
oguulaslulundl 12 Tagegsewinaedonnny RGA57 uay RG86O fisvessing 135+4.3 uas
17.7+4.5 cM suddiu Buiinvuulasiiley 12 anadu allelic fufudiu Pita (i3e Pd@) Tu
rvtug Tetep Feiinsanuindanudeslssiunioming Re869 Ineflszesng 15.44.7 cM
2.2.8.2 Random Amplification of Polymorphic DNA (RAPD)
DupSesmmneiiSueidndnnis short nucleotide sequence Uszunay
10 wadulwdwes (primen) Wiellunsifinvsinauiiduelusiums? primer duanunsadu
1¢ Tnwenfemdnnis Polymerase chain reaction (PCR) forvenniowmunedduovini Ao
yildine wazUsgndaunulumsduiunu WadueGuiiluvinares uiasemnefidue
siinthdunuy dominant marker 3lsl@nsnsonsiaday heterozygous ¢ (@5uns, 2552)
2.2.8.3 Amplified Fragment Length Polymorphism (AFLP)
HupSesmnefisumdnnsues RELP wag RAPD Wndheiu tnanisdinans
Aswemeeuluifns e (restriction enzyme) 91t adapter voueuladundeusiofu
futudumdue wnhuniuliinatuduidueileglivinns PCR defvenniomune
wledl Ao wu polymorphism qwiamiﬁ’uwiam%gﬂ LRSS weTn R ULy
dominant marker wagfiddfinnugeenlunniuieya uwarsuuduneumahiidudeu
(#3ums, 2552)
2.2.8.4 Simple Sequence Repeat (SSR) %38 microsatellite
Juntomneiiduonuustime  avnaeuiduelinder 1 dumis
(single-locus marker) é’woﬁ’mum};’m Viauﬁy’uq 30U UU microsatellite wulaunueLaznszae
fhegimdluy Tnsdduiuaves microsatellite siidudduvadume  filosgaieluilus
(unique sequence) ﬁQﬁ?ué”mmsaméﬁuLuaﬁa@jam%’wwmﬁ’m microsatellite 131
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gaNLUUANATIEN primer dmiuiinUSinamduelaomadia PCR avfunsfiuusunamidue
Tushumisiidumnefissinaies wazidesann microsatellite Wuduiizimsnanesiuslnenis
anawieiinduresiwugasildie nmmadeuAduelasnsfiuuTuiidueuinadism
\01dmves microsatellite Vinelu agvilvilomaldvunafidueiiuandaiu iesandiuau
ﬁﬂ%’]ﬁlﬂm’ﬁu NN3ATIIEEUMELATBIVINE microsatellite 9wy polyrorphism ADUY9EY
uanmnﬁ%mmmLLammUﬁLé‘uLaqu co-dominance YM@1LN5ONTIAEDU heterozygous
161 (&3umns, 2552)

A3 wazAmie (2552) Aumduwlaguiumulsaludluiugunnenued
105 Inglifiadosmnelaanaviin microsatellite AuvsiumsBusyulsalvsffianudumne
seololuian B1-2 11nUsErInT912 recombinant inbred lines (RILs) $1uu 252 anesiug 49
lpanniskansyrIeiuguInenuyd - 105 Auiugwavenda  91nN1TIATIERANENTLS
sgrhemsiinlsauasUnUUSadaveaatesmg | microsatellite. wuBusumulsalnsiuuy
Fumgluitusvnnonugd 105 Sduviiseguilasiulen 8 Indfuluanaiaiesvsng RM72 wii
Uinndnanaediniswudusiumuy uiteyalutaatussiaunsotuduld Buiidunuaded
FubudefuiuBuiinenuliudmielinsdnudfaiulfndunsfunuiulmideildeed
enuludrveunrivedlng

He et al. (2012) FienuTriug Yuejingsimiao 2 (vJ2) 1Hud 1o
anwurivangysen1s fe AAmnne Tinandnas wasdaduduniusie M. grisea Wug YJ2
wansAndunIL. 100 wWeddud lulssrns@eniiuanumumanieds waein widemis
uaziseviaaivsluUssmaiy dadumnauniuigininluiug Sanhuangzhan 2 uag 28zhan
Fuduiudiumulsalnl Aiasizinmansynefvesdnuugiunululssandndi 2 ()
wazdadl 4 (Fa) wudrerwsiumuluiug Y2 gnaauealneBud tuvmumaiesarieiidunuy
dominant uag recessive Iinszsimumtsdusiunulsalusilngliiniesming microsatellite
ﬁéi’jaa@juuiﬂﬂﬂw 2, 6, 8, uag 12 M35 bulk segregant analysis Tulsev1ns1 Fq WUH
NINTLALFIUU recessive Tudnsndu 1:3  (Funugeuls) WuBUAUNIULUY recessive
vilaslulendl 8 egsgvinnaTesving RM3452 uay RM1345 lnefiszesing 3.2 uay 2.7 cM
sy nudilineiinenunuBudumulselnilugastumdBuiinuiahmdy Sulnl
Tnegnimualnludu pisst)

RoyChowdhury et al. (2012) Anwiagaumay Pi-z luiuguidnua 111
L%’e)ﬁﬂﬁqﬂiiﬂﬂﬂiﬁﬂémmﬂﬁ simple sequence repeat (SSR) lékA RM527, AP4791,
AP5659-1 Waw AP5659-5 fifiamuidenlesiuiiy Pz uazvageunsislselagdidoavelsn
Iyifinelsalaizuuss (avirulent) 1 anewug Ao IE1k uaznelsnguuss (virulent) 2 anesifug Ao
1833 uaw 1849 nutluiuginidwa 111 destugim & 73 WestugtniiiBusnumlselu piz
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uni 3
A5aiiun1sIY

3.1 msdsauasiuidesamglsald
3.1.1 n’mﬁus'mi'mL%aiﬁaﬂnﬁuﬁﬂgn%ﬂuﬂizLwﬂ‘lvm
oondimaiuiiugnintlunnszes i ssosdundr svosuanne uazssezoens lu
PNy Uinameny fusenideunie mamionouas wazlunianz fusennuunsituiioy
Sufimsszuinvesdedinsnulusreznduazszevuanne dndussevesnsisazanansaiulily
Paugguiuggru vieuszanauieunaan - Sunan dazidutisnsiuifntnlugg
ud Taemsszuiesnasifsnnlunians fusendeanieiiinsugndniuguninenuzd 105
Faduiusfigouussielsa
3.1.2 ﬂ’]iLLEJﬂL%ﬂﬁ’l‘lﬁU‘%’sjﬂ%IﬂtlTﬁ' Tissue transplanting method
mim"wLﬁmmnﬂ%umau%éfawaamLs‘ga (aseptic technique) 519NN moist
chamber Imaﬁ’mmzmwﬁ%ﬁﬁlﬁmm@whmul,gm%aLLﬁaawaaaiuawuawwwngaaLﬂ‘ga windu
avUuNTEAuTyUSuI 5 Hadans thiudmesinidulsmninduiugng andiuvesdin
fuansornsveslsalug uagdnililduansoinislvausedntos Wietimnsuunszay
fayilunudesdofindodfudlnhiuwisade vuliflgumgivouduna 24 alus ol
Woas1a conidia m39 conidia RENdes stereo microscope Wusuianaunauiiend
conidia 111N3UWRIMNS Water agar (WA) vinn1suenusas conidia Togwnariu Va3
gamgivieadunar 24 Falus tinndeswhendes stereo microscope Lilensavn conidia
sonudr mdidudedesansendmevendilefitenain conidia $reatemns Rice Flour
Agar (RFA) Fauszneusietmunanden 20 n3u fu 20 n3u uazdlad 2 niu deth 1 Ans Udes
Tidoruaiududuloudainnesnaeulindosmanssen (nwd 3.1)

= L. v % . - a Y
AN 3.1 N13RTIANT conidia AIBNABY Stereo microscope Warn1si@anALl conidia fe
VaALNIUANULAAY
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3.1.3 mafiuineiden
yhmafudesuuuuis Mensinssaensesuadukiuguinats 9 wuRiung i
siunsenideuds MeasuueT RFA 91ntunaidie P. grisea asuunszmwnsesUniidliiile
Asu 10 Yu ssnuduleduminiyeguunszniunses thnseaunsesesnanaudssde iy
yhliwidlunsuzuigaeaty Weukudihnssaunsosifdidesudnduiudng ldgedu
Fulifigauvnd ¢ esmwaidva tielilunsveasssely

3.2 Madwszianuvanuatensiugnsmvaatioauvinlaalud
3.2.1 nswleuRduedes

afidunnduledoamnlselndsium 19 lolwan @it 3.1) Tasdeaden
UuaWNS RFA w4 Fu 9l cork borer UM ugLENa 0.5 faddnaineiivane
Gy dhtuddesiieizéneadduommsan Yeast Extract Glucose (YEG) weiinnuisa
100 soUsiou? Migaumintl 28 ssmwadEd UL 4 Su nsetousdulodosdensznunses
WeataiSuienuinisres Matsumato et al. (1999) umdiledesiealulaswuimaraudy
naute dnandeuSunad 100 fadnsu ldluvaan microtube vuia 1.5 Jaddns Wiy lysis buffer
(50 mM Tris-HCL (pH 7.5), 50 mM EDTA, 3 % SDS, 1 % g-merceptoethanol) U3u1e
700 lalasdns wanlliidniu (vortex) 2 ndutiwinanvilussaiunugungli (water bath) 7
ol 65 avenwaliua W1y 60 wail Yuwidesdl 14,000 seusewd wiu 5 Ui gadlasy
vulsia 600 lulasans Tdaslunaon microtube Tusl 13 phenol : chloroform : isoamyl
alcohol (25:24:1) Usiad 600 lulpsans wanwaenluuiiung Juariead 14,000 sousiewd
W 20 Wi gedaulasmuuudsinm 500 lilasing Tdadlunaealval 1y phenol : chloroform
: isoamyl alcohol (25:24:1) U3 500 lulasdns wannaanluuiiung Juiteadi 13,000 39U
Ao wiu 20 Wi gadiulamuuuyiuim 300 lulasins Tdadluvasn microtube v Wi 3
M sodium acetate Usunau 30 lulasans wag absolute ethyl alcohol USuneu 600 lulasans
wanvaeeallinung Yuielidman 7 20 ssnwadea arntuundueied 14,000 seuse
uid w3 i dnladuunidivEonsneuiiweituvasnsuans dnznoudidue
s ethyl alcohol 70 Wedidus Usum 400 lulasans Juwiesil 14,000 sousewid W 2
wiit whuladuuuidivdensneufidue seslifonmaivoufiduents asanengneu
ey 1X TE buffer Usuna 50 lulasdns iufiduedi -20 ssmiwadea

3.2.2 msindSunafisuadiewaiia Polymerase Chain Reaction (PCR)

Tnglda KAPA3G Plant PCR Kits (Kapa Biosystemns, USA) @aidusn Kit fiansnsa
WnUSinaiiduedemaia PCR T8lnglddesrihutuneuniswiouiduweneu 1§ primer was
\AeIINg Magnaporthe grisea microsatellite (MGM) 311U 14 \A3aing (579t 4.2) Tu
UfA3en PCR wissudmlsenau (master mix) UAsen PCR Tud3unns 10 lulasdns Usenau
fhe dH,0 3.32 lulasans, KAPA Plant PCR Buffer (2X) #ifl MeCl, waz dNTPs 5 lilasans,
AVUNANSYING Forward Primer (5 uM) wag Reverse Primer (5 pM) 0.6 lalasams, KAPA
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Plant DNA Polymerase (2.5 U/uL) 0.08 lulasans uaridueveatosimududu 10 wilu
nfusielalasinsusina 1 Tulasans Tneksguugiiuastmundnwnusoudsd 1) flgamnd 94
psrnwalea U1 1 Wi Sy 15U 2) Tioumgll 94 esmwaldua U 30 und 3) 7
ungll 55 esmiwalua w1y 1 Wil 4) fonmgil 72 ssmuwaided uw 1wl vhatunoud
2 fi3 4 $1uau 40 50U 5) Tigaumgll 72 esmwaTea UL 6 U S 1 58U WleATUTIUIY
southlunsiadeunanismaila Polyacrylamide Gel Electrophoresis (PAGE)

M13199 3.1 Weawalsaluyd 19 lelanililunsnaaeuaiudumulsauasunasnin

Janin Lolaan

AFINN -~ BKK55003, BKK55;O4

2TIUNI CCO55002

Y3 RBR55001, RBR55004

%’agﬁ CPM55002, CPM55003

YOUBNY KKN2010 61119, KKN2008 7357
NUBIANY NKI2010 13502

QUﬁ’i’l%ﬁ’lﬁ UBN2010 11351, UBN2010 195167
duns SRN54002

Wmﬂaﬂ THL191, THL84, PLK 1.1, PLK 40.4
89918 CRI43.1

Q9 PL3

3.2.3 N15IATILRNEINNITINUHATE PCR
Anszinameawmaiin PAGE lngld polyacrylamide gel mnudiudu 6 wWesidus
ATINERUNARIENSTRNALUADUDMIBaTara1y  silver nitrate  (AgNOs)  Anu3TANST09
Benbouza et al. (2006) Inefitumousil
3.2.3.1 N5M38U chamber wagnszan
¥ wEze1m chamber §le ethyl alcohol 95 Wesdud smuau 3 ads
\doU chamber §g Gel Save wiiellaaiu acrylamide el nzfinfu chamber Tngldinssay
kimwipes gavinenia ethyl alcohol 95 Wasidud $1umu 2 A%y fenszns kimwipes wHuA
Wiowndvanslsii chamber dwunszandagie ethyl alcohol 95 Wedfud s1uu 3 ad
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\waeuMg Glass Bond USinau 1,000 lulasans leeldnsemny kimwipes uagidn ethyl
alcohol 95 Wasfud sy 2 adilegldnseay kimwipes wiwdy Wewnavanslivnszan
1h chamber wagnszanuUszneudnyalagnsnszanyiuasuy chamber 7l spacer 14l3nse
YUTIEe9d19was chamber WiolHiAngosinesewing chamber funszan 1§ clamp wilunszan
AU chamber
3.2.3.2 M159383 acrylamide gel
W3l acrylamide gel Imefidiuusznoufe acrylamide gel ANTNTY 6
Wefidud fiusznause 40 % acrylamide solution U3ana 7.5 fiaddns i3e 21.03 n3u uas
10X TBE 5 filadans USuusumslily 50 fadamseneindu Wy 10% APS (ammonium
persulphate) Usunas 200 1ulAsans wag TEMED (NNN' N’ - tetramethylethylenediamine)
Y3 100 lulasdns wenlidniuwng w acrylamide gel aslutosingsgwinenszaniu
chamber aud @eovrisuilififuranadldguuulian 0.5 wuiwns saislisolieauden
Uszanas 2 il
3.2.3.3 Polyacrylamide Gel Electrophoresis (PAGE)
Usgnouyn PAGE  (Bio-Active, UK) uwazsaiinfiuinesanenszualiin
(electrophoresis power supply) T4 1X TBE buffer Usunau 1,500 fadans [Wusanans fewl
gon [inlanesernAu3nnwaueasen 111013 pre-run dngldifdslnld 70 a6 wu 30 wnd
sewisilm3eushedns Wnewiiu sequencine dye (Formamide 49 faddms, 0.1 %
bromphenol blue 12.5 fadans, Xylene cyanol 0.0125 nsu, EDTA 1 #iadans) USuad 10
lulasdns adlunandn PCR Uiaas 10 lulasdns saslidrfundvgumiedismegiunaon
Feumilimuurandnasuuiintiveaa veenning1s Usuna 2 lulasdnssedes Uanenseua
T (run gel) Tneldidslaidl 45 Sag win 5 widt fwdoon run gel sio Wi 1 Falus 30 Wil
3.2.3.0 n1sfenduaudioue
douduauAldulonisansazaty silver nitrate 1135n15U89 Benbouza et
al. (2006) Tneiitunoussil 1) fixation feasavanedsuta 2 ans fivsvneusie absolute
alcohol 10 LUasHuUA uay acetic acid 0.5 WesuA Wiy 5 Ul 2) impregnation Aag
ansazaeUsina 2 Ans 7iuszneudny silver nitrate (AGNOs) USune 3 n¥u waw
formaldehyde 37 Wadtus uutu 7 uiit 3) ddlasnisiaadidadunszanduaduinduud
onTuviuil 4) development FgansazaneUsunas 2 ans fiusznausie sodium hydroxide
(NaOH) U3aeu 30 n3u waz formaldehyde 37 wWasidud uaiuiu 3-5 Uil %39 JULAUALOULD
Using 5) vgaufitervneansazaneUiinu 2 dns fivszneuse absolute alcohol 10
WosiHus uay acetic acid 0.5 Wasdus uwiuu 2 il
3.2.4 MmlwTMgianuanaIETIugns LA SanguALduRUSYa sda
as1eRsaelusunsy  NTSYS version 2.10 laglddrdudszdninanusig
(dissimilarity) %84 Canberra wazdangueudiiuslneds SAHN iileasaduununnuan
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mﬂmmﬂwmmaqﬁammakﬂlwﬁ ATILYIMIAY polymorphic information content (PIC)
WieUsziiuguandAveaaiessng MM laeldigns (Zheng et al., 2008)
PIC= 1"- ¥ p%
j=1
o n Ao SuIudadavenaisiung i uaz Pij Ao Audwessada j dmsuweSeueg |

3.3 nsAndandInugulasniiansasdtunulsaluduuundng
3.3.1 angnugtnnldlunimeaey
wugtnldlunismaaey  10SuANeRATIZIAINNBIANATOIRUGAY NSNS
! [ £ o e IS v ¢ [ = =
nens lngwdady Pafugiudies 263 aeius naanans aengiueeniuanie n1e
wille waznale 91U 69, 88, 67 uar 39 agWug mwuaIRy) Taiudiuzidl 43 aeiug uas

[

41701 5 aneiug
3.3.2 MIAnEaNTIEERuEAUMLlsA

Fupouididunsuszmoundlan Salih et al (2013) thuidadroita 263 anewus
viugamaonuyd 105 uaziud Red  Fuluaeiiuseuneunzimumlsalnl field
Hunsmasesmuay inednansasaeiuguunssaeivgiigui Wetmidusen freanmyly
D1AViQUULIANTIS 7 Vg 872 12 vigu Lieliunduiauss edhieny 2 duni @ludszana
3-. Tu) $heasnszntsving 10 i Tneldtewmilgns 46-0-0 (N-P,0s-K,0) 1 A%t Uswanm 125
n$usenszus lated 7 uay 14 Tundsgnasnssuziin

UgniioanglaalvsiniIsues Roumen et al. (1997) fpasuwriuasslaiifoves

(%
=

Woamelsaluddra 29 lolawan Aaududu 5 x 105 latligreliadans wiguusuim 100

>

fodansrensyuzUgn UgnidledeiBviuvmenuuluinidifieny 2 &Unii wdsandgnideuda th
Fundrinluddluiosidionmnd 24 esmwaidea wardarwdugadune 12 $alus andy
teluiivlulssdouiifinnuiiugs davudeiailugsnanasivlugng 4 dalus e
AL
3.3.3 MsUseidiulsn

nsrdeumniuulsnvesimirintgnidionds 7 fu dadenaeviugiiliuans

ansisalumliieltlunisnaasnssalyd

3.4 mM3iaszinisnszaedvasdunasnisaieunuiissydunisdudruniulsaludiuy
Tasluloudng
3.4.1 nM3aFeUsEEInItng
3.4.1.1 mMsafsUszenstgnuandad 1 (F; - hybrid)
HaAUgsEINtIvInenuzd 105 Thlwiudui (female parent) wazdnd
fudleslneituivng (6519769) Wiluiusre (male parent) Fafustuginidnumulsalii
HuNsAAEDNLAT (Salih et al, 2013) MnaAalulAsnIsE wnd udunulseluiiinan
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dom P. grisea nunasitugnssuimiuiudlemanssmalng Buanlutinaifuneuna
Wug 1 U wlsuvensndeud (KDML105) Tngnisviwisiunes (emasculation) lngidentyenen
Tuszezlnagenan (heading) Wnsslnsdmmeniinausiedliudiuinaatstensniaznonseu
Aulusinalauteneniis  wideliamenonfagniounaluiudalulssann 20 nondede
FunaldnduareonnaseglusiunsUszainaeiwesnueninuiinen  ntulingslnasa
Uangmuvusenuszanas 1 Tu 3 1@ssimauszana 45 ssmlianeduvyndesuinasimer
(anther) oonINMURIRONFIBALSEIRTE T Wunonmadedethauielinuguduun
noN AauiBTIANANARNIES FadhuesiudalunsindeunendeudfinFeulisnadeludsy
nasAivauviesy Winasimeganaend e (GS19769) wnaigatuuganLnaTInaLile
(stigma) Tasanatidensnuanzlndy sennasmadloieliazeannas (pollen erain) Anas
vugemnasnaly ieAusuazesinas (anthen Tdlilumuasninadefiwienld yniedely
futdenan  sxyderuswenasiaindousyyTuivihnssauius (fertilization) Udeslviiinisna

v @ PN @ [ o A oM E N, [y 1 % @ v v v Ly 3
NUT HASLNUNYINAANAIIINTUNNENNUTIE 30 U Uasgliuandannsiussanea 8 dUnv
(N 3.2)

@) @) ()

AWl 3.2 mswantuging (1) fe 14 nsslnsd avanenuviunen () de liuaedum adesy
nasne] (anther) san (A) Ao vuseninadedetivd () fo Aquieuan
wanaAnianzg (3) fie Auduazesanas (anther) ldlilunumeninadie (@) fo iy
Fenennafuuaglndy semnasinelie (v) A wanilaunisnaniug
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3.4.12 M3aaUszrnstgai 2 (F)
wzdsdignuan Fy fildainnisnasiugsend waumnenuzd 105 Jady
fususiuazdnudodneiusie (G519769) daduiuswe lunseaufivyfiguh WedniEy
son Sreasmzlunavauitelifundudauss Wedneny 2 dUai Eludszaina 34 Tu) de
asnszansun 10 i Tngladeindigns 15-15-15 (N-P,0s-K,0) sosfiunau wazldtogns 46-0-0
(N-P2,O5-K,0) t@dl 15-15-15 (N-P,Os5-K,0) Lﬁ'asﬁnmq 1, 2 uay 3 oy Tuﬁmmﬁwammz 159
TreonnonlagthinenyUssann 2.5-3 Weudwiesiiaifionuaurisuas Tutaanan 17.00 -
8.00 w1 auinBueios Udeslilinanauiaesmusssnmi (selfed) Sufindnuasisydn
susluusazdorguesin fidludngnuau Fr uazdniliduiugrowasud usdaiug (-
seeds) 71 4 psnwallea w1y 1 dUnvi iilevhanesvezsindivesudn Ugnuszanstn F
wziEaiugdn £, (F- seeds) S1uau 250 widalunssauiinyiinan odraidusen deas
wnglunszurlgnuuin 0313 7 vigu 872 12 vigu Tdlaans 46-0-0 (N-P,05-K;0) 1 AS3 Uszanm
125 n3u senszus latedl 7 uay 14 Yundsgnasnszuzid
3.4.2 N153LA3ILNN1INITANEAIVsE NwzAUNIULIAludlagSnadaunisiialialy
Uszwnsdnndail 2 (F)
3.4.2.1 AMEAENAIIIINADY conidia Yeadieawnlae s
thidesn P, grisea $1uau 19 lelwtan (15197t 3.1) dBsuuewng RFA (AUl

Mgl 25 ewwaded Yasglmdosasaluna) 10 Ju Wewesasqfiumuemisibes

AoudrhdoslunsgdiliiAnnisaina conidia Tansifuinduiisnunisshidoud i 2
foddns  aswumihonnsiiddesiasy  vntilfuviuihsusueayafivinaduleuuioh
ownslivh Weshaudsadedisilius Uuilgumgivies Udeslidesnasns conidia Wunan
2 %u 2l conidia Wudiunmnn wSeuaswiuees conidia Mednduside thans
wauaes  conidia AildluMwInmAudutude  haemacytometer  U§uAududuves
conidia Wild 10° conidia siefiadans Wnwa1AY 0.5 Wesitud a1saraeraIfuiinuning
loviunuenansuviuaey conidia Mnasaaduasuuluinn wandusgdusduilduynaguusy
Tudn TefisssansnmlunisBainigaes conidia e
3.4.2.2 mMsugnieanvmlsalydiuunddn

Ugnideanvinlsaludinuisues Roumen et al. (1997) #sasumiuaoy
conidia veudeanvalsalvsl 19 lolwan fierududu 10° conidia defiadans WwiewUs i
100 fedamsslansruzdgn wummenuuludmiifiony 2 i wdsnugnideudnhdundring
uualusesiiflgamgdl 24 esmwaidea wardiautugadunm 12 s mnudeluifuly
Tssdoudifanudugs Saviufealutsnanaisiulunng 4 $alus deifiuanuty nns

naaestazyinsUanwe 2 A3t lneassil 2 Ygnieluium 3 ndsinUanivensausn
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3.4.2.3 FaUszdiunsiislsalulsznsdndad 2 (F)
mwaaumméﬁumuﬁmaﬁnmé’amﬂﬂqﬂLﬂ?‘?aLLé”; 7 Juiineany
szl ARlsAMLSEAUALLULYES Roumen et al. (1997) Teefisydunsuuusad
(Al 3.3)

sgau 0 Laifluwausing

iU 1 wwaganasfiniadng  suadusinugudnansdesndt 0.5
TadwnslUiganInsaInaIeuna

TPAU 2 unanan e Senudniey vwiadurugudnatslszaa 0.5-1
fadunslifignninsinanduaa

AU 3 uNegaLanT VNAUIEIN 1-3 fafluns wasiigaminsinansuwna

J2AU 4 uRandng auiadszann 3 Jafwnavisesindt wnailudin
wardvoudthema

sefu 5 unedwinistudungy  fvouwwadthma uennsiuansd
ANERUILEsalIA

e 6 unaanaAnderuli@misifvouusaiiiiuey  Wuensiuans
femnugounasialsa

AN 3.3 LN AL LUUNISIAALSARNLTEAUALLUUYDY Roumen et al. (1997)
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wisansdnumueenidu 3 ngu TduA sziu 0, 1 uae 2 Wunguiuansa
frunulsalvsilusziugs lusedu 3 wag 4 Wunguiinansanusunmulsalnilussiuuunans
warlusedu 5 uay 6 lunduiluaninuseuuesielsalusl (Sallaud et al, 2003)

3.3.2.4 NFIATILANINTEUMVBIEN YL UNIULIA ML TET7

AATENINsEeiveinuursuulsalndluUsrIngts F, andeya
filgs %aﬁu%’aga phenotype Mmsn1svnaay Chi square 1AEALATIZRNITNTZALAIVDIUTEVINT
Jndulumuiennnunendelsl (goodness of fit) felusunsu Microsoft Excel 2007 (flaridu
CHISQ.TEST)

3.4.3 N15IATITHNIINTTLAIVDUATDMUNE microsatellite Tuuszannsdradafl 2
(F2)
3.4.3.1 nsfAdanA3eImEI microsatellite TIAN1NTORENAIIULANANITEAIIANG
wazuald 91ndIuulASesing  microsatellite Hann 230 m’%lawmaﬁmamaqmﬁgq 12
TasTulagadnn (Al 3.4)
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RM524 —— 13.2 RM2227] [N 113 AMI812 TR T RM19 209
aM216 “T> 1726 RMS5599 \| | 7198 RM491 29.2
] RM332 279
RM4455 / \21.8 woa U é o RM247 323
RM105 ~J L-32.1 RM239 252 R, RM512 39.4
RM3912 “T > 34.9 rms96 7| [N 35.1 RMS52 | |/ 406 RME3 6.8
RM6115 453
RM09 —-— a5 6 RM467 ———26.8 et LV RM2529 47.6
: - " 506 RM101 ~F49.5
RM5122 <] |~55.3 R:A’:zoz || 59': RM536 N 551 RM277 572
~H-61.
RM3600 ~| | 62.7 o1 Rme091 ’ L1 562 RM1261 \[ ]~ 61.6
RM410 -~ 64.4 RM2581 |/ 708 RM6272 N 64.2 RM519 <™ 62.6
amss3 /| [ 682 RMITL =730 RM287 686 RM313 655
am288 /| [N74.6 RM3123 1 RM457 ~~ 83.0 RM309 7 730
’RM201 “| [N 812 RMA4601 ~ 1~ 89.8 RM463 755
RM6971 ——90.7 Aase —— RM6440 /1010 AM270 | |/ 91.3
97.3 RM206 = 102.9 RM1103 -] [~ 91.4
RM215 —— 99. ’
99.4 RM1233 || 1129 RM3739 T T~ 07.3
RM5926 RM6094 I}_ L~ 117.9 am235 7] [ 1018
—— 224 1~
AM205 —o— 1147 RM590 —=— 117.2 RM! N 120.1 RM17 107.4
RM144 123.2

AN 3.4 ALVNUIUBLATBINUNE microsatellite 230 1AL VULASIUTRLUDIT10
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34311 madsinufiduememaia PCR

lngldym KAPA3G Plant PCR Kits (Kapa Biosystems, USA)
\ASoany microsatellite aviun 230 wedownglidu primer TuufAgen PCR thludmug
ynonuzd 105 daduiudusl wagludiuging (G519769) Fadusiugie wazde Haris
UNI-CORETM IdiilaiBosusnaudurinugudnansuunn 0.5 feduns Midededwau 5 Fu 1d
a3lu PCR plate w3sudunay (master mix) UA3e1 PCR luusuns 10 lulasansusznaume
dH,0 4.32 luilasAns, KAPA Plant PCR Buffer (2X) 71l MeCl, waz dNTPs 5 lulasdns, dau
NALSENINN Forward Primer (5 uM) uag Reverse Primer (5 pM) 0.6 luilasdns way KAPA
Plant DNA Polymerase (2.5 U/pL) 0.08 lalasans Imaxfigqqmw{]ﬁLLazﬁmumﬁﬂmuaaUﬁm‘j 1)
flgaumgil 95 ssrnwaldua uIu 10 WA Sy 1 58U 2) figamgll 95 esrnwalya U 20

a <

W 3) Mgl 57 esrwalded U 15 W 4) ieangil 72 esrwaldd U1 30 Wi
g dupeui 2 fis 4 31071 40 seU 5) Mgl 72 semwalded U1 30 U1 WU 1 seu

'
=

WeoAsuduiuseuiluasiageunamenalln PAGE
3.4.3.1.2 MTleEiRaaInnNIsiu)isen PCR
Aasginaniowaila PAGE Tagld polyacrylamide gel ALty
du 6 Wosliud asvdeunalagn1sdeNduaufuemuaIsazate silver nitrate ML3EN15UR4
Benbouza et al. (2006) M1335n15U0 3.2.3
3.4.3.2 NMsAREBNAIaMNIE  microsatellite  Fl@NHNSOLENATIURANFITENIN
AUAUNTULAYA LB B UL LA
thieSesving  microsatellite  TlanansauanANALANGITEISRLS O UAS
WugualauAmEana875 bulk segregant analysis (BSA) \ieduveSosviing microsatellite
ANUN3OUENAULANAIN (polymorphism) SeriteANuAIUIULarANLsauLels LagldRidule
Tv0eUTEING 6 nay Wik naudl 1 AeMduevesiugusl nau 2 Aduovesiugie ngui 3
MBuvosUTzYInT F,Ty Muaninud i (resistant) 326U 0 nguil 4 AduevesUszins
F,T; fludnsAuseule (susceptible) 59U 5 waz 6 nguil 5 MSueveIszvIng F,T, Auang
AMUFIUNIY (resistant) SefU 0 Wwagnauil 6 ABUOVOIUTEYNT FoT, TUARIAIIEDULD
(susceptible) 5¥AU 5 waz 6
34.3.2.1 MSW38UALUET
afamEuemeds CTAB method mudumeussll fnogdly
Fildlunasn microtube WA 1.5 faddns Ussunaediviaen iiu CTAB extraction buffer
[CTAB (hexadecyltrimethylammonium bromide) 2 A3y, 1 M Tris-HCl (pH=8) 10 Nadans,
0.5 M EDTA pH 8.0 4 fiaddns, 5 M NaCl 28 adans, PVP 40 (polyvinylpyrrolidone) 1 N3y,
0.2 % p-mercaptoethanol] naenaz 700 lulasans arntuiluseda bead 2 Win) w2
it Yvaenualussmuemgaumgll (water bath) figauvndl 65 sarwaldea U 30 Uil L
chloroform : iscamyl (24:1) 700 lulasans udndnvaealiun Jumlesdi 12,000 sousteund
w 5wl gadulasuuudiing 400 Lilasdns ldadluvaen microtube Tnsl i
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isopropanol (g 20 asmwaiBea nouldew) Usinas 400 lulasans wanvasaluuiung du
Wi 12,000 seusewdt w1 unit wdndladuuuiiclivdenzneufisweiitunasndy
a9 demzneufiiuede ethyl alcohol 70 wWeoddud Usuar 400 lulasdas Juwilead
12,000 sousieud wiu 1 it mdndasuuuiidindensneufidue Sremenoumduessn
2 a¥s daidliTiguugiiviessuninfduouds azanemznauflduede 1X TE buffer U3ina 50
lulasans 3Lﬂiwzﬁmm§@mﬂ§mmﬁmLfﬁ'm spectrophotometer firuenarau 260 wily
wns wssnAdulildrnududugavinewiiiu Amnududu 10 wilunsuselalasang dludy
Aoueduwuuluufisen PCR
34322 WnUSnaufiduediomaia PCR

lngldyn KAPA3G Plant PCR Kits (Kapa Biosysterns, USA) 14
primer YadATOWINY microsatellite TUUFATeN PCR widsudmuszneu (master mix)
UfAsen PCR Tud3uns 10 lulpsdnsusznaume dH,0 3.32 lulaséns, KAPA Plant PCR
Buffer (2X) il MeCl, wag dNTPs 5 lalasans, d@iunausyning Forward Primer (5 uM) uag
Reverse Primer (5 uM) 0.6 lulasdms, KAPA Plant DNA Polymerase (2.5 U/uL) 0.08
lalasans warBuevoatasiaududu 10 uilunfuselilasdng 1 lulnsans Tnessgamgd
wagfmunsuseussil 1) fgnmafl 95 ssmmaFua Uty 10wl $1uau 1 30U 2) fgamnd
95 pamwalTa u 20 Il 3) flgamgll 57 esrwaiea Uty 15 Juit 4) figamgll 72
osrnwaidiua w1y 30 3 vidndunoud 2 83 4 S1uu 40 seu 5) lemndl 72 sseiwadea
WY 30 3unl $huau 1 seu dleasusuauseuitlunTadeunadaEnafia PAGE

3.4.3.2.3 MTRATIEINAIINMIVIIUARTEN PCR

AnTzinanieiowmatla PAGE lagly polyacrylamide gel A
Wty 6 1Wesidiud asivdeuramensdendunuiiduemeasasany silver nitrate ANASNS
84 Benbouza et al. (2006) muATM3¥e 3.2.3 HaanAIsiAzen PCR Avuaedesving
3l

i
a

A fio finandnTudduamlounugul (parent 1, P1)

€

a Aa

B fo fnandntusduemiiouiugne (parent 2, P2)

€

a &

H fio finanAntuAiBuemiloufsiusrauazu
defmuneiesng A, B oz H uddaideniaiommieiuans
sUuuuAduelungy 4 uaz 6 10y A vsengulangumilsszving 4 uaz 6 10u A wldlunis
Arsginsnszemveuniommnelulssang 250 fusiely
3.4.3.3 MINATIEWNINTELFVBNATEMING microsatellite TlanuNsaLENAN
LANANNTEMINAMNIINULAY AT B ULETUUSEAN I3 2 ()

THir3osmune microsatellite MaN1N3OUENATIULANANNTEMINAILALNIY
warANepuLals 1NNNTIATIEIMIETS bulk segregant analysis (BSA) 1w primer Tu
UfR3en PCR ilolinseviniansenefeaaiemanyg microsatellite Tulszansdnn
Jiavsn 250 Gy
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34331 madsTinufduesemeia PCR
T, KAPA3G Plant PCR Kits (Kapa Biosystems, USA) inlud13
fiuguanenuzd 105 daduiusul wagludhiuime (6519769) Faduitugie uazUszins
417 F, favmn 250 ¢ ni@1gd 28 Harris UN-CORETM Iiilardegursnaudusiugudnans
awn 0.5 adns Wiedesiuau 5 3u ldadlu PCR plate widsududsznau (master mix)
Ufisen PCR Tud3ues 10 lulas@nsusznausie dH,0 4.32 lulasdns, KAPA Plant PCR
Buffer (2X) #ifl MeCl, waz dNTPs 5 lulasang, drunauves Forward Primer (5 pM) wae
Reverse Primer (5 pM) 0.6 lalasdns wag KAPA Plant DNA Polymerase (2.5 U/uL) 0.08
lalasans Tnedagamgfiuasimunsiuiusoudsl 1) fgamnd 95 ssmwaidea um 10 Wi
$1uu 1 59U 2) Migaunindl 95 esrnwadEa UL 20 Uil 3) el 57 ssmwaea U
15 Jundt 4) figaungfl 72 ssmwaidea wiu 30 Fund vidduneud 2 89 4 $1uau 40 s0U 5)
figauvindl 72 esrnwaldea w30 Junil Sy 1 50U Weasudwauseuthlunsaaeunase
wiatla PAGE
3.4.3.3.2 MTiATIiRaIINiu]Asen PCR
Annginaneowmailn PAGE Tnglt polyacrylamide gel Ay
U 6 Wosldud nsrdeunalnenIsfondiaufduemeansazany silver nitrate M1a3EN150S
Benbouza et al. (2006) st 3.2.3 naanmeiiisen PCR dvuaaTesvnedill

(AWl 3.5)
A fa ﬁwawﬁm%uﬁtﬁmamﬁauﬁuﬁmi (parent 1, P1)
B Ao ﬁmamﬁm%uﬁﬁmamﬁauﬁuéﬂa (parent 2, P2)
H fio TuondAntufiBuemilounaiusrenasusl

Usgang F,
P1 p2 1 2 3 q 5 6 7 8 9 10 11 12 13

A B B A H B B A A A H B B H A

Ml 3.5 798195 URUUTDLOURLEWEYRIUTEYINT F, NUTINUANISIAUALATOINY A
A nsulsesrnsninandnmduewiiiouws (P1), B d11sulseunsninananmoue
witloune (P2), haz H d1m15ulsensniknanan Lo uomiilouiauiuas ne
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a

34333 MIATIERnIsnsratesivenaiomunglulsznstdai
(F,) faviua 250
Asgsinsnsranedveaniemnendeyaild  dadudeya
119 genotype FBn1sMAGaU Chi square Tngdwszsinisnszaedalulszsnnstnn Fy sravun
250 #u vewsazAsesneIndumufiaamneniold (goodness of fit) feluswnsy
Microsoft Excel 2007 (#sAdu CHISQ.TEST)
3.4.4 ahaunuissyiwmisdudunulsaludivulaslulvadin - anefidudinoud
W (recombination)
aSraunufidudunulsalng Tnenseuameainiudvesnisiin recombination
vioauivesnsiinaseadslenes (crossing over) Faloniaiiin recombination Seanuduus
Tnensatuszaensseninedululastuleafonty  Armanudvesnisiin  recombination 1
Weddud wihfu 1 centiMorsans (cM)  Fadlumiievessvegringseninaduuuunuiion
(mapping function) Iumimaaaﬁiﬁaﬁda phenotype Waz genotype ¥93UszvINTLNEN 15
Fufinansnuseunesslsaluiogadnwununisiinlsaiisesu 5 way 6 Wosnidulssansi
il phenotype gneAvliLoY ?SqLﬂuﬂssﬁmﬂsﬁmmzamé{’m%’uﬁmﬁmeﬁLﬁaﬁzq@hmeﬁ&y’q
yastudumulsalndilunsineni Wfeya phenotype 3 NN1sNAaBUMSARLIALLUUTEIINS
91laz  genotype YDINAAZ AT NI TIATIZANIN T DIAS DI
AT  MamAeNEveINIsAa  recombination wesduiiumulsalug wazen
ANNANISAN recombination YesusazdveNATaIINEL D PIKUTATE YR sBuFunuTsA
ns! Tnelgmantai] (Morgan. 2008)

recombination frequency = ~ number of recombinant progeny

total number of progeny

3.4.5 N153ATIHININTLIBAIVBUATAMNNE microsatellite tNDBUGUTIUIULATIEY
auvtsvasduduntulsalud
A3 microsatellite  $9wIU 66 1A EIMLNBTIANNTALENAUUANAS
sprisiugronaziudualld  dandadeniedosmnediddunsieguulasiulemiesudy
LS BN TN TALENANLANANNSEWIIANLS U ULy A s auLe s TasvinisAaden
WSy microsatellite Su ﬁﬁ&‘hmeé’fqagﬂﬂé’LLaziﬂaﬁUm‘%awmaﬁmmimwﬂmmme
AesEinsmuiuuLazausouLels iedemnefidadenuniessiiietieduduniny
wiuglunsdanguuesadesmnefidue  wazszyiuvsiiuiueuvesduiuniulsalnivy
Tsluloud 1 Saszsinisnszareiveaniesiuny microsatellite Tuusznsdna F, $1uau 15
fufinansdnvurdounarolsalniegistmay  Julszvnsiifl  phenotype ﬁgﬂé]’amﬁuau
LATIRNISNSTANEfveNASewIe  microsatellite  Tsudiunismade 34331 Hue
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34333 uavaisunuiiszysumdsdudunlsalniuulaslilendn - anwesidudsaond
U (recombination) sudie 3.3.4
3.4.6 nMsauNUiaszyfumisvesiudunulsaluddeTusunsy MAPMAKER

4¥eua phrnotype wag gonotype YosusazinTonsNeloa auNuTTUgNTTLTYY
fuvisvosBusinumulsalvgl uaziaiemng microsatellite felUsWNTa MAPMAKER/EXP
version 3.0b (Lincoln et al., 1993) mwé’ﬂmsﬁﬂﬁf

3.4.6.1 danauenuidenlssveusaziaiommneuazBudnunulsalug  lasimun
seivinpspulitaenadesiusefumnmideionasdnunzvestoyafidiuin - Awinsgiuves
IUiLLﬂiJJ%agjﬁ logarithm of odds (LOD) =3.0

3.4.6.2 dadrvunsneiiveausaziaiesiiny  uazduisvesdulunsaznguiign
wisande 3.2.26.1 Tneldendrdunisnenvesiadomsnediian likelihood gefign o A
likelihood = 0.00

3.0.6.3 AUANYNIEELYNBNUAAsIAS Itz D udumulsalusl lneld en
Kosambi function szezvafilddviaedu centiMorgans (cM)

3.4.6.4 f519EOUANNYNFDIVBINATIA YIRS

’mLmuﬁﬁuqﬂﬁiué"saﬂﬂﬂt,mu MapChart version 2.2 (Voorrips, 2002) lagin
foyaszoriswoasiaviedomuneanlusunss MAPMAKER sndiuiaszessiaduuuunauin
avau (accumulative distance) lulusunsy Microsoft Excel winantiudnaandoyafiwdenld
dlusunsa MapChart 1den file audne new 2sdoya uasidon chart Tusunsuazai
Wugnssula
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uni 4
NaN1578

4.1 AnavanvIEIIRugnsNvaataaglsalvs

Ansziaumanuaneveadeauvglaalud Swau 19 lelwan Fafususy
Mnfiuiilgndniinuidnisssueedselndlussnalne  laoduidonadomans  MGM
$1uau 14 wdemne finseunguits 7 TasTiluveadieanmalsalvl neuvadulasluluay
2 iiomneliidu primer TWURSen PCR nsadeunanUfi3en PCR sewadln PAGE
et polyacrylamide gel anuady 6 wWesdud Joudunufiduemeansavaiy silver
nitrate INLA30sANg MGM fllun1siesesiianan 14 wdeawans wu 13 in¥esane
ausakenANLLANITesiugn oA lsalndld Tusnefiedesmng MGM57 o
vulaslulendt 2 liaumsausnanuuansiidldlnsuanuaufidueiividuruin 210 dua i
19 lelwavuosdeanvalsaludi (Mwil 4.1) wdaavine MGM S1wau 13 we3esng T
polymorphic information content (PIC) ag5¥1314 0.1 §i1 0.8 Aadeiiu 0.38 waned
arudidnnmuesaiesans - MM lumsldifiolnsesianumainuaievesiugnssuide
avglsalyal (a159dl 4.1)

Ansnziaumannvanevesdesianglsalndidnelusunsy NTSYS version 2.10
Tngldmduussavsanusng (dissimilarity) %89 Canberra  Wagdanguaudusiuslngs
SAHN flead aduumunmuansauvanuaievesdoamalsaln 9nAdnssavsa
fefl 90 Wodidud annsadanduarnudiiusvesdoainglaaludann 19 loluavlddwau
4 ngu &l ngu 1 Amdy 73 Wesdusvesussnnsdeanmlsalniifidinw Usznaudeide
1 14 Telwan Fadudonfiszuiniinuniamie Tdun PLKL1, PLK40.0, THLSA, THL191
Lay CRI34.1 Wosifissuinu3nuniang usenideanide 1éud CPM55003, KKN2010 61119,
KKN2008 7357  waw SRN54002  uawidesfiszuiauiinmumanans - Idud BKK55003,
BKK55004, CC055002, RBR55002 Waz RBR55004 ngy 2 Anvdu 15 1Wasiiudveussying
Feniiinu Uszneudeies 3 leluwan Wudonilssuialumany fusenidoanie 1éun
NKI2010 13502 uaw UBN2010 11351 uasideriiszunuinaniald dun PL3 uenainil
wudeniiszuinuinumeny fusenidsaniegnianduuensendudofen Tundy 3 uay 4
léiur UBN2010 195167 way CPM55002 snuandiu (amil 4.2)
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AT 4.1 dwuihedlelndves primer mam’%iawmsﬂmaqa MGM agen
polymorphic information content (PIC)
Swuiiandlavd (5" - 37) PIC
Chr. Lﬂ‘%awmﬂ Forward Reverse

1 MGM446  TTGGGATCTTCGGTAAGACG GCCGACAAGACACTGAATGA 0.101
1 MGM35 GTTGAATTACCTTTCGGACTGG AAGGACTTTGCTCAGACCGTAG 0.803
2 MGM185  AATGCTTCGAGGTCCCAGT GCTTATCGACGGCGTATTTG 0.189
2 MGM57 GATACGGATGCGGTAGAGGA GCCTATTCCTGAGCTTCGTG 0.000
3 MGM436  GACCTTTATCGGATGCGTGT CACACAGTGGCCATCTAACG 0.196
3 MGM209  TCACCCTCAACTGCAGTCAT GTTGCCGCTGTTGTTGAATA 0.285
4 MGM246 ~  CCGGATGTCACCTACCAACT CCTTGTTTTCCCCCTGTGTA 0.484
4 MGM87 GTCCACCGCTTAAACACTGC CTCCACTCGCTATGCACGTA 0.285
5 MGM119  GGGTCGCGTCAGTGAACTA ACGGCTTGAACCCAATACAG 0.706
5 MGM177  TGACTCGACCTGACATCTGC TTCCTGGGACTGTTTCATGG 0.196
6 MGM400  GGCATTACCCAAGAAGCAAA CTCGTTGCAGATGGTGATGA 0.101
6 MGM269  GATGGCCAGGTCAGCTTTT ACTCTTTGCAGCCATGGAAC 0.640
7 MGM282  TTGGCTGGCAAGACAGTTAAT GGGCTTTGTCTATTCCAGCA 0.562
7 MGM286  CGGCTGTGGTTTAACGATTT CCATCAGGATCCATGAACAC 0.488




38

M1 23 4 5 6 78 9 101112 1314 1516 1718 19 M

MGM57

200 bp 200 bp
M 123 4 56 78 9 101112 13141516171819 M

300 bp 300 bp

MGM209

200 bp 200 bp

awit 4.1 suuuuiiSuevendeavalsalud 19 lolwan nmslnseidemaia PCR
Tngld primer vouA3owsg MGM209 way MGM57 (1 fia BKK55003, 2 e
BKK55004, 3 fo CCO55002, 4 Ao CPM55002, 5 @a CPM55003, 6 Ao
KKN61119, 7 @i KKN7357, 8 fia NKI13502, 9 Ai® RBR55001, 10 fia RBR55004,
11 A SRN54002, 12 @® THL191, 13 Ao THL8A, 14 @9 CRI34.1, 15 @
PLK1.1, 16 @® PLK40.4, 17 Ao PL3, 18 i UBN195167, 19 Ao UBN11351 uag
M @8 20 bp DNA ladder)
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_' BKK55003
CCO55002

‘t BKK55004
RBR55001

{ CPM55003
RBR55004
KKN2010 61119

] KKN2008 7357

PLK1.1

CRI34.1

PLK40.4

THL84

SRN54002
THL191

NKI2010 13502
' E PL3

UBN2010 11351
UBN2010 195167
ICPM55002

1.00 0.80 0.60 0.40 0.20 0.00
Coefficient

AN 4.2 uNuNMLERIAINENNWS  (Dendrogram)  vesdeanvelsaluyl 19 lelwian
AATILVALID SAHN M LATBINUNE MGM 311U 13 1AT89%UNY
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4.2 $riugiudosiifidnuusdumlsalg
uansdadondmaeiusiunlsalwditensugnidesfinautu 29 lelway
asuudundriniusiudos dmwusiusdt uasdial e 311 aewus wudmitanansn
Fumusiemsdvinangvesdonia 29 Telsian Tusedugs viieliuansornisvesisa S1uu
9 aneug Usenaume
1. GS23107
GS19769
GS20874
GS23774
Foum 1
NI 1
FNITUYS 60

® N o kRN

N33 90
9. Wmeuila
INNaNIIAMGRN wuIgIugiuliassuvulsalrdlusedugelidiuau 4 ane

I v 6

g (@1 1-4) Tudaull Iafudissaeiug GS19769 Feilveenluriosdufe Wuge

]

gnideniitalilunisAinwinisnsgangiivestuiumulsaivilunuidgasail

4.3 mInszanefvasiutaznsaiamuissuduissudunulsalusiuulasTulaudan
4.3.1 Uszu1nsd12
4.3.1.1 Uﬁzmﬂisﬁnqﬂwam%’aﬁ 1 (F1 - hybrid)

anuwasUszdiuguesliugunenusd 105 (KDML105) udradnhs
sotuasediseey fvuvuwduly wiluwesnulududider auluiduniidneas 2 von
wazdlanueny 26 dadwns vlukardvedsludlisisou Uaesdilien nmneun gontnasiue
Heuazeonnunendunl  nausesnendilen  AnuudeadulIunas  ANeEIdY 150
WURWAS AB51987) Tvuuudenude wWienwandng (nand 4.3)

SnunrUssdniuguesimiudiadlneiusiie (GS19769) Wudrduuy
wiaulus ety Siawlgesaeu liflvuvuudiuly uwwuluiddesiivarslu nulud
Fenduing aulufidvniidnuas 2 von uagilnuen 25 fadwns yluasadeselufg
Udasdilen nsanaud gennasueileduny gennunenLanausananduie Anuuleandy
UUNaNe ANNENEIRY 150 WURWAS ABT9EN Svuvwldenwdn Wasnwandvng a1n
mMsdanadnvarinuiuladaeu wasnuinfiauuanmeein KDML105 fe nsidveusy
Tuiduddeatanesae dnulu@endudn Tvesylusasdeseluludiag iufsdvenniu
nonuazdndusesnenidaduding (nmil 4.3)

o w 6 ¥

anwaurlsEdiudveslgnuantin 1 (Fi- hybrid) #ildeinnisway

9

sgrinaiugunInenued 105 Audnnudedneiuging (GS19769) dvuuuwiuly wiululid
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Foudu nuludiig SuluiFuniidnuae 2 sen uasiimnuen 25 Gedues ylusazddeso
Tudiegeu Udesdillen nimneuwl vaanasimiiledinm sann1unenuaznauseInendliag
ANULERulIUnaNs ANEMEIRY 150 WwuRies Aeseed dvuuudenuan wWaen
wéadne dnwvaziinuidanumiloutuiugual Ao fvuvuwiuly dnwazdiwuindianm
wilouduitugie Ae vennenuazndusosmendsing uazwudnugiinaainisuazusl fo wiu
Tuiddeady nuludsig yluwesadedeludihseeu uasseainasiuilediieh (1wl 4.3)

gaANTUABN <— gaANIuUnBN
BUINEILWAE BUINEIINAR
gaALNETINALY gaanasinALlle
=)
n3usaman nausaInaN
v
deu
aulu
Jasalu
iy

gann1unan

DUNESINAER
u =
gaALNETIWALY

nausasnan

Jaralu

Al 43 Snungdsziiuduesdn n) Wusvanenusd 105 (KDML105) o) Hudleslne
fiuge (GS19769) uaz A) gnandil 1 (KDML105 x GS19769)
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4.3.1.2 Ussansdndai 2 (Fy)

NausznIeugtvInenuzd 105 Thluiugual (female parent) waw
driiudieslneftusing (GS19769) Tiduiuge (male parent) Faduiuginiduniulse
Ivs! Ifdgnuandndl 1 (Fi- hybrid) sy 2 wéa Ug nuazdd eelilinmsnaniieniy
555UA gamandd 1 fudl 1 (FiTo) Idwded iy 165 win guaudail 1 dud 2 (FiT,) 1t
wianduou 85 wda suildiudaandgauay Fi S1uau 250 wée (Fo- seed) Wethludgn
lauszenstni F; (Fo- plant)

4.3.2 N13nsEaeRlvasanyzdtuniulalulilagIsnagaunisiialsaludseyns
dhadail 2 (F)
ynaaounainlsalasnisUgndoaglsaludsiuin 19 lolsan  vundidn
WU 250 FiU WUNISHARIEBNYRNENYRLANAIWNILLsAlrisyaUge (S¥AU 0, 1 uag 2)
$1uau 193 du Tnewsnfuuszannsdnn F, Ald andignean BTy (FT:) 1w 124 éiu
uazUszansdn o Aldanndiiganan FiT, (F;T2) $wau 69 du wansanusnunulsalvgl
Tuszauliunas (szau 3 waz 4) 1w 42 du Teeuendulszannsdn FT; 9w 33 fu
uayUszrnging F,T, $1uau 9 du wudnwazfinanseuseulesiolsalusl (sefu 5 uag 6)
919U 15 s leewondudssyngd FoT; 91191 8 Au wazuszannstna FoT, $1uu 7 6y
(il 4.2) waussdiunaAnlsavesUszrnsin o vavam 250 du uianduduiivans
dnwazdnumu 235 §u wagduiluansdnunlyseule 15 fu ihdeyatilduniiaszinisnsy
Nefvednveiunulsa i dunudianmnensell (coodness of fit) Tnemaaaum
A Chi square fipsannuszansiidnedulssninsdn F, mnanudunulsaludifidnw
anAIUANRIEBULNEIBRLL N1snIEReMmvesdumuALdnvziunulsalniemindy 3:1
TuRo Funiu (resistance, R): 99UWa (susceptible, S)

M15199 4.2 wavseliunsiialsasig@eamnlsalag 19 lolaian uuussvingtd W 2
(F2) 973U 250 fu

IUIUAY firumu” AN GRING)
Uszang fivszidiu (Fu) Urunans (Au) (fu)
0 1 2 3 a4 5 6
FoTq 165 75 28 21 30 3 8 0
FoTs 85 59 5 5 5 q 5 2
374 250 134 33 26 35 7 13 2

* 0-6 AD TEAUAZLUUNITLAALIARILTIEYEI Roumen et al. (1997)
* 0-2 depglunquituniu 3-4 Jaeglunduiumiuliunas uar 5-6 dneglungy
pouwane lsalug (Sallaud et al., 2003)
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HANTINTELMIVRIBUAIUANAN Bz UMUIUERTIEIY 3:1 (R:S) WuAadA Chi
square Wiy 48.133 iawSeufisusiumss Chi square 7 degree of freedom (df)
Wity 1 nudnfienanusnadu (Probability, P) winfu 0.000 wamsliliiuinn1snszanesn
voadumuaudnunriunulsalndbifulunusnadin 3.1 RS) Fduidesginangy
NumvesumuaEnwziunuludns gl 151 (R:S) wulldadid Chi square Wity
0.027 WiawSsuifisuiunsns Chi square 71 df wirfu 1 wuindlen P wiru 0.870 we 0.90
< P < 095 uansliiiuinnsnszaeimvesdumunudnuaziunulsaluiduluany
gnsdiu 15:1 RS) Wululdhdnvardunlsaludludiudme (GS19769) gnaunu
sreBundnifuduausiuan 2 8w (2 major dominantly resistant genes) TneBundn 2
FunstifiufAedudusumissenietu (nterallelic interaction) uazilofiansndeya
Tumsait 4.2 azuilunguidhumuiiuisdiutensaudumuiunas wansiufisen
sewriadudumulsalngd 2 sumdsiludniugieduiuy dditive-addition interaction)
(A51971 4.3)

M990 4.3 9R5INNINTEAMIVRIEN YL AUNILLATSaULesaleawmlIAlud 19 e
Tavan Tuusennnstndin 2 (F,) 31w 250 fu

Expected Observed
Uszang (F1uudy) ratio Expected No. No. | ¢ P
R S R S
F, (250) 31 1875 = 625 235 15 48.133 0
F, (250) 15:1 2344 156 235 15 0.027" 087

* ¢nedid Chi square (X2) =0.05, df=1.0 (3.84, 1), **X2 =0.90, df=1.0 (0.02, 1) R fie
Resistant (A1), S Av Susceptible (8auLkd), P A9 Probability

4.3.3 N1INTTALAIVBUATDMLY microsatellite Tuuszrnst1tad 2 (F)
4.3.3.1 \ASeMINeNatnsaueNANMLANAsTETI oAz alle

AoLdeniAT NN TN TOLENAINLANGY (polymorphism) S¥ineme
wazusllflaglfiasesmng microsatellite $1uru 230 WSomaneiinszansaguuynlasaly
voet1wlu primer Tuu§izen PCR nsradounaInnsvinufizen PCR mewaila PAGE lny
14 polyacrylamide gel auudu 6 Wosdud douduaudiduemeaisazats silver
nitrate  WULASEMMINY  microsatellite SIUIU 66 LATOIMBNANNITORENATILLANGS
(polymorphism) seuinsiouazudlly Andu 28.44 WesGusvoauriommeviaonun nszaie
oeiAlunmesdnn Tnsudsnulasluloaldssd Taslulon 1 S1uau 5 indesmne Tesllaw 2
$1uau 7 wdemine Taslulen 3 1w 4 wSewne Tasluley 4 S0y 9 iAdeang



aq

TasTulaoy 5 d1uau 7 widewne Tasluley 6 d1uau 4 wiewne Taslulsy 7 $1udu 6
wdeaune TasTuley 8 $1uiu 4 w3samne Tastulyy 9 1w 4 wiesne Tasliley 10
1w 4 wedewune Tasluley 11 $wiu 7 w3ewwne waslasluloy 12 S1uau 5
WY (AN5797 4.4)

4.3.3.2 LA30INETIENLNTOLYNANLLANGAIITEAIIIAUAIUNTULAZ ANLEDULE

UUATOIMUENFIUNTOUENAMULANAITERININBUAE LU LATIUIY 66
LATNMLNENAALADNIATMNNY microsatellite IATLNTALINAIULANGT (polymorphism)
| v 1 [ ada . vy @
SEWINANUATUNULAZANEDULDLA AI3D bulk segregant analysis (BSA) laglaaidule

! Py oAl 8 a g v & | o v oA
FVIWILIINT 6 NG LAkN NFUA 1 AdALEWDVDINUGY NAY 2 ALDWDVDINUGND NN
3 AOUeVDNsEYINg FoTi 9 WanemamdumIu (resistant) 526U 0 naudl 4 Adueves
Uszans F,T; uaninugouwe (susceptible) 536U 5 uay 6 nquil 5 AdUEVRIUTZHINS
F,T, MWanin1usinunIu (resistant) 526U 0 Uaznguil 6 Ad wevesszans FoT, Nkang

1 . [y o a & | ! a (84 a

AINNBDULD (susceptible) sEAU 5 war 6 UIABUTBIAALNGUN AT IYIREWATA PCR
MTIVABUNAIINNTINU AT PCR pagtnatin PAGE aqe polyacrylamide gel Aasidutu 6
Wesiud doudunufitdueiusinguunaniaalsagals silver nitrate 3LAT12UaUMUY
a a I ¥ o Y & a a Qy a < =} % 6 1 = al
auelludeya A, B waz H laamuuali A Ae lnanaatunldwamilouiugul B fie &
nanAnTusduemilouiuge H fio Inandndunouemilouiudnataziyl NULATDIMUNY
microsatellite  AANITAUSNAULANANNTERINANMUATUNIULETANUBDULD AT WL 3
Wiy oA iAsesane  RM125  @disunseguulasialeud 7 finnswandves
\WATRIMINEREIMINNGY 1 e 6 An ABHABA aTaaviny RM144 eguulasiulend 11 s
WARIYDUATRIMINEISEINNMNGY 1§19 6 fie ABHAHA UawiATewisng RM224 eguu
lasluloudl 11 In1sUanivauATomingieswnungy 1 69 6  fie ABBABA uandnildmuy
W30 microsatellite  ATAMMTUIULII1E135OMENANULANAIITENINIANLATUNU
wazANLSaULELA AR LATeIINNY RM247 aguulasiulonil 12 In15uandveanIomuneises
pungu 1 83 6 Ao ABHABH wandliiiiuinn3esnune RM247 @1a15akenaiubanm1aues
NuLanIAMUAIUNIULasANBaULElAluYTERINSTY P T Wity Asdudadenly
WWSBIYUNY RM125, RM144 way RM224 @3S 1einIsnseangfivedvadaIadviing
microsatellite TuUsgansdn F2 49wy 250 susaly (10l 4.4 wazn13197 4.4)
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mi'm‘ﬁ 4.4 é’wé’uﬁmé‘lalwﬁsuaqLﬂ%‘lamma microsatellite ﬁmmimwﬂﬂ’nmmnmq
spnaenarullésIuIy 66 1ASeINY  uazNanITATIERAIEIS bulk
segregant analysis (BSA)

Primer sequences (5'-3") BSA
Chr.  Marker Forward primer Reverse primer score band
1 RM495  AATCCAAGGTGCAGAGATGG CAACGATGACGAACACAACC ABHHHH"
RM312  GTATGCATATTTGATAAGAG AAGTCACCGAGTTTACCTTC ABHAHH
RM428  AACAGATGGCATCGTCTTCC CGCTGCATCCACTACTGTTG ABABBB
1 RM433  GATGGTTTICATCGGCTACG AGTCCCAGAATGTCGTTTCG ABBBBB*
RM472  CCATGGCCTGAGAGAGAGAG AGCTAAATGGCCATACGGTG ABHHHH
2 RM106 ~ CGTCTTCATCATCGTCGCCCCG GGCCCATCCCGTCGTGGATCTC ABHHHH
RM6 GTCCCCTCCACCCAATTC TCGTCTACTGTTGGCTGCAC ABHHHH
RM208  TCTGCAAGCCTTGTCTGATG TAAGTCGATCATTGTGTGGACC ABABAA
RM71 CTAGAGGCGAAAACGAGATG GGGTGGGCGAGGTAATAATG ABHHHH
RM341  CAAGAAACCTCAATCCGAGC CTCCTCCCGATCCCAATC ABHHHH
RM475  CCTCACGATTTTCCTCCAAC ACGGTGGGATTAGACTGTGC ABHHHH
RM526  CCCAAGCAATACGTCCCTAG ACCTGGTCATGACAAGGAGG ABHHHH
3 RM55  CCGTCGCCGTAGTAGAGAAG TCCCGGTTATTTTAAGGCG ABHHHH
OSR16  AAAACTAGCTTGCAAAGGGGA TGCCGGCTGATCTTGTTCTC ABAAAH
RM7 TTCGCCATGAAGTCTCTCG CCTCCCATCATTTCGTTGTT ABHHHB
RM85  CCAAAGATGAAACCTGGATTG GCACAAGGTGAGCAGTCC ABBAAH
4  RM551  AGCCCAGACTAGCATGATTG GAAGGCGAGAAGGATCACAG ABHHHH
RM471  ACGCACAAGCAGATGATGAG GGGAGAAGACGAATGTTTGC ABHHHH
RM252  TTCGCTGACGTGATAGGTTG ATGACTTGATCCCGAGAACG ABHHHH
RM280  ACACGATCCACTTTGCGC TGTGTCTTGAGCAGCCAGG ABHHHH
RM559  ACGTACACTTGGCCCTATGC ATGGGTGTCAGTTTGCTTCC ABHHHH
RM3524 CGGAGCTGGTCTAGCCATC GTCTCCGTCTTCCTCACTCG ABHHHH
RM1136 ATGTCATCCAGAGTCGCCTC AGGACGTATTCACACACGAC ABHHHH
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Primer sequences (5'-3") BSA
Chr.  Marker Forward primer Reverse primer score band
4 RM241  GAGCCAAATAAGATCGCTGA TGCAAGCAGCAGATTTAGTG ABHHHH
RM6748  ATTGGGTTTCTCATATTATG CCAACACTCCTAACTAGTTC ABHHHH
5 RM413  GGCGATTCTTGGATGAAGAG TCCCCACCAATCTTGTCTTC ABHHHH
RM509  TAGTGAGGGAGTGGAAACGG ATCGTCCCCACAATCTCATC ABHHHH
RM178  TCGCGTGAAAGATAAGCGGCGC GATCACCGTTCCCTCCGCCTGC ABBBBH
RM2010 ATCTTCTAGGAAATCGAGGA GTTGGCAACTTGTAGTCTTG ABHHHH
RM5140 GACGAGGTTGTTTATTAGTG CTTATTTTCACGTGTACGTT ABBBBA
RM598  GAATCGCACACGTGATGAAC ATGCGACTGATCGGTACTCC ABHHHH
RM3663  CATCAACCTCCACGAACATG CTCGGTGGTGATCCTCCTC ABHHHH
6 RM204  GTGACTGACTTGGTCATAGGG GCTAGCCATGCTCTCGTACC ABHHHH*
RM225  TGCCCATATGGTCTGGATG GAAAGTGGATCAGGAAGGC ABHHHH
RM136  GAGAGCTCAGCTGCTGCCTCTAGC  GAGGAGCGCCACGGTGTACGCC ABBHBH
RM7434  GGAGGAAAGGTTGGAGAAGG TTTCCCGTATTCCATGAGCC ABHHHH
7 RM125  ATCAGCAGCCATGGCAGCGACC AGGGGATCATGTGCCGAAGGCC ABHABA
RM11 TCTCCTCTTCCCCCGATC ATAGCGGGCGAGGCTTAG ABHHHH
RM4098 CGTTTGGATGAAGAAGAAGA AGTGTTCGTTTCGGATTAGA ABHHHH
RM1253 CTGAACTTGCCTGAGAACTC GACGACCTCTCCATGCTCG ABHHHH
RM1973  GAGTTGCAAGGATATTTTAA TGGAGCCTAGAGAATACATA ABHHHH
RM1132  ATCACCTGAGAAACATCCGG CTCCTCCCACGTCAAGGTC ABHHHH
8 RM152  GAAACCACCACACCTCACCG CCGTAGACCTTCTTGAAGTAG ABHHHH
RMaq ACGGGCAATCCGAACAACC TCGGGAAAACCTACCCTACC ABHHHH
RM38 ACGAGCTCTCGATCAGCCTA TCGGTCTCCATGTCCCAC ABABBH
RM8264 ACGCTCCTCGCTTTCTAC GCACCTCACACCAGTAATTC ABHHHH
9 RM201 CTCGTTTATTACCTACAGTACC CTACCTCCTTTCTAGACCGATA ABHHHH
RM205  CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG ABHHHH
RM5122  CTCGCAATTTATACGTAATC CTCACGAAATAAAATGAGTG ABHHHH




ar

Primer sequences (5'-3") BSA
Chr.  Marker Forward primer Reverse primer score band
9 RM1553  AATTAGAGGGTCCACATGTC ATTACCCTCATTTTCTACGC ABHHHH
10 RM474  AAGATGTACGGGTGGCATTC TATGAGCTGGTGAGCAATGG ABHHHH
RM590  CATCTCCGCTCTCCATGC GGAGTTGGGGTCTTGTTCG ABHHHH
RM7217  TTTGTAGGATGACACGTGGC CGGGATTTCAGTACCTCACG ABAAAA
RM3123 ATTTCCCACACATCTCGCTG GTGTCGCCGGTCAAGAAC ABHHHH
11 RM287  TTCCCTGTTAAGAGAGAAATC GTGTATTTGGTGAAAGCAAC ABHHHH
RM457  CTCCAGCATGGCCTTTCTAC ACCTGATGGTCAAAGATGGG ABHHHH
RM206  CCCATGCGTTTAACTATTCT CGTTCCATCGATCCGTATGG ABHHHH
RM224  ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG ABBABA
RM144  TGCCCTGGCGCAAATTTGATCC GCTAGAGGAGATCAGATGGTAGTGCATG ABHAHA
RM3717 AGCTCTACCTTTGCTGTCGG AACTCCCTAGACCCACCTGC ABHHHH
11 RM4601 CATACATGTGAACCTGACTG CTAGCTTAGCATCTCCTCAA ABHHHH*
12 RM4l15  CTTCGATCCATCATCCATGG ATTGCTGTACGCAGTTTCGG ABHHHH
RM247  TAGTGCCGATCGATGTAACG CATATGGTTTTGACAAAGCG ABHABH
RM235  AGAAGCTAGGGCTAACGAAC TCACCTGGTCAGCCTCTTTC ABBBBB
RM1261 GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC ABHHHH
RM1103 CAGCTGCTGCTACTACACCG CTACTCCACGTCCATGCATG ABBBBB

v
a a

*Feanungy 1 89 6 lag A fe Inardetufidueomilouiiuguy, B fio lnandnvufdule

A U 6 1 = IS a Qy a = A v 6 1 1
PRUBUNUIND, H Av HANANAATUALD ULBLANDUNUTNDLAS L
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RM144

124 3 56 ABA HB A 123456 ABHAHA
4 RM247

123456 A B BA B A
RM495

123456 ABHHHH 123456 A B HH HH

Ml 4.4 JULUUABUEYDNATRMUNETNIATIZYAIETS bulk segregant analysis (BSA)
@ 1 Ao vnnenued 105 WWuuduy, 2 Ao Wugre (GS19769) WWutiugwe, 3
Ao Use NIV F2T1 NGNAUNNY, 4 Ao Usywnsd1n F.Ti Nqugauwe, 5 fe

Usenst1i FoTz nqUATUNIY, 6 An Useannsdn FoT, nguesuue, A Ao i

v
a A <

NANANTUALD

v
a A

HaNanTURLOUMlaUN UG O wAZ I

l
wowilouniugul, B s finandstuiduemiouiugie, H fie i

4.3.3.3 MInsEAEFTeNAIeIINg microsatellite luuszynstndai 2 (F,)

THip3emue microsatellite RM125, RM144 uag RM224 iy primer Tu
UfAsen PCR ais1adaunaannn1siufisen PCR meuwalin PAGE lagld polyacrylamide
gel Aududu 6 Wesdus douduaufidueseasazane silver nitrate TiAT1eulasgy
wuuAdueludeya A, B uaz H lnarvunli A Ao ﬁmaNﬁm%uﬁﬁmamﬁauﬁuﬁ:mj B Ao &
NanAsduA S wewmiiouiuswe H Ae fnandedufiuemilouiureuazual nansiinae
vouAIomIY RM144 Tutsssnnsdm F, $1uau 250 fu wusandndufiduomd sustugusl
fsualidu A $wu 71 du wukandntufiduemieuiuswormualidu B S 46
fu wasnukandntuRiuemieuisiudouasussinualidu H S 133 Fu wans
Anszveeiesing RM224 Tutszennsdn F, $1um 250 fu wurerdAstuiiduemilou
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fugwitmualidu A Swau 66 fu nunerEsduRiBuomdouiusrermualidu B
$117u 49 Fu uasnunanAnTuRSuewou s ouazusif ALY H S1uan 135 Fu
warHanITATIeiveneSeamuty RM125 Tutussannsdn F, 97U2U 250 AU Wumamém%u
Aduemilowiugusifmualidu A 1w 65 Fu numanAstuiiduemiouiugorinug
Wil B Swau 55 du uasnunandsduiiduemiouisiugronasuddmuslfdy H
F13U 130 fu (1151971 4.5)
MNNTAATEEnINIEeiveNAIe g RM125, RM144 way RM224
TuUsswnsdn F, Tndumuiiaamunenielyl (coodness of fit) Tnemagauma Chi square
Anszinisnszaeivoneiommelusndn 1 : 2 ;1 tifle dnandnduiiduemilon
ftuswe (B): fnawAntuiduomiouiugrouasud (H): Inandndufiduomieuiudul (A)
HANTIATIEINUINANERR Chi square dmsunisnssaneiivenasaminglusasidn 1 ;
2 1 (B:H:A) vaaA3omuny RM144 Sawiiy 6.024 dleiUSeuifisuiun1sne Chi square
df wiriu 2 wudadlan P winfiu 0.049 viseeesening 0.025<P<0.05 (715797 4.5, Nl 4.5)
\A3DevIng RM224 fidnadf Chi square Wiy 3.912 leiUSeuiisutiunisna Chi square
df Wity 2 wudndlen P iy 0.141 v3eegs¥ning 0.10<P<0.25 (915997 4.5, AN 4.6)
LwazeSeIing RM125 fanadR Chi square Wiy 1.200 ilaiUSeudisutiunisne Chi
square 1 df ~ Wiy 2 wudndlen P Windy 0.549 MFeeEsEing 0.50<P<0.75 uanslyiiiu
MMsnsEesvestusunulsaluidulunudadiu 102 - 1 B:H:A) (15199 4.5, g
4.7)
4.3.4 a$aunuiissysiumisdudumulsalusivulasluloudnn mnwesidudzaeud
Wi (recombination)
Ton1aiin recombination HANuduNUSnensInUIzEzNIszrIngEululasiuly
ey AeudueanIsiin recombination 1 wWeddus wihiu 1 centiMorgans (cM) 3
Jumiievessresineseninaduununuiity  (mapping  function) Iumwmamﬁiﬁayja
phenotype uag genotype TaeUssynsifies 15 dufiwansauseusasalsalvdiosnadnay
wunsinlsafisedu 5 wae 6 WWuusvwnsfidl phenotype AELNIERIG Fuduussmnsd
wangaudmiuianieTsiitessyiumisideesBufuniulsalng - wuinaTeamaneg
RM144 uaz RM224 afldumseguulasiulen 11 Sn151fin recombination Wiy 20
Wosdus uansliiuidudunilsalndifanudenlosiuniomuts RM144 way RM224
Tnefisvazsiaanite 2 nSomnedussarnie 20 cM LLazﬁg‘hmeﬁé’@agiuuiﬂﬂﬂm 11
HAUDIATBIVILNY RM125 %ﬂﬁ&i’%mmaguu‘lﬂﬂﬂw 7 $in131AA recombination iU 60
Wedldus uansinesemnedudassandusumulsalndiensegisandusuniulsal

4

wnluszegna 60 oM viseladlafiduniseguulasluleudediuiudusiiuniulsalnd

[ '

(M1519% 4.6, 29 4.8) Wielun139 U U INST0g VDI UIUT ULAS TEURLNLINAIUDY
u

9

UAUMULSAMTIATRUTL  F9IINTIATIZUNITNTLANURIVDUATRINLY  microsatellite
sall
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AN 4.5 DRSINIINTENUAIVONATIMUIY  microsatellite TuUszwInsiIn 2 (Fy)
14U 250 U

Expected No. Observed No.
Jssung
(U Tasluley Expected Probabilit
i) u LA3DIUNY ratio B H A B H A X2 y
Fo(250) 11 RM144 1:2:1 625 125 625 46 133 71 6.024" 0.049
11 RM224 1:2:1 62.5 125 625 49 135 66 3912”7 0.141
1.200"
7 RM125 1:2:1 62D gl 2D V6D 55 130 65 ) 0.549

*A1 Chi square (X?) =0.05, df=2.0 (5.99, 2), ***? =0.1, df=2.0 (4.61, 2),***X? =0.5, df=2.0
(1.39, 2) A Ao finawdndudiduamniounugul B fs Tnandntufoueiouiugne H Ao
finandnTudduemdounugnouaz

4.3.5 NSBATIZNNIINSTAOHIVBNAZDMAUNE microsatellite aBudusuIumay
szumuvisvassuumulsalnd
NKANIINILALRVBIE N WA WNUlsAlAL LU Mensnagaunsinalsaly
Usernsing Fo Hanunsaua 250 §u wudimisnsyanesuesdnwasiumulseludiduly
audnsrdn 151 RS) Wuldldddnsadmmmlselnilutnaiugie (GS19769) gn
muauéﬁa@wé’ﬂﬁLﬁuﬁuwiua‘hmu 2 B4 (2 major dominantly resistant genes) Lazwa
MInszaresvetaiemIng RM125 uulasiulew 7, RM144 waz RM224 vulasTuloy 11 Tu
Usensdng Fp anNns1uI 250 dU WUTE 3 eSeminedl nnsnszatefaveaniamngly
§adiu 1:2: 1 B+ H: A leAnanUeiifuinisiin recombination Lileaiiausuiiszy
suvisBusnumulsalug wurdewsaung RM144 uaz RM224 §in94An recombination 111
fu Ao 20 Wesdus wandliiduindusumulsalnsfinudenlosiuiniosmnyg RM144
way RM224 vulastulay 11
WefunBuiumilselysiauaueudunuluiniugie  (6s19769)
anafinudenlosiupiosmang RM125 fifsuvdsunlasTuloy 7 was RM247 Sidumiaun
Tosluloy 12 Faduedowmuneiidanudululdinaiunsausnaauuanmeszwineniny
Frumusazanussunald (nwil 4.4) LﬁaqmﬂmmimwﬂmmLLmﬂGiwumﬂa;uﬁLLammm
Frumusazanussunelilulsznnstn FT SedaEenA3omnefianunsawenanuLan
Ansszaninaienasulld wazidunismenndosmneuulasluley 7 Swau 2 weesrng
1§un w3esing RM11 wag RM1132 (nndi 4.8) wazdmdeniesesmneuulasiuley 12
ALNTaLENAMULANANSTERITaLas Ll e U 2 h3eeane Teun 1n3eeang RM1261
waz RM235 (n il 4.9) thandasizsdnisnszanesveaniomunslulssens 15 sufinans
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ausauLeselsamliosadnnuduussnsiifl phenotype Vigﬂé\’aumuau AATIPINITN
sraeivennionng lagliineda PCR nsndeunaainmsiUjizen PCR shewmaia
PAGE Tngld polyacrylamide gel aududu 6 Wesidud douduauiioulemeaisazans
silver nitrate Jwnsgriudassunuuidueiliudeya A B uag H laeimnuali A fie finandn
FuiBuewmiloutusul B Ao TwandntufiBuewiloutusie H fo Twandetufidue
wilouiugrieuazusl  uazAuadedidudnisiAn  recombination  LilemszEyNIeTENINg
wiesmneuazdudumulsaludfvulaslulondin 2nn1siinseinisnszanefaves
\Sesvang RM11 uaz RM1132 wudilsifimnuidenlosiudusumulsalus Tnefiedidus
recombination 11U 7333 uay 80 Wedusimuddu  duedesnefisliuieguy
Tastuleil 12 l6un RM247, RM1261 uag RM235 fiasidust recombination winfu 73.33,
5333 uaz 66.66 Wedudaudiy losinis 3 iafesnefivesifud recombination
i 50 Wedldud  uansinasemnedudasandudumulsalndiensegisandy
sumulsaludinn viie Lilddsumiseguulaslulaudortufududunulsalml (msed
4.6)

deszyiumisiuiuouvesdudumulsaludivulaslalen 11 ludnfudodne

v 6

gy (GS19769) Fsdmbeniadonsiny microsatellite uulaslales 11 Naunsouenal
WANANTENIINOLazule LLazﬁsﬁ”lLmu'asuaqLﬂ‘%@quuwaagiﬂé’LLazagjlnamﬂLﬂ%ﬂﬁﬂ’]a
RM144 uaz RM224 $1au 3 wp3eaming leun iesosmmne RM5926, RM6094 1y RM287
(Wl 4.10) dhsndiesiesinisnsyanefveaaiomunsluussrng 15 dufilaninnuseuus
selsplniiagnadmandulssuinsfii phenotype ﬁgﬂéf@ﬂwuau AATILUNINTLANBFITVO
wiewne lngldinedia PCR asiaaeunaann1siuiisen PCR dewinia PAGE Tagld
polyacrylamide gel mudNdu 6 Wesdud oudunumidweme silver nitrate (AgNOs)
Angiuaaguuuuiiduedudoys A B uar H leatwuald A Ao fnandnduiidue
wilouitususl B fio Inandntufiuowmilouiusne H Ao TnanAntumiduemiiouiude
ezl wazmuauUesdudnisiin recombination iflemszesmesEniaAIsINswaY
Susumulsalndiulastalondy nanannsinsisinisnsyaefveaiomng RM5926,
RM6094 uaz RM287 wuindiandesleaivfusmmilsalng  Tnenuidesidud
recombination WU 26.67, 26.67 uay 60 Wasidusd muddu (Madt 4.6) rdeya
genotype vouAsewneuLlasiuley 11 ﬁﬁﬂﬂ'ﬁ"?mi’wﬁﬁmmmﬁmiwﬁi’mﬁu%ga
phenotype w0sUsins 15 fuilwansauseuseselsalvdiogndmauduusyynsia
phenotype fignépsutiueu  TnsfuiaiUesifud recombination sEwinsusazgves
wWisaefidule  Wienenmszyiumiaveaedewnefiuenulesiduiniiie
recombination  szegwrauulaslaleniivihedu  centiMorgans  (cM)  wansliiuangu
éfmmu‘[sﬂlmﬂﬁﬁwLLﬁmﬁé'T’aagjquﬂﬂquﬁ 11 fiszegmiainiedomsng RM144 uay
RM224 1Juszegyng 20 cM fiszozvisannedeming RM5926 \uszeznig 26.67 cM &
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58881/%'1%]'1?%9”]%"@3%1]']8 RM6094 L‘ﬁu388$1/ﬂﬂ 33.34 cM LLazﬁizazﬁ’mﬂﬂLﬂ%awma
RM287 1uszesnng 86.67 cM (At 4.11 1)

4.3.6 N uNuiiaszyfumisesiudunulsaludidelusunsy MAPMAKER
aaudidusunulsalnl lnsthdeyansnsyanefvesdnvazdumulsalng
fildannsmaaeunainlsalniluusznnstn F, Jadudeya phenotype uwazdoyanisn
sz1efvenAseng microsatellite Tuuszans 15 dufinanininusauneselsalnsiodis
TALau smn:dmaua genotype HNIATIENTINAY YIINITTANFUUALAUIUNIAITEHEYVDS
WiazlA3oing wazsTiaIosnefuBuiumulsalul delusunsy MAPMAKER/EXP
version 3.0b WazALNLTNUgNTINFElUTUATI MapChart version 2.2 dangaA3esving
Mduonazdudumulsalnififrnulnd@nfu fidn logarithm of odds (LOD) =3.0 Wu
\nseanneiifirudeslsstuduiumulsalniluthiugie  (6519769) Ae 1A3owany
RM144, RM224, RM5926 Lay RM6094 ﬁﬁ‘mmmaguu‘lﬂﬂﬂ%uﬁ 11 91NNISAUIUNNTLLY
WUDIAATIAS LY kazTEIasBsinefuBugumulsaludiiig Kosambi function
wuBuumulsalnissosisaniniemuneg RM144 was RM224 1Jussezmavintuie
13.7 cM e91nedeanung RM5926 Huszazn1e 17.1 cM wageannia3asvang RM6094
Juszeenia 205 cM (ndl 4.11 @)
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AL \\\W//)"’? B

- F, (181-250)

RM144

AW 4.5 JULUURBWeveuATewmIng RM144 Tuusennsdmdan 2 (F2) 31usu 250 i fae
1w 1 fie Wudunenugd 105, 2 Ae Wugag (GS19769)

12 F, (1-82)
RM224
12 F, (83-156, 166-185 )
RM224
12 F, (186-243)
RM224

12 F, (157-164, 244-250)

RM224

Ml 4.6 JUBUURBWEvLATRIMINNY RM224 Tudsesnnstnadai 2 (F,) $1uu 250 Au fae
@Y 1 P Wugunenugd 105, 2 Ao Wugnie (GS19769)
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12 F, (1-90)

RM125

F, (91 180)

RM125

F, (181-230) F, (231 250)

RM125

" Wt

A 4.7 JUsuURBueveuazeing RM125 Tuusyyinstdnadad 2 (F,) S1uau 250 6w fag
1@ 1 fie WuguMInenued 105, 2 A Wugnae (GS19769)

F,T.

24 2

\ o

80 81 82 83 84 85 157 158 159 160 161 162 163 164

P2 79

RM11

P1 P2 79 80 81 82 83 84 85 157 158 159 160 161 162 163 164

RM1132

AT 4.8 gULLwﬁLé‘umaaLﬂ%wma RM11 way RM1132 lasluley 7 Tuuszannsdn
15 Auiuansnusauwesialsaludl P1 fe Wugu1inenzd 105, P2 fis Wugvny
(GS19769)
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FZTZ F2T1
A 1
[ o )

P1 P2 79 80 81 82 83 84 85 157 158 15 160 161 162 163 164

RM6094
Fz-liz FzTi
[ 1N L 1
P1 P2 79 80 81 82 83 84 85157 158 159 160 161 162 163 164
RM5926
F.T, F.Ty
A I
[ [ 1
P1 P2 79 80 81 82 83 84 85 157 158 159 160 161 162 163 164
RM287

AWl 4.9 JULUURBueveATaIINY RM247, RM1261 uas RM235 Taslulen 12 Tuuszanng
117 15 fufwaninuesuwesolsalnd P1 fe Wuduninenugd 105, P2 Ao Wugiae
(GS19769)
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FaT, FaTy
A A

[ | [ \
P1 P2 79 80 81 82 83 84 85 157 158 159 160 161 162 163 164

RM247

P1 P2 79 80 81 82 83 84 85157 158 159 160 161 162 163 164

RM1261

FT ET
g -

[ 2} \

P1 P279 80 8182 83 84 85 157 158 159 160 161 162 163 164

RM235

AW 4.10 JULUURIBUevRNATOINE RM5926, RM6094 wag RM287 Taslalwu 11 Tu
Usgynsdn 15 duiwansninugeuneselsalugl P1 Ao Wugumnentzd105, P2 fe
Wugvne (GS19769)



57

A15197 4.6 N1INTEAAIVOUATDINNY microsatellite TuUsEAINTINI 15 AUNLEAIAIIN

gounasalsalvil Lazasiiusinisiin recombination vasdudIunIUlsAlngl

o
LA3DY

U5297n5917 F2 371U 15 Audindnindnusauuanalsalvsi

%

recombina
Taslulaw  wune P1 P2 157 158 159 160 161 162 163 164 79 80 81 82 83 84 85  tion
Geno-
type 7 RM125 A B H H A H A H A H HAAUHUHAH 60
7 RMIT A B H B A B A H B H HAHUHUHAH 7333
7 RM1132 A B H B A H A B H H HHHHH A B 80
11 RM287 A B A A B B A H H B BABAUHHA 60
11 RM224 A B A B A A A A H H AAAAA A A 20
11 RM144 A B A B A A A A H H AAAAA A A 20
11  RM6094 A~ B A H A A A A H H AAAAH A A 2667
11 RM5926 A B A B A A A A H H AAAAH A A 2667
12 RM247 A B A H A H H H H B HBHAB H A 7333
12 RM1261 A B A A A A A A H B HHAHB H H 5333
12 RM235 A B A B A A B B B B BBABUB B A 6666
Pheno-
type BN A5 5 )NEITS I BITIEIET (5 (g5 | B D605 2. B N 6

v
a

Ly

a @

A A8 JNANAATUALD

& 1

a A
ALBULDLANBUNUIN

]

= v & 1 = =1 a ay a @ = Y] 6 1 = a a Qy
wellowiusiy, B Ao Inandndunueillowiuge, H e dnandndu
DAT I



Chromosome 11

RM287

RM6094

RM5926

| RM224

1 RM144

R gene

f

53.33 cM

6.67 cM

6.67 cM

20 cM

Chromosome 11

0.0

3.4

6.8

20.5

RM6094

RM5926

RM224

RM144

R gene

U

—

—

3.4 cM
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AW 4.11 uwuiiszysundsvesdusumiulsalul wagszervineszuinundemsneuy
Taslulew 11 09917 Sianeiludszainsdnn 15 fufluansaruseuussolde
awvelantngd 19 lelwian n) AwiniUesiius recombination vesdusimuviu
Tsalnsfuagseminusazduesalomueidue v) Anamszesineusay
RonEuazBusunulsalvsiieTusungs MAPMAKER WAz aunufiiugnsu
pelusinsy MapChart
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uni 5
A3UKazInIalNanIINAaeg

51 anusanvatsvnenugnasuvaatiastauvialaalug

'3lmw3ﬁmmwmﬂwmwau§ammqiiﬂiwﬂéhaLﬂ'%'awma Magnaporthe  grisea
microsatellite (MGM) $1uay 14 w3ewnne dauedemmneildsunsimuniviag Zheng
et al. (2008) IFimunAImENs MGM $1uau 313 wedeavmne Tagliuszannadedildannms
wasiugsyviadeavalsaludiloloan Guyll way 2539 awnsoszyfumiseaiasmng
MGM 1§ 176 iidowmng Seldumbsnsounguita 7 TasTalsuveadeanvelsalvsl uaglfasng
guteyadiuinndlelndndoussysuminewusaziaiomnesuulasiulsvoadoanglsn
Twil5pudesnan (http:/ibi.zju.edu.cn/pg/MGM/index.html)

HANFIATIEiAIaINTasvesdoa el eTevIng MGM S 14
AIDWNENUTIUIY 13 IFSomngaNaNIoRenANLLANEITesTusnssudoamnlaaluily T
yauriiaTeavny MGM57 liansausnanuuanddls Insuanauaufiueiifvuiawiniu fe
210 fuua Tulsganaides 19 leluan uandliiuhuinaiinsduemsidiuionilelndly
UFA3eN PCR #8 primer 1831A3091318 MGM57 Huuinuiifidnausives microsatellite 7
laiwhiludoammlsalvsis 19 lelean (nmdl 4.1) wdesmne MGM $1uau 13 indesmans
e PIC ogjsgwing 0.1 fla 0.8 AaAAN PIC Wirfy 0.38 Lansfennaifneniwyaandosaneg
meM Tunistifiodinresiaumannnasvesiugnssudoanmglsalus SanulndiAssiuny
Weves Zheng et al. (2008) IdianAToming MGM $1uau 313 LASRIVBNELAZHUA 1
polymorphic information content (PIC) J8dusagiAsaming Faus 0.20 A9 0.89 AAREYDS
f1 PIC WA 0.53 (5197 4.1)

NaN13AANguALEILSHEE SAHN TagldAndulsyAnsanusises Canberra wut
AndulszAnsanueedt 90 wWedidud annsadanduauduiusvoadoamglseln 19 ety
avld 4 ndu Wud nan 1 Aadiu 73 Weidufvesssannstoamglsalnifidnw Usenou
Fodes 14 loluan Fududeniissuisuinumamile mesyfuseniBeaviie waznianang
vosslng nqu 2 Ay 15 WedidudvesszmnsBoamglselnifidnu Usznaude
dom 3 lolman Jadudoniiszuelumeny fusenideuviiouarnelfuasUszmdlng wagny
Peaglselniannuinunang fusenideavieinisianduusnsendudeis: lundgu 3
uay 4 (il 4.2)

dorauvalsalnifignineglundgy 1 Huderitfurnimiafivalan Foe Foni
YouNnu @3uns ngunnd zluns weeseud wandiduindeamlsaluififiugnss
wiloufufinanszasesenisnduiiufivgndnuesussmdlne - Fseradnnnnsindeuse
YDITHINITOTT MIUTIEILUD muﬁ’ﬂﬁ (2548) ﬁmmLﬁulﬂlé’dwszmﬂisuaaL%amm@ﬂsﬂ
ndfinsiedeudredufiuifitdnsusmanieansfuandeiy  uazmaedeuiheresssing
yoadeswhlmAnauuUsUTunugnssuvesdoannlsaludls

uennd wuihderifuandaindeuluiuillndifesty Wy doawlsalnile
Te-aw UBN2010 195167 waw UNB2010 11357 iudloriliuandsminguasivenil wuifen



60

funsdlvesdeanvelsaluiiloluian CPM55002 way CPM55003 L“f]uL%aiwﬁLﬁumﬂ%’mim%'aQﬁ
doaumglsaludita 4 lolwangndauenndudu Tnewuideavalsalndloloan UBN2010
195167 uaz CPM55002 gndnnauusnseniiudaiieilunguil 3 way 4 musiy iWeauvelsn
Indfloleian UNB2010 11357 gndneglunguil 2 uasideanvalsaludiloluan CPM55003 gn
foodlunguil 1 wandlfidiuindoaunalsalusififvanfmiafefuiuilndfesiud
fugnssveadeiivnety  uaruinaiiinisssuisvedsaludlufmiadenfuiuilndifeatud
Fruaudendivhanedugnldunnn 1 lolman aenndestusmideres lamdnual uazas
(2554) ﬁiwaamd%%amLmiﬁﬂlwﬁﬁﬁumﬂ%’wi’ﬂLﬁmﬁu AUV INVANLVBITEAUAIY
suusslunsrelselsiuansafiuliiannsodanguinduld  wezdenidwharednanuina
unaifeadufiinnnd 1 Westus (race) Tunuideddmuideanvalsalndinussualuuiiom
mesyfuseniBeaniie fenunanuassnnindnaiiuiivgnduvasdy iesananusoda
nauuenilunguil 1 s 4 Geflarmidenndesiunuifouss yudnd uasany (2550) fis1e9u
indesannalsaluddinlunians Tueonidssniedanumnainvaisvesarsiugite
(pathotype) mﬂﬁﬁjm

52 nadalentiugiudosiifidnunsdumiulsalv

wansfdendmaneiusiuniulse andriusiudes 4 miuguusth ot
avivay 311 aeiud wudniugiudesdiliuansonisvadian 4 aeius Ae 623107,
GS19769, GS20874 Wag GS23774 thawuduuzthililanseinisvedlsa a aeviug Ao Foum
1 gwssniy3 1 anssnyd 60 uazamssaiy3 90 wawiugidveda lusiuand aewus 6S19769
gnideniielilunsAnuiluamifendsd

53 mInszaneiavesdu uasunuissyudwlsdudunulsalvduulasTaleudn
531  dnvadedszdniug

dnuwazUsyaniudunnenuga 105 (KOML105) Mgnuazldlunismaassmwuing
aruadeadafusnusitinemlilae dunidouasiaundnn (2553) Tnsawgdnuneded
nulusagludiden fvuly Auludviaguinuvandl 2 sen yluuasdedeludiBedou Uassen
pondvn gamnasweliedu dudnudaiunans @dude) Aeseens Svuvuddenwée
\Waenwandus

SnunrUszdniusvne  (6519769) duduiusindudosmedlne  wulgnlu
suneUis Swiaulgesaey Huiudinfisiinuiinenudnuazlsesiuidn femeite
duhdnwuvesiuginildfnvuazsenulilunudded  sndugudoyaiiddyuaniu
Uselowdrelnssnsouindiuginiudeswedlng  uaznshluussendldusuuseiuginale
funuselsald  annsdunadnvarinudiulddanu  wagnuidnvuglszmiudine
(GS19769) TAuunnsasandiugunenuzd 105 Ao nsiidvesrululudiliosvassag
dnuludenduing Tavesyluuasdeseluluding  sudsdsenniunenuazdndusenenidl
Judie
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dnuvazUszaniudinguan Fy desanilutignuan F Fehudnuaed
Wumumummmuawﬂuwuﬁwmm%m Tnednuarinuindeumieuduiudu Ae muuu
wilu Snuagiinuifinnunileuduiuswe Ae vonnenuaznausesmendsing uaynudnuaisd
fnRnwelavudl Ao winluliddendy nuluding yluwasddesoludiieou uwaveannase
wedias (0wl 4.3) Fednuaenia phenotype Ainuidudnuaeiivsuenldingha Fy Alddu
drgnuan Fy Idannssanssrihsiugumaenugd 105 fudniudesneiugie (GS19769)

532  nsnsgefvesdnvazdunilsalniluuszannsdndad 2 ()

yaaounaifnlsalasmsUgnidioanmnlsalvsidna 19 lolwan vundidnn wy
nsuanseenvasdnumrauiumulsaluilulssnnsdn F, $wau 250 du wiaudui
WARIANWAIZFUNUS I 235 fu uazduiiuansdnuarseukesiuIy 15 fu Snseinnsnse
Mefvosdnuuriumulsalvdinduauiinmmneviold (coodness of fit) tiedan
Uszansfidnunduussnnsdn - mnanusunulsaluniiidnwg  anuauseBuiiiesdu
WD Agnun1InIzaneivesenwazmunulsalumilusnd 31 (RS) Meodeuideves
Prasad et al. (2009) AATzRnIsNTEAIEMBIBudunulsalndluUszeIng F; 99U 184 Ay
filsannsnaniugszinat1nug Samba Mahsuri (BPT5204) waz C101LAC nAaeunsiin
Tsndedoamlsalviiloluan DRR 001 Ansigvinisnszatefadusnumulsalud wulinsns
Noivesdudummilsalnlifulumusisdin 31 RS uanshfidusumulsalnifinua
AuFumuiisddufion AiesieRnisnseanedivesdudiuniulsalunddeniemune
microsatellite  4ANANUBLATOMNYLATMITEIT NI TEIIILATRMINEAUTUF U lsA L]
wudusumulsalgl p-1(t) Ssumbseguulashilen 11 usernuantsnassinuinnisnszans
fvesanuazsuulsaludldiduluniusasidin 3.1 RS) wandiivinanvaugiuniulse
Ingdludriugeldlagnaiuauime Buiiesduife,

densnszanesvasdnundumnulsalngluussanstn F, Saui 250 du
Taduluausasidn 31 (R:S) Idmseinisnssatemvesanvusiumulusasidiu 15:1
(R:S) BevsdhiiBufienvaunnuduvmilsaludiinnd 1 8u MnuamsvaaesuinIITzae
fvesdnwazmunulsalwidulumusnsid 15:1 (R:S) lnedlan P viadu 0.87 w38 0.90 <
P < 0.95 \hilulddnwazsumilsaluiluiniiuging (6519769) gnauausedundniiiu
BUAUTIUIU 2 BU (2 major dominantly resistant genes) f9F0E1991UITBVDS Huang et al.
(2011) Tinszsin1snszanesvesdudumulsalndludseeins F, S1uau 378 du fildainnns
nawiugsE et Xiangzi3150 way CO39 meapumsinlsndetioanglsalusl ane
g (race) ZC11 lalwan 193-1-1 Tudseinadu Tinsigrinmanseamedmdusiuniulsalmg wul
nsnszrefivestudiumulsalndidulunusasdiu 151 RS) waneifidusumulsaludi
AIVANAMLAIUMILIINNTY 1 BU  wazdiAsieinisnszangdivesduduniulsaludine
\A30evny  microsatellite  dAnguYBdLATDIMINELATMITEEENITENIAAT DN AUTY
frunmulsalng wududhunulsalvsl Pa7 uay P48 Tidumiseguulaslilandl 11 uag 12
ANAIRY

533 nansztefienaiemsny microsatellite Tuuszanstiadl 2 (F) uwas

wsfiszyiumisiudnunulsalvsainiuesidus recombination
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MsAndonAemINeTiasaugnANLLANASTER I Raz e S1uau
66 hdommne asAndu 2844 Weddudveaedeainemun  thundadeniaseamang
microsatellite  @1LNTALINAIULANFIITEIINANUFI U ULATANTIULDLS 783D bulk
segregant analysis (BSA) dufunsinideniademunedifiaudenlostududumulsalwdi
aula emsmansmAdue (bulk) vesUszrnsdlunguiinaninrusumulagnguiiuand
AMUBIULE MIfREonAemINEREls BSA WuAsTivunldiiioanssesnatwazssndnaild
Frelumssduadse nan1sdadensieis BSA wulA3esiany microsatellite fi@nunsauen
AULANAIITENINAINHIUNIULAZ AL O UL LA TAUSIUIY 3 LASeenuIY  LauA
\A3DaLNe RM125, RM144 uay RM224 %nﬁ@?mmﬂmgjuﬂ@ﬂﬂ% 7, 11 way 11 auansu
YonNiamuLAsewing  RM247 feuvseguulasiuley 12 WAnUINaINITaReNAIINLAN
AesEninsAnuiumuLarAussualdlawludssung FoTy it

INMFIATIEANTATEEfveLA3omIY microsatellite Tulsznsdnn Fs
Waun 250 fu FeLASemIng RM144, RM224 uay RM125 Wuin1snsyaneseedugiumiu
Tsalndfifulumusnaain 1:2:1 (B:H:A) Woduimniniia recombination iileasausuiisy
fuvdsdudunulsaln wuBudumy 1 sumdsuuleslaley 11 Senudenlosiu
WS09LNe RM144 uay RM224 91nNauasnsinsiein1snszaesvesdnvasdumiulse s
Fensvaaaunsinlsaludssnnsdn Fy savun 250 fu finuinisnszanedavesdudumiu
Lsaluiidulumudnsidi 15:1 (R:S) dulvldndnsauzduniulsalniludiiugie
(GS19769) gﬂmmméf’mﬁwé’ﬂﬁLﬁuﬁuwﬁuﬁi”]mu 2 8U (2 major dominantly resistant
genes) faluiodumBusiumlsalwiifiauauenufunuluiniuging (GS19769) Tedn
Aoniasosmunefifimuntwondomunsuulashilond 7 s 2 weSesiing  laun
WSewne RMI1 wag RM1132 wp3owmnouulaslilsndt 12 swaw 2 whewwne leun
WSy RM1261 waz RM235 waziedewmeunlasluloud 11 d1uau 3 wdesne 1o
\ASEIVING RM287, RM5926 Wag RM6094 thuiasigrnsnszatedaludseens 15 Guf
wansmusauLoRelsAlag 19Tman nunsinlsafisedu 5 wer 6 Wesennidulszunsiidl
phenotype ﬁgﬂé}’amﬂuau %3\‘1Lﬁuﬂﬁzsmﬂiﬁmuwauﬁm%’uﬁmﬁLﬂiwﬁtﬁaisqﬁ%mmﬁ%’jﬂ
vosudunulsaluslunisinend  deduines@udinisiin recombination WU
wsosineuulesiulond 7 laueiewimng RM125, RM11 way RM1132 LA309unguy
Taslulondt 11 leuneSemung RM287 nsesmmneuilastulouf 12 launnsosmune RM247,
RM1261 way RM235 %19 7  asesngliiinnudeslosiuiudrumulsalnt luvaed
\AS0IViING RM144, RM224, RM6094 uay RM5926 nwuiifianudenleasudusuniulsals
Feunisiidaveaaiomnsoguulaslulondl 11 9inwansienginianszaiefives
W30y microsatellite Yun FreszyiuiasBudumulsalviifiauauaudumg
Tselwdflunisfinund Tnewuinddudunlsalvsl 1 dumisoguuleslalondl 11 uasfan
Fouleatuiieaiune RM144, RM224, RM5926 uas RM6094

534  unuiszyiuiwesdusuniulsalng

91115 kH U TE YL ndsvesdudiuniulsalnddisivofidud

recombination  veguiunulsalnl  waziesiiud  recombination  S¥MINLARTAVEN
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WIBIINY  @nunsasruieurilsineasduiuniulsaludiaysresriessninaasemungla

3
[y I3

Faailddauuandneiudntos  osanmsaiaunuissysumisdudunnlsaludife
LUsunsu MAPMAKER ﬁmsé’]’mmjmauﬂ%ammaﬁaam logarithm of odds (LOD) =3.0 33
yneddlonafielomuneiignianguegsetuazlifirudenlosiu wihdu 001 vie 1 lu
1000 wandliFiuinisdnguuesieiomaneiauandenninsginnudonlss 1000 ads
fifins 1 adsfioramuinedomnslifinrudenloatu wiesmnefignineglundguietu e
iseaneiidanudenlssiuiuiumulsalmiuasissessinanndudosnin 50 oV Fdldun
\P3eavEng RM144, RM224, RM5926 way RM6094 msdniFusivesusiasiadesvinsuy
TasTailws W@onwanisiuiniiansdn likelihood figefian Ao wiidu 0.00 waymsuINsyoE
W9UDUASBIMINERIE Kosambi function TUsunsufidds ripple Lﬁaﬁmmaaummgﬂéfaq
YesdwuNsBeaieseiomng wagildids error detection on Lieliniaaeuanuiianain
fionainainel genotype 83UsEAINT ﬁﬂﬁum‘iﬂ%ﬁﬂLLNu‘ﬁISBQﬁWLLMﬂﬂ%adguﬁWUV]TﬂiﬂiMﬁ
Togldlusunsy MAPMAKER FadlmnuaziBunuasiauginiinisananyasifus recombination

NNNLAszyiumLsvesdusunulsalilaglilusinsa MAPMAKER wuingu
FrunulsaluidnuidenlosiuiSesane RM144, RM224, RM5926 way RM6094 Tnsilsves
vnannedesng RM144 uag RM224 Husvesmaniiufie 13.7 oM sianniedesneg
RM5926 LHusgeenis 17.1 M Wagysaniedesming RM6094 1Juszesyna 205 cM By
Fruvilsalifimuwmisisoguilashilendt 11 Tasuinainwuinduiideosdufwmulal
i wefienuwuBudunulsalud Pi1 Gregszrinaaiesmung RZ536 uar RM144 Tnedises
W4 9.7 cM wag 6.8 cM muasu (Liu et al, 2003) Wudu Pi1(t) ?faagjﬁzwjmﬂ%awma
RM224 wag RM6094 Tagdlsyazying 0 cM way 23.8 cM miuainu (Fuentes et al., 2008) wu
B Pik agszmiedonanemng RM224 uaz RM144 Tnofiszuging 2.9 oM uay 1.2 cM m
a19u (ia et al,, 2009) WUBY Pik-h ag}'swiwméawma RM224 hay RM144 laedlsyeeng 0
cM uay 4 cM awdIdy B Piks ogseminaATeaving RM224 kay RM144 Taeilszeving 0
M way 2.7 cM snudu (Fellstrom et al., 2004) wazwudy P18 finnudonlasfiu
\3eaviing RM224 Tngiiszezsing 11.4 cM (Ahn et al., 2000)

uennTedomiiy RM144  fifuidenleafudufhumulsaludludnoiug
e (19769) faimuifesledfiu quantitative trait loci (QTL) AidumulsalvivaneBudediu
loun gLBI2-1 Bgsewine RM21 uaz RM14d, gNB2I-1 agsewine RM206 uay RM144,
gLB11-3 8g5¥Wina RM206 Uay RM144 uay gNB11-3 8gsewina RM254 Lay RM144 (8fve
wazAy. 2549) uag Shiet al. (2010) sNEUNURUMUIE Y qtl11-10-4 uag qtl11-11-1 B¢
5¥Wine RM27385 way RM144 duwviagu qil11-9-2, qtl11-9-2 uay qtl11-10-4 9g5evina
RM27386 wag RM144 ¢uviusdu qtl11-10-4 uag qtl11-10-4 9g5evina RM27389 uay
RM144  uagdalinswudumisy gBFR-11a 8gsenine RM5474 uag RM144 sumiagu
qBFR-11b 8g3¥13 19 RM144 uag RM1341 (Sabouri et al, 2011) LATSINUINAS DALY
RM144 waz RM114 filanudeslesiuBuiimuaudnunzdug 8n léud Sufimueudnue
ALEUURRIaLUATISE Xanthomonas oryzae pv. oryzae L“fJuL%amLmImsuaU’LmLﬁa
WUBU Xa22(t) 9g5enine RM144 wag RM224 (Wang et al,, 2003) 8u Xa-4 fianudenloasy
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\A3eavune RM144 (Nguyen et al, 2005) wazdu Xa35(t) finnudenlesfuiaiomiang RM144
Tnoflszezsing 1.8 oM (Guo et al, 2010) 1A3eanune RM144 &afl anmideslesiududianuny
aﬂwmummmumumaLwaaﬂiu‘[mamma (brown plant hopper, BPH) (Sana et al,, 2004)
LAZUBNA NI RM144 faflanudoulesfuBuiimunudnuazdus wu Bu qCTPII
Fadudu QL ‘1/1mmmJaﬂ‘tymumwsuméuaqmmmmammﬂmnLsm (Baruah et al., 2009)
Bu tgwll Fadudu QrL ‘mmmmaﬂwmvmwsmm%aqumuﬂma@ (Oh et al., 2011) 8u
qGT-11 308 wBu QTL ‘mmmmﬂwmzmwsmmmaqﬂmm‘wLuamnmnmuwaaauag
SEMIAASEIMINNY RM144 uay RM1341 (Sabouri, 2009) wiinusnadlnald saaeinmswuduy
drumilaalng wideyalutlagtudsliannsadusuldhBuiidunulumafediduiudeso
weseeliniell  nuideisaiuindunsfunuiudumulsalnditulmidedilineinen
Tudmitudledlneiusie
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Genetic diversity analysis of rice blast pathogen in Thailand

using Magnaporthe grisea microsatellite (MGM) markers
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ABSTRACT

Nineteen isolates of rice blast pathogen (Pyricularia grisea) were collected from important paddy
field of Thailand. All isolates were genetic diversity analyzed using 14 Magnaporthe grisea microsatellite
(MGM) markers. Polymorphism information content (PIC) value among 19 isolates varied from 0 to 0.8.
Cluster analysis using SAHN method separated the population into 4 groups. Group 1 was 73% of the
population and included rice blast fungi from North, Northeast and Central parts. Group 2 was 15% and
included rice blast fungi from Northeast and South. The rice blast fungi from Northeast were separated as
single isolate in group 3 and 4. Relationship of rice blast fungi in each group was not dependent on the area
of disease outbreak. The disease outbreak area in the same province was appeared to be infected more

than one isolates.

Key words: Rice blast, Pyriculana grisea , Magnaporthe grisea microsatellite (MGM) markers
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Table 1 Nineteen isolates of P. grisea and their locations.

Province Code

Bangkok BKKS55003, BKK55004

Chachoengsao CCO55002

Ratchaburi RBR55001, RBR55004

Chaiyaphum CPM55002, CPM55003
Khon Kaen KKNG61119, KKN7357

Nong Khai NYK13502

Ubhon Ratchathani

UBN11351, UBN195167

Surin SRN54002

Phitsanulok THL191, THL84, PLK 1.1, PLK 40.4
Chiang Rai CRI'43.1
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Figure 1 Generated DNA patterns of 19 isolates (1=BKK55003, 2=BKK55004, 3=CC055002,
4=CPM55002, 5=CPM55003, 6=KKNB1119, 7=KKN7357, 8=NKI13502, 9=RBRS55001, 10=RBR55004,

1= SRN54002, 12=THL191, 13=THL84, 14=CRI34.1, 15=PLK1.1, 16=PLK40.4, 17=PL3,
18=UBN195167 and 19=UBN11351) of P. grisea from two MGM markers, M is 20 bp DNA ladder,
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Table 2 Sequence of the MGM marker used in this study and polymarphic information content (PIC) value,

Sequence PIC
No. Chr. Name Forward Reverse
{ 1 MGM446 TTGGGATCTTCGGTAAGACG GCCGACAAGACACTGAATGA 0.101
2 1 MGM35  GTTGAATTACCTTITCGGACTGG AAGGACTTTGCTCAGACCGTAG 0.803 -
3 2 MGM185 AATGCTTCGAGGTCCCAGT GCTTATCGACGGCGTATTTG 0.189
4 2 MGM5T GATACGGATGCGGTAGAGGA GCCTATTCCTGAGCTTCGTG 0.000
5 3 MGM436  GACCTTTATCGGATGCGTGT CACACAGTGGCCATCTAACG 0.196
6 3 MGM209 TCACCCTCAACTGCAGTCAT GTTGCCGCTGTTGTTGAATA 0.285
7 4 MGM246 CCGGATGTCACCTACCAACT CCTTGTTTTCCCCCTGTGTA 0.484
8 4 MGMB7  GTCCACCGCTTAAACACTGC CTCCACTCGCTATGCACGTA 0.285
9 5 MGM119  GGGTCGCGTCAGTGAACTA ACGGCTTGAACCCAATACAG 0.706
10 8 MGM177  TGACTCGACCTGACATCTGC TTCCTGGGACTGTTTCATGG 0.196
1 6 MGM400 GGCATTACCCAAGAAGCAAA CTCGTTGCAGATGGTGATGA 0.101
12 6 MGM269 GATGGCCAGGTCAGCTTTT ACTCTTTGCAGCCATGGAAC 0.640
13 7 MGM282  TTGGCTGGCAAGACAGTTAAT GGGCTTTGTCTATTCCAGCA 0.562
14 7 MGM286 CGGCTGTGGTTTAACGATTT CCATCAGGATCCATGAACAC 0.488
BKKB5003
CCOE002
BKIKBEE004
RBR55001
CRVBES003
RBR5E0M4
KKNG1119 1
i KKINY357
PLK1.1
CRI34.A1
PLK40.4
TH .84
J
THL191
— NKI13502
B P23 2
UBN11351
UBN195167 3
I T T T I T T ] T T T I T T l T T imm 4
1.00 0.80 0.60 0.40 0.20 0.00
Coeflident

Figure 2 Dendrogram of 19 isolates of P. grisea generated by SAHN analysis method from 14

MGM) marker.
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Identification of Blast-Resistant Varieties from Landrace, Improved
and Wild Species of Rice
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ABSTRACT

An experiment was conducted to identify rice varieties resistant to blast disease. Samples of 311
genetically diversified varieties/accessions comprised of landrace (263), improved (43) and wild (5) rice
varieties/accessions were provided by the National Rice Gene Bank of Thailand. The screening for blast
at the seedling stage was done using 29 diversified blast isolates. The blast isolates were collected from
seven provinces (Phitsanulok, Ubon Ratchathani, Khon Kean, Chiang Rai, Nong Khai, Chaiyaphum and
Udon Thani) of Thailand. The results indicated a total of 35 varieties/accessions (25 landrace, 9 improved
and 1 wild) were resistant to all tested blast isolates. The 25 resistant landrace varieties were collections
from Northern (10), Northeastern (9) and Southern (6) Thailand. Moreover four of the resistant landrace
varieties (GS23107, GS19769, GS20874 and GS23774) were highly resistant with no symptom of the
disease. From this study, it can be suggested that the resistant landraces from the Southern, Northern
and Northeastern regions could be used as sources of resistant varieties in designing future breeding
programs aimed at developing disease-resistant genotypes.

Keywords: blast disease, identification, landrace, resistance, rice

INTRODUCTION

Rice (Oryza sativa) is the world’s second
most important cereal and is the staple food for
over one third of the world’s people (John and
Sleeper, 1995). It is recognized as an important
strategic food security crop and as a crucial
element in the staple food economies of sub
Saharan Africa (Kaung and Allan, 1985). It is the
leading cereal crop of Southeast Asia and is the
only major food crop that can be grown in the vast
areas of standing water in tropical and subtropical
areas (Pennisi, 2010). In Thailand, it is also one of

the major staple foods and an income generating
commodity contributing to the gross domestic
product. The production and productivity of rice
is constrained by factors that vary with different
agro-ecology, zones and/or regions. Different
diseases, insect pests and weeds impact the yield of
rice worldwide. Sixteen diseases are economically
important to rice (Baker et al,, [997) of which
rice blast disease is the most important disease in
rice-growing countries worldwide. This disease
has spread to more than 85 countries (Ou, 1985).
It is caused by Magrnaporthe grisea (anamorph:
Pyricularia grisea) Sacc and is highly adaptable
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to different environmental conditions and can be
found in irrigated lowlands, rain-fed uplands or
deepwater rice fields (Ou, 1985, Latifer al., 2011).
Under favorable environmental conditions, this
disease destroys seedlings in nurseries and crops
in the tillering stage. Leaf blast stunts plant height
and reduces the number of bearing panicles and
the weight of individual grains (Thurston, 1998).
It also increases plant respiration and reduces the
maximum photosynthetic rate at light saturation
and initial light use efficiency (Pinnschmidt ef a/.,
1994). The economic loss caused by rice blast is
estimated to be USD 5 billion annually. Songsak
and Aree (2001) reported that in Thailand, a rice
blast disease outbreak in 1992 caused over 1.25
million rai (0.2 million ha) of damage that incurred
a loss of over THB 1 billion (approximately THB
30 = USD 1). To curb the effects of this serious
disease, a multifaceted response was designed.
The use of host resistance is one of
the most economical and effective means of
controlling blast disease. Resistance to blast
disease is governed by a gene-for-gene relationship
between a resistance gene in the host and a
virulence gene in the blast pathogen (Kiyosawa,
1972; Silue et al., 1992). In Thailand, serious
attention has been given to blast disease since 1959
(Ou, 1985). Several crossings have been made
to develop resistant cultivars in various regions.
However, the resistant varieties obtained were
unstable and became susceptible or intermediate

within a few years of release. Thus, susceptible
old cultivars have gradually been eliminated
and more resistant ones are in wider use. A clear
picture of the genetic base to blast resistance, in
presently cultivated rice varieties, will provide
important indications to which approach and
strategy could be adopted to strengthen the degree
of blast resistance and to improve the durability of
resistance in future varieties. The objective of this
study was to identify blast-resistant rice varieties
from the landrace and improved rice (Oryza sativa
L.) in Thailand.

MATERIALS AND METHODS

Experimental site and plant materials

The study was conducted in the nursery
of the Department of Agronomy, Kasetsart
University, Bangkok, Thailand during 2011. A total
of 311 rice varieties/accessions, including resistant
and susceptible controls, were used to screen for
blast disease. All rice materials were provided by
the National Rice Genebank of Thailand. These
varieties/accessions were grouped into three
categories—landrace (263 genotypes), improved
genotypes (43 varieties) and wild rice species (3
accessions). Qut of'the 263 landrace rice varieties,
69, 88, 67 and 39 varieties were collected from
Central, Northeastern, Northern and Southern
Thailand, respectively (Table 1).

Table 1 Blast resistance or susceptible information of 311 rice varieties/accessions used in this
study.

Type of rice Susceptible Intermediate Resistant Total
Landrace from Central Thailand 35 34 0 69
Landrace from Northeast Thailand 43 35 10 88
Landrace from Northern Thailand 27 31 9 67
Landrace from Southern Thailand 8 25 6 39
Improved varieties 19 15 9 43
Wild species 2 2 1
Total 134 142 35 311
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Blast pathogen

Twenty nine diversified blast isolates
were collected from seven provinces (Phitsanulok,
Ubon Ratchathani, Khon Kean, Chiang Rai,
Nong Khai, Chaiyaphum and Udon Thani) of
Thailand. These districts are’ known for the
widespread occurrence of rice blast disease and
hence the sampling was used to capture the
available pathogenic diversity of these hotspot
areas. Furthermore, the sampling represented the

major rice growing areas of the seven provinces

LI

(Uckarach et al., 2011). Samples were collected
randomly at 30-40 d after transplanting the rice
following disease development at the tillering
stage. For each sample, the plant part, locations,
and the date of sample collection were recorded.
The samples were then taken to the laboratory
and stored in desiccators for further processing
following the method described by Uckarach er al.
(2011). The detailed descriptions of the samples
are indicated in Table 2.

Table 2 Rice blast fungus isolates used in the study.

Isolate code Rice variety isolated

Organ infected

Location collected

Bag 1.1 KDMLI105
Bag 1.3 KDML105
Bag 1.4 KDML105
Bag 2.3 KDMLI105
Bag 2.4 KDMLI10S
Bag3.3 KDML105
Bag 3.5 KDML 105
Bag 4.4 KDML105
Bag 5.3 1034N.110
Bag 5.4 1034N.110
Bag 6.1 1030N.8
Bag 7.1 KDMLI105
Bag 7.2 KDML105
Bag §.2 KDML105
Bag 8.5 KDMLI105
Bag 9.2 KDML105
Bag 9.5 KDMLI105
Bag 9.6 KDML105
Bag [1.2 RD6

Bag 12.4 RD6

Bag 14.3 KDMLI105
Bag 15.1 KDMLI105
Bag 16.1 RD6

Bag 17.2 KDML105
Bag 19.2 KDMLI105
Bag 24.1 KDML105
Bag 24.2 KDML105
Bag 28.2 RD6

Bag 31.1 RD6

Leaf Wang Thong, Phitsanulok
Leaf Wang Thong, Phitsanulok
Leaf Wang Thong, Phitsanulok
Leaf Mueang, Ubon Ratchathani
Leaf Mueang, Ubon Ratchathani
Leaf Wang Thong, Phitsanulok
Leaf Wang Thong, Phitsanulol
Neck Mueang, Phitsanulok
Neck Mueang, Khon Kaen

Neck Mueang, Khon Kaen
Neck Mueang, Khon Kaen

Leaf Collar Mueang, Phitsanulok

Leaf Collar Mueang, Phitsanulok

Leaf Mueang, UbonRatchathani
Leaf Mueang, UbonRatchathani
Neck Mueang, Chiang Rai

Neck Mueang, Chiang Rai

Neck Mueang, Chiang Rai

Leaf Tha Bo, Nong Khai

Leaf Phon Phisai, Nong Khai
Leaf Si Chiang Mai, Nong Khai
Leaf Mueang, Udon Thani
Leaf Phen, Udon Thani

Leaf Chatturat, Chaiyaphum
Leaf Kut Chap, Udon Thani
Leaf Mueang, Chaiyaphum
Leaf Mueang, Chaiyaphum
Leaf Bueng Kan, Nong Khai
Leaf Ban Dung, Udon Thani
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Rice planting

Seeds of all collected rice varieties/
accessions were sown on moist tissue paper for
about 5-7 d and then the seedlings were transferred
to trays containing scil. Each variety/accession
was prepared in three replications. Urea and
NPK fertilizers were applied twice—that is, as
recommended and one day before inoculation.
The resistant (IR64) and susceptible (KDML105)
varieties were used as standard check varieties in
all experiments.

Inoculation and evaluation of disease
resistance

Each of the blast isolates was cultured
on rice flour agar medium (2.0% rice flour, 0.2%
yeast extract and 2.0% agar) and incubated at
25 °C under 12 hours per day of fluorescent light
conditions for 8—=10 d. Fungal colonies were
scraped out of the surface for further sporulation
and incubation under the same conditions of
culture for 1-2 d. After conidia formation, the
conidia were harvested using sterile distilled water.
The inocula were adjusted to a concentration of
5 x 10% conidia.mL"" using sterilized distilled water
with 0.5% gelatin.

The prepared conidial suspensions of the
fungus were sprayed or inoculated at the fourth leaf
stage on each rice seedling in the plastic tray. Then,
inoculated seedlings were incubated at 25-28 °C
and relative humidity of 98-100% in a chamber for
about 12—16 hr to create a conducive environment
for the penetration of the conidia and for disease
development. Seedlings were maintained in the
nursery for an additional 7 d. Seven days after
inoculation, data for leaf blast symptoms and
disease severity were recorded as described by
Sirithunya er al. (2001) and their disease severity
reaction score ranging from 0 (resistant) to 6
(susceptible) was recorded.

Data analysis
The data were classified into two groups
based on the reaction of the rice varieties—resistant

(R=0, 1,2 and 3) and susceptible (S =4, 5 and 6).
A modified resistance index (RI) formula was used
to assess the resistance index (Sirithunya et al.,
2001). The RI was expressed as R1 = S/T, where
S is the number of isolates showing a resistance
reaction and T is the total number of isolates used
for screening. Thus, the RI value can range from
0 (susceptible) to 1 (resistant).

RESULTS

Blast disease resistance of rice varieties/
accessions

The analysis was based on the Resistance
Index (RI) methodology (Sirithunya er al.,
2001) of disease data analysis to determine the
available genetic variation in disease resistance.
Accordingly, out of the 311 varieties/accessions
compared a total of 35, 142, and 134 cultivars
were found resistant, intermediate and susceptible
respectively. Among the 35 resistant varieties (25
from landraces, 9 from improved and 1 wild rice)
only 9 were highly resistant to blast disease with
no symptom of blast disease (0 score) when tested
against the 29 individual blast isolates.

The nine highly resistant rice varieties
plus IR64 (resistant check) and KDMLI103
(susceptible check) were tested again against
the 29 isolates. The results showed that from the
landraces, GS23107, GS19769, GS20874 and
GS23774 and from the improved varieties, Nat
I, Suphanburi 1, Suphanburi 60, Suphanburi 90,
JHN and [R64, were resistant to all isolates with
an RI value of one, while KDML105 (susceptible
control) was susceptible to all isolates with an RI
value of 0 (detailed descriptions are provided in
Table 3). Comparisons among the regions indicated
that landrace varieties which were collected from
the central region showed no resistance while the
highest percentage of those landraces from the
southern region showed resistance against all blast
isolates. The detailed descriptions of the landrace
rice varieties are indicated in Table 4.
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Table 3 Name, Resistance level, type of cultivar and origin of nine highly resistant cultivars and one

resistant and one susceptible control.

Code/Name Resistance level Type of cultivar Origin Score Rl value
GS 23107 Resistant Landrace Thailand 0 |
GS 19769 Resistant Landrace Thailand 0 1
GS 20874 Resistant Landrace Thailand 0 1
GS 23774 Resistant Landrace Thailand 0 1
Nat 1 Resistant Improved Thailand 0 1
Suphan Buri 1 Resistant Improved Thailand 0 i
Suphan Buri 60 Resistant Improved Thailand 0 !
Suphan Buri 90 Resistant Improved Thailand 0 [
JHN Resistant Improved Thailand 0 l
[IR64 Resistant Resistant control IRRI 0 1
KDML 105 Susceptible Susceptible control Thailand 6 0

IRRI = International Rice Research Institute, Los Baros, Laguna, the Philippines

RI = Resistance index.

Table 4 Local/landrace varieties collected from some regions of Thailand and their response (o rice

blast fungus.

Region Susceptible [ntermediate Resistance Total
Central 35 (50.72%) 34 (49.28%) 0 69
Northeast 43 (48.85%) 35(39.8%) 10 (11.35%) 88
Northern 27 (40.3%) 31(46.27%) 9(13.43%) 67
Southern 8 (20.52%) 25 (64.10%) 6 (15.38%) 39

The numbers in parentheses show the percentage of the level of disease incidence against blast isolates.

DISCUSSION

The results from this study indicated the
genetic diversity of the rice varieties collected
from the different regions of Thailand against
blast pathogens and their interaction. It was
clear that the blast disease caused by M. oryzae
is one of the destructive diseases of rice and
can cause severe damage and yield reduction
with favorable environmental conditions and
susceptible varieties. This experiment showed
differences in the resistance to blast among
cultivars collected from different regions in
Thailand. These differences are in agreement with
the report of Ou (1985) which recorded variability
in resistance from region to region or from country
to country. The differences could probably be

related to the availability of predisposing factors
that favor disease development (Babujee and
Gnanamanickam, 2000). Artificial inoculation
conducted in the greenhouse showed that 80%
of the local cultivars tested against blast showed
either susceptible or intermediate resistance to the
29 isolates of P. grisea. Four (GS23107, GS19769,
GS20874 and GS23774) out of the 263 local
cultivars were highly resistant to all 29 isolates
of P grisea. Similar research was carried out in
other rice growing countries; in screening trials
in Bangladesh, Mohanta er al. (2003) reported
that among 28 restored lines and 3 standard
checks, 3 were highly resistant, 12 were resistant
and 16 were moderately susceptible. Similarly
Dissanayake (1995), in Sri Lanka revealed that
out of 22 cultivated rice varieties used in his
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study, only 6 varieties were resistant to blast at
two sites, with this difference attributed to parental
sources.

A comparison of the regions in the
current study showed that all resistant varieties
were obtained from the Southern, Northern and
Northeastern provinces of Thailand. However,
the results from this inoculation study need to
be verified with field-based observations. The
susceptibility of most of the varieties clearly
suggests the need for the development and
promotion of blast-resistant varieties.

CONCLUSION AND RECOMENDATION

This study showed that there is variability
in resistance among the different rice genotypes
evaluated. All resistant genotypes were obtained
from Southern, Northern and Northeastern
Thailand. These, regions/areas could be used as
a potential source of genotypes resistant to blast
disease. The inclusion of blast disease resistance
as one of the criteria in rice breeding programs
and the use of these resistant genotypes will help
to develop rice genotypes that are agronomically
important and blast-disease resistant.
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ABSTRACT

Rice blast, caused by Pyricularia oryzae, is a major disease of rice almost worldwide.
KDML105 is a good quality cultivar, however, this cultivar is susceptible to rice blast
disease. Therefore, finding of new rice blast resistance gene is a major approach for rice
breeding program. A Thai indigenous rice variety,Yang mawng, is highly resistant to the
infection of P. oryzae. In this study, an F; population was developed from a cross between
KDMLI105 and Yang mawng. Two hundred and twenty eight Fy plants were inoculated with
conidia suspension of P. oryzae and the disease was scored 7 days later. The segregation of
resistance and susceptible phenotype showed a goodness of fit to the ratio 15:1. Two hundred
and thirty simple sequence repeat (SSR) markers were screened for polymeorphism. The result
showed that 111 markers showed polymorphism between the parents KDML105 and Yang
mawng. Bulk segregant analysis (BSA) was conducted using 111 SSR markers and four
markers included RM495, RM431, RM443 and RM543 were obtained. This suggested that,
the gene that control blast disease resistance in Yang mawng variety might locate on
chromosome 1 of rice genome. The four markers will be used in further analysis of an
individual F; population in order identify the SSR markers linked to blast resistance gene.

Keywords: Rice blast, Blast resistance gene, Pyricularia oryzae

Introduction
Rlast disease caused by a fungal pathogen, Pyricularia oryzae, is one of the important rice
diseases because of its devastating effects on yield under favorable conditions. Effective and
durable use of blast resistance lines has been limited and lost within a few years of initial
cultivation due to the emergence of more virulent forms of the rice blast fungus (Zhou er al.,
2007). However, development of blast resistant varieties of rice is yet the most effective and
economical method of controlling this disease. Thai indigenous rice variety provides
potentially valuable resources for the improvement of cultivated rice. In addition, Thai
indigenous rice variety is a donor of several other resistance genes. To develop an effective
resistance, it is essential to determine spectrum of resistance mediated by resistance (R)
genes. To date, more than 70 R genes and some quantitative trait loci (QTL) have been
identified and mapped con rice chromosomes (Liu ez al., 2010; Koide er al., 2009; Ballini et
al., 2008). The use of molecular markers in many aspects of rice studies has been increasing
considerably. Microsatellites or simple sequence repeats (SSRs) are widely used in rice
genetic studies. SSRs are highly polymorphic genetic markers and because of their
widespread distribution in the genome. The objective of this study was to analyze SSR
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markers associated with rice blast resistance genes in an F, population derived from Yang
mawng resistant variety and KDML103, a susceptible rice cultivar.

Materials and Methods
Plant material and phenotypic evaluation
The F, plant, which obtained from the cross between KDML105 and Yang mawng varieties
were self-fertilized. A total of 228 F, plants from a cross were harvested and used for
developing the mapping population. Seeds were pre-germinated by soaking in water at 30°C
for 2 days and were, sown in plastic trays (30x60x4 cm) filled with soil. The parental
cultivars KDML105 and Yang mawng were also included as controls. Seedlings were grown
in a greenhouse for 3 weeks before inoculation. Nineteen isolates of P. oryzae, were cultured
on Rice Flour Agar (RFA) for 10 days. Conidia were induced by adding sterilized water on to
mycelium and scraping with L-shape glass rod. Plates were incubated on room temperature
for another 2 days. The conidia were harvested and the conidial suspension was adjusted to
10° conidia/mL using hemacytometer and mixed together. Seedlings in each tray were
sprayed with a 100 m! conidia suspension and incubated at 25 °C under high humidity for 18
hours, and sprayed three or four times a day with distilled water to maintain high humidity
for 3 days. Disease incidence was observed 7 days after inoculation using the visual rating
scale 0 to 6 rating system as described by Roumen et al. (1997). The plants showing scores 0-
2 were considered resistant, 3-4 were considered moderate resistant and 5-6 as susceptible.
KDMLI105 and Yang mawng were used as a susceptible and resistant control, respectively. In
the inheritance study, the frequencies of the classes obtained were tested for significance by
Chi-square.
DNA extraction and PCR conditions
Total genomic DNA was extracted from frozen leaves of the seedlings using CTAB method
described by Doyle and Doyle (1990). Two hundred and thirty simple sequence repeat (SSR)
markers distributed evenly across the twelve chromosome of rice were screened for
polymorphisms between KDMLI05 and Yang mawng. Those markers that showed
polymorphism between parents were used for bulk segregant analysis (BSA). DNA pools of
susceptible (B1) and resistant (B2) bulks were generated by mixing equimolar amounts of
DNA from either 5 resistant or 5 susceptible Fy individuals, respectively. The BSA was
carried out to identify molecular markers putatively associated with the resistant and
susceptible phenotype using polymerase chain reaction (PCR). The PCR mix consisted of 10
ul of reaction mixture containing 20 ng of total DNA, 5 umol each of primers, 2.5 mM
dNTPs, 1.5 mM MgCl, 10X Taq polymerase buffer and 1 unit Taq polymerase. The PCR was
conducted with thermocycler (Biometra, Germany), with the following temperature profiles,
the initial denaturation was at 95 °C for 5 min, followed by 30 cycles of denaturing at 95 °C
for 30 seconds, annealing at 55 °C for 30 seconds, extension at 72°C for 30 seconds, and 5
min at 72°C for final extension. The PCR products were separated on 6% polyacrylamide gels
and visualized using the silver staining method described by Benbouza et al. (2006). The
target bands were scored and analyzed.

Results and Discussion

Phenotypic evaluation in F; populations

Nineteen isolates of P. oryzae were collected from northern, eastern, northeast and southern
region in Thailand. The conidia suspensions were pooled together and used to evaluate
susceptible and resistance frequencies in F» population. The resistant trait obtained will
indicate broad-spectrum resistance to phenotype P. oryzae., as reported previously by Chen ez
al. (2005) and Zhou er al. (2004). Among the 228 tested F; seedlings, 223 seedlings were
characterised as resistant, while only 5 seedlings were found to be susceptible to fungal
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pathogen isolates. The numbers of resistant and susceptible lines at the ratio of 3:1 (,f =
63.24: P = 0.00) were unreliable. While, the segregation of resistance and susceptible
phenotype showed a goodness of fit to the ratio 15:1 (#*=6.13; P = 0.011) (Table 1). Chi-
square data on the segregation analysis suggested that the resistant phenotype of the Yang
mawng variety on blast disease was controlled by more than one gene. Two hundred and
thirty SSR markers were screened for polymorphisms between parents KDML105 and Yang
mawng varieties, and 111 markers were obtained as they showed polymorphism between the
two parents. BSA was conducted using 111 SSR markers and four markers included RM495,
RM431, RM443 and RMS543 on chromosome 1 were found polymorphism between
susceptible and resistant parents (Figure 1) and corresponding bulks indicating their possible
association with blast resistance in the mapping population. Similarly, Lin er al. (2007)
reported that RM543 linked to the resistance gene Pi37 and Chen er al. (2005) reported that
RM543 linked to the resistance gene Pi37(¢). The F. mapping population will be genotyped
with these four markers to study their possible association with blast resistance.

Table I Segregation in the F» population obtained from a eross between KDML105 and
Yang mawng varieties at 7 days after inoculation with 19 isolates of P. oryzae.

Ts;zilﬂg'gsf Exgjic:’d Expected No. Obls\?:’ed 7 p
R S R S
F, (228) 3:1 214 14 223 5 63.24  0.00
F, (228) L2 aden, \ild, 1923 5 6.13  0.011

Figure 1 DNA patterns of markers analyzed by bulked segregant analysis (BSA). PL;
KDMLI105, P2; Yang mawng, Bl; resistance bulk and B2; susceptible bulk.
A = susceptible parent allele; B = resistant parent allele and H = heterozygous.

July 1-3, 2015 —— Page 311

93



i International Symposium on Agricultural Technology (ISAT2015)
Poster Full Papers

Conclusion

In summary, an F; population was developed from a cross between KDMLI105 and Yang
mawng. Two hundred and twenty eight F, plants were inoculated with the mix of conidia
suspension of P. oryzae and the disease was scored 7 days later. The segregation of resistance
and susceptible phenotype showed a goodness of fit to the ratio 15:1 (#=6.13, P =0011).
Chi-square data on the segregation analysis suggested that the resistant phenotype of the
Yang mawng variety on blast disease was controlled by more than one gene. Two hundred
and thirty simple sequence repeat (SSR) markers were screened for polymorphism. The result
showed that 111 markers showed polymorphism between the parents KDMLI05 and Yang
mawng. Bulk segregant analysis (BSA) was conducted using 111 SSR markers and four
markers included RM495, RM431, RM443 and RM543 which located on chromosome |
were obtained.
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ABSTRACT: The rice blast fungus. Magnaporthe oryzae, is highly varied and therefore
overcomes resistance in a few years. Rice cultivars with the ability to resist different blast
races are therefore required. In this study, a resistance gene of landrace rice cultivar
*GS19769 is identified using a mix of 19 blast isolates collected from several epidemic
areas in Thailand. The selected cultivar was fertilised with the blast susceptible variety,
Khao Dok Mali 105 (KDMLI105), to generate the mapping population. Segregation analysis
in the F, population shows that ‘GS19769" contains more than | resistance gene, as the
Chi-square test for segregation of resistance and susceptibility does not fit the ratio of 3:1.
The bulk segregant analysis by simple sequence repeat (SSR) markers shows that the
identified resistance gene is linked to the SSR markers RM224 and RM144 on chromosome
11. Analysis of 15 F, plants susceptible to the blast was conducted. The gene was mapped
to RM224 and RM 144 at the same distance of 20 ¢M.

Key words: genetic mapping, rice blast, landrace rice. Magnaporthe oryzae, SSR markers

INTRODUCTION

Rice blast is one of the most devastating diseases for rice-growing countries worldwide. The
causal fungal pathogen, Magnaporthe oryzae, has the ability to infect several parts of the plant at all
3 growth stages, i.e. seedling, tillering and panicle stages. The fungus can survive over seasons on
many gramineous hosts other than rice. Moreover, the diversity of the fungus occurs as it easily
adapts to different environmental conditions across seasons [1]. In Thailand, a high diversity has
been confirmed by the determination of 623 pathotypes collected during 2002-2005 on 18 near
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isogenic lines [2]. The disease dispersal in 1992 damaged over 650.000 tons or 60% of the total
yield of rice in Thailand [3].

Developing blast-resistant rice cultivars is an effective approach to controlling the blast
disease. The blast resistance in rice is controlled by a resistance (R) gene corresponding to an
avirulence gene in blast fungal isolates and its reaction follows the gene-for-gene hypothesis [4].
Many blast-resistant cultivars have been generated by molecular-assisted breeding programmes,
where an identified resistance gene was introduced to the cultivars. However, the new cultivars
developed often lost their resistance after a few years. Blast isolates could break resistant cultivars,
especially when a single resistance gene is present. The goal of the rice breeder is to develop a rice
cultivar with a broad-spectrum-resistance phenotype against the infection of several blast isolates
[5]. This type of resistant cultivar consists of a resistance (R) gene obtained from disease-resistant
varieties. A number of broad-spectrum R genes have been identified from resistance genes in non-
cultivated varieties. As summarised by Yang et al. [6], over 80 resistance genes have been identified
and are distributed on 11 rice chromosomes, with the exception of chromosome 3. Among these,
Pi2, Pi9. Piz-t, Pigm and Pi50(1) from the Pi2/9 locus on chromosome 6 confer broad-spectrum
resistance to blast isolates [5, 7-11].

Generally, R genes are identified in landraces, cultivars or wild rice collections [12]. Recent
work on the identification of blast-resistant varieties from landrace rice using 29 blast isolates
revealed that 4 out of 263 landrace rice varieties showed broad-spectrum resistance with no
symptoms of disease after inoculation with a mix of blast isolates collected from disease outbreak
areas in Thailand [13]. The objectives of this study are to locate the resistance gene and identify
simple sequence repeats (SSR) markers closely linked to a broad-spectrum blast resistance gene of a
landrace rice cultivar ‘GS19769°. The marker obtained, linked to the resistant phenotype, would be
useful for the marker-assisted selection of a blast-resistance trait in a rice breeding programme.

MATERIALS AND METHODS
Rice Variety

The landrace rice cultivar ‘GS19769° used in this study was derived from screening of the
landrace rice cultivars for a blast-resistant phenotype using 29 blast isolates collected from the
disease epidemic areas in Thailand. as described in Salih et al. [13]. The F, obtained from the
crossing between GS19769 and Khao Dok Mali 105 (KDML105, obtained from Rice Department,
Ministry of Agriculture and Cooperatives, Thailand), a well-known aromatic rice variety which is
susceptible to leaf and neck blast diseases, were grown for F seed production. The resistant Jao
Hom Nin (JHN) and susceptible KDMLI05 were used as standard check varieties in all
experiments.

Pathogen Isolates

The 19 blast isolates were collected from disease epidemic areas across the rice planting
region of Thailand (Table I). The fungi (a single spore each) isolated from leaf or neck with blast
symptoms were cultured on rice-flour agar medium (20 g/L rice flour, 20 g/L agar. 2 g/L yeast
extract and 40 mg/L streptomycin) at 25°C and stored as dried mycelium on filter paper at -20°C, as
described by Sirithunya et al. [14]. These were used for further experiments.



o7
280

Maejo Int. J. Sci. Technol. 2015, 9(02), 278-287

Table 1. Nineteen isolates of M. oryzae used in this phenotypic analysis and their collection
locations

Area Province Number of fungal isolates
North Chiang Rai, Phitsanulok 5
Chaiyaphum, Khon Kaen, Nong Khai,
—east
North-cas Ubon Ratchathani, Surin ¢
Middle Bangkok, Chachoengsao, Ratchaburi g
South Phatthalung l

Inoculation and Disease Assessment

F; seeds obtained from F, plants were sown individually in plastic trays (33 x 11 x 1 c¢m)
half-filled with soil and fertilised with ammonium sulphate (5 g). JHN and KDMLI05 were planted
at both sides of the end rows as resistant and susceptible check varieties respectively. Ammonium
sulphate (I g) was added to each tray 3 days prior to inoculation. Inoculation of the blast isolates
was performed following the method described by Sreewongchai et al. [15]. All 29 isolates were
grown on rice-flour agar medium and incubated at 25°C. Sporulation was induced by scraping 8- to
10-day-old mycelium from each plate and allowing aerowth for another 2 days. Spores were
harvested and the concentration of spores was adjusted to 10° spores/mL in 0.5% gelatine. Inocula
were sprayed onto I14-day-old seedlings using an air-brush pressure pump. The inoculated seedlings
were placed in a high-humidity chamber for 18 hr at 25°C and were then transferred to a
greenhouse. The degree of infection of each seedling was evaluated 7 days after inoculation by a
standard reference scale for rice blast, scoring 0 (resistant) to 6 (susceptible) [16].

DNA Preparation, Amplification and Bulk Segregant Analysis

Genomic DNA of'ten F plants from each resistant group, susceptible group and two parental
lines was extracted from leaves of seedlings by the cetyltrimethylammonium bromide method
described by Doyle and Doyle [17]. The DNA quality was compared with known concentrations of
DNA by electrophoresis on 0.8% agarose gel and staining with ethidium bromide.

The parents were used to screen the 270 SSR markers with known position and wide
distribution on 12 rice chromosomes for polymorphism and possible association with blast
resistance. These markers are reported online [18]. The polymerase chain reaction (PCR) mixture
(10 pL) contained 5.9 pL of sterile distilled water, I uL of 10xPCR buffer, | uL of MgCls (25
mM), 0.5 pL of dNTPs solution mix (2.5 mM), 0.1 uL of Tag DNA polymerase (5 units/uL)
(Fermentas, USA), 0.5 uL of SSR primer pair (0.25 pM each) and 1 uL of rice genomic DNA (10
ng). The PCR was conducted in a thermal cycler as follows: initial denaturation step at 95°C for 10
min., followed by 40 cycles of 95°C for 20 sec., 57°C for 15 sec., 72°C for 30 sec.. and a final
extension at 72°C for 5 min. PCR products were observed by 6% polyacrylamide gel electro-
phoresis and made visible by silver staining [19].

The bulk segregant analysis (BSA) was arranged into 2 bulk sets according to the two F)
plants obtained. The analysis resulted in a number of SSR markers that sufficiently distinguished
the genotype of the two bulks. Two resistant bulk sets (B1) were comprised of 8 resistant F, plants
from F; plant no. I (B1-1) and 7 resistant F; plants from F, plant no. 2 (B1-2), while 2 susceptible
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bulk sets (B2) were comprised of § susceptible F; plants from F, plant no. | (B2-1) and 7
susceptible F plants from F, plant no. 2 (B2-2). The DNA from each plant was extracted and the
DNA pool was prepared for each bulk by mixing DNA of the respective F; DNA samples in equal
quantity. The bulks were used to analyse the SSR markers obtained from parental screening (Table
4). The PCR profile was conducted and the PCR products were analysed as mentioned above.

The SSR markers found to be polymorphic among the bulks were used for the co-segregation
study of F> progenies. Leaves of each F; plant and its parents were excised to give pieces 0.5 mm in
diameter and 5 pieces were added into the PCR plate containing 10 pL of KAPA plant PCR mix
(KAPA Biosystems, USA) for genetic analysis. The PCR products were analysed by electrophoresis
as described previously.

Data Analysis

The clearly detected amplicons of SSR were scored manually as A for the susceptible parent
allele. B for the resistant parent allele and H for alleles from both patents. The data sheet was
generated and scored. A Chi-square (X°) test for goodness of fit of the Fa population for the
phenotype and marker data was performed by CropStat 7.2 computer software [20]. The SSR
markers surrounding the resistance gene on the specific region of the chromosome were identified.
The phenotype and SSR data were combined for linkage analysis by using MAPMAKER/EXP3.0
program [21]. In addition, the frequency of recombination was calculated using the genotype of
markers and the resistant phenotype of F, plants that showed susceptible phenotype to fungal
infection.

RESULTS AND DISCUSSION

Phenotype Distributions and Correlation

A population of 250 Fz seedlings plus two check varieties were inoculated with a mix of 19
blast isolates. The blast fungi were isolated from naturally infected rice leaf and leaf sheath from
different regions of a paddy field in Thailand. They were found to be highly genetically diverse
when analysed using M. grisea microsatellite markers, as described in Tansian et al. [22]. The score
of each seedling was evaluated afier inoculation and used for further analysis. Among the 250
seedlings tested, 235 were characterised as resistant while only 15 were found to be susceptible to
fungal isolates (Table 2). Chi-square tests of the data obtained from the segregation of resistance are
shown in Tables 2 and 3. Analysis of a two-independent-gene model or two loci interactions shows
that the expected number of resistant and susceptible plants in the segregation ratio for the model of
more than one dominant gene is in accordance with the 9:3:3:1 segregation ratio at the 0.90 < p <
0.95 level of significance. The one-dominant-gene model (3:1) is also considered. However, the
Chi-square data obtained is 48.13, with a p value of less than 0.0005 (p < 0.0005) (Table 2). The
Chi-square data on the segregation analysis suggest that the resistant phenotype of the GS19769
cultivar against blast disease is controlled by more than one gene.

Table 2. Segregation of F, population obtained from the cross between KDMLI 05 and GS19769
rice cultivars and inoculated with 19 isolates of M. oryzae

Total no. of seedlings  Resistant (R) Susceptible (S)  Expected ratio X2 p value

250 233 15 il 48.133 0.000

Note: X (0.05, 1) =3.84, df =1.0
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Table 3. Chi-square tests of two independent genes (9:3:3:1) and epistatic effect (15:1) for blast
resistance in F> population derived from the cross between KDML105 and GS19769 rice cultivars
inoculated with 19 isolates of M. oryzae

Observed ratio

Total no. of
Gene model F-seedlings R MR MS §  Expected ratio %2 p value
Independent genes * 250 134 59 42 |5 S5 s | 3.980 0.264
Epistatic effect 250 235 - - 15 [5:1 0.027 0.870

® %0.5,3=2.38, df=3; ¥ 0.25, 3 = 4 Ligdf=3
52 0.75, [ =0.10, df=1; ¥* 0.90, 1 = 0.02, df=|
R = resistant; MR = moderately resistant; MS = moderately susceptible; S = susceptible

Molecular Marker Analysis

Two hundred and seventy SSR markers were screened for polymorphism between the parents
KDMLI105 and GS19769. The 66 markers which showed polymorphism between the parents and
were widely distributed along 12 rice chromosomes were then used in the BSA. Markers with
polymorphic bands that showed distinct alleles between resistant and susceptible plants, either
AB:B:A or A:B:H:A for KDMLI105: GS19769: Bl: B2, were selected (Table 4). In this
experiment, SSR markers that scored H (heterozygous) for the resistant phenotype were also
considered as this indicated that the resistant phenotype in this BSA might be controlled by a
dominant allele. Out of the 66 SSR markers, 4 markers that fit the genotype patterns were selected
and used in the analysis of the individual F» population. These markers were: RM125 (Chr.7),
RM201 (Chr.9), RMI44 (Chr.11) and RM247 (Chr.12). Their genotype patterns (KDML105:
GS§19769: Bl-1: B2-1:'B1-2: B2-2, where Bl-l and B2-1 were progenies from F, plant number 1,
and Bl-2 and B2-2 were from F, plant number 2) were ABAABA, ABAAHA, ABHAHA and
ABAAHA respectively (Figure 1). The segregation analysis of F; plants revealed that the resistant
allele(s) associated with markers RM125 and RM 144 had the Chi-square results of 1.20 (1:2:1 at p
= 0.549, where df = 2) and 6.02 (p =0.049, where df = 2) respectively (Table 5). These Chi-square
data confirmed that the analysis of the Fa population according to marker RM125 and RM 144 fitted
Mendel’s segregation theory of 1:2:1. Moreover, the data indicated that the population segregation
was normal. The results suggest that the resistant allele(s) might link either to RMI125 on
chromosome 7 or to RM144 on chromosome [ 1. Interestingly, marker RM 144 is the only one that
provides a distinguishable genotype between resistance and susceptibility in the BSA. However, the
segregation analysis of RM125 in individual F; plants results in over 50 per cent recombination
(Table 6), suggesting that the position of RM125 is not linked to the resistant allele.

In order to define the location of the blast resistant allele, additional markers from
chromosomes 7, 9, 11 and 12 were selected to define which chromosome harbours the resistant
allele (Table 4). Among these, RM224 and RM287, located 3.1 and 54.6 c¢M respectively above
RM144 on chromosome 11, were found in the same F, population. RM224 has a Chi-square 0f3.91
with p = 0.14, while the value for RM287 is 1.60 with p = 0.44, which fits the 1:2:1 segregation and
represent the normal segregation of this population. Thus, the results confirm the location of the
resistant allele on chromosome 11 and link its location to those 3 markers.
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Table 4, List of SSR markers used in BSA

Chromosome  Product

Marker  Forward primer (5-3") Reverse primer (5'-3") . sizebp)
RM125 ATCAGCAGCCATGGCAGCGACC AGGGGATCATGTGCCGAAGGCC 7 127
RM11 TCTCCTCTTCCCCCGATC ATAGCGGGCGAGGCTTAG 7 140
RMI132  ATCACCTGAGAAACATCCGG CTCCTCCCACGTCAAGGTC 7 93
RM5122  CTCGCAATTTATACGTAATC CTCACGAAATAAAATGAGTG 9 161
RM201 CTCGTTTATTACCTACAGTACC  CTACCTCCTTTCTAGACCGATA 9 158
RM205 CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG 9 122
RM287 TTCCCTGTTAAGAGAGAAATC GTGTATTTGGTGAAAGCAAC I 118
RM224 ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG I 157
RM 144 TGCCCTGGCGCAAATTTGATCC  GCTAGAGGAGATCAGATGGTAGTGCATG L 237
RM247 TAGTGCCGATCGATGTAACG CATATGGTTTTGACAAAGCG 12 151
"RM1261 GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC 12 168
RM235 AGAAGCTAGGGCTAACGAAC TCACCTGGTCAGCCTCTTTC 12 124

RM201

A B H A H A ! 1 23 4 5 ¢ A B A A H a

Figure 1. Results BSA by using susceptible parent KDMLI105 (1) and resistant parent GS19769 (2)
and their respective bulks: resistant bulks BI-1 (3) and B1-2 (5); susceptible bulks B2-1 (4) and
B2-2 (6), with SSR markers RM 125, RM201, RM 144 and RM 247



101
284

Maejo Int. J. Sci. Technol. 2015, 9(02), 278-287

Table 5. Markers analysed in Fa population derived from the cross between KDML105
and GS19769 cultivars

Marker segregation analysis (no. of lines observed) ¥2
Marker . p value
A AB=SG B (1i2:1)
RM144 46 133 71 0.024 0.049
RM224 49 135 66 3912 0.141
RM287 54 129 07 1.608 0.448
RM125 55 130 65 1.200 0.549

Note: df=2, x° 0.025=7.38, »° 0.05=5.99, * 0.1=4.61, y° 0.25=2.77, * 0.5=1.39
A = resistant; B = susceptible; AB or SG = segregant, according to mode! with single dominant
gene

Table 6. Resistant genotype and phenotype of markers showing frequency of recombination
occurring in F; plants that appear to be phenotypes susceptible to M. oryzae infection

Genotype %
Chr. Marker  Parents F2 population o
Recombination
FIf P2 __lsy 2018, ~dL 350 | Vi B¢ o NI A~ 1 [2{=l3 1%
7 RM125 4 B ) AN AEE\AISH S H Ay A Nde ol H A\ H 60
7 RMI1 n OB (H BT B NH JBoH WHEFA ) B 08 92 L H 7333
7 RMII32 § §A o9 B JHe PE e NIV B FEONH \HCCE) o eadin Ha%gd 1B 30
9 RM5122 § §A_35 B [ FpeiwwewrH R | [ HAYRYNB. WA /<P pvreeg H A [H 73.33
9 RM201 ApP BY s=gmmin—=t] * B Tlalofaalml> N\ H ESEwrere H A H 66.66
9 RM205 A o B AN Y BENCHARNYBION a™~7E H A A 60
11 RM287 A B AR ||B B W AR RS s BT A H H A 60
Il RM224 B SB TAWE yAYRA 2CUAT H H[ApmM 7aNlA A A A 20
11 RM 144 AL "By ATBOMAT A A A HHFAS A AdhA A Al TA 20
12 RM247 Am. B-A HA HH HHGB H,B H A B FHy A 73.33
12 RMI26] A B A A A A A A H-B H H A H B H H 58133
12 RM235 A W AaB A \BrYBeaBR JEBua KRR Ad B B B A 66.66
Phenotype

5 00 W ) 5 5 505 5 A aABNMSLlSS 56

Note: A = susceptible parent allele, B = resistant parent allele, H = alleles from both parents

Mapping of Resistant Allele

The localisation of the gene of interest is useful for further operations such as map-based
cloning, identification of a resistance gene and breeding of a disease-resistant variety. The
determination of the frequency of recombination on rice chromosomes would provide an estimated
position of the resistant allele. Chromosome 11 was speculated for gene location and was analysed
by SSR and additional markers. Fifteen F; plants that showed a susceptible phenotype (score 5 and
6) to blast fungi were analysed. As they were phenotypically confirmed, using 15 susceptible plants
was sufficient and enabled the percentage of recombination on the chromosome of those plants to
be analysed. As shown in Table 6, markers RM224 and RM144 have a similar recombination of
20%. This can be explained by a map of SSR markers [18] as shown on Figure 2, which shows a
close proximity of both markers, with a distance of 3.1 ¢ctM. RM287 shows 60% recombination, thus
indicating that the marker is not linked to the resistant allele. In addition, SSR markers on other
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chromosomes such as 7, 9 and 12 were also analysed to clarify the gene location. The results show
that the recombination percentage of each detected marker is higher than 50% (Table 5).
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Figure 2. SSR map of resistance gene on rice chromosome 11. The linkage map was obtained from
analysis using a KDML105 x GS19769 F, population. Location and distance in ¢M of known SSR
markers are shown according to the comparative map available online [18]. The resistance gene is
located close to RM224 and RM 144.

A number of resistance genes have been identified by SSR markers on chromosome 11,
including Pi34°. Pi38, PiCO39, Pik-h, Pik-s and Pi-1 [5, 23-24]. Among these, the Pik-h, Pik-s and
Pi-1 genes were reported to link with RM224 at the distance of 0.0 cM. A previous study mapped
Pi-1 gene at a distance of 6.8 ¢cM away from RM144 [23]. However, the resistance gene identified
in this study is mapped downstream of RM224 and RM [44 with a distance of 20 cM. Therefore, it
is possible that it is a new blast-resistance gene candidate.

CONCLUSIONS

Analysis of leaf blast resistance genes reveals-a dominant inheritance pattern controlling the
resistant phenotype in the landrace rice cultivar GS19769. The identified resistance gene is found to
be a broad-spectrum blast resistance gene as it is resistant to a mixture of |9 blast isolates. From the
segregation analysis, the GS19769 cultivar contains more than | resistance gene loci. From bulk
segregant analysis, the gene is found to be on chromosome Il and is tightly linked to the SSR
markers RM 144, being mapped downstream of the markers at a distance of 20 ¢cM. Locating of the
resistance gene and the linked SSR markers should help to narrow down the position of the
resistance gene in this landrace cultivar.
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GENETIC MAPPING OF ORYZA SATIVA RESISTANCE GENE CORRESPONDING TO LEAF BLAST
DISEASE IN LANDRACE RICE CULTIVARS ‘GS19769’

P. Tansian'? T. Sreewongchai®, N. Parinthawong’

"Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Chalongkrung
Rd. Ladkrabang, Bangkok 10520, Thailand

2Center of Excellence on Agricultural Biotechnology: (AG-BIO/PERDO-CHE), Bangkok 10900, Thailand
*Department of Agronomy, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand

Rice blast caused by Magnaporthe oryzae is one of the destructive diseasss worldwide including
Thailand. Numbers of resistance cultivars were developed by breeding program as it is the most effective
and economical way of disease controlling. However, the blast fungi are high in variability and therefore
overcome resistance in few years. Therefore, rice cultivars with ability to resist against different blast
races are required. In this study, a resistance gene was identified in a landrace rice cultivar 'G$19769'
using a mix of 19 blast isolates collected from several disease epidemic areas of Thailand. An F»
population was generated by crossing ‘GS19769" with KDML105, a well known aromatic but blast disease
susceptible cultivar. Segregation analysis in F2 population has shown that ‘GS19769 contained more
than 1 resistance genes where Chi-square test for segregation of resistance and susceptibility fitted the
ratio of 1:2:1. Bulk segregant analysis (BSA) using simple sequence repeat (SSR) markers was carried
out and resulted that the identified resistance gene was linked to SSR markers RM144 on chromosome
11. Analysis on 15 F2 plants appearing susceptible phenotype to blast inoculation was conducted. The
gene was mapped to chromosome 11 with a distance of 20 ¢M from RM144. The location of the
resistance gene and the linked SSR markers will help to narrow down the position of the resistance gene
in this landrace cultivar.
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Marker Assisted Selection of Gene Resistance to Leaf Blast
Disease in Thai Landrace Rice

Nonglak Parinthawong"”, Siriporn Pramrit'? and Tanee Sreewongchai’
! Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang, Chalongkrung Rd. Ladkrabang, Bangkok 10520, Thailand
? Center of Excellence on Agricultural Biotechnology:
(AG-BIO/PERDO-CHE), Bangkok 10900, Thailand
. Department of Agronomy, Faculty of Agriculture,
Kasetsart University, Bangkok 10900, Thailand

Email: kpnongla@kmitl.ac.th; tel.: +66 2 3298513; fax: +66 2 3298513

Abstract

Rice blast disease caused by Magnaporthe oryzae, is one of the most
devastating diseases of rice growing countries worldwide. Development of resistant
cultivar 1s an effective approach for disease control, however, the new cultivars
developed often lose their resistance after a few years because of high variability of
the causal fungus. Therefore, generating a rice cultivar which is able to resist the
infection of several blast isolates is another goal of rice breeder. In this study,
the landrace cultivar ‘GS20874” was selected as no symptom appeared at 7 days after
inoculation with a mix of 29 blast isolates collected from several disease epidemic
areas of Thailand. The selected cultivar was used to generate the mapping population.
Segregation analysis in the F, population has shown that “‘GS20874° contained more
than one resistant gene with the Chi-square test for segregation of resistance and
susceptible fitted the ratio of 9:3:3:1. Analysis using simple sequence repeat (SSR)
markers was conducted. Two hundred and thirty SSR markers were screened for
polymorphism between the parents KDML105 and ‘GS20874. The 111 SSR markers
which were widely distributed along 12 rice chromosomes were obtained and were L
then used in bulk segregant analysis (BSA). Outof the 111 SSR markers, 3 markers
including RM495, RM543 and RM251 from chromosomes 1, 1 and 3, respectively,
were selected and are being used in the analysis of an individual F, population. il
Identification of the location of the resistant gene and the linked SSR markers will ful:
help to narrow down the resistant gene in this landrace cultivar.

'NOLLYINISIHS HILSOd

Keywords: Rice blast resistance, Magnaporthe oryzae,
Simple sequence repeat markers
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Identification of Blast Resistance Gene in Yang Mawng
Variety of Thai Indigenous Rice

Siriporn PRAMRIT"**and Nonglak PARINTHAWONG®

'Department of Agricultural Biotechnology, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand
*Center of Excellence on Agricultural Biotechnology: (AG-BIO/PERDQO-CHE),
Bangkok 10900, Thailand
*Department of Plant Production Technology, Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok 10520, Thailand
*Corresponding email: siripornpramrit@gmail.com

ABSTRACT

Rice blast, caused by Pyricularia oryzae, is a major disease of rice almost
worldwide. KDML105 is a good quality cultivar, however, this cultivar is
susceptible to rice blast disease. Therefore, finding of new rice blast
resistance gene is a major approach for rice breeding program. A Thai
indigenous rice variety,Yang mawng, is highly resistant to the infection of
P. oryzae. In this study, an F» population was developed from a cross
between KDML105 and Yang mawng. Two hundred and twenty eight I,
plants were inoculated with conidia suspension of P. oryzae (10°
conidia/mL) and the disease was scored 7 days later. The segregation of
resistance and susceptible phenotype showed a goodness of fit to the ratio
15:1. Two hundred and thirty simple sequence repeat (SSR) markers were
screened for polymorphism. The result showed that 111 markers showed
polymorphism between the parents KDMLI105 and Yang mawng. Bulk
segregant analysis (BSA) was conducted using 111 SSR markers and four
markers included RM495, RM431, RM443 and RM543 were obtained. This
suggested that, the gene that control blast disease resistance in Yang mawng
variety might locate on chromosome 1 of rice genome. The four markers will
be used in further analysis of an individual F, population in order identify the
SSR markers linked to blast resistance gene.

Keywords: Rice blast, Blast resistance gene, Pyricularia oryzae
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Screening and molecular mapping of rice blast resistance

gene corresponding to rice blast fungus (Pyricularia grisea) from landrace rice of

Thailand
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