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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
F2- 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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parasexual cycle 1ae Soubabere et al. (2001) l@sreaumsiUSouiiisuamnuvainuaenia
fugnssuveadoanunalsalvinnituiisnag hlan wuiWemwmlsaludionmiviedeliaw
wannvaneniign  wasdeninvivglsufimmmanuatesiiiian  dwsunisineeumann
wanematugnasuveadeluyssmalnglas  Mekwatanakarn et al. (1999) #owadn
Amplified Fragment Length Polymorphis (AFLP) LLaz'l,‘b'Lﬂ'%"ammeﬂmaqa MGR536 WU
L?’?asﬂmmqkﬂlwﬁluﬂizmﬂlmﬁmmwaﬁnwmaqummﬁ'aLﬁaUﬁUUimeﬁu uazdawuinde
saglsaansaveeiuguuulinelne - Jeenaluaimnddyivilisanalneiia



wmnwmaLLa~ﬁmwmmsﬂsau°uau%ammmISﬂaq uanmnﬁvmsmaauﬂﬁﬁ%awaw‘v’ué*ﬁwma
Tﬁﬂlmﬂuﬂi.,mﬂlwawmLuums‘[maﬂumwmma zaniinaassimifinszaeegyngiinmenes
Useina *i'flwmmwmawuwaaL‘UaISﬂlwummuLLﬂnmNnu'LuLmakuann‘m (Tvse, 2534)
mnmswwammm‘['mlwmmmwmnwmumawuﬁnisuLLavumsme'menuamw
wadeuldiiy msusuussiuidniunmulsaluiBdinmsdidunsetsioides Tnedtmune
ielrliugATfudumuuuusedy (durable resistance) shufomsianlytmiiBugumm
wuudmwE (major gene) wangsuvud saufuBusiununuulinaties vie minor gene
(Bonman and Mackill, 1988) agylinilanudumusslsalusiidedueiny wionis
i lilumuauaudunulsalwifinanseunquuiaveadestninirenng  (broad-
spectrum  resistance) ﬁﬂzﬁﬂﬁﬁ@‘[’iﬂlﬁmmsnﬁmmﬁaLaqtﬁﬂﬁwmaﬁ’uﬁﬁﬂLwéwﬁv'ulﬁ gu
ﬁwumu‘[sﬂlwﬂﬁﬁmsﬁnmLLﬁaeh‘u‘lmﬁaduuu%nm‘[m‘[u‘[%uﬁ 6 uar 12 (Nagato and
Yoshimura, 1998) dwiuBunruguamiumulsalnildedisnivadiumiseguu
TasTlondl 7 uay 9 luvme waumU@mmmmumukﬂlwmasaaagﬁiﬂﬂu‘[ww 456 uay
11 uazdawuimahauvesduusiazsumdsiinnuduiudiu (Siithunya et al., 2002)
UsenAlnofiuginugnussina 24,000 fhedw sausamlasguiufitRnisuasiiv
wiadeufiouied nadrmanues uar aTssn (2563) Isnsausauiugini
Howeslnofisusnililusumsiugtnirfiinnnia 5,900 aewug uonmilelunndraiug
uiiesmsvewnan iugin aiuguiudse Jefuldissimalnefiningnsiugdn
wnwdmilvedan  fugnRudeaduiuidnilldsunmsdndenlnomumsns desanidy
Wugiuflesliguantififiuitosmsvesauluusiariodiu  awsanusoanmundeud
- WasuuUas nusielsn uaziuag Faudufnonmuesuvadsitugnssudrvesinefifimsusumlas
wazoruduundsiugnssudminefaunsatuldlumsususeiudgdumilsaluls

av o &
2.2 UIBNNYITON
2.2.1 1uazanudfny
v [ o A o € o LY o v . .
°zmLUuﬁzywwaq'lu'Nﬂmmnuw%mwanmgﬂ (Family Gramineae or Poaceae) gn
dnegluana (Genus) Oryza fswulastulsuwdy 2 Y0 (diploid, 2n=24) F1vaniduomis
(cultivated species) gnuuseenidy 2 wila fle $1e@y (O. sativa L) wazdnuensnn (O.
. | Pu] a v ‘ . . & o & a
glaberrima Steud.) @wimaedn 21 simdudivn (wild species) FainTuloanusssumaly
+ R v ' . . .
Usewmesee 19anvIivfiivgndn wu O. perennis, O. officinalis, O. spontanea wag O.
nivara \Wusu d1aedy (0. sativa L) uwisléidu 3 win fe $175ufian (ndica rice) Hudn
=3 < a a . o v 1 a . . [ v < 5
wane3Rsyvlalaaluuinaendou 419luila Uaponica rice) Wuinwdndudoy
= a ' 1Y o . . & v v 23 '
WigAuladluineugu wazd1anlan Javanica rice) Jutmaugs winlvng ey Ygnunnlu
Usmmﬂ%u‘[mﬁ@a (yeynad, 2549)
mﬂlmamaaJ'Lurumﬂuanawmmwuuﬂwawn Usznoufivanminndeuuaznl

o o °

EJ'1ﬂ'1ﬂlJﬂ']']lILLGlﬂﬂ'Nﬂu'LULLG]aSWUVI ‘VI']‘L"VILﬂﬂﬂ')']llwaﬂﬂWﬁ?EJ‘UENWUﬁ'U'TJYN'LUﬂaQJ?J B\?WU'O"U'TJﬁ



fowdgneglutiogiu Wugdnfudios wasiugin (aumse, 2550) Tuusznalnenuiugdn
Ugnusvinasedafes 3,500 Jedddnumzsinaiy lagaouidednldsiunuiuginugnuas
Prathwedvelildinnndt 17,000 Meens (@enstudt way Viysal, 2544)

1Js.,°zﬁn’smwma‘[anuﬂnﬂwmﬂummswan‘[ﬂmaww rUszrnslunivieds  uvas
Ugndaidrdineegluniviede @ensus, 2540) erweansalunisuandvestng 1udl we
2555-2556 Fruntiliifefimsugn 6435 &nils wandn 26.60 Fmdudiden nendnsels
413 flansy uavirunuFedilemeugn 16.07 dwls wandin 10.74 Swsudmiden wandn
siels 669 Alandu nsuilaalutsumedszina 14.10 Sududden Ussmmsuiedsesn
Tnldinndududiu 1 veslan sesaanldun Goau dwdulnedwoondnlddususu 3 ves
lan Einddaiaswgianisinuns, 2556) Tull wa. 2556 Insdseandmsiuiaun 6.61 drusy
P985 yar 133,839 Fuum viuudfidesnuenduinmvounsd 29 Weddus wie
1.91 mumumams fiyarnmsdeeen 59,479 dwuwvieAmiy 44 wWediudvomarnisds
pandraiavun (FdnauiAsygRamsinems, 2556)

2.2.2 41vanenusd 105

Wugymmenuyd 105 dnannsdadonuuudniuguians (oure line
election) UgnSsuitsuiugitaniiimaasstmlandlse wazdgnilSoufiouiusluviesdu
mamile aAnas waznangiusenidvanie suldmeiudrnenusd 4-2-105 Juay 4
mnefs aauiiiusidn Aesunourends ae 2 winuilaiugnaaeudl 2 Ae v1Irenusd uay
@Y 105 MNoi UnIndesIaf 105 91nSIUU 199 594 Wuguvnnenued 105 WHuthudnlsie
Y NUAIDE DY (weaky photoperiod sensitive) Ugnlvinailugaull mnugsdsremaiade
140 1wuAums noms Udesdmiessou nulukarludiden fouly Uanglumn au'lua’m'iﬂ
s1uvawdl 2 von yluwaztereludifuigeu Uaeseananivn ndusesnanden vemnass
dipdvn siudrudadiunans (@) sasudutiunans aesee1n seudd luseeuttunans
Wienuazsenuidndving Svuduuudeniudn ndusesnenduiving tauting1auden 1,000
wia Usznm 27.9 n¥u wdad1uBensnd 10.4 faduns N3 2.6 Sadwns wEadandes
UGN szepindiveuudn 8 FUawi nandniade 515 Alansusiels $rivenvesinedy
ﬁﬁwﬁv'wnlmuavmwhq‘thsmm Lﬂu%’nﬁﬁﬂmmwmﬁmﬁ ﬁnmﬂa WNIY AN MNTRER vios
laidoy fUSuney amylose #in Useana 15-16 Weasigus Lmamanuanwmvmum Iy LLav'w
mﬂmuﬂawamﬂmanaﬂwm LUuwuﬁ‘mwwhunmamaamwum Audn wazAufy
UQn"l,cvﬁ“[uwuwmaul,l,asamwm'ﬂs wildednin Ao wandmAoudesn ddudeududie
Aunudelsauazuuasingiroyneia Tneawelsalwl wuiwhenudemesonananvesing
mnenued 105 Wustaun @ninddeuasiauid, 2553)

%’nwamaqlwULﬂuﬁﬁmmiﬁqmduUs"mmLauuanUi"w]ﬂ pa1ad1Ivieuland
:Jamlummfl 2 uauduum asmdaduthavennss n1sUuUIRugtIviennsdvesing i
AMNWTIRTY  umuselsAuazLIas vdwaliUsuinalnedwondrvenldnniy  uay



uJumstwmmmmmmm’lumsmwumawnwaulwU’lummm‘lan sunumsHiatTIeargn
a1 Judunaideinuasnsuarnisudedulunanalan @indsouas Wauga, 2553)

WU we. 2561 aaruiTedunned (International Rice Research Institute,
IRRI) saufieriuguéideinguanesd dullunsufulsaiuumnenuzd 105 Widumuse
Tsmlugd Immnwmmmwmaﬂuavmsmmuwmwummnuwuamu"b uaziin1susumleanluann
uniru lumamiloneuvunasmans Yusoniduaniie duflunswaniugdnag IRRI Usvine
WaUTud g IR70179-45-1-1-1 WJuiudvieifidnuairanudumulsal wassimsususld
Auvntiey lagriunsAnidionanmsdgnnaaevlugudideinguasesil fe wazugun
monued 105 1uiugu Ygnusennsgnuandail 1 (Fp- hybrid) wasdadt 2 (F,) Taodmiden
Auisunlselndiuaziimumen weunduludaiuguanenuyd 105 Iegnwanndudai 1
(BC,F2) yinmsvaseupuiuvuuazaamey daidenuashluugnluundn waunduinade
wldgnuaundudait 2 (BCFy) wavqusinq 1 Tul we. 2545 dmdeniugfianuisafunlsa
Iwilldd  waziumaaeuaun Ay ‘meammmwm@mammmuaummanuva 105
U 19 aneiug mmwmaaums’twwawamLummu'luqmuama naHu el w.A. 2546-2547
vameluaeiuasluuasninening wldugdn IR77924-62-71-1-2 Vllﬂi]’]ﬂﬂ’]SUiUUS\‘l
Wugilufiveusuveanunsns Senvasey Ao Wudlilhnodiuas 81yANNETIRDNABN
Ussinq 100-110 Hu flmwsumulsalusiinulunpnsYuseniBoaniewasnamiloves
Usumﬂl‘wa AmnMWIAR ey mileuiuduninenued 105 (yashl wavane, 2548) 1l
Fuil 6 fhurew 2550 ANENIIUNTANSTUE nsunsd SuRlWdiug IR77924-62-71-1-2
L‘UUWUﬁS‘USEN o nu33 (iowgua 80) Lwauusuﬂmnwmnsﬂan (@dnanddonasimundn,
2557)

2.2.3 lsalndvasdn

ISﬂ"LwﬁmaaimLﬁﬂmmﬁaswmmm P. grisea Sacc. ﬁ%aSan’lusuauﬁuﬁuﬁ'uuﬂﬂiﬁwﬂ
91 M. grisea (Hebert) Barr. oglu Class Ascomycete Funvoadesiivun 37.8 Mg
Junulaslulon 2 9 (diploid, 2n=14) LUuwasmummmmyu,avL‘UuﬂmmmamsUanm:}'Lu
vangRuiivilan (Dean et al. -2005) Taglul wie. 2535 Usemalnenunssyunavedlsalusily
szuzfmsennainumeamie Wliruivgndnlisumudonedusiinani 12 §0l8 §
swmugaﬁ'wmmLﬁamuﬂszmm 436 d1UUM (Disthaporn. 1994)

2.2.3.1 2957 3nv0aos

2.23.1.1 svuvdunuduuuedene (sexual reproductive)
Wos1lu Class Ascomycete aunsnduiuglasardonalilaed

Uuwmummsmauwuﬁ flo MAT1 Imamwma 2 WUy (mating type) laun MAT1-1 uay
MAT1-2 wjaswmmsawauwuﬁnulmmawaswmwmmqnu dulevoadosanetuGudey
Ay finsTushuesiiedoa (mating) L‘uaswzaswmawawauuwuanwmwswmwﬁ Buni
perithecia Meluaie ascus wazmeluusias ascus a3 d U UMSe ascospore S1uIU



8 ascospore uunafadesannsonauiugiulduslisysoionawuiniinisain perithecia
fimntluaths ascus uwilianinsaadns ascospore 1 vilideslaianansoduiuguuuendome
Ifeteauysal (yudnd, 2548) e ascospore gnudeyeenvn ascus wsonifudulouay
wWiuPungudily wazanmnsoa¥n conidia 18wely (Dean et al,, 2005) (it 2.1) Tu
Ysznalnewudesannsonauiugiuiauanysaluar liauysol Weamalsaliiaang
WA As MAT1-1 uay MAT1-2 usdulvawuiduine MAT1-2 (Mekwatanakarn et al. 1999
ralngyudng (2548)

1 \y
Gemunation I“"“' e growth
ASC mpure M

f Hyphae  §y d Leswn Penetratr-m
Sexual \Q}»\xﬂu.\l \
Conudia Appressonum
Ascus i\
Hooking
Germ m“ o Artachment 2
Pentheclum Matng Cermumation

AW 2.1 295%in (Life cycle) Uagnasmuiinlsa (Pathogenesis cycle) wauﬁamms‘]
Isalwil (Dean et al., 2005)

2.2.3.1.2 seuvduiuduuuliendene (asexual reproductive)

[

Wesrannsaduiuguuuliondoma  laenmsasdiuveewug
b2 Ad ' . pe ] o (Alv = 1 - e/ )
nvansveadulenSendt conidiophore dwvengwudila Gend1 conidia  dnwazyel
.. «t ( ] Y- | ] s . <t 1 v
conidia A3Us1UANANNUABDINFUTIIMUY pyriform quas obclavate @ruunauUasuway

v v & o VW < v
niwnulau wasll 2 Wdunu (septate) fwwafivarnvatsusnatafunuivefouazanIw



weden tneunfllvun 19-23 x 7-9 lulasiues lilidvseliddeiuenangau dwnin conidia
siynigadUats (apical cel) viawadgm (basal cel) wnnifezeiganwadnan
(middle cell) conidiophore figusnasmtiudufuiitiongs conidia 1§ dnunniigdivun
ngindrdutany  Aadungulidinominluviesnatagadiiy § 2.4 dufu Tunis
conidiophore WU conidia Usana 1-20 conidia &4 conidia Juduweadosiilaunsauds
TUnuau wavanunsadvihatediusneg vesdnals (Ou, 1985) (awdl 2.1)
2.23.2 195n15iialsA
Woawmlsalmiazai conidia wazuarluluenne e conidia voadiasn
anasuudILAeg ewd17 (attachment) conidia 2eEuen (germination) melussueinan
30-90 wnit Wlawvanmuandouvingas Wun arutuluenniege wazgmaiiegiutn 25-30
svwadea fnmswsyrendulowasyhmsdaniy (hooking) sty 2-6 9l wdeaniu
Wosaradne appressorium warldotinsUansunanfiGonin penetration peg WnawMsne
dilu desuaiglaeldosiuin mendadesdmhanoussna 7 Su $rasuansuinuai
dinnnnsdviansvesdoaummlsalul (esion) msdwiasvesdesiniatuludisainans
Audaqungiideutradunasiinnutugs (wil 2.1) (wudnd, 2548; Dean et al, 2005)
2.2.3.3 dnwaroinsveslsaivg
Woaumglsalwiannsadhanednlfynssesniswigivin fudsvey
sundrluautieszezeansae on1svealsauninguuduvesiniiegmiledu Ao lu niulu dere
voslu Yevedddu uazaos lnswviomsvaslsamuoigvosinesnilu 3 svus
goendn (leaf blast) TusvozFuusnwuntiniann 1-2 Sadums vuly
1 ndugadinasseensmgiusaridminsnantusavevunaifinia Snvarunanine
FUA AU TavaduNaysEnn 3-5 fafiuns wasAueUszui 5-15 Jaduns wiaaso
ygegnatuuaznsEeviuinaly mnemsveddsaquusinindnasuiaiune ensdegn
Tnilwsf (yudind, 2548)
szuzuAnne (collar blast, node blast) am1swuliily muly Ferevedly
wazdevesdiiu emsdnilugiesnugndthmagunasnanausaldudin suauwassingn
finuluszoendr unagnandnsetuld uinaderslussidnuuzuwmatidhmas Tudee
viaavisevinitudie (wudnf, 2548)
svveensit (panicle blast) Wosnansadviansfisiddnaunesa
Tsrlmiluszosd Fondn Tsalwiaens (neck blast) mndadvhasluszesidrudisennsa o
vibiwdnddumun Wisnudadmildmues conidia Wes uadnulselussorsasdnun
Tndftuder asumngsesumat fhnaiusnureniviliseinie ssdmamaudens
- fufinnisseuinegrequustlnsianslussosiitnGueensaasilisedmaukeld
anunsaiufinandald @dnemAdouaswamundn, 2552)
2.23.4 prumainvanemaRugnssuveateanalsalniludm
Foawslsalmiemuususumnnindereiiadug eswmndesilng
fimswasuwaddedrnndimeluliidieny  amumanvatemaiusnssuveades ald



nvagan 16l msnameRuduaaden wuhmsnaevesdnvarnsatradiad (melanin
pigment) Uinmderused nasernusuusteaton lnalindveadoainglsaluiusenoy
s polymerized dihydroxynaphthatene @nsitapdesiuruiunssenidilouasnsung
wWhdludn (Wheerler and Bell, 1988; Howard and Ferrari, 1989 8y Wvu?‘fﬂé, 2548)
nsNagRUSYeY conidia v?';aﬁﬁﬂﬁﬁmmﬁﬂﬂﬂﬁmaaiﬂéwaé’ﬂwmuﬁanﬂwﬂuéfwﬁu SMO1
msﬂmawuaum‘lumﬂmquaauuﬂaamsmm‘['sﬂ"uamasw (Shi and Leung, 1995 &wlngny
ﬂﬂﬂ 2548) N1559AWBTULUY parasexual (parasexual recombination) Ais nsuaniUasy
wmawuqnasmaqwa'luizas‘uammmmaa Lﬁm“ﬁvu'(.uizaxﬁﬁ?@ﬁﬁmsﬁuﬁuﬁ:uwmﬁ’mm
LLﬂ%W‘U'J"]LLﬂQEﬁa’m’liﬂﬂi%ﬁulﬁt%@ﬁﬂmﬂiiﬂlwﬁtﬁﬂ parasexual recombination #sea1ud
EN (Genovesi and Maglll 1976 91lng Wuﬂﬂﬂ 2548) N15LAA transposable element ‘NL‘Uu
Judwvesimdumerinadug famnsandouthodeeniuiTunvesiels awm’lwuammm‘[iﬂ
Indiiinnisnanewugle ia;ﬂ.ﬂmmsLﬂaaumaﬂiumﬂs‘uaqL‘vaswmnwaqu"unwuqlﬂqan
uidawile ﬁﬂﬁm'ﬁ]wumaﬁuﬁ:ﬁamLw@kﬂlwﬁﬁummamnﬁﬁagi;ﬁu'l,uv‘ivuﬁ SganvE
biiAnnsssuinvedlsaludegiduysesn Lﬁaﬁnu%’uﬂiaﬁ’uﬂﬁﬁ’mmﬁ’uﬁ‘ﬁnﬁwumuisﬂlwﬁ
Wwuglvisonan maiwnmmsmﬂiummaL‘mmma‘mwuﬂwﬁlﬁlus vrnalduu (muﬁnﬁ,
2548)

WAn? wazAme (2550) maaaavmwwmnwmwaqmaﬁ’ua‘lﬁjvammmkﬂ
lmﬂuﬂsummm IﬂamwuﬁcmmmﬁmmaumumummmmLLunLLamLﬂiw"ﬁmwmuLm
maqmawum‘vasn Uanwua*’unwuaumumuisﬂiwmmnmqnu’LuuUammaaqmﬂmvauaan
Boawileflaudideimguassnil uavaudidotmveuniu  mamdeflqudidodound an
muamaumamumﬁ]a‘unwwnﬂan LLauﬂ’IﬂIﬂV]ﬂUEJ’Jﬁ]EJ"UTJWVlaQ LﬂUﬂ'JE)EJ'NL‘UE)ﬁ’]LMﬂIiﬂvLmJV]
L‘mmma‘l‘u‘zmLLaVﬂaiaa"m'ﬂuwuﬁ‘u1'mmaaumm'smumaumumu‘[miwuaum&n Tagdnns
wondolwld conidia Lﬂmﬁ]ulmjausam uwiﬂwmaaummsulm'[umsL‘mmma"uamauuwua
ranassuitBudunmiies 18 aeus mndesuau 2,476 lolman mmmmunmalﬂ
I 623 jUnuumaiinlsa (pathotype) vuiudd wisoenidu 186 pathotype Aiwuiinng
svunvedlsalngl uay 437 pathotype W pathotype fivnenn Faandldifiuinuszvnsde
mme‘liﬂlwﬁ‘ﬁ'wﬂuﬂ'ﬁ%mlw&Jﬁmmwmﬂwmam pathotype ‘UENL%’aiWﬁWUU'sVﬁWﬁﬂ'mJ
suujauaamw pathotype fivnen mﬂm"'suaanLammua‘uaqlwamnmu pathotype 1e9%e
i'WlL‘U’WHﬁ’]EJ"U’]'J:J']ﬂVlaﬂ

Sirithunya et al. (2008) ﬂnmmmwmnwmamqwuﬁnsimaqvvam P.
grisea Tuusemelny IﬂaLnUi'JUimL%aaﬁmeIiﬂlwuawn‘uﬂa g 4 'TJ'U'ﬁLaEJ wazt1U15u
womesow 176 lolwiaw ATIvABUAIMAIIEANII LGNS TITRNTes1 Tneldinada
Random Amplification Polymorphic DNA (RAPD) uddsnguermduwusveadesiisidu o
nau lurngu A fengu | wudndu B, C wae H emulaawiufigawuunnis 70 wWedidusves
L‘uasmmmlummnmu wagdnnszneivewsyrnsg Tnefinszaefvesdsvyinsdes
stunFrnavssmelng ulueneiugdug exfinsnszanefveszansifesetnsin
ueluudiug wu aeiudngu A gndrdmegieduuinumaldvesusemelve aanwanis
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AATiPNIVIAINYIANEY TSNS IYR TS wm‘ﬂumﬂm%’uaamﬁmmﬁamﬂmﬁa uwaz
Manauaslsemalne lJﬂ’J’]lJ‘VimnVIa’]EJVI'N‘WUﬁﬂ‘i‘iiJ‘ZJ’eNL'UEJH’ILMGIISF]IWNHG Tusuefinig
mmuaanu,aumﬂ'Lmummwa1nwmamawu5nssmau‘mm

69293 way Wudn@ (2552) mmsmumnmwammmbﬂlwmwﬂmnﬂ
gIMsUUTIIANaIEUS wmumawnwwm‘[anumLLUaamanmsns*usnmmﬂmuamauma’tu
svqumﬂan W.fl. 2550-2551 T,maLﬂumnunﬂuwaﬂsymuuawunm;Ju Tudniuileaasdn
1s sausaulfuammmimlmﬁ‘lmmwm 80 lolwian LL&Jnwa’lwusamua'ammmaaunU’umm
Near Isogenic Lines (NILs) maaamumwmammmm (IRRI) mmuwuﬁnssmmanuummu
mumu‘[smlmmumnmanumawuaw 1 fu swdeumsiun 18 @oiug  1eTuun
pathotype woadios1 wudrfiaruwmiloy 80 Wosidust mmsnmuunvvaswlmmmu 13
pathotypes  lnvildndulalmian: pathotype iy 6.2:1 wanvIflmnuman e utesn
’Luwmmwwm‘[amtakuw’lnamaalmmnun memwLﬂuasmmmsmmmn PP AP
naaouRdsusunulselygl mmsnmumumawammm‘lmlwﬁlcaLwaq 20 Tolwanan 80 loly
Lan

2.2.4 gushunulsalvdassdag

UogtulafinsfumuBusumulsalmiludnussana 96 BunsyngegiTlundn
wusnuinadasluleud 2, 6, 11 uag 12 wazdiduiumulsalug 9 Buillévinslrauiuuasen
aAuluana laun Bu Pib (Wu et al. , 2004), Pi-ta (Bryan et al., 2000), Pik-h (Sharma et al.,
2005), Pi37 (Lin et al., 2007), Piz-5 uay Pirt (Zhou et al., 2005), Pi9 (Qu et al. , 2006),
Pid2 (Chen et al., 2006) uag Pi36 (Liu et al., 2007)

Prasad et al. (2009) WATIIUTEI NS near isogenic lines (NILs) §4l#a1nn1s
HALSYMI NG C101LAC mLUuwuﬁwmumumawammm‘lsmlwu M. grisea g4 wazdmdufnn
Wug Samba Mahsuri (BPT 5204) Lﬂu‘wuﬁ‘mmanmﬂsvmﬂauma JwdaSeienviunais I
omTHaRBUUNgILaTIRMn W uAsouLeraTsAlug nadaunsfinlsauazasaunuiisey
sumsBusnumulsalul wunisnsznesivssdnune aunulsalwilulseannsing i 2 Ty
I 3:1 (mumu-aauua) WATITYINIETT bulk segregant analysis (BSA) WUSuRIUNIY
Tsalwsl Piz(®) Serudenlostuirdoamng RM224 vulaslulow 11

Koide et al. (2011) Lﬂ‘usa‘usamwammmhﬂlwﬂwu‘luﬂsumﬂWaUUuammu 23
lolean muum‘vammmaamw 16 pathotypes ¥4ifii@n 11 pathotypes LLammsmmsULLUU
Ugmmmmnmanu’[uaaaa‘uawu Pik (Pik, Pik-m, Pik-h Uax Pik-p). uway Pil 'Lumsﬂnmuwu
gy Pi19t) mmmmumumamammm‘[m‘luwmala‘[mam wuidlanudealveiueseamng
RM27937 way RM1337 uasiifuvisoguulasluloy 12

Zeng et al. (2011) wudy Pia vulasluloy 11 Tudiug Aichi Asahi uansanny
mumumaL‘vamLﬂﬂlﬁﬂlwumnwnumma’luﬂs sinATusniunumaidoy ATITADUAIIUTULSS
maqmsmm‘[sm‘lma'l:vrvammm‘[iﬂlwumnuswsm’luﬂsumﬂw 612 la‘lmaw wariAsEsinisn
szmam«uaqaumuwm‘[m‘lmmaxmsnxmam‘uamsamma‘lﬁmaqa Tuusernnstndai 2
(F2) 377w 800 fiu ﬁlﬁmnmsuamwdwﬁuﬁf Aichi Asahi uag#u3 Kasalath wug usuniu
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Pia-1, Pia-2, Pia-3 Waz Pig-4 finnu@enlasiueiesnang Al7, A25, A26 uas A27 wavdany
oo . & o do a o o  w o w v o,
i1 Bu Pia-3 Wuiunddgyngadmivuiuniulsalul pPia vulasTuley 11



3 ° b v vl o w y v
MINN 21 SumnieesduiumulsalifiveulssiueSsmaneiidueuulaslilssgm

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

4 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
Pitalt)2 €236, RZ508 103.0 - 1244 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
Pido(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
Pi33 RM72, RM44 45.4 Berruyer et el., 2003
Pi36 RM5647 21.6 - 252 Liu et a., 2005

9 Pi15 CRGS5, CRG2 31.3-349 Lin et al.,, 2007
Pis(t) S04G03 31.3-33.0 Jean et al,, 2003

10 Pi28(t) RZ500 1147 Sallaud et al., 2003

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

2011
PiCO39(t) RGAS8, 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-, RGA-IG14  59.4 - 60.4 Sallaud et al., 2003
Pi34 C1172-RG702 79.1-914 Zenbayashi et al., 2002
Pi38 RM206, RM21 79.1 - 88.7 Gowda et al., 2006
Piga(t) AF349 - AF34g 914 -1179 Chen et al,, 1999
Pik-h RM224, RM1233, 101.9 Shama et al., 2005; Fjellstrom
RM144 et al., 2004
Pi1 RM224, RM6094 112.1-117.9 Hittalmani et al., 2000
Pi1(t) RM224, RM6094 - Fuentes et al., 2008
Pi1s(t) RZ536 117.9 Ahn et al., 2000
Pik-s RM144, RM224, 115.1-117.3 Fiellstrom et al., 2004
RM1233 .
pia7 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) 010-800 443 Sallaud et al., 2003
Piz2(t) AF6 475 Sallaud et al., 2003
Pi-ta YL153/Y1.154 50.4 Jia et al., 2009
Pita-2 RM155, RM7102 504 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
Pia8 RM5364, RM7102 - Huang et al,, 2011

-3 L 1 Al s g
2.2.5 Yjduiussvitadommalsalvdiuwugdraduny

nafialsaluiinidunainanufidorsswinfivuav@oaivalsn  Feitgeraduny

visogouuadawedunglin Lanituisatudeaunnlsaoadyiaefvieliamnsadvians

o vy a < aaa ¢ oo - o o & o ad
fild nsifnlsafioufitorsswhsbuneglufivuarfuflogludoaivalan Fenngufidn gene

for gene hypothesis gnéununaziaualag Flor (1971) agUldimniiBunildimunuufnsen

ANUATUNIY (resistance gene, R gene) Tuitvdoniidngunilsiigiuhmihfinuauuiisede

IsA (avirulence, AVR gene) Tulieanmlsn waznsuanIoonveINIMEILUNIY (resistant) Ty

a ¥ 21 d o dv v Ve & & e . Y
inadunspileBugiuslufivuazludoaunalsaiududu (dominant gene) windy vn

= = & & oo v A v R '
dulnfuniladududos (recessive gene) vzuansnrnliigrumulsavioseunodalsn
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< e \d

(susceptible) Astuulihviuigaziiguimmilsalmiog 1 Bundelnnnitfny fvasgnideldi
° veg 1 oA & o . v o ) ' ' & Ve
nanelafdeilegnivelsanfiiunuy recessive gene Whvinane fethagu Tudeamalsalwldl
AVR-Pi-ta 330 dominant gene Wviranedn Tuiugtnisiesdid usuvulsalwl pita Miu
dominant gene Wufiu FaiinUfiiseuuy compatible vilinwdiausumulsainiu (ia
et al,, 2009) ¥ esamalsalniiiudanuvainaaneniaiugnsssuas aunsaudusalidn
aeivlalusveniisdadndiony  aunsavdulasuainguiiduy  dominant gene Ty
. d v © v J a
recessive gene el a1ela (Valent and Chumley, 1994; Audiu, 2541)

2.2.6 msufulgsiugthamumulsaludludsamalne

9
v

nslifugtnmumulsalmifuisnmstiostuirdnlsafifiussansam  uslegils
Amudoavnlsalwiiiudosniiiausunumatugnssugs  vilddosillomanansug
\Rinanevuslmi Aiflausuuss wasanmsadvhaneRugddunulsalnifuginuly dafy
msUFuUseuginlisunmlsalul Tnglddusumuiianansefuniudedenisnasay
Wug viie msuiulssiuinlihumulsaludlnemssaudusunulsaludvans g Guliswiu
Fuduuumislumsyfuygaiuddnlihumuilsalwiilsogaiu Taeilunmsufugaiugin
Fisuuuanisroznaun fddglutursunsimdendnunesumulsalwifutu
noufisedliuscmuuazalisnegs dosendoanmunndoniianzay uazsndudediseozim
Tunsufulsaiugussnar 8 U Feilildanunsausuusaiugdnldiumuniuiesmsyes
nwasns  Yagtuiinisliielemmnefiduetiglumsusuugeiug  Tnednndiednidendnune
mUFUY ununsdadenatn phenotype dwadildiinuwiuduiossmidunisdmdond
genotype v3oduiimuaudnunedindrilanss (rFatan uavao, 2553)

aila wavay (2553) Waaeiudimmislisunulsalnl ddnmisay
Wugi  RGD334-3-11-1-1-147-1KPS-3 - Fadmidenlianmsnaundusevinednniieniug
nu6 Wiluiudul wesiudimendaliiduiudre Tnanaundulumiug nve $wau 4 ade 14
iwsomnefiduetislunisdniden (Marker assisted selection, MAS) dnwauzdunulselul
sflumsnnassiimierumuaslivsslenionduin  quitugimnssuuasmeluladfanm
wiwn® Swneiunauay Jwiauasugy el we. 2545 uazdndonmeusiisonisi
gudidednlunansTusenivanie  dnaouslmifldudnmielreduas  sonmen
Usznesiuil 22 manea WuAeD 22 werdnieu Anuguade 104 wufwes S1uau 9 sadens
luanmmutamaaewowudidodnlinandnnds 642 Alansusiels warlunvasunnuasnslil
wandaiady 538 Alandurgls fraWdendthana wdndnndesen 6.99 fadwns UG
gomgiiutegnan dnilgnmdonju Lifindunen aunmmsasnlaglddudiumdn funu
selsalnilldfininiug nus uigaunerelsnvauluwiuasmasnselnsdhmamiiouiug nue 3
wilosnmlunislinardings USumliRluvansanmunden wazanunsailuvgnlufiuiiingg
eipgneninewan
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yWudnd uazany (2550) mundriugumeenuzd 105 Wifumustelsalniigs
nsHEUNdy (backcross) aglitnaguau 5 anewug loun 1IR77955-14-17, IR77955-22-53,
[R77955-24-75, IR77955-20-88 Uaw IR77955-30-13 Sududmgnuansywinaiugumnenuyd
105 uazWufidmentia UHN) uie DHL279 FuduiugaeBusummilsalvl uasvhmsway
nauludaiuguninenuzd 105 Jedidnuazneg liouiugernenusd 105 vimswaundulud
Fugiuie 5 aewug s 3 ad luwsaedmesouanufumiuresmeiudinns
yaaeulsalwilusvosndrdodoamalsalviduan 20 aeiud uasnsamduiiousunu
TsalnilaglHiaSoauny RM246, RM319 uas RM212 dwudmdensufififusunlsalwivy
Tastulew 1 warldiaSasmune AP10, RM224 uay RM144 dmdudmdenduiiddusumulsalug
vulastulow 11 uldUszanstm BGF, $1uau 20 meiug thlvugnissdaeny wasdaidend
anewuinaunduIdlaTail 5-6 (BCsFse) Tidumulsalml Anwiugiesiusiuau 105 mewus
dulivuifleunandnszinani uarluwlasninnsns eyasunmlsalvdiongun 30 ae
wug wazenguunans 43 @ewug lul 2551-2553 anmsiUieuliigurandnsynineaniil wu
gasnumulsalndengundma 6 aeiudbinaningainiiudilieuiivuasgy (nv15)
faud 2-10 Weddud wavgasmunilsaludiongiiunansdnu 9 aeiug wuilinandng
niiuguninenuyd 105 faud 0.1 - 11 Wesiiud Tugqund 2553 wudnyadumulsalniieng
Wi 6 meiudlinandnganinudiioudiounasgiu (1w15) due 11-30 Wedidud
wardgasunmlsalnionguunaninng 9 aeiug wuilinasdngeniiiugui-nonusd
105 Haust 1.6-9 (e fidusd

aula wazauy (2554) Wannaewugdmmiduiogrunliiumusielsalug et

€ =

willeraeRugaay KKN97057-7-1-1-6-4-NKI-1-1 edimdionlavinaswaundusswinadamien
v ¢ v [ Y 4 < v ¢ < <) o € LY v ¢ [J

Wug nu6 Wuugu Audawmieniuguied 71 Juiugnie Taoraundulumiug na6 $1uau 2
5 o e v vV 1 v U (du 14 < J 1 Y |

AT MaudiTetnveundy  dmaeiugliduinmieilsetiuas  sensenUsznuiun 2

< o o - v < a ° ¢

ga1Au WiuReUTsnuium 2 wgadniou ariugeiuad 148 WuRlAs 914U 10 T390
v a < fav v a [ ' ' v a <

no Winandnndsluanmulamaaesworudidednn 557 Alanfuseols warlvinandnadsly

¥ o

anmuUasuinuasns 532 Alanfudels Mmwdeniea wdnen jUseEes 1ndem
7.36 fiadwns guvniutieansd dndagnindongy fnduven amnmwmsdiun Tédiduwde
uagsutTeeay 61 dnvaiay Ae dongiuindiiug nu12 Yssanm 1 &Uat unzdmsu
fuihreuthaneudshivaneauiuiug nvi2 Aeudheduvnudelsalvilunansiiui AN
nsyesiuuazuUsEuA finduven Wullveniuveanuasns udidemsssTs Ae souuerelsn
vouluwhuazindonselandthma

YYIR uavamy (2556) Wanmeiudteguthretiuaslvisumusialsa
ndf Tngmauszwieiug IR77955-24-75-284 (usugual Ausiug DHL-279 AdBusunulsalw
Huiugne suflunsiigudidednguanverilugguill wa. 2566 vhmauiuuseiuglagldTs
n1sUTudgeRuguuuURR (conventional breeding) Sanfunislfiasesneluianataelumsdn
\Fon (marker assisted selection, MAS) aulfianewus UBN03007-47-7-7-26-35-19 daiduding
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Wilhslethawes mwguads 157 wufues $ou 9 sawiens Winandmedsluanimuyas
naapesgudidein 517 Alanfudels uarlinandmndeluanmudauninuasns 431
Alansusiels dradondnng wind1indesen 7.80 fiefluns JUs19567 Ve amylose
gamgfiutandn aunmdnogn wiles yu fnduney Snvamdu e Frumustelsalwiitaly
Indfuaglndirera o1gwn Winandmadsluanmuvasinuasns gainiiug nuis Andu 24
\Wosidu

& &
2.2.7 fvudidlnsuaznisfunviusiumulsaludluwugdonudio
v v X a4 @ w ey vy v o 1y o
wugtnudenduiuginnlasunsfnfenlasinening  uwarduneafiuuvangda
P2 ¢ v o «d A o vadd & ov ] v a :
919 esnnluiudiudedinuauiAnfiidunreinsvesrulunsasyiosiu - aunsanuse
v o & ' a v v X o« & o g
anwnadeuiiounuas vusielsa wavutay (Gun, 2544) Wugdnnudelveviavuadiiu
v v o 4 X v oad 'Y Y d o o«
FIU5WN 76 Jmdn lngduwunteibewuliteligiiunuvianun 5,928 Fowug 31nA2umMaIN
vangvesiugUInuliavassemalngvi lvaaanladnieedivuginaiudieslneguinning
wsrzdiuginddidnuateiegiiidilinsvie  wasiiusiuswlidaldlavinisusadiu
dnvagdsgniugvsotwundewug  Wugiiiuliewesinemarifiaiunainvalenig
Wugnssuesian uarlivsslevdsion1suiuusoiugtnn @3esn, 2543) Weinnisuiuly
wugthaielilatudAlidivzdunisifiunands Huauam Wuaudiunulsn wazay
AIUULLAY wENIINIeFRIFInNATiANSUSUUTIRLS Mswauiug waznisAmdeniiug s
o v ¢d a de o o v d o oewv s & o ey o
Wiimmeseuiuiiunzay  dwddgivalild fe WoWugdnn Fudewuginigiumig
v ' o d Yo v
wugnssunMallanuvannvansinnwitla  TemauavanudGanerliwuddrimunsinisiayd
wndu (v, 2544)
qunsy wasamy (2554) Iuwunuasysediudnvazaunulsalvdveaioiugnssy
o ' ] aw v @ 1o v v
P1Usvnm 5,000 fegn Nauditedmiusema Tusewingd wa. 2551-2553 wuwugimn
t t 1 . 1 <t J v LY o v v o
dnilngjroutngeune sufitgounaun duidnnaunsasunmlsalnilusgivasdivau 50
s ' ' L] - v o ) °
Mg 1y Unie (3257), indeaas (12518), W (21648), 98 (22769), nvd (22197), ¢
v ¢ , v v cv 4 v
vieu (23509), daduen (15101) wazaewmiue (13773) \Wudu uasiifuginiauisasuniulsa
IndiluszAunansdiunu 19 feg1 @y v1Iues (23271), ¥1anuns (5867), wunung (13905),
Iwndosur (23152) uaziudaz (23728) \Wudu
Zhu et al. (2004) wutwudoswassemaiuiug Q14 wansndusuniulsalng
o . o v 1 v o o P v
fidu Pi27(t) T umusia@emmalsalnd MususimanysevagUu e wasiu Aumiuas
o ' v a v o d | o ¢ '
seyshumdsBumumulsalwilagnaaeunsifnlseluuseansdndan 2 (F) Anauiugsendng

v v ¢

11Wug Q14 wavd1wug Q16 Aigeuneselsalnll wunsnszanesvesdusumulsalndly

1
[ '

§ATdu 311 Fhumugouns) Aadenasemnamelilunisinsismiumisdusiomeain
bulk segregant analysis (BSA) PNASBMUIY microsatellite §IU 189 ASEwAINY WU
WU 2 IATEIINEANINIOLENAINLANA S EIeAINE U ukaTALseuusld e
\3oang RM151 ey RM259 Jaffsuviseguulaslilen 1 @enlfussrinsdn F, Swwau
155 cv’x'uﬁl,tamﬂ’nudauuaviaL%aa'lmaisﬂlwﬁ Jenssaeumsnszaefivenniomuny wuiy
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fumulsalnignauauspfufisdudo:  Juldundegseniaatomng RM151  uas
RM259 1uszuenne 11.9 uaz 9.7 centiMorgans (cM) nudRy.

W wavamey (2552) asavasudusnulsalul Pib, Pi-2t way Pi-ta uulaslaly 2,
6 uar 12 mudeu ludniudledlnesan 110 e Tagldirtommneiidueitay
Fumzazasedudumilsalniv 3 8u wuhdnitudewedlnes i 79 fedie Ty
shunulsalnfegeoniltu wesiitnfudes 3 fathe éud U1v3lng (D001) Tmey
vig (D016) uazdumileaunsls (0058) Aifusumulsaluiive 3 Sy

8o wazan (2553) Aumdushunnilsalwyl Pid2 ludmitudleslngswiu 69
Wug Tnelfinsesmneluanafduedifimudimsmvasedudmm P2 maanmsmsa
asunuiusunlsalm pid2 Tuiniufiesiou 39 Wi Aildadavestusumulsaln
Pidz  Buduxamsasivaeulagiiasisidifuindlelndvesiusdniuiediidaiavedu
dunlsalnl Pidz  WisuifeuiuiusiTsadanlisuniuvesdy  Pidz wudidl single
nucleotide polymorphism (SNP) A/G ludu recognition site vatauladsindiwie Miu | Toy
wuginiudesifisadaidumuvesdudumulseln pid2 fdduinadlolnd 5-A*CGCGT-3
vibilduaufiduesuin 700 uaz 400 fiua wimndaseieulal Miu | duludniugiass
Safilddumunesdu pid2 uamumaﬁialwm
5-G*CGCGT-3 Faauley] Miu | llannsesinihadlelndludiuily Tedsndlduouis wevwa
1,100 fiLua

Shi et al. (2010) 3¢y Quantitative Trait Loci (QTL) 'Lu‘U’l’quﬁwuL:Jaa Heikezijing
mammmmumuma‘liﬂlmuuUfma (broad spectrum) lagldusevng recombinant
inbred lines (RILs) w‘lm’mminamym’lwnwuﬁ Heikezijing mLUuwuﬁ"u'nwumawm
Useinedu mmmmumumawammm‘[sﬂlmﬂuﬂiummut,l,a mﬂulé‘lus.,ﬂuaa wavd g
Suyunuo Faduiugdnafsounesiolsalud wﬂaaum'lumumu‘[sﬂlmﬂﬂamsﬂam:uammm‘[sﬂ
il 18 lalwtan vudszwns RiLs S 166 fu Fvudrisuasusl udviuiinuioudioui
mumumawamw‘lmlm WU‘I,U‘U'T)WULJ.IENWUS Heikezijing Helwumids QTL vulasluley 11
WATWUUN QTLs Wy gtl11-5-5 memmmumumawamma‘[ﬁﬂlwu 2 lolgian w3eunnin
QTLs ndunilsUseneusny  ql11-2-2, qtl11-3-1, qH11-4-1, gtl11-5-5, qtl11-6-1, qtl11-7-5
qtl11-8-2, qtl11-9-2, qtl11-10-4 way qtl11-11-1 Namnmiﬂnmwﬂwmmwnwummwua
Heikezijing mmsnmumumaLﬂuammm‘[‘iﬂlwﬁlwmala‘[maw Uumumuwwmﬂuaumumu
Tsalwiuuuning (broad spectrum)

neRRAfnA wazane (2554) fumBusnumulselug Pio uay Pigm(t) vulaslulyy
6 uasdu P36 vulaslilon 8 luimiudiednesuou 203 Wug Taglfirdemnefiduedis
ﬂmmi"uwmm yasspguRuNIUlsalugfena mnmsms';aaauwuiﬁnﬁmﬁawmlm
WavAs AU 203 Wuglitushunmulseluifosnetosviiu uaviidniudiossinu a2 Wugdidu
suvnulsalniiis 3 Bu

Huang et al. (2011) Aunvg ushumulsaluliduluy pig7 way piag vulastaleul
way 12 auaeu 'Lumawumaawus Xiangzi 3150 (XZ3150) %mmmmumumawammm“[sﬂ
Tl M. grisea wmusamwmnummaamu'l,uﬂ'i.,mmu AumuaraiunuiissyBusnunulsa
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Indluiugin xz3150 Tneliareinisnszaresvesdusunmulsalmiulsznnstnini 9
Fafiuvszwns recombinant inbred line (RILs) S 286 #u ldnnssansEwIneiug
XZz3150 \Huwugwe uay CO39 WuWuguinidounesiolsalnl  Aumuazasraunuiivesty
gruvmulagldiaomune simple sequence repeat (SSR) wuiidudwvulsalwsitulml pia7
fuisiseguulasiulon 11 agssvitaaioaming RM206 waz RM224 wasBusumulsalvg]
dulwi Pigs Tsumisegulashilon 12 agseviauaiesany RM5364 way RM7102 uagds
agUdniuaTemmunefidueiifeulostuiusunilsalwifulmiinulumsnnd sy
Usglomlagrannlunsairauuiitusunulsalvilueuan  uazdiamnsaliusslonilums
Traudy waznisusuuseiugdnlisumulsalnilnglfiedommnelmanalunsdmden

Li et al.(2012) ssvdeudusiuvlsalml Az Tudniudl ssvesmmaguu
$1uau 173 Wug TneldiaTeamne MRGA766 Fuduadomnefiduioniin simple sequence
repeat (SSR) Ao wuBusunulsalwlf piz Tudwugiudlessiuau 64 wug Aaliu 36.99
wWosidudvasiuginvimaiinmsasiaaou wuiwiuginiity pir fnsnsvawegvluly
ueumaguy wardewuhdu P Smwdvesnisnsznesig andndy 41,03 wWesidud u
Uinaituiivgnirmemeulivesuumagunluvsanedy

2.2.8 LASDIVUUALDULD
4‘ a <t Qv [ <~ a - o d'd o ]

ASINNEALULD (DNA marker) U188 TudIuvSoUSHNYDIE U NN LKLY
aguulaslulyuviofiouelueasuniuad T dunssmunefianumiiewugnssy vieduvesdsll
Finuagannsadreneaanunialugdniunisld  Wdanudumzeedadldin  nSominy
AdueansaltidueSasmneustanusuwiglsdosnnn fyudagviinurazanewugiinisda
Soaivesihaflelnd vwie dwiuwaluluanadidueiiduendnualuaviimuuansiat
(polymerphism) (g5uvs, 2552) insesneiiduieiduiniesdefiivszininmunn wafildgnsies

1 o 1 v e ] =1 U < . du a
LLasLLuummﬂmnms'L'uanwngﬂmmaamywaqw'ﬁ (morphological marker) MiinfuLUsly
auanwinnasy ega, 2554)
@ 2 o v v P 0 @ v Y] <

UagtumsosmnedauielanandunumdAglunudiugmans  waznns
Uiuugniugiwedann wu tdlumsfnwarumainwaneviaiugnssy (genetic diversity) 19
o a J o da [ v Q v a ° ' v o
oA EunAIUANEN YRR ’meJumaz‘JlamwsmLﬂswsﬁmmmmﬁw.l.azasNLLNuw

v o - o ) et s v o w 1 v o @ o

fu Jusiy FAHUNVBIBUNAIUANSN YL NARY u‘J‘wua:gamﬂcy’mUlwunﬂsuﬂquuémmm
° ° ' a a o o o w o o ¢ ¥ d
U AUMie uagdvswavesduniinudAy Woluwuimslumsnuinsindumiaiuie
v < U ) v 1 ﬂ' - d ° 4 =] -
adwivarsiugnilasgesinss wIomIgAduemiwssynaldluauduiviivaty
Usziaw ldun iesemunefiduesiia Restriction Fragment Length Polymorphisms (RFLP),
Random Amplification of Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism
(AFLP) uax Simple Sequence Repeat (SSR) 38 microsatellite Ingnsi@enldinasviunafidule
= v W " aa o a \
Tuagiuinguszasd wavauanTRveanIomuiefidueurasUssnn (nms, 2555)
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2.2.8.1 Restriction Fragment Length Polymorphism (RFLP)

Huedomnedueiianniulasedanuuansswemuaiisueiiin
nnsdameouleddndinie (restriction enzyme) awnsanTvaeulageIfenannisiing
(hybridization) vesAdueifivagaufuseninfiduensivdey  (probe) fuRuiduean
hetheiianm Tervsuntesmneiisuering fo nsnsrvdBULUURIZI LT IMueuLY
Taslulon  @wnsavidnldnamifowdn  aunsauenuansouiiduieuvudusiuiu  (co-
dorninance) vilstaunsansaadeu heterozygous 1 unfidasiinitdrdy Ao fumougsonn 9y
Fou Whawu uagaAlgsglunsaiiiunugs @Ens, 2546)

Yu et al. (1996) a¥1ausndit usuvulsaludl -1 s vandraiug
LAC23 wageun1siialsauasinseinsnszanefvesdnunsuvnululssensuaundudai
6 (BCeF3) LLas'?meﬁmsnsmwaﬁwmméawma Restriction Fragment Length
Polymorphisms (RFLP) Tuusye1ns nearly isogenic line (NILs) %38 BCeFa WUBU Pi-1(t) 3
dumisoguuleslalon 11 fmwidenlostuindoming RZ536 Taofiszuzing 14:4.5 oM adns
urfigusuulsalvsifuiiaes Tngldussrnsina Double haploid (DH) Mnawsewiniug
Apure Fasmumulsalvl wazug IRAT177 Tedauueselsalvsl wudushumulsalvsifisumia
aguulaslulondl 12 lngogsewiuadomny RGAST uay RGB69 fsvevvine 135443 uas
17.7+4.5 cM sudrdu Buiinuvulasiulen 12 evadu allelic fuudu Pita (We Pi-4t) Tu
91U Tetep Falsrsnuirfianudenleaiuindeming RG869 Tnelszering 15.4:4.7 cM

2.2.8.2 Random Amplification of Polymorphic DNA (RAPD)

DJueSommnefiduedldvdnns short nucleotide sequence Uszanw
10 wadlnsiwed (primen) Weldlumsiiviuaiuisueluswmisd primer taannsasu
& Tnsendiowdnnis Polymerase chain reaction (PCR) fefivesatomunefidueving Ao
vildie uazUssndasunulunsduduem Waduesudulutinades udadonunsfidule
wilniiduiuy dominant marker $alii@nsonsavdey heterozygous 141 (3uns, 2552)

2.2.8.3 Amplified Fragment Length Polymorphism (AFLP)

e mnefisumdnmsves RELP waw RAPD Wnderiu Tnsnsinans
Mueiaeulmifasuniy (restriction enzyme) 9antuth adapter voueululndousofiu
futudnmdue uwiithuniutinadudwiuetilagindnms PcrR Jofvenndommneg
wial Ao wu polymorphism qwiamsv‘hwiasﬂ% uiadosnueiidueriniiduuuy
dominant marker LLasﬁﬁwﬁ'sgﬁmmajqmﬂlunmﬁuﬁauva wazsautumsumsYITuou
(@3ums, 2552)

2.2.8.4 Simple quuence Repeat (SSR) 39 microsatellite

Duedemneimdueuvusumey  arnaeuimdueldntar 1 fumis
(single-locus marker) g1efutuasng vieuduq wieuuu microsatellite wulgnnunauasnszang
shagiidlun Tmsdduluawes microsatellite sinfudduiasume  SifosgaierlusTu
(unique sequence) é’qﬁué’wmmmmﬁwﬁ’umaﬁasjam{hwamu microsatellite Y31
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ponUUUFNATIEY primer dmfuiuusinaiiduelnomaila PCR azfunsiuviinafiduie
TushumisfisinsiReainuior uasiloann microsatellite Wudwdifinsnaneuglaons
anawviofivtutesuugedldihe mammeseuiBuelaensiiuuiinufidueuinais
\1duTes microsatellite Vimely asvhliilonaldvunadiBuiefiuandreiy essnd o

q;m?hﬁ\lmmﬁ'u NNINSIVABUMBLASBMINY microsatellite 39WU polymorphism ABuTeg

uanNddEnansaLanuauAidweuuy co-dominance YW@ WNTanTI9@0U heterozygous

L4

161 (g3und, 2552)

A3m wavanue (2552) AuvmiuvisBusunulsalndiluiuguinenusd
105 Tngldiedoamneluanasiin microsatellite duysusduduvmilsalndifipausume
sodalelmian B1-2 9nUsyInsdn recombinant inbred lines (RILs) $1uu 252 @eug 39
Ianmswausyninaiugunenuyd 105 duiugidmenida  Mnasleseianuduius
sswiemsiinlsauasUuuudadaveaiaiaming  microsatellite wuBushumulsalwivuy
Sungluiuguinenuyd 105 Shwmiseguulaslulvy 8 TndtuluanairSesny RM72 usii
vnadinainsiimanuBusnunu witeyalutiegiuddliaunsoduduldn suiidunuaded
Wuduiderfutuiuiisenulidmielinsinndaiuldndunsdunuulnidedslined
enulutvenusivesing

He et al. (2012) s1eauhdniug Yuejingsimiao 2 (vJ2) 1Uud il
anuwauzAivaeysznis Ae daunwd Winandage wavlanusinuniuse M. grisea Wug YJ2
uansnuiIuNIL 100 Weddud lulsstns@esfliliuanummanings waiu wdemils
wazisenaaiedlutszmedy Faduanusunuiigandiluiug Sanhuangzhan 2 uae 28zhan
Faduiugimmmilsalvll iareinisnszneivednsuesunulussnstnii 2 (7))
wardafl 4 (Fo) wudheanusunluiug Y2 gnenueulneud cumunaesiaiaiidusuy
dominant ua recessive Iinszimiumisusunulsalnilagliiniesneg microsatellite
ﬁﬁqaguu‘lﬂﬂm‘lﬁu 2, 6, 8, war 12 Mo bulk segregant analysis luusgnsd1 Fq wull
MINTENUMILUY recessive Tudnmdu 1:3  (FuMW:gauws) WUBUAIUNIULUY recessive
wilaslulondl 8 egsewinamfomny RM3452 uag RM1345 Tnefiseozin 32 uag 2.7 oM
puddu wuiilieedssnunuBusumilsalnilugashunisduinSanandy Sulwi
lnegnriviualidudu piss(t)

RoyChowdhury et al. (2012) Anwwazumdu Pi-z Tusuddnduny 111
L%aﬁ’uﬁ‘niwima'lﬂ‘j'm?awma simple sequence repeat (SSR) leur RM527, AP4791,
AP5659-1 uay AP5659-5 fifludenlosiudu Piz wasnnasumsiialselngldidoanalse
Indfinelsalaisuuss (avirulent) 1 aewug Ae 1k uazrolsaguuss (virlent) 2 aowug fo
1833 uag 1849 wuiluiugimdnny 111 dewudn & 73 dowuginiifitusunmisalul piz
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uni 3
Asatiunside

3.1 nsdmaanfudenainalsalg
3.1.1 mafusausamdenanfuiivgninilutsuvelng
pandrsrnuiivgninluynssey 1Hun sepefund szozunnne warssezeansae T
Preiuggru vinumanzfusenidsuviie mamilansude warluninnefusennuuituiioy
Guiimsssueveadedeasnulussesnduazsveruanne dndlussevesnmasavannsaivldly
Prvarggruduggum vieUssnandsunatey - Suney Sesdudimafuindnlugg
uill Tagmsszumnnazdemnnlunans fusenidsawilefifinsugndiuduninenusd 105
Fudwiugiidounasalsn
3.1.2 n1susniion1iu3qyislae?s Tissue transplanting method
mssudunuyndussussdesiasade (aseptic technique) 15u9INMT¥ moist
chamber Tagdanszawiivglildauavioudsadoudmeadunuemadonde wnhndy
awunsEawiivyRinm 5 addes tiiudurediniidulsrandnduiudng andauvesdn

'
=

fuansenisvadlsalvl uazdwililfuaniensiiaudedndes thiegumeuunszae
fuygiluaudsadefivdeul iudlarhoudeads vilitgungiiontunm 24 Halus (ield
Woas1s conidia avaam1 conidia Mendes stereo microscope Muviuivansuvauiend
conidia W1 NVEMNT Water agar (WA) ¥ihnsusnusiay conidia Tegviafy vali
gaungivienduna 24 $2lue Ynundeadiendes stereo microscope LioNTIIMN conidia i
sonud mniuliidudedesanudulamsreadulefitonsin conidia $reasenns Rice Flour
Agar (RFA) Bausznaufednunanden 20 nfu $u 20 n¥u uasBar 2 n$u derh 1 Ay Yeon
Tidesnaigduduloudnhinpsvaoulindosganssem] (nmil 3.1)

P L v v . - a T
AN 3.1 MIRTIIN conidia MIBNADY Stereo microscope WarNISLADNINYT conidia A8
vagauMUansuvay
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3.1.3 nsushwdesn

Mnsiuiesuuuuia sensihasgaunsestnadusiugudnas 9 lwumms 7
UNSETBNAT 19@IUUBNS RFA AU P. grisea asuuNsEATYNTuLelIle
sy 10 Yu sewuiduledunnigeguunszatunies thassamynseseananudsade 1hily
°cqv v v & o v v o e & o Pt 1 .
Wbiukdlunmeuzuigeeuidu  Wewhwdnhnseaunsesnfi@esundaduiudng ldgdu
& Mvd a o ] '
Wulifigaumgll ¢ ssnwadea ieltlunisnaaessialy

3.2 msfims'lxﬁmwwmnwmﬂmqﬁ'ua;nssmaqL%’ammqisﬂ‘lwﬁ
3.2.1 nsinseniduedies

atafduwenndulodoanvalalviuay 19 lelsian (et 3.1) Taedoadon
vue w3 RFA 1w 4 Fu 3ntild cork borer vunadusuAudnas 0.5 Tadansniivany
Wuly thdududeninisiwaduomisivas Yeast Extract Glucose (YEG) wihiiamud
100 oudaunit figamgd 28 ssruwadua wu 4 fu nssueumduloFesionseaunses
\ieartmiBuionuisn1stes Matsumato et al. (1999) uaduledorelulasaumaraudy
sty mauteUSinm 100 fadnsu Taluvasn microtube vune 1.5 Jadfng 1fu lysis buffer
(50 mM Tris-HCL (pH 7.5), 50 mM EDTA, 3 % SDS, 1 % B-merceptoethanol) U3uneu
700 WilasAns wanliidnfy (vortex) anthniwaenvilugwaiunugamgll (water bath) 7
grumgil 65 arnwada w60 uit Uuwidesdt 14,000 seusiaud uu 5wt gadlady
vulsuw 600 lulasdns ldaslunaon microtube Tusl 1 phenol : chloroform : isoamyl
alcohol (25:24:1) V3w 600 lalasBas wanvaesluunung Juwiesdl 14,000 seuseud
w20 wil gednlasuuuuTunn 500 lulasins ldasluvasalvi i phenol : chloroform
+ isoamyl alcohol (25:24:1) U3ua 500 lulasans winwaerluaniung dumidesdt 13,000 seu
siowil wu 20 uit gadulasuuuiuim 300 lulasing laasluvasn microtube Tni v 3
M sodium acetate USua 30 Wilasdns uay absolute ethyl alcohol USunau 600 lulasans
wanvaealuunung Yuidlidwiu 7 -20 swnwadea sntanianduwdsed 14,000 souste
wift vy 3 wdl wdndladuuuilivdensneufiueiifuvasaduans Sunznoudiiue
#e ethyl alcohol 70 Wasidus Usina 400 lulasans Juwmidesdl 14,000 seuseudt uwu 2
wl madnlashuuuiidivdensnoufidue dilifanmyiiferaumbuents azasaney
Mduefe 1X TE buffer Usua 50 lailasans iviiduedl -20 ssrwadva™

3.2.2 ANV uademaila Polymerase Chain Reaction (PCR)

Tneldym KAPA3G Plant PCR Kits (Kapa Biosystems, USA) uiluyn Kit #ianansa
Wuvhinadduesemeada PCR Wlaglidowrutuneunsinsoufiduenou W primer vos
LSy Magnaporthe grisea microsatellite (MGM) 9117y 14 WS aanY (mi'm'ﬁ 4.2) Tu
UfN%en PCR inSendiuuseney (master mix) UfA3e1 PCR TudSunas 10 lulasing Useney
e dH,0 3.32 Tulasdng, KAPA Plant PCR Buffer (2X) 7l MeCl, waz dNTPs 5 lulnsans,
diunansenie Forward Primer (5 uM) wag Reverse Primer (5 pM) 0.6 lulasdng, KAPA
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Plant DNA Polymerase (2.5 U/uL) 0.08 lulasans uaziiduoveadosrududu 10 uily
nwigluilasdnsusinn 1 Lilasins Tnodgumgluasimundnouseudsd 1) flaumgli 94
pyrwaldea w1 1 Ui Swu 1 sev 2) figumgll 94 serwala w30 Jundi 3) 1
gamnll 55 psrugadoa um 1w 4) figamnRl 72 ssrwadea un 1 i Yhduneud
2 fa 4 S1unu 40 58V 5) Tlgnmnil 72 ssmwalea uu 6 WA $1uu 1 seu WeasuTwy
soutnlunsivdeunamewaila Polyacrylamide Gel Electrophoresis (PAGE)

P & v v v od
a15197 3.1 Weaunqlsalnl 19 lelwanilflunmageurudunulsauasundaiian

JmIn . Tolwian

AUV - BKK55003, BKK55004

TINTT CCO55002

YT RBR55001, RBR55004

Foqdl CPM55002, CPM55003

YoULAY KKN2010 61119, KKN2008 7357
NUBIATY NKI2010 13502

QUaTIE UBN2010 11351, UBN2010 195167
qund SRN54002

#woylan THL191, THL84, PLK 1.1, PLK 40.4
Weese CRI 43.1

g PL3

3.2.3 MsAATIINAINA1TYIUGASE PCR
Wnsevnassmala PAGE Tatld polyacrylamide gel mnududu 6 wWedidus
ATRdeUNamen sforduaufilduledatsazaty  silver nitrate  (AgNOs)  musn1sves

Benbouza et al. (2006) Iﬂaﬁ‘ffumauﬁdd'

3.2.3.1 M3A3BY chamber waznszan
YAuazen chamber e ethyl alcohol 95 wWasifus swau 3 ads
\dU chamber e Gel Save titetasru acrylamide gel (ngdndyu chamber Tngldnsyany
kimwipes gavheida ethyl alcohol 95 wWafidud 1 2 afa Frunseaty kimwipes uiuRy
wenduansiva chamber dmiunszandndae ethyl alcohol 95 wWeddui s1wuau 3 At
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wdeudie Glass Bond USina 1,000 lulasdns Tngldnszas kimwipes wazidn ethyl
alcohol 95 Wasdud sy 2 adilagldnseany kimwipes wiudy Weindoanslivianszen
th chamber wasnszanamUsgneuidigalagnanssaniiuasuu chamber il spacer Mlinsq
yauTanatneres chamber itplfiAngosinessuing chamber funszan 1 clamp nilunsean
WU chamber
3.2.3.2 M5A38Y acrylamide gel
w38u acrylamide gel Tnsfidiuusenaufie acrylamide gel Aty 6
wWesiud Usznausme 40 % acrylamide solution Ui 7.5 fadans uiu 21.03 ndu way
10X TBE 5 faddns Uuliunslild 50 Daddnsdevandu Wiu 10% APS (ammonium
persulphate) U3unas 200 lulasdns way TEMED (N,N,N',N'— tetramethylethylenediamine)
YSuna 100 lulasdes werlwidnduiung i acrylamide gel asluvesineszninanseaniu
chamber suifin douwisuitlififunanadluduunilisn 05 wuliuns defcliselvoaudsh
Useana 2 $alug
3.2.3.3 Polyacrylamide Gel Electrophoresis (PAGE)
Usgnauge PAGE (Bio-Active, UK) uazspidnfuindassionseualii
(electrophoresis power supply) 19 1X TBE buffer USunau 1,500 dadans Wusna fawd
pan WlWslawesemauinneunasen ¥inis pre-run Tagldmdalwil 70 s w30 wii
sewinsilwieusogna Tnewdiu sequencing dye (Formamide 49 faddms, 0.1 %
bromphenol blue 12.5 {iaddns, Xylene cyanol 0.0125 n3u, EDTA 1 Hadans) USual 10
lulasing aslunardin PCR VS 10 lalasing wanbiidrduudmpuniodviswegifumasn
Heuvilsuuwantnatuulmtinvedsa veeasegs Usunu 2 lulasinsseves Udeunsyua
Wi (run gel) Tagldindslng 45 Fasf wan 5 wnilt Fewdeen run eel o utu 1 F2lue 30 Wil
3.2.3.4 msfouduauiidule
fonduauAidulessansazane silver nitrate Aa3EMsves Benbouza et
al. (2006) Tneiifumeusil 1) fixation Foansavanev3ina 2 dns Msenouse absolute
alcohol 10 Wesiius uaz acetic acid 0.5 Wosidud wiuu 5 Wil 2) impregnation #e
amsavaneUiins 2 Ans fiuseneudae silver nitrate (AgNOs) USu 3 n3u uay
formaldehyde 37 Wosdus utuu 7 unit 3) dlasmaiaiifatunszanduadutnduud
ontuviuil @) development fgasazateUiinn 2 3ns Avsznouse sodium hydroxide
(NaOH) Y31 30 n3u way formaldehyde 37 Wasidus utuiu 3-5 unil vie unaudldule
Uning 5) wgaufiSedhvansazanouiinu 2 @as fiuszneudie absolute alcohol 10
wWasifus uay acetic acid 0.5 Woddus udu 2 wil
3.2.4 nMslsiziauvanaeTIWugnITILatianguaTdiusve u i
AAsrehielusunsy NTSYS version 2.10 lagldArduuszandaanusag
(dissimilarity) w84 Canberra uazdnnguanudmiuslngds SAHN Woadaduusunmuans
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m’mumnwmﬂ'uaaL‘?'J’aa'n,wﬂsﬂiwﬁ ATITIAN polymorphic information content (PIC)
ieUssidiunuanTRvendomng MaM Tneldgns (Zheng et al., 2008)
PIG= 1" 2. pzij
j=1
Tng n Ao Snudadavenionune i uay Pj fis muivesdade | dwiueismune i

3.3 msdndendravudiudiesilidnunetumlsalndiuuuna
3.3.1 awiugdlilunismeaey
Wugdniililumseaeu  Iifummeyinsiginnnesduasesiugite  nsuivims
inyms Tnowvady driugiudies 263 mewuf @nmanans manzSusendounie mn
wille wazmAld 91U 69, 88, 67 way 39 aeg mudwiv) rauduush 43 aewug wag
11U 5 anevug
3.3.2 mMsfndentMaERugAvulsn
funeuildifiunisuazineunslay Satih et al. (2013) thidadne 263 g
suviiudrninenusd 105 wawug IR6a Faudumoiugsouuauazimmmilsalvll ield
\umsmaaeseaua inmzdnudazaeiuguunsemuiivyiiguth Wedmidusen deaumely
mavquunnantia 7 viau 8713 12 vau Weliundudeusa diedneny 2 dunvi @udszana
3-4 1) $reasnszanswunm 10 i Teslddeeiigns 46-0-0 (N-P,OsK0) 1 ade Usvanat 125
niudensvur laefl 7 uay 14 JundaUgnasnssuzudy
UgnideanvnlsaluiinuiSues Roumen et al. (1997) druansutouaesladifisres
Foaumnlselwiruau 29 Telwan fmnududu 5 x 105 Tiderefiading WiswUSine 100
fiaddnsenszurtgn Ugnidese¥wumenudluimiileny 2 dam ndnugnideuds 1h
sunddaluvuludesiifigamgll 24 swnwadea uasiimudugaduna 12 dalue 9ndy
teluiululsaFeuiiinutugs Fomiudehidlutnanarilunng ¢ $alue deuiu
Ay
333 msUszliulin
asaeuAiuUTsAveidenUgnideuds 7 Ju dadenaewuiiliuans
mslsalwiielflummasosioly

3.4 n1siAsIsinisnszateAavesBunasmsairaunuiissydumisduduniulsaluduy
Tasluloudin
3.4.1 MsaeUszrInsdn
3.4.1.1 nsadreUszyinstgnuand i 1 (5 - hybrid)
rauugsyinedivnenued 105 Miluiugual (female parent) wazd
fuledlnewuiiae (G519769) Thdwiugwe (male parent) Fuduwugdrdnmlsalniid
HuMsAmEenud (Salih et al,, 2013) innwiselulasansdumd usumulsalwidiinnn
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W03 P. grisea MnuMdsugnITIEUSUTosBssHnelny Suanlutaadurieunay
W 1 Ju wisudenendheua (KDML105) Tasnisyimiiumag (emasculation) lnendiandanen
Tussorludvonen (heading Wnsslnsdnmeniinausedluudrudnalasdensnuaznengou
uluinaiauteaeniis wieliiameneniivendeunanluudmlutssna 20 sendete
dunpldanduavasanaseglusiumisussinueiivasenugninuiunen  ntiuldnssinsin
Yanemuriumenussne 1 Ty 3 devihydssnn 45 ssnlivanodumyadssuinasines
(anther) sBNIIMMUTABNIIBALTEATE Y Wumenmasf et RelrA L
nen AguiETIAnaNaRnezg PradmesiudnluanassunendisuifinienliBnadeitlitsy
nasAiaandesy dunasiwagnaendiuine (GS19769) wagasuugannasineile

b 4
@

(stigma) Tngermimistenenuianglndq seanasmadioifielazesunas (pollen erain) anas
vuseainasineldly viefuduazasunas (anthen) Tdlilumunenmediofvdonly gniedeld
fiuvenen  styBerugweuasusmdenssyTuiivhmsnauiug (fertilization) Udaglilinisuan
Wug uazifuifeundandeainufinauiududs 30 fu vdeslindadraindaussana 8 dani

(m‘w‘/’i 3.2)

amil 3.2 mswauiugim () Ae Wnsslnsdauaenuiuaen @) Ae uamedum adesy
wnasnag (anther) oan (A) Ao Wumanmaledetilan (1) fie Aausewan
wanafinianzg (1) Ae Auduazesnas (anthen) tdlilumuneniwaidis (@) Ae tinks
denoninaguianzlngy semnasinedle (v) Ao waadildunisrauiug
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3.4.1.2 myaasznstndad 2 (F)
wnzwdadngnuey Fy Aldanmanaiugsen 1amnonenugd 105 Fady
Fugwivastniufiodneiugshe (G6519769) Faluiuiwe Tunsymuiingiiguni dedhady
son Sroanmelumavguiielifundudause dedneny 2 dUani @uvszanm 3-4 Tv) e
aansEa1ewun 10 i Tnolddeiniigns 15-15-15 (N-P,0s-K,0) sosiuvqu uaglddegns 46-0-0
(N-P205-K20) waru 15-15-15 (N-P,05-K;0) Lﬁm’h'smq 1,2 way 3 Weu luuSuadinemus 1§
Tideenaenlneiineigusaana 2.5-3 Weudwiosdaieniusutiauas Tudana 17.00 -
8.00 WM sudBuderies Udetliiiniskauiaiesnusssuni (selfed) Tufindnwassused
Wugluusagdnenguesdn eludrgnran Fy wasdnildifuiugweuazua \udawug (Fz-
seeds) 71 4 swnwadea w1 dai ievhaneszesinsvowudn Ugnuseanstn F,
wEaiugim F, (F- seeds) $1uau 250 widalunsemuiingiivanit Wednidusen dreas
wrlunszuzdgnauna 19 7 viau 911 12 vigu Tegns 46-0-0 (N-P,0s-K,0) 1 Ada sz
125 n3u sienszue TdleR 7 uar 14 Fundsugnasnszuzudn
3.4.2 N15ATIMNINTEAER v nwusA U ulsalndTae IS vaseunisiialsaly
Uszvnsthadail 2 (Fy)
3.4.2.1 NMsoNasuILARY conidia Yasiesavalsalml
thidles P. grisea $1uau 19 Telwta (5197l 3.1) dssunemns REA iUl
ﬁqquﬁ 25 ssmwaldea Udaa'l,ﬁﬁjvasmﬁcytﬂurzm 10 Ju Lﬁal,%aswwﬁcgﬁumummstgm

v v
<~ Y o &

Weuiknhdeslunsyduliifiamsathe conidia Taonmsifsinduiumssdouditiine 2
finddns  asvumhemsiiidesuady ymiuliuiauihzuiueayaiiuinadilovuimi
omsbivih Uarheudsadedaliliuie uilgumgiiies Vdeelhidosiathe conidia Wuan
2 Yy 92ld conidia \uswauinn wSsuanswiueey conidia duhndushde whans
wauaey conidia AR aMmAuddufe  haemacytometer Uiumnuiduduzes
conidia Tlét 10° conidia riadiadians WWueanfiu 0.5 Wesdud asasanawaniuiimnumiings
dlewumuenansuvauasy conidia AinaumaRuasludn wardurduiuluiiduunequury
Tudn daefivusyavdnmlumsBanizves conidia iWes
3.4.2.2 msugnieamalsalmivundnin

Ugniemwnlsalwiinniiues Roumen et al. (1997) #eansuviuaey
conidia vaaeanualsalys 19 Teluian Amudidu 105 conidia defiadans WiewUS sna
100 faddnsensyuzign wumenuuluimiiiiong 2 dUai wdmnugnideudathdungring
lWuluesiifigamgfl 24 ssmiwada wasimudugaudunm 12 $alue sndudoluiviy
TseGoufifirnuiuge faviushehwalurisnanasiulunng ¢ $lue Wediuaudy ns
waaosiiazvhnsugnide 2 a Tauadeit 2 Ugnielutudl 3 wisanugnidendausn
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3.4.2.3 BUsudunsialsalulszrnstndi 2 (7))
avseaoumwiumulsavesiudinignidend 7 fu Sufinuama
nasilvrzuuunsielsanuseduATuLTeY Roumen et al. (1997) Tasfiszdunzuuusel
(n Wit 3.3)

giu 0 lufiunausing

s 1 wwagenaudiiaiading  swaduitugudnanstiesndn 0.5
Tadwnslifiganinsinaiuns

AU 2 uwanaw vise Syrudntey vuiaduktuAuSnanUsEIN 0.5-1
fafwmslifigpmnsenatuna

AU 3 wkagaldng vunnussann 1-3 Jadwes wasfiyaasinanausa

AU 4 wnagaidng wwavszana 3 Sadwesudesindt wwadudm

v
< o

wazvaudumna

sefu 5 unadmumefudungy  fvevusadthena (Wuensiiuansis
ANNBaULasialsA

ssiu 6  unagnanuAasetuddmbifvovusaiiniuen Wueinisiuans
fennugauuasialsa

AT 3.3 INUNIRALLUUNISNALSARNUSEAUALLULYEY Roumen et al. (1997)
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wisrrinumiueendu 3 ndu léun swiu 0, 1 way 2 Wunguiiuansanu
shumulsalwiluszdugs lused 3 war 4 Wunguinananudumulsalwilusssudunans
uagluszdu 5 waw 6 Wunguiluansnuseuneselsalud (Sallaud et al, 2003)

3.3.2.4 mlATEinsnsEemvesdnvusaumulsalviludn

Annginsnsyaeiesdnuasiunulsalnilulseenstin F, NNnTeya
Al %;mﬂu%'aaga phenotype faen1snaaay Chi square Tnsliasesinisnssanesiveslsyens
Tndulumufienamnensli (goodness of fit) felusunsy Microsoft Excel 2007 (Hardy
CHISQ.TEST)

a v i . R <& o
3.4.3 MFIATILUNITNTLIBAIVBUATIMNNY microsatellite Tuusevnsdathi 2
(F2)
U < -‘.‘l‘ . . el 1 1 [
3.4.3.1 MSAREBNATENNNY microsatellite NAILITOLENAIIULANAIITENININD
v ° § . . 4 § o &
wazwdla  nFuASemunY  microsatellite Wevus 230 \ATDMINENATEUARUYIY 12
<
Tastulaudng (nwi 3.4)
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RMI Il 297 RMS3 \H 32.7 RM545 \H s 25.3 RIM5688 1Y Ir 30.8
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RM697 1~ 0.7 cncas L AM6a40 101.9 razro | |y 913
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34311 mafuSuaiiduedemaia PCR
lagldym KAPA3G Plant PCR Kits (Kapa Biosystems, USA)
\A3eaMIg microsatellite avue 230 ey primer TuUjiiSen PCR virludratug
¥1IR9NUEd 105 mLUuwusLLu warlutaiugme (GS19769) mLUuwuswa WD Harris
UNI-CORETM 1muawasU'Nnamaumumuanmwum 0.5 fadums Wilowesuou 5 u 14
aslu PCR plate 3guausen (master mix) UFA5en PCR Tut3unms 10 hilasansusenoudas
dH:0 4.32 lailasdns, KAPA Plant PCR Buffer (2X) 71l MeCl, waz dNTPs 5 lulasdns, dw
NEN5ENINN Forward Primer (5 M) uas Reverse Primer (5 uM) 0.6 lulasans way KAPA
Plant DNA Polymerase (2.5 U/uL) 0.08 lulasans T,mamamwnuuaumwuﬂmmusaumu 1)
wamvm:u 95 DIMWAITYA U 10 U Fwau 1 sau 2) wamvmu 95 v uwaldua U 20
aum 3) wammu 57 awaled uu 15 Junii 4) 'wanmnu 72 pamwaled Uy 30 Jui
vhaduneudt 2 & 4 1w 40 ou 5) wamvmu 72 23 walTYE w30 Ut S1uau 1 Sou
Wonsuinnuseuilunsisaeunafewmaiin PAGE
34.3.1.2 maweiNaann1sviuiise PCR
Anszsinasmemaiin PAGE lneld polyacrylamide gel Aanandy
Tu 6 Wedldud ayrvseunalasmsfeuduauiiduedomsazany siver nitrate a3Enseeg
Benbouza et al. (2006) muisnste 3.2.3
3.4.3.2 msfnidaniAiomuny  microsatellite faansousnaIILAnNAdTEIing
AMUIUVIULAEANBRULE LS
thin3esmne  microsatellite ﬁmmsaLL&JﬂmmLmﬂﬁhasxwiwﬁuﬁfwmmz
wugwildundmdeniaeds bulk segregant analysis (BSA) iedum Aty microsatellite
AUNTOUUNAMIULANAT (pol ymorphism) FENINANURUULAALEa ULl TaldRsue
TWBTEIINT 6 neu Iiun ngudl 1 ApfBueeugWY nau 2 mama‘uaawuswa naufl 3
mautamaqﬂs 9N F,T; Alanmusuny (resistant) 5¢@U 0 nauw 4 Ao uleaIUTTYINg
F2T: Mikansnamgouua (susceptible) s¥avU 5 way 6 nq:m 5 Aduereaszeng FoT, Auans
AIIAIUNIY (resistant) Sefy 0 LLasﬂa:uﬁ 6 AduevreUszrng F,T, fiudnmuseuns
(susceptible) s¥AU 5 Uay 6
34321 maaseumduet
afafduedie® CTAB method mudumeusss dafegrdly
ildluvasn microtube A 1.5 fiadans Useinuatvaen WU CTAB extraction buffer
[CTAB (hexadecyltrimethylammonium bromide) 2 n$y, 1 M Tris-HCL (pH=8) 10 faddms,
0.5 M EDTA pH 8.0 4 fiadidns, 5 M NaCl 28 Jaddns, PVP 40 (polyvinylpyrrolidone) 1 n3y,
0.2 % p-mercaptoethanol] vaemaz 700 lulasans antutugeia bead 2 dlm) uy 2
wiil hmasavulugnuauauvgll (water bath) figamfl 65 serwadua un 30 un
chloroform : isoamyl (24:1) 700 Wulasans udwanvasaluun Juwissd 12,000 s9URDUTN
uw 5w geduladuuuting 400 ilesdns Tdadhuvase microtube i iy
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isopropanol (g -20 esrnwaded deuldiu) Yiunw 400 lulasdns wanvaealuuiutg Ju
wissil 12,000 seUsioT WU 1 Wil dladuuuicindensneudidueRtuvasaday
a9 amznouRldwemy ethyl alcohol 70 WofWud Usuna 400 lulasdns tuwioed
12,000 s8URRUT Uty 1 Wil wdnladuuuidindensneuiidue Sungneuidued in
2 ads Rafaliigamapiviestuniiduewh avmenvnaufitduess 1 TE buffer Y3una 50
lulpsiins Sssirnsganduuasiedos spectrophotometer imueARY 260 ualy
wns wisuAdulidanududugaiewiniy fmududu 10 wlunfudelulasans thludu
Adweosuuuuluuiisen PCR
34322 WuSinamduesewmaia PCR

lngldym KAPA3G Plant PCR Kits (Kapa Biosystems, USA) 14
primer y@AATEMMINY microsatellite Tuujien PCR wiSoudiuUsznou (master mix)
Uii3en PCR TuuSums 10 lulasiasuszneuse dH,0 3.32 lulasams, KAPA Plant PCR
Buffer (2X) i MgCl, uaw dNTPs 5 lulasans, daunanssying Forward Primer (5 uM) wag
Reverse Primer (5 uM) 06 lulpsBns, KAPA Plant DNA Polymerase (2.5 U/ul) 0.08
lulasins LLa"mauLamamaﬁmmwmu 10 wilunfusiolulasang 1 lulasans ‘[ﬂamammu
wagfmuAsAUTOUR Y 1) flguungd 95 esmugaia ut 10 WIF Sy 1 SoU 2) flgnumgd
95 sarmwalisa U 20 qmw 3) flgumndl 57 sermiwada u 15 it 4) igaungd 72

peradea Uy 30 U v duneud 2 B 4 Sy 40 Seu 5) flgaumnd 72 pemwaidoa
UM 30 i Fau 1 seu leasususentilunsivasunaiematin PAGE
3.43.23 MsieswinasInMsihuinsen PCR

AnsvinamgiBinalin PAGE Tngld polyacrytamide gel A
Wty 6 Wesidus nstedeunamsnsdouduauiiuiesisansazany silver nitrate A1L33ATS
703 Benbouza et al. (2006) Mui5M1590 3.2.3 navnmMaUFATeN PCR fvumeSowng
ail

De

a g

A Ao finananTudiduiomilouwususl (parent 1, P1)

A

a o

B f® inandntufiiduiewmiiouwudwe (parent 2, P2)
H fig ﬁuaNﬁw‘z‘?uﬁtﬁmamﬁauwzw‘i'uﬁfwau,azuﬁ
defmuniaSenmne A B uay H udhdndonintemusiiuan
suwuiduelundy 4 uas 6 1y A wengulandunilisewing ¢ waz 6 Wu A wlilums
Arssvmsnssnesvenniomnslulssens 250 susely
3433 mﬁmswsﬁmsnssmuﬁwauﬂ%wma microsatellite ﬁawmsmwnmm
UANANsERINANMIIIUNIULAAIBBULEUUTEYINS 19T 2 (F,)
iAoy microsatellite ﬁmmsnLwnmwmmnsi'miswj'mﬂmél’mmu
uazmmseuneld 9NN1SUATIEWETE bulk segregant analysis (BSA) 1Ty primer Ty
Ujiflie1 PCR \fieliasisiinisnsentesvonsieanng  microsatellite uusswnnstm Fa
waum 250 sy
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34331 mafuSadiduesemaia PCR
Tyn KAPA3G Plant PCR Kits (Kapa Biosystems, USA) ) Uhlutn
Wuuf‘mmaﬂuza 105 wﬂuwuﬁuu wazlutvude (GS19769) wﬂuwuﬁwa wasUszng
19 F, vavun 250y aianed 2 Harris UNI-CORETM lmuawasﬂwnamaumuﬂuanmq
qun 0.5 faduns Widadesuu 5 §u Tdaslu PR plate WSsNdILUTENBY (Master mix)
Ujiien PCR Tuvimes 10 liles@msuszneudie dH0 4.32 Talasams, KAPA Plant PCR
Buffer (2X) il MgCl, way dNTPs 5 lulas@ns, dunanves Forward Primer (5 uM) uag
Reverse Primer (5 pM) 0.6 lulAsans way KAPA Plant DNA Polymerase (2.5 U/ul) 0.08
lulnsang Iﬂamamwnmaumwummmusaumu 1) wamwnu 95 pImwaliua w10 udl
U 1 sa*u 2) wamwnm 95 perwaldiod U 20 amw 3) wamwnu 57 semgaldud uu
15 U9 4) wamvmm 72 pamiwaldod Uty 30 Uil vherduneud 2 8 4 31U 40 59U 5)
flgaumgdl 72 ssrwaded uny 30 Ui Suu 1 sev Woasuswuseuthlunsivdeunade
wAlla PAGE
34.3.3.2 nmslenginaannshufisen PCR
Anvwinademaiin PAGE Tneld polyacrylamide gel At
Tu 6 Woddud avsseunalasnisdouduauiiduedeansasans silver nitrate aiEnT5vas
Benbouza et al. (2006) aw3Bnsdo 3.2.3 navnmsviiisen PCR fvunedomunedad
(1t 3.5)

P1 P2 1 2 3 4 5 6 7 8 9 10 11 12 13

) ¢=‘ LY 1 -1 d‘ [] . 4'
AN 3.5 AIRENFULUUTRIAURABUIDYDIUTEYINS Fy NUIINGUATNISAIMUAIRTBININY A
dmivuseonsifinandniduewmiiouws (P1), B dmiuusrnnsiiiuandnmisue
= t o 4 o < 5 ) 1
Wilouwe (P2), Uas H dwiiuussnnsfifinandnfsuowilourauiuasie
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34333 mydansinnssnsivesademinglulssmnsdndii 2
(F») Wavum 250 &y
Ainsevinisnseneiveaeiemingnindeyaiild  fadudeya
114 genotype fensmaday Chi square lngfasizintsnszanesilulszeinstm F2 vavum
250 #u vewdaviademnindunudinavnevieli (coodness of fit) #elusunsy
Microsoft Excel 2007 (Hariu CHISQ.TEST)
3.4.4 a$aunuitszysumisdudunlsalnivulasTulondia  anwedidudinend
\wdu (recombination)
afaunuitusunmilsalng Tnomsdnumeinuivesnisifia recombination
viemnuiivesnisiinaseadslenas (crossing over) @slonaifin recombination HAuduwS
Tngasstuszogmsenindululaslulanionty  Aarufivesnisiin recombination 1
wWedldud wihfu 1 centiMorgans (M) Fufumisvesszasvineseninsduvunnuiitu
(mapping function) 'lumswmaaqﬁ'lﬁ‘ﬁ'aa&a phenotype Wag genotype 10UseyINIIfBY 15
suiuanieusauuedelsalniogedamunumsiinlsafisysiu 5 wae 6 owndulssringd
i phenotype gnABILUBY ﬁqtﬂwssmniﬁmmzam’iw%’vﬁmﬁLﬂiﬂsﬁtﬁassummﬁaﬁﬁq
vosBugumulsalwilunisiinuil Udoya phenotype 3nMsvagaunisiinlsalulszsenng
91uay  genotype yRauAaLIATMINEIINAITIATIEINIINSE v LATe MBI
Aaswismiy AnamAeLfiveanIsfn recombination vesduduvalsaln uaven
AunsiAn recombination vowdasguenAIomInaifonauuAiszyfumisBuiunlsa
Tyl Iﬂ&l’l‘ﬁ’@ﬂiﬁ'ﬂ‘ﬁ (Morgan. 2008)

recombination frequency = number of recombinant progeny

total number of progeny

3.4.5 N15AATITINNINTEINBFIVBUATOMINY microsatellite WeBududuauuassy
AudsvasguRumulsalud
NATeMINY  microsatellite 3L 66 IASDMINBTENNTALIAAILLANANG
sgwiniugweuaziugualld  haundmdeniatemneifiundsieguulastuleuinfuiy
iSomneiiannsouena AN uILas A s Ul Tnevimsdadan
\wEeamine microsatellite Su #iildumiskeginduatlnafuirdesmnsfiaunsonsnamuan
Aeseninauiumularausouuels tirismnefidadenuidinseiifietisuduainy
wiudlumsdnnguuesndemneidue  warssydumisfiuiueuvesdusummilsalmivy
Taslulondn Aimsrzvimsnszaneiveanieamng microsatellite tulszwnsdm F, $uau 15
Auiuanadnuurdeunerelsainiotedany  (Dulsvvinsidl phenotype figndfesutiuey
Amszinmsnszaeiivenaieamny  microsatellite  lnssflunsaude 34331 fede
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34333 uavabuunudssyiumiduiumlsaluiivdlasiilontn nneddusnend
\wi (recombination) Ao 3.3.4 .
3.4.6 msa%’mmuﬁtﬁaivuﬁ’nLmﬁwmﬁuﬁmmu‘hﬂ‘lwﬁﬁfaEJT,UsLmsu MAPMAKER
Wdoya phrnotype uay gonotype maqLma"msaw:umwaasm.muwwuﬁnssm.,u
fumisvesdusuvulsalvl wavieSoamneg mlcrosatelllte aaglusunsy MAPMAKER/EXP
version 3.0b (Lincoln et al., 1993) AUMANNNSRaE
3.4.6.1 ﬁ'ﬂndummﬁaﬂawaqLwiavm‘%awmaLLasﬁuéfmmu‘[sﬂ‘lwﬁ Tnofivun -
3~ﬂummsﬁw'lmaaﬂﬂaa\1nusumummmwanaua"anwmmawauawmmm AUINTFILYDA
TUsunsue aem logarithm of odds (LOD) =3.0

3.4.6.2 i]ﬂa'lﬂUﬂ']3')']\19']'3‘1]6\31»1&]6“’!&"130\1141“EJ LLﬁ“’Gl']LLMU\?‘UEJ\?EJu‘LULLGla“ﬂ

uﬁnn
)

WUINTe 3.2.2.6.1 Iﬂmaanmmumiawmwauﬂsawma‘wum likelihood a:mam Ao fAn
likelihood = 0.00

3.4.6.3 AIUINNISTEYYINNTBILARIAT B IMLBLarEuF U ulsAtvY Tneld o
Kosambi function seaswneiilativuedy centiMorgans (cM)

3.4.6.4 ayRARUMNgNFsBINATIF I IllE

'mLmuﬁﬁ’uﬁ‘nssuﬁaa‘lﬂsunsu MapChart version 2.2 (Voorrips, 2002) gt
%’auaszasﬁwuamsiamﬂ%'ammamniﬂmnsu MAPMAKER 1nanuiaissezvinatunuunaun
dvay (accumulative distance) Tulusunsy Microsoft Excel wanmnuuﬂﬂaanwauammsau‘b
walUsunsy MapChart 1den file muAI8 new mwana waziden chart ‘[Usunsmuasmmuw
Wugnssulv
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=
uni 4
NaN157Y

4.1 Avwmanvanevaugnssuveadasg el

Anssimumainvansvesdeamglselnd $wou 19 Telwan Fafusiuny
nnituitugnimitminsinsssunavedselniluvsemelng Tneduidenialaang  MGM
S 14 \wdeaine Ainsounquits 7 TrsTulsuvoadomivalsaln Tnouvadulasiulenas
2 wiSomneldidy primer TuUiRse PCR AsIIADUNAINUAATEN PCR Mmuwailn PAGE
lagld polyacrylamide gel Audutu 6 wWeosdud douduaumiduedoasazay silver
nitrate 91MIASEIMINY MGM Allumstiansivun 14 Wieane wu 13 Lﬂ%'awmﬂ
aunsoueneLLAnewesugnssudea g lsalulls luvaefitedomng MoMs7 waa
vulaslilond 2 ‘Lua'm'rmu,aJnmmLLmnmqlc'ﬂﬂauamLmumaummmnwmm 210 fuua v
19 lelwanvosdoamalsrlusl (nmil 4.1) wlommne MGM $1uau 13 ey d
polymorphic information content (PIC) 8g5¢%in4 0.1 fis 0.8 Anadewiniy 0.38 uanad
aufifnenmesaaienmng  MGM lumslifiedineimmmanuasvesiugnssude
amalsalwd (m31efi 4.1)

Answirumainvangyasdesavalsaluiidaelusunsy NTSYS version 2.10
Tngldrnduuszdvsmnueing (dissimilarity) w81 Canberra wazdanguANNduRuSTag33
SAHN Lﬁ%%ﬂt%LLWmWLLammmwmnv‘mafuaaL%ammmisﬂ‘lwﬁ NnAndulsedvday
fait 90 uJawaum ansadnngueudiiuduesdeavalselmion 19 leluavldsuoy
4 nau il nau 1 Ancdu 73 uJaswumawiwmnsmammmiwlwuwmm Usgnaudude
51 14 lelwan Fafudeniiszuinuinanamie léun PLK1.1, PLKA0.0, THL8A, THL191
uaz CRI34.1 WosissumuSnaumenyusonidoamie Tau CPM55003, KKN2010 61119,
KKN2008 7357 uag SRN54002 LLazL%asﬂﬁS"mﬂu'%nmmﬂnma Teiun  BKK55003,
BKK55004 CC055002, RBR55002 uay RBR55004 ngu 2 Ay 15 wWefiWudvasuszeins
Wesniidnw Usznousaedesn 3 lelnan Wudonitssuinlumanyusendoaniie len
NKI2010 13502 uaz UBN2010 11351 uazdesisvuraudnameld 1éurd pL3 wenani
wuL"Evasqﬁsxmmu‘%nmmﬂmzi'uaanLE&Nmﬁagn%’mna"uuanaamﬂuﬁaLﬁm lungu 3 uaz 4
léiur UBN2010 195167 uay CPM55002 asistu (nwdl 4.2) '
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M9 4.1 drduiiondlelndves primer vondoamgly \ana MGM wag
polymorphic information content (PIC)
mavihedlalnd (5 - 3°) PIC
Chr. wiaamy Forward Reverse
1 MGM446 TTGG'GATCTT CGGTAAGACG GCCGACAAGAC;E;GAATGA - 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
q 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
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M1 23 4 5 6 78 9 101112 1314 1516 1718 19 M

MGMS57

200 bp 200 bp
M 1 23 4 5 6 78 9 101112 13141516171819 M

300 bp 300 bp

MGM209

200 bp 200 bp

awit 4.1 sUuuuRBueresdeaivalsalnl 19 lelwian snmsiesieidomada PCR
gl primer vouATgaMny MGM209 uay MGM57 (1 Ao BKK55003, 2 fio
BKK55004, 3 fio CCO55002, 4 A CPM55002, 5 #Ae CPM55003, 6 e
KKN61119, 7 Ao KKN7357, 8 fis NKI13502, 9 fis RBR55001, 10 fio RBR55004,
11 Ao SRN54002, 12 Ae THL191, 13 @o THL84, 14 fe CRI34.1, 15 fe
PLK1.1, 16 Ao PLKA0.4, 17 Ao PL3, 18 fia UBN195167, 19 o UBN11351 way
M fi® 20 bp DNA ladder)
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_{ BKK55003
CCO55002
‘{': BKK55004
RBR55001
_[ CPM55003
RBR55004
KKN2010 61119
i KKN2008 7357
PLK1.1
CRi34.1
PLK40.4
THL84
SRN54002
THL191

NKI2010 13502
l PL3

UBN2010 11351
UBN2010 195167
lCPM55002

{ ¥ T T T r T T T Y u T T T T T T

1.00 0.80 0.60 0.40 0.20 0.00
Coefficient

d . o/ L4 (3 dv L4
M 4.2 urunwLannud@nWus  (Dendrogram)  vedWeamnlsalugl 19 lelwia
WATAlagTs SAHN nATeMINY MGM $1usu 13 w58
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4.2 $roiudiudiosisnumsdummilsalng
wamsAndendnmeiuiiumulsalulifomsugnidoniinauiu 29 lelsian
asuusundrdfugfuiles Fawuiuusi uazdoth Favn 311 aewus wutnfiaunse
funusemadvhasveadesis 29 loluan Tusydiugs viseluuansennisvaslsa Srumy
9 egug Usenaume
1. GS23107
2. GS19769
3. (GS20874
4. GS23774
5. dgum 1
6. GNITUYT 1
7. awssaNys 60
8. gWITUYT 90
9. Wiveuila
Nnuansimden wuiiRugiudoigumulselwiluseiuasis g ¢ ae

v
+
= v ¢

Wug @ud 1-0) ludwoull driudosanowus 6519769 FaiFeGunluviosiufie Wusie

P-4 < =3 g = v a o :’1 dv
gnifeniiveldlumsiinuinisnsseeiveBusumulselwiluemdfundsd

Y a v o ° t 8 v v [
4.3 N1INTTIYAIVDDUUATMTEIUNUN STy ufuvulsaluduulaslulyadhg
4.3.1 Uszuinsda
4.3.1.1 Yszmnsimgnuaudadi 1 (F, - hybrid)
dnvarUssdmudresiniuguminenusd 105 (KOML105) Hudhadily
sotnasedwoeu Jvuvuwiulu uwiulusasmulududfer duluigvnisnvue 2 yon
wazfinrwem 26 fadwas yluwasdteroludifendeu UdoadiTsr nswneus semnasine
Weuaryonmueenduy nAusewendilen anuuiediduliunans ANNTAINY 150
a o - < < < -
WUALLAT ABTNYM UTUUUUGINWER LURDAWARENNY (MWH 4.3)
dnvauzUsssmiuduesdnmudednewuivhe (GS19769) [Hudruduuy
wialugunevre Saviautgssasy lufleuuuudyly wiulufiFi@eniedivansly nulud
Weadushe fuluideniidnuar 2 gon woelinruen 25 fadwns vluuagadasialudiig
Udesdiles vsenewd voswnasmendioden sennmunenuarniusemendiing ANuLTEfy
unan anuenawu 150 wuiwumng Aesee1n Suuuddenwdn wWisnwdaiwie 990
o O = o [y o ' a P ‘
msdunaanuaeinuiulddney wasnuirdianuuansiaain KDML10S fle nisiidvasuniy
Tududdowmein Fnuludenduing Sdvesluuasdorsluduiing sufvdvenniu
o o & o o = o
nonuardnausasnenndaduduing (nwmil 4.3)
v o w « o o . i
anvaizlszimiuguestingnnandin 1 (F- hybrid) fildenmsway
sEwinuiuMInenuEd 105 ﬁ’u-ﬁnﬁul,ﬁaalwaﬁuﬁ:ﬁw (GS19769) fvuvuwduly uruluild .
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Geady nuludine Suluiidemiidnune 2 son uaslimwen 25 Saduins yluuasdtere
Tudinsdou Yaesdilien nsenoun soanasiufledingd saanI1unBNLaLNAUTEINDNANIN
AL dEUUINIY AuEEIRY 150 wufns Aesisen Seuvulldeniudn wWaen
whadrne dnusiiwuidmmmioutuiiugud Ao Teuvuwiuly dnvasiivuindaom

willaufuiugwe Ae veanenuaznduienendiing uaenudnuwaeinnnnauasudl fis iy

Tuiiddiendy nuludiag yluwasdvesolufiasdou uavsennasiudiedied (nwi 4.3)

goaniunon

sunasinag
yenaswAdly

nAusosnen

. JOANTURDN

- SunaTIWAK
— gemnanAUly

HoANIUNDN

suinasinag -
gomunasiwAdly

ndusoenen
£
auly
domalu Yl

dku

A 4.3 SnwisUsedniuduadin n) Wugunnenusd 105 (KDML105)
Wuge (GS19769) uag A) gnuaudi 1 (KDML105 x GS19769)

— niuieInen

adu

Q) WNwdlaslny
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4.3.1.2 Usgnstnadaf 2 (F,)

Nausswhiugivnaenued 105 Wiluiugul (female parent) way
mqwumaalwﬂwuama (G519769) Miluwugwe (male parent) wﬂuwuﬁ’mmumu‘hﬂ
o lmnanmaumw 1 (Fl- hybrid) 9wy 2 wién Ug nuavya au’[wumiwaumtaqmu
SR anwauﬂm 1ouft 1 (FTy) Wadas o 165 wia anmaumw 16ufl 2 (F,Ty) 16
wand v 85 wia sulsdnuindrgasay Fy S 250 wia (Fp- seed) LuathUan

wlilsznstn F; (Fo- plant)

4.3.2 n1snszarwivesdnvasduniulsalulaeisnagsunisiialsaluussvans

$1999% 2 (Fy)
wageuniinlsalasmsugnideanmalsalnisnny 19 lelwan  vundrin
UM 250 A wumiLLamaan°uaqé’nwmvm’mﬁ’:umﬂsﬂ‘lﬂﬁsvcﬁ’uae (36U 0, 1 uay 2)
I 193 siu Tnswsniduuszrinsdn F, ey mn‘manwau FiTi (FoTy) 9717w 124 ¢y
warUszInstn F, ﬁ’lmmnm'sa AREN FiT, (F2T2) $71U9U 69 6 wansanudiuntulsals
Tuseauvunans (seeu 3 uay 4) 91y 42 sy Insuenidulszrinstn F2Ty 977U 33 fiy
wazUszIngin FoT, $au 9 du wudnuuriuansmusounesslsalud 5vdU 5 uas 6)
i 15 Au Tngusnidudssvinsta FoT; suau 8 fy LLauUi&f‘U’lﬂi‘UT} F2T, 972U 7 6y
(151971 4.2) maUsuLuunwsm’lﬁsﬂmawssmnima F, Wavun 250 oy woadusuiluana
dnunzsuIY 235 U warduTuansdnugdeue 15 dy uwaagaﬁlﬂumﬂswwmsmz
eimvewinyuziunulsalnfndunuiieamneviely (goodness of fit) Ingnaaeum
A1 Chi square (los1nUssnsidnudusstnsdn F2 winaudumilsalwiidnw
anAIvANMIBBULREduLRe? nsnsEaemvesdumuandnvazduvulsalusasiniy 3:1

™

uAB fuy (resistance, R): 8o1LD (susceptible, S)

]
<

< a a v Y v v o'
MW 4.2 navszdiunsiiialsameveamaisalul 19 leluan vuuseringdnng 1@ 2
(F2) §17u 250 fu

Uy Aun” ANy g9ULB
Ussvng fiusudy (/) Uunans (fu) (fu)
0 1 2 3 a 5 6
F, T, 165 75 28 21 30 3 8 0
FaT> 85 59 5 5 5 a 5 2
WU 250 134 33 26 . 35 7 13 2

* 0-6 fip svAuAzLuuNITAAlsAnILITYee Roumnen et al. (1997)
* 0-2 dneglungudiumy 3-4 dneglunguituviuviunans waz 5-6 Inaglungy
gounasio sl (Sallaud et al., 2003)
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wansnsyaefmvesdumuaudnuuziumuludnsau 3:1 R:S) wuaiada Chi
square WU 48.133 \ewSsuifiaufiuasns Chi square 7 degree of freedom (df)
wiriu 1 wudndidenutasdu (Probability, P) wihifu 0.000 wasslsifiudinisnsyaiesh
vesBumuaudnuasdummlsaluibidulumudandn 31 (RS) fuhudmsmsimansy
NemvasdumuRunyugumuludaTdn 151 (RS) wulldadi Chi square Wiy
0.027 Wiawsuiiiguiumsne Chi square A df Wiy 1 wuinfien P Wiy 0.870 Wie 0.90
< P < 095 wandliuiinisnszaneshvesdumunudnuugiinulsalndifuluay
onsrdu 151 (RS) Wuldldihdnuassumlsaludludrafudie 6519769) gnaauey
seumdnidududusuo 2 fu @ major dominantly resistant genes) laggundn 2
fumisdiugisedudushumissewinty (nterallelic interaction) waziilefinsandeya
Tumsdl 4.2 szshudlunguidummuiividiuuansanusumuiunas WetnaIUfATeN
sewinadusdumulaalng 2 dumsiiludtugwhediuuuy (additive-addition interaction)
(5197 4.3)

MINA 43 dasinsnssneivesdnsusiiunusazseutese@eavalsalnl 19 o
Twian Tudszvnsdadam 2 (Fy) Sruau 250 sy

Expected Observed
Uszeins (Fruaudu) ratio Expected No. No. X? P
R S R S
F2 (250) 31 187.5 625 235 15 48133 0
F2 (250) 15:1 2344 156 235 15 Q027" 0.87

* falifl Chi square (X2) =0.05, df=1.0 (3.84, 1), **X2 =0.90, df=1.0 (0.02, 1) R f®
Resistant (Auyu), S A9 Susceptible (8auwB), P Ao Probability

4.3.3 MSNIYANYRIVDUATOIMINY microsatellite Tuuszwnsdnatadi 2 (Fy)
4.3.3.1 \efpmmnefianansauenAanuuAnsIsE I Nouazule

AadonirTomunefiaunsannamuuansg (polymorphism) seninewie
uazullalagliindommneg microsatellite S1uau 230 wdonefinssaseguuynlastulan
038120y primer A% PCR nsaaseuNasInnsviuisen PCR fuwmadia PAGE Tay
1 polyacrylamide gel amududu 6 weddus FenduauBuiedeansazvany silver
nitrate WulA3eaine  microsatellite $WIU 66 LAIOMINBAINTARINAIIULANSNS
(polymorphism) senineveuazuils Amdu 28.44 wWesdusveuaiommneivun nsyany
atjﬁaﬁumaa‘ij’n Tnowvemalastiloulawil Tastulon 1 $wau 5 wlomane Tasliloy 2
$1wu 7 wiemune Taslulsn 3 S1wau 4 wdsamne Tasluloy 4 7w 9 Iy
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Taslulan 5 1wy 7 wiswne Tastulon 6 1wy 4 ey Tastuley 7 Swou 6
in3eamng TasTuley 8 19w ¢ wisany TesTulon 9 sy 4 wleavne Taslulen 10
$1u 4. wienmne TasTulon 11 $wau 7 wiemvne uaslaslulen 12 $wau 5
WS e (miwﬁ 4.4)

4.3.3.2 308NN I0UE NATILARATE IR R UV LA A S LD

tnASesmnofiaunsanenanuuansasywitsauasualldsou 66
\nTomneydmideniaiesng microsatellite lansnsausnAaILANGNY (polymorphism)
sewisanuiumuaraueeuleld e bulk segregant analysis (BSA) TneldfisuLe
mvesszyng 6 nu I nauit 1 Aefiduevesiudiul ndu 2 Adulevesiugve ndufl
3 fduieesUsyrng FoTy i uanseausumy (resistant) 528U 0 nduil 4 Mdwaves
Uszanns FoT; fuanemugouue (susceptible) sefu 5 uas 6 nau?l 5 Mduevesserng
F2T2 fuansninusiumy (resistant) 52y 0 uaznguil 6 ALS ulowaIUsEVINT FoT, Tiudns
ALEBULD (susceptible) 58U 5 war 6 Whdliduveusaznduiniinseidhewmaia PCR
A3vdoUNanINM NG PCR sawmalin PAGE éiy polyacrylamide gel Arutiudy 6
weiidud feudunufiduediusnguuaadisasazane silver nitrate Aassindasgiuuy
ddueludoya A, B uaz H Tnedmuald A fio ﬁwawﬁm%uﬁtéummﬁauﬁusfuﬁ B Ao il
wardndufiSuemiouiuge H fe ﬁwawﬁm%uﬁLémamﬁauﬁ’uémuazuﬁ wulRTe Y
microsatellite  fianunsauenALLANANTETIATIIRUMULATALsBULE LR I 3
oy ldun 1nSemny  RM125 Faliumiseguulaslulandl 7 Tmsuaneves
\demneEeamungs 1 5 6 fo ABHABA 13emming RM144 aguuleslulonit 11 fnns
uansvpuATeMINEEEWNNG 1 F9 6 Fe ABHAHA uazinSeainn RM224 aguu
TasTuloudl 11 fnsuameveardommeFomundu 1 9 6 Ao ABBABA usnanidmy
\wieny microsatellite maundululFamnsanenauuanses e
uazAuBauLl fip iSoamne RM247 eguulastulendl 12 Fnsuansvesniomsnodes
mungu 1 fis 6 fio ABHABH uamdliiiiuinieSomune RM247 aunsougnanuuansewes
naufiuamsmusuuesesdeunelilutssrnstn £, vy feuSadentld
ey RM125, RM144 WAz RM224 (iledinsisinisnssamedaesuonsionmne
microsatellite Tudsyyns?d1n F2 $1uau 250 dusielu (il 4.4 wasmisedt 4.9)
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Ased 4.4 suihedlelndvenaleing  microsatellite  IEMNSOLENAILLANAT
sywianeuazlldTuon 66 1edeainy  wasran TR ERiedE bulk
segregant analysis (BSA)

Primer sequences (5'-3") | BSA
Chr.  Marker B -;:orwarvd primer ' Reverse primer score band
1 RM495  AATCCAAGGTGCAGAGATGG . CAACGATGACGAACACAACC ABHHHH"
RM312  GTATGCATATTTGATAAGAG AAGTCACCGAGTTTACCTTC ABHAHH
RM428  AACAGATGGCATCGTCTTCC CGCTGCATCCACTACTGTTG ABABBB
1 RM433  GATGGTTTTCATCGGCTACG 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
RMA71  ACGCACAAGCAGATGATGAG GGGAGAAGACGAATGTTTGC ABHHHH
RM252  TTCGCTGACGTGATAGGTTG ATGACTTGATCCCGAGAACG ABHHHH
RM280  ACACGATCCACTTTGCGC TGTGTCTTGAGCAGCCAGG ABHHHH
RMS559  ACGTACACTTGGCCCTATGC ATGGGTGTCAGTTTGCTTCC ABHHHH
RM3524 CGGAGCTGGTCTAGCCATC GTCTCCGTCTTCCTCACTCG ABHHHH
RM1136 ATGTCATCCAGAGTCGCCTC ABHHHH

AGGACGTATTCACACACGAC
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Primer sequences (5'-3") BSA

Chr.  Marker Forward primer Reverse primer score band
4  RM2d1  GAGCCAAATAAGATCGCTGA TGCAAGCAGCAGATTTAGTG ABHHHH
RM6748 ATTGGGTTTCTCATATTATG CCAACACTCCTAACTAGTTC ABHHHH

5  RMA13  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
RM44  ACGGGCAATCCGAACAACC TCGGGAAAACCTACCCTACC ABHHHH
RM38  ACGAGCTCTCGATCAGCCTA TCGGTCTCCATGTCCCAC ABABBH
RM8264 ACGCTCCTCGCTTTCTAC GCACCTCACACCAGTAATTC ABHHHH

9  RM201  CTCGTTTATTACCTACAGTACC CTACCTCCTTTCTAGACCGATA —'.——A.B—}JH:}-I-——
RM205  CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG ABHHHH
CTCGCAATTTATACGTAATC ABHHHH

RM5122

CTCACGAAATAAAATGAGTG
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Primer sequences (5'-3") BSA
Chr.  Marker Forward primer Reverse primer score band
9  RMI1553 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 RM415  CTTCGATCCATCATCCATGG . ATTGCTGTACGCAGTTTCGG ABHHHH
RM247  TAGTGCCGATCGATGTAACG CATATGGTTTTGACAAAGCG ABHABH
RM235  AGAAGCTAGGGCTAACGAAC TCACCTGGTCAGCCTCTTTC ABBBBB
RM1261 GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC ABHHHH
RM1103 CTACTCCACGTCCATGCATG

CAGCTGCTGCTACTACACCG

ABBBBB

v
a =~

“Sesmungu 1 69 6 lng A Ao Tnandadufiduewmlounugui, 8 Ao duandrdudidue
wilouugwe, H fie fnandatufiduemilouiudweuazl
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RM144

1 24 356 ABA HB A 1 23456 AB HAHA
RM224 RM247

123456 A BBABA 123456 ABHABH
RM495 RM590

123456 ABHHHH 123456 A B HH HH

il 4.4 gﬂuwﬁLﬁuLaﬂaaLﬂ‘éaqwuﬂaﬁﬁLﬂswsﬁﬁaaﬁ'ﬁ bulk segregant analysis (BSA)
W@y 1 Aie ynenuyd 105 Wuiudu, 2 Ae Wusiae (GS19769) WWuwudwe, 3
D Yszynsdm FoT; nguanumiy, 4 fe Usywnsdm F,T, nqudeuus, 5 e
Ussrngim FoT; ngudunny, 6 fie Yszansthn FoT, nguseuus, A fie
Nawﬁm%uuﬁl,é‘mamﬁauﬁ’uﬁfuﬁ, B A finawdndufiBulewslounusve, H e @
wanAntuAEuemdouRuswauazul

4.33.3 Msnsyaefveadsaving microsatellite Tulsswnsdndadi 2 (F)

THiASeamany microsatellite RM125, RM144 uaz RM224 iy primer Tu
UA3e1 PCR aniadeunadnn1svidfjisen PCR sewnila PAGE Tagld polyacrylamide
gel ANty 6 Wadldw! fendunuAiduemisansazaty silver nitrate Answiudasgy
wuufiduedudoya A, B uay H Taofwualy A fio Tnandndufiduemilouiugul B fe
nandotufiBuemiiouiuine H A fnarAnduiiBulomilouiugrauazial nansiasey
ybauAomy RM144 lussannsdna F, Sauau 250 fu wunanAndufiSuemil oyl
wuslidu A §wou 71 du wurandniudBuiemileutugrorwusliiu B Sou 46
My warnunandniufiduemiouiniuirouazuaitmualily H Su 133 du wams
Trswiveaniomung RM224 Tudssnnsdn F, $1uau 250 fu wunarBsduiiuemilou
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Wuguidwueliidu A $nwou 66 du wunandniufiBuemiouiugerwuslmdu 8
U 49 Fu LLazwuwawﬁm'??uﬁtﬁul,amﬁauﬁﬁuﬁfviau,azLuiﬁmum'lﬁtﬂu H §17u 135 ¢y
uazHamMeTiveadoming RM125 lulsennsdnn F, $1unu 250 du nunanaaty
Aduawiiowiuguitivmueliifu A S 65 fu wunandniufiduemileuiugronvun
Widu B wau 55 #u usswunandndufiSuamiouintugreuasuitmuslidy H
$1WU 130 s (A151471 4.5)
Pntdiessinsnsyaefveuntomng RM125, RM144 uay RM224
Tutszansdm F, Iudumuiienavinevsoly (goodness of fit) Ingmaaeumen Chi square
Anrwinsnsyneiveaaiemnglusasid 1 - 2 - 1 tufe Tnandntuiisuemiiou
Wugwe (B): fnandniuiiBuamiouiugrieuasun (H) finandniufisuamiiouiugual (A
HANSUATIEINUTIAIETR Chi square dwsunisnssaeivonaiomnglusnsiaiy 1 -
2 : 1 (B:H:A) vouaToavny RM144 fidwiniu 6.024 WeiSeudioutuaisne Chi square 7
df Wiy 2 wudhilen P Wity 0.049 wieegisening 0.025<P<0.05 (A5t 4.5, Al 4.5)
\A3D9MLTY RM224 SiRnadii Chi square Wiy 3.912 WeawSeufiouiumsa Chi square 7
df Wiy 2 wudnlie P it 0.141 wiegsening 0.10<P<0.25 (A15737 4.5, nwilt 4.6)
WaziA3oMmiY RM125 fienadd Chi square whiu 1.200 ewSsufloufumsta Chi
square 71 df Wiy 2 wuthilen P iy 0.549 W300g3ENIN 0.50<P<0.75 uansliiiu
Imsnssneivesdusulsamifuluaudadiu 1 : 2 1 (BHA) (safl 4.5, nndl
4.7)
4.3.4 a¥aunuiissysumiduiumulielnivdlaslilevudn . mnwedidusiaend
‘it (recombination)
lonafia recombination fiAuduiuslnensetussormaseninedululaslilsy
ety Arrnudiveaniaiin recombination 1 wWeddus whtu 1 centiMorgans (cM) &
\DumizgvesssosvinesewineBuvuunuiiiy  (mapping  function) 'Lumswﬂaaqﬁ"'lﬁaga
phenotype Way genotype wasUszwnsifins 15 Fufluansminudeuneselsalnsiosetamy
wumsiinlsafisedu 5 way 6 Wuussnnsiis phenotype gnéissutivou Juduuszrnsd
winzandmivihuinssiiessydumisiidevosdudumulsalvl  wuineSeane
RM144 uay RM224 Fefldumisoguulasiulen 11 fmsifia recombination Wity 20
Wosidud uandbiviuhdusumulsaluifiaudeulosfurioming RM144 uay RM224
Imvmuavmqmnm 2 i3omneifuszzng 20 oM u,avumLmqumaauu‘[ﬂﬂuhu 11
NaYBATBIMINY RM125 WSJGHLLWLJ\‘I@EJUUIF]SIQJI‘USJ 7 §instfin recombination WU 60
Wos@us u,ammLﬂsawmaLUuaasomnaumumu‘[sﬂlwumaagmqmnaumumu‘hﬂlwu
wniduszeznie 60 oM viahilafishumiseguulastulomdeaduiuiusumlsalugd
(307 4.6, Al 4.8) LwaLUumsmwuaummsuawaammuauuaosvumwumm‘um
Fudumlsalwifdanuty Sohmsinssinsnszaefuesiomng microsatellite
foly
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o o o d . ) & d
A5 4.5 9ATINITNTLIWAIVOUATOINNNE  microsatellite  TuUsewnsdant 2 (F,)
U 250 Ay

Expected No. Observed No.
Jszvng -
@Fwww Taslule Expected Probabilit
) u WwIsme ratio B H A B H A X y

F2(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 39127 0.141

1.200™
7 RM125 1:2:1 625 125 625 55 130 65 . 0.549

*A1 Chi square (X?) =0.05, df=2.0 (5.99, 2), **X2 =0.1, df=2.0 (4.61, 2),***X? =0.5, df=2.0
(1.39, 2) A fle finandndudlouemilowiugal 8 flo dnandnBufiduemileuiugyie H fio
finandnyuiiouemiouiugwouasw

4.3.5 NMTIATIZINIINTLIHIVONATOMUEY microsatellite BB USUSILILLES
sTyAuviiIvadudtuniulsalwg
NNHaMINTEIYMTaENYuzaumulsaluiluim monisvaaaunmsiiinlsaly
Usernstna Fp samunsunu 250 sy WUINNMSNSEEFITRsanwusiunulsaluiduly
mudnsdn 151 RS) Oululddnyusdummilsalmiludniugie (6519769) gn
muAuieBuvanidudueuswou 2 fu @2 major dominantly resistant genes) UazHa
msnszefiesaTemng RM125 vulaslulvn 7, RM144 uas RM224 uilasTuley 11 lu
Ussmnstn F, Mamuaduau 250 du wuks 3 wdeaaned mMsnsEaresivenniamungly
S 1:2: 18 H: A dedwmesidusnisiiia recombination Wieadaunuilsey
suvisdusumulsalvyl wuirlosune RM164 was RM224 Sinsiiin recombination i
My Ao 20 wWesidus waadliiiiuindusunulsalwifaudeulsatuiniomuny RM144
waz RM224 vulasiuloy 11
Lﬁaé’umﬁuﬁwuwwu‘['iﬂlwﬁ‘ﬁmmummﬁwumu’l,wﬁnﬁus:ﬁw (GS19769)
onflmnudonlestuniosmne RM125 Ailsumisunlaslilon 7 uas RM247 daumisuy
Taslulew 12 Fuduedemmeiiianudululiannsowsnmiuansiiasenaay
FuvnukazaMugauwsld (nwil 4.4) LﬁaqmnmmsnLwnmmLmhcsha‘uaqnejuﬁuamﬂmu
umulazaussuweldlulsennidn FT, Semdonndemunefiausauenainuan
Anvsevriaviowazualld wasidumiweaeiomnouulashiley 7 $wou 2 Wdeavng
oun 1n3eavne RM11 uaz RM1132 (nwil 4.8) uazfmideniatosmnouulasiyley 12 #
annsauenANLANFsErIaauazailiTIuIu 2 wiswne T wWissiuie RM1261
waz RM235 (Al 4.9) dudessinisnssanesveasiomanslulsenns 15 duituans
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Anugounasielsalwiiotndanuduussansiil] phenotype fignfasuiiueu Siasesinisn
stnefvonaieamny lasllivedia PCR ASIIFRUNAIINMITVIIUGATEY PCR dhamaile
PAGE nely polyacrylamide gel anundiutu 6 wWesius deuduoumduesvarsasany
silver nitrate ‘)Lﬂ'i']"VILLlJa\‘l'SULLUUﬂLEIULE]LUU’UE]ua A, B uaz H lngfwunli A ﬂE] fandn
'uumautamuauwuﬁu,u B Ao uwamamumautamuauwuﬁwa H flo nandndufiule
willouiugrouazwyl  uasAuIuWesIFUANISIAn recombination eMSLEENINSEUINN
wdsanursuazdudiunulsaluivulastuloudin INNITIATILRAITATEIUAIVD
\A3DaMINY RM11 way RM1132 wuiilifimndeslsstusudummilsalng Tnefiefius
recombination 11U 73.33 uay 80 Wasusianugdisy mumsmwmawumtmuaaauu
Tastulead 12 16U RM247, RM1261 uay RM235 Sesidus recombination Wiy 73.33,
53.33 way 66.66 Wasurmudiu fesnis 3 Seamunefivesidus recombination
mnnd 50 wWasidud Ltammm?awmaLﬂuﬁasmnﬁuﬁﬂumuisﬂlwﬁawaqmqmnﬁu
sumlsalwidinn vie bildlisumiseguulasTuluundessuiudusunulsalm (s
4.6)

wossysuoniviuusuresduiumilselmivulestulon 11 ludnafudosing
Wudve (GS19769) Sefimieniadeamuney microsatellite vulasluloy 11 fawnsausnanny
uaneaszuitanenasild  uasdiumieaeiomuseglnduazeglnaniaioming
RM144 uaz RM224 $mnu 3 tadesinne Wun wiemmne RM5926, RM6094 Lay RM287
(nwil 4.10) ﬁmﬁLﬂswﬁminssmuﬁmqu,ﬂ%'aqwmu'luﬂsumns 15 FuTikanInI s ouLe
maiiﬂlwuamwmmuLUuUs.mnswu phenotype wmmamuuau ARTILANINTEURIVB
3oy Tngldineiin PCR ATIvABUNAINNTIUASEN PCR shawaila PAGE Tagldy
polyacrylamide gel anuintu 6 Wesidud Souduaumiduenie silver nitrate (AgNO3)
AnsiudasgUuuuiduedudeyn A B wer H Tnefwuslk A fe Tnandstuiidue
wilouiugui 8 e fnardndufidulowilouiudie H fe finardatufisuemiloutugie
wavul wazAMIMUBIGUANISIfin recombination tRewszoyesEniuATe ML ELay
gusimmulsalwivulasTulendn wasnnisiesieinnsnseanesvesismne RM5926,
RM6094 way RM287 wuirdauidenlosiudusunnlsalng  Tnenuiiieddus
recombination Wil 26.67, 26.67 uay 60 \Wasiius mumﬂu (57971 4.6) m'uaua
genotype vedATammsuulasluley 11 Mvnsiiasie wmwmmamﬂmsmnwaua
phenotype maaﬂsvmns 15 muwLtammmaaumaisﬂlwuamwmmuwuﬂsumnswu
phenotype wgnmamuuau TngAuuesidus recombination svmwumavﬂwaq
\nSoamuneiiSule Lwa'smmwsvumtmuq'uaaLﬂsammamLamammﬂaswummsmﬂ
recombination  szovvirsuulasluleniiviooduy  centiMorgans  (cM)  wamalidiuingy
dunulsalmiiduwnifinegulesiiled 11 fsseshonndomng RM144 waz
RM224 Wuszaenn 20 oM lszesvinannniaiosuns RM5926 (Husveevng 26.67 cM i
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SyHEaINAS oMY RM6094  (Jusvesvine 3334 oM wasilszazvinaanniaSosing
o
RM287 \Juszeevne 86.67 cM (mwi 4.11 n )

4.3.6 mMsadunuiResrysuwnitvesdudumulsaludiviaelusunsy MAPMAKER
a¥raunufigusunulsalngd Taohdeyamsnszanedivesdnuueimunulsalnd
Hlannmsmaseumsidatsaluilulszensdm F, Sufuleya phenotype uazdayanisn
syanefuanAiemIng microsatellite Tudszwins 15 fufiiansnnugeunasolsalniag
AU %“uﬂuﬂauya genotype 1N IATIEHIINMU MIMIIANFUUALAIUINMIANTYEEYYRS
wiazinSeming wazsyvaasoamnetuiusummlsalnl Melusunsy MAPMAKER/EXP
version 3.0b wavnAuKuTIRUgNTsNRIETUSLASY MapChart version 2.2 dangua3aaing
Aueuardusunilselniifianulnddatu ik logarithm of odds (LOD) =3.0 wu
irdsmnofitimudenlosiuBusunulsalmilutniugie (6519769) fie wiemune
RM144, RM224, RM5926 way RM6094 ﬁs‘i%mtiqagjuuiﬂsiuiwﬁ 11 IINNISAUIUNITEY
VueusaseSemIng wavsewinaesemuneiudusuvmulsaluliing Kosambi function
wuhdusumulselusifissosianniaioming RM144 way RM224 1Huszegniawiiufie
137 cM ﬁ’mmnm%"awma RM5926 Juszagynn 17.1 <M LLazﬁwaawnLﬂéaawu’la RM6094
Wuszosn1e 20.5 M (awil 4.11 )
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F, (1:90)

RM144

“*“ vmd—%m

F (181-250)
T

-
i W A e ey o
4 ‘ x

A9 4.5 gﬂuuuﬁnﬁuta%aam’%amma RM144 Tuiszansdndait 2 (Fp) $1wau 250 du dae
v 1 Ao Wuguninenusd 105, 2 Aa Wugwe (GS19769)

12 F, (1-82)

RM224

12 F, (83-156, 166-185 )

RM224

12 F, (186-243)

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

RM224

= - - | ° v v
AW 4.6 UuuuRiBuleveaaTamng RM224 ludsvynsddafl 2 (F,) $auau 250 du fay
1@ 1 A Wugynnenued 105, 2 A Wiy (GS19769)
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F, (1-90)

RM125

F, (91-180)

12 F, (181-230) F, (231-250) 12

RM125

a1 4.7 gﬂLLUUﬁLSuLa‘uaam‘%awma RM125 luusensinidant 2 (F2) §2u7u 250 du foe
W@y 1 fie Wugvinenusd 105, 2 fie Wugwe (GS19769)

F,T, F,T,
e [
f LI | 1

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

P

RMi1
Fsz FZII
{ VT 1
P1 P2 79 80 81 82 83 84 85 157 158 159 160 161 162 163 164
RM1132

At 4.8 JUuuufidulevennionmny RM11 way RM1132 Tastuley 7 ludsyunsdn
15 Aufuansmnugeuuenalsalvil P1 fie Wuuinenugd 105, P2 fie Wugvy
(GS19769)



F.T, FoT

f i

{ Vo \
Pt P2 79 80 81 82 83 84 85 157 158 15 160 161 162 163 164

RM6094

FT, FT,
{ | 1
Pl P2 79 80 81 82 83 84 85157 158 159 160 161 162 163 164

RM5926

F,T FT
2‘2 i 1
f 1 1
PL P2 79 B0 B1 82 83 84 B85 157 158 159 160 161 162 163 164

RM287
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Al 4.9 JUuuuRiBuersasiomuny RM247, RM1261 uaz RM235 TasTailaw 12 luuseenns
1M 15 dufiuansrnugeuueralsalugd P1 fie Wufumeenuzd 105, P2 fis Wiy

(GS19769)



F,T, F.T,
1 1

[ 1 { 1
Pl 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 85 157 158 159 160 161 162 163 164
RM1261
Fala il
f V! 1
P1 P27980 8182 83 84 85 157 158 159 160 161 162 163 164
RM235
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AW 4.10 UuuuAiBuievennioming  RM5926, RM6094 uar RM287 Tastalon 11 lu
Usernsdn 15 dufiuansanugsuuasielsalul PL Ae Wugunnenuzdlos, P2 e

w ¢

Wusne (GS19769)
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= o o . . v v
A19519%1 4.6  MSNTTIWAIVOUATOIMUNY microsatellite TUUSEUINTT1? 15 AUNLERIAINY
gounesalsalnl uaziloidudnisiin recombination wesdudnuniulsalug

. o « .
Usgynstan F; S7uau 15 duiluanialiuooutadelsalnd

——— S —

o ’ %
AT recombina
Tasluloy  wunw  P1 P2 157 158 159 160 161 162 163 164 79 80 81 82 83 84 85  yion

Geno-

type 7 RM125 A B H H A H A H A H HAAWHH AH 60
7 RM11 A B H B A B A H B H HAHHHAH 73.33
7 RM1132 A B H B A H A B H H HHHHHAB 80
11 RM287 A B A A B B A H H B BABAHHA 60
11 RM226 A B A B A A A A H H AAAAAAA 20
11 RM144 A B A B A A A A H H AAAAAAA 20
1 RM6094 A B A H A A A A H H AAA A HAA 26.67
11 RM5926 A B A B A A A A H H AAAAHAA 26.67
12 RM247 A B A H A H H H H B HBHAZB H A 73.33
12 RM1261 A B A A A A A A H B HHAHUB HH 53.33
12 RM235 A B A B A A B B B B8 BB ABGB B A 66.66

Pheno-

type 5 05 5 5 5 5 5 5 5 556 55 56

s g

A Ao Tnaninduilduemiiouiuguy, B Ae Inandndufibuawmilouiugne, H Ao InandnTy

v £

g -~ '
ALLULDLANDUNUTNBLAT LU

q
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Chromosome 11

+— RM287 _
53.33 cM
Chromosome 11
1l RM6094 i
0.0 RM6094
6.67 cM
TI— RMS5926 —_— 3.4 RM5926 T
i 6.67T cM ,RM224 4 3.4 cM
: 6.8 RM144
| RM224 5
RM144 —+—
i 20 cM
E 13.7
11— Rgene -4 20.50T R gene 4 oM
n . U

Al 4.11 usuiiszysuvtsveadusumulsalnsl  wagsvervineseninuaiomneuy
Taslulow 11 veetn Finsieiludszeinsdnn 15 Fufiansmusouneroie
awnalsalnl 19 leloian n) AlanUesiiusd recombination vesdusuniu
Tsalwiuazsswiawrazsguoandomefidue v Anamssosviosay
wemnouazBusnmlsalmiFmelusuns MAPMAKER uayaausuiiiugnssy
mslUsunsy MapChart
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o
uni 5
d3Uuaiansalnanisvaaes

5.1 ﬁfmuwa'mwa'wmqwusnssuwauﬁaﬂmmﬂkﬂ‘lwu

')Lﬂ'i']uVIﬂ'J'mwmﬂMﬁ']EJ‘U’eNL’?T@?I']LVIﬂI’iﬂlmJﬂ']EJLﬂiiNMlﬂEJ Magnaporthe  grisea
microsatellite (MGM) 41uu 14 msawma 'mLUuLﬂsawmsm\lﬂ'sumswmuwuiﬂU Zheng
et al. (2008) "I.mwwmmiawma MGM 31y 313 1edesune Tagldusennsideildenns
Hauugsy mwmaawm‘[salwﬁlaimaw Guyll waw 2539 AMUNTOTTYTIUMIYRLATBIVILNY
MGM & 176 w3oamny mummumsauaaum 7 Iﬂﬂ:f[‘dmawuammmisﬂlwu wagldasns
ﬁ'm‘UEJJJamﬂU‘N'Jﬂﬁi@lﬂﬂWiauiu‘UﬂﬁLLVI‘UQ‘UENLmauLﬂ‘i’e)lell']EJlJuIﬂ'iIJJI‘ZIJJ‘U’eNL?JEJﬂ']LMGII‘iﬂ
Tmilii5eudesud (http://ibi.zju.edu. cn/pgl/MGM/ndex htmt)

wanmLﬂswwmmwmnwma'uaqmaawm‘[mlwumnLﬂsawma MGM 3w 14
Lﬂsaqwmawummu 13 miawmammsnLwnmmLmnmwaawuﬁniswuaml,wm‘[sﬂlmﬂﬂ Tu
yuETiaTomng MGM57 liansousnauunnaiele IﬂaLLamLmumauwwmummnu D)
210 fiva luuszrnsidos 19 "I,aIfaLaw LLam'lmwmmmnmunWiauﬂﬁ"wmmumﬂﬁialm"lu
Ujli3en PCR ¢y primer voaiASaaviang MGM57 LUuusnmwummwwm mlcrosatelllte i
'].JJL‘/Hﬂu'LUL’UE]mLMGIISF]IWJ‘VN 19 1aI°szaw (MW 4.1) 1nFoaing MGM §1uau 13 \A3omNg
fiein PIC gisewine 0.1 9 0.8 ALAREAN PIC Whiy 0.38 wansfiemuiifnenwrasad ey
MGM 'Lums'l:mwmLﬂswwmmwamwmwaqwuﬁnssumammmkﬂlm umm'l,nammnumu
Wy9e Zheng et al. (2008) léamnietamung MGM mmu 313 Lﬂsawmauakum
polymorphic information content (PIC) TpaumaviaSemyngy Fausi 0.20 1 0.89 Aaduues
A1 PIC WY 0.53 (R15799) 4. 1)

wammﬂnaummauwuﬁmmﬁ SAHN TngldFnduussaniainusieves Canberra Wyt
AduUszAvSaused 90 Wedsdus mmsnﬁmnaummauwuwaawammm‘[iﬂ"l.wu 19 loly
La'vﬂ,ﬂ 4 nqu laun nay 1 ﬂﬂLUu 73 Lﬂaswjumams"mnsL'uammm‘hﬂlwumnm Usenau
fedos 14 lelman Fududeniissuinuinumantds naryiussnideavile waznianans
°ua\1Us~mﬂ1wa nau 2 ﬂmL‘Uu 15 LUa'swumaaUswzmswamLMﬂI’iﬂlWﬂﬁﬂM Usznauny
o1 3 Telwan mLUuL°uaﬁwsxum’[umﬂmvauaam@mmuaLLa~mﬂ'lm’uaaUs~mﬂ"l.wa Uarwy
'nwammm‘[sﬂ"lmumnusnmmﬂm"auaanLaml.wuaumsamnamwnaanLUuwaLﬂm Tundu 3
wag 4 (1N 4.2)

waswmmm‘[salwuwnmmaa’[unau 1 Lﬂuwasmmumnmmmwwm‘[an Bees1e Fundl
VBUUAY g3und nguvme aviFans wasTIvys LLam'lvrmmﬂwammm‘hﬂlwuwuwuﬁnsiu
muaunuumsnsumaamamwwmq‘luwuwﬂanmwawmwrﬂwa Fioradasnmsiadeutie
199UsEINITDI ANTIBITUYDY W‘uﬂﬂﬂ (2548) :Jﬂ'nouu‘lU‘lmes.mns'uaawammm‘[’m
"I.vmumsLﬂaaumwmwuwmuanwmmmumamwLmnmqnu warnsedeuthevelserng
waqwaswm’lmnﬂmmLLUsUsaumawuﬁnﬁmmmammm‘lﬁﬂ"lmﬁlm

UBNIINI wmmvuamwmummammLﬂmnu'luwuﬁ"lnammnu \wu ruammm‘[mlwﬁla
l9-tan UBN2010 195167 wax UNB2010 11357 L'duvuaimLnumnmmﬂauaswﬁm WULAE?
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funsdlvaadeaninalsalniileleian CPM55002 uay CPM55003 Wudesiiivandmintegd
Weamnlsalwiing 4 lelaangniauennguiu Ingwuind@eanvalsalwileluian UBN2010
195167 waz CPM55002 gninnguuenseniudeineslunguil 3 uay 4 auddiv weauvelse
o 1<l &
Iniflelwian UNB2010 11357 gnimeglungun 2 uaz@eanvalsalmiloluian CPM55003 gn
Y o v e & v o v v o o & de va v oa
dneglungu 1 uameliiviweaumelsalndmivanndminferduiunlndine il
4 ﬂv d‘ 1] o < 4 g L2 -t u ﬂv X vV i U/
Wugnssuveadenseiu  uaruiumminsssuavedsalniluiminfesiuiunlndifgeiul
Tuudenidnhaetiugnldinnniy 1 leluian aepadesiunuideves wndnual uazan
P & vel o v @ o Y P Y
(2554)  fnsnundeamealsalnififivannimiadondy  Januainvaisvesseiuai
suusdlunsnelsaluiiuanssiuliamnsedangusuiuld  wav@esvidwhangtannuiion
wiaignfufiinnndt 1 Weug (race) Tunuddslidmuin@eamalsalnivinusesualuying
b =4 1 =y ! d v 1 ﬂ. y .U/
mengTusenidsanile dmnumanvangannnivinumuivgnduvasdu esswnausadn
3 L2 1 d i <l v g = VvV U &( d
nquuenfulungui 1 v 4 Fallmuaenndesiunuideves yudnd uasauy (2550) 1518914
IndesannglialnidnlunansfusenideaniiedainuvainvatvvesarsWugive
- .
(pathotype) unvidn

52 msadantravudiuiiesiiianuasdunnulsalnd
wamsfndendnaeiusiumilsa mndriudiudes 4 g wasdat
santdu 311 meiug wudnwugiudesiliuansonisveddse 4 aewui fo 6523107,
GS19769, GS20874 uay GS23774 Pwuguusthilliuansenisvedlsa 4 awviug Ae Foum
1 gwssoigd 1 ansseiyd 60 uazanssaigd 90 uasiufidmeniia Tustuanud anewug 6519769

€

(=4 P <t a ql; =
QﬂLaaﬂLWE]I‘ZTLUHW'S?\HUWIUQWU'JQUﬂiQU

53 nMsnsrRneiavesdy uazusuiistydumisBusunulsalnivulashilsudi
531  dnwasdsediug

dnvaurUszdniugunnenuzd 105 (KOML105) ugnuazlilumsvnasanyini
auadeadaiudnuaeiiisemililes dinidouasianndn (2553) Tasawzdnuasdsd
aulutaglud@en fivuly Auludvnguhaumens] 2 son ylusastersluddeiseu Ymssen
AondY vomnasiwalliedvn Autulaiunan @audhe) Ao Jvuvudenuda
wWaonwdndw

SnvarUsyiviughe  (6519769) Jaduiufiniudiomedine  wuugnlu
Snev Jwmdnuigesaeu uiuddniidilinuiienudnuususssmwiuging Momaise
Whuidnwarvesiuginilidnwiasssaililundded  wndupudeyedddyuaniy
Ustlavddelasenseuindiuiniudowadve  uazmathluvszndlduiuuanuginly
dumnudielsald  mnnsfunadnyasiinudiuldtany  waswuidnuusussdwiugiag
(GS19769) fianuuandnandmwuguninenusd 105 fs nisfidveaukululudi@oivaioing
dnulu@enduing ddvesluwasdedeluluding  swddvennuaenuazdndusesnenids
Wudaiag
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anvarUssimiugtgnueay  Fy Luaammﬂu‘u”nanwau Fi o faudnusd
wumumummmuaum’luwuﬁwaLLa Y Imuanutu.,wwm'mmmmuaunuwuﬁuu fio u'uuuu
unuly dnweuy wwm'mm'umwuaunuwuﬁwa AD vaRRBNUATNAUTEINBNANIY waswudNwuyi
ANMNWBLaLWY As uwu'i,uuavumvuu nmuludin yluwazddeseludiingeu wavseninasi
WAseR (Il 4.3) Fednwaueng phenotype finuiludnwasdiveenldhin F, A&y
TgaNaN Fy leannswausswiaiugunnenued 105 nwnwumaa'lwawuqma (GS19769)

532  manszneivesinvaiunulsalwiludseensdadan 2 ()

vadaunafialsalasnisugnideamglselutinnn 19 Tolwan vundim wu
mstameenvasdnyuzanumumlsalniluUsenntn F s 250 sy wladugud
UERIENwEAUIUSILIY 235 U warufiuansdnunssoulesiuiy 15 du Siase ﬁmsnsv
mamwaaanwm-’mumuisﬂlwmﬁLUumuwmﬂvxmwsalu (goodness of fit) losen
UsvmnswﬁnmL‘Uuﬂsvmns’un F2 vnnmmmumu‘liﬂ'lmuwﬁnmn nmvﬂumaautwawu
Wen aswumInsznedvesdnuassumulsaluilusnsdu 31 (RS) fethanidovns
Prasad et al. (2009) Jingvinmsnsznresvesduiumulsalniluysssns £, S1uy 184 gy
vﬂ,ﬂmnmswanwuﬁsvmwmwuﬁ Samba Mahsuri (BPT5204) uay C101LAC nad@aunisiiin
Isﬂmawammmhﬂlwﬁlaimaw DRR 001 Fipsieinisnseaesidusuniulsalml wuiinisnsy
emvesdumumulsaludidulumudnsndy 21 RS) LLEIN’J’IJJEJWHUVHUB?]IMJJWﬂ’JUﬂﬁJ
ANUAIUNIULABIIUAEY  Siasieinisnse mUmwawumumu‘[sﬂlwummﬂsawma
microsatellite ~ JnnguveaiAfesinsuarnIzuIT RS s AUB UG USRS
wugushunlsalu Ai-1(6) Siumiseguulaslulan 11 ussnramsmaaesimuiintsnszae
Mvesdnvugdumulsalnibifulunudnnmay 31 RS) wandiduidnuasiumylse
ImiludhaiughghildgneuauseBuiodude

LﬁamsnizmUﬁ"waaé’nwmvﬁwumu‘liﬂlwﬁluﬂivmni't'J"n F2 97U2U 250 ¢y
13JLU1J1UM’]3JEJG\$'I?1’)U 31 (RS) ATIINsnsENefvesdnvasiumulusnsdn 151
(R:S) mm’nuauwmuﬂummmumuisﬂlmmnmw 1 84 NHANITNIARBINUTINITATLE
mvesdnvaziumulsaniifulunusnndy 151 RS) Taoilen P whiu 0.87 w3 0.90 <
P <095 L’(‘lu’lﬂlm'lanwmvmumuiiﬂlwﬂlum'zwuﬁma (GS19769) gnaunumedundniiiu
dunuduiu 2 fu (2 major dominantly resistant genes) A1 TeVDe Huang et al.
(2011) Fnswinsnsznetvesdusumulsalnilussnns F, sy 378 §u #ldeinmis
HAUNUGIEMINGIINUG Xiangzi3150 uay CO39 wﬂaaumsmmkﬂmaL'vammmisﬂlvm aw
Wug (race) ZC11 ‘liﬂmaw 193-1-1 Tudsunadu Iiesevinisnsyarefdusunmulsalng wuil
nsnseefvesduiumulsaluiifulumusnsdn 15:1 ®RS) wanidugunmulsalua
mvﬂumwﬁmmumnn'jw 1 fu LLaV'JLﬂswwmsnssmumwawumumukﬂlwuma
\AS0MUTY  microsatellite IANGUUDAATDIMUIBUATMTEBENINNTEWINL AT MUY
suvmmlsalvl wuludunlsalnd Pa7 way Piag frhumiseguulashilondt 11 uay 12
AUAIRY

5.3.3 ﬂ'ﬁni“mam'z'uaqt,ﬂimwu"m microsatellite '[uU’sz‘znns'uwv'm 2 (F) uay

Lmuws.,U(mLmuwumumu‘[sﬂlwumnLUasmjum recombination
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mnmsﬁ"mLﬁanm%"ammaﬁmmsmwnmwLmnsimijwwaLLazLLu'lﬁ'f U
66 \Alomune Fedaly  28.44 Wesudvenedomumeiomn  Yundndenetomng
microsatellite  @sausNAMULARANTENINAIIRIUIMIMLETALEaULElE  §ie3E bulk
segregant analysis (BSA) %‘qL'fJumiﬁ’ﬂLﬁanm‘%’ammaﬁﬂﬂﬂuﬁau‘[mﬁuﬁuéﬁumuim‘lwﬂﬁ
auls mamswausaumaum (bulk) wami"mnima’lunauwLtammmmumuua.,naummm
AINBBULD NMIARERNLASEMINFIETE BSA LUmswmm'L'mwaamsa.,nmua.xdsmamm‘l‘u
Pglunsandunuidy wamsdndons o33 BSA wueSowmneg microsatellite flannsauen
ﬁmmLmnmas.,mwmmmwumuua"mmaauua‘tmﬂwummu 3 wSeaiune  ldun
Lﬂiawma RM125, RM144 way RM224 mumtmumauu‘[m‘[u‘[ﬁu 7, 11 Uaz 11 suaesy
uenvniidmuiefomng RM247 fifumiseguulaslulen 12 memwmmsnLwnmﬁmmn
masxvmqmwmwmuuaummaauua‘tmLam"‘luUswmns FoTy Wity

mnmsaLﬂswsvrmsnsvmUm'ummsawma microsatellite Tuuszvinstn F,
W 250 fu fretomung RM144, RM224 way RM125 w'tmmsnsvmamwawumumu
Balvdidulunusnsdm 1:2:1 B:H:A) lefwaumsiin recombination Lieadaunufisy Y
mLmuwumumuIsﬂlwu wuBusumu 1 dundsuulaslaley 11 ummwau‘[mn‘u
\W3eaving RM144 uay RM224 mnwawaqmsaLﬂswmmin's.mam'uaaanwmumumu‘[sﬂlwu
momaaaounsiialsalulszanstn F, vavus 250 du Anuinisnsyanefuesdugumny
salwidulupudasidin 151 (R:S) LUu1U1mwanwmumumu‘lsﬂlwﬂumawuﬁmU
(GS19769) nnmmumaawanmﬂuaumummu 2 83U (2 major dominantly resistant
genes) muuLwaﬂumaumnuwwukﬂlwuwﬂwﬂummmumu'lumawuﬁmU (G519769) J4An
LﬂEJﬂLﬂi%NWJ']UVl:JGI’]LLMUQ‘UENLﬂ'iENWJ’IEJUUIﬂ'iIJJI‘?jJJV] 7 Fwu 2 msamma Taun
LﬂiEN‘MJJ’]EJ RM11 way RM1132 n3emuneudlaslulendi 12 shujy 2 Lﬂiamma Iaun
Lﬂsawma RM1261 uay RM235 uasedeamnouulasiulend 11 1wy 3 i3y ‘Lmu,n
LFliEN‘MJJ']EJ RM287, RM5926 uay RM6094 u’lll’l’)Lﬂﬂ"ﬂﬂ']'iﬂ'i"‘iﬂEJGI’]'L‘LJU'i“‘U'm‘i 15 mm
LtammmaauLnama“[sﬂlwuamwmu W‘Uﬂ'l'iLﬂﬂI’iﬂ‘Vl‘i“ﬂU 5 way 6 ieswniduussrnsiil
phenotype wnnmamuuau Jaduuse mnswmm"aumwsummams%mwasvumuwuawm
‘uaqaumumu‘lsﬂlwﬂumiﬁnmu Wormuauesidudnisiaa recombination WU
wsonmneuulaslulend 7 uiedommny RM125, RM11 uaz RM1132 ASeevineuy
Taslulewdt 11 Tmtmﬂiawma RM287 e3saneuulasiylewdi 12 iuniadomune RM247,
RM1261 War RM235 W 7 LﬂiEN‘MlﬂUhJZJﬂ'J'uJL‘d'e)iJIEJ\iﬂUEJumuVl'mI'iﬂlmJ Tuvoueil
LFliEJWiJJ']EJ RM144, RM224, RM6094 uay RM5926 wuihilamundeloafudusnuiulselng
‘UWHLL‘MUWWN'UENLﬂiEJ\iMM'IUE)UUUIﬂSIQJImJVI 11 INKANITIATIENNISNTEINFMTBS
i3y microsatellite Taviun msﬁuumLmud'uaaUumumu‘[salwuwmumummmumu
Tsalmiflunsnuil Tnenuindsudumulsalvs 1 dumiseguulastulend 11 waziianw
WouloaiuiAdoavung RM144, RM224, RM5926 uaz RM6094

534 unuiissyiumisvesdushunlsalg

INNITNMALRL STyt sBudruniulsalusddroile S ud
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i3Iy a'ummsvummLmuawm'uaqUumumu‘bﬂlmuausuavmasummmammdﬂ
Fanailaflnuuandafudntos LuaamnmsﬁswLquws.,'umLmuaaumumﬂsﬂlwuma
TUsunsy MAPMAKER umi%mnamauﬂsawmUmam logarithm of odds (LOD) =3.0 &
wmam‘[amawLﬂsammawnmmnauaamanua"luummwau’lmnu wihiu 0.01 wie 1 'lu
1000 u,am'(mmm1n'lsamnau°uael,ﬂsawmUummasLaammmLﬂsuwmmma:ﬂ,aa 1000 A%y
e 1 ﬂsawawwm'lLﬂsawmeﬂuuﬂmuvvauimnu Lﬂsammamn%maa’lunamﬂmnu fD
Lﬂsammamum'mL'Uau‘[mnuaumumu’lsﬂ‘lwuuaxmuaumqmnuuuaamw 50 oM Faldun
iAot RM14d, RM224, RM5926 way RM6094 mM3dnGusivesudaviaomunguy
TasTuloy Laanwamsmmmmamm likelihood ‘VI?N‘VI?W] Ao Wiy 0.00 wavnIsAIuINSTEY
vinsaaATemneday Kosambi function IUSLmsuumaq ripple Lwa'(,wswaaummnnmaa
waqmmumswmmwaamsawma wardisnds _error detection on Lwa'l'zjmwaaummmwmﬂ
fioruiinganen genotype vBUT¥YINg muumsasmmumuumLmuwawumumu’hﬂluu
Tneldlusunsu MAPMAKER Feflfanuay WeunuazulugInImMsmuaesiius recombination

mnLmuwsuuml,muwaqaummvnu‘['iﬂlmﬁﬂa'l'ﬁ‘tlmnsu MAPMAKER Wuindy
mumu‘lsﬂlmum'lwfuaulmnutﬂsawmaJ RM144, RM224, RM5926 way RM6094 Im&msxau
veniaTesiing RM144 wag RM224 LUUiuUuVI'NWI'mUﬂB 13.7 cM snneieamneg
RM5926 Wussuenn 17.1 oM Loy mammﬂsmmﬂa RM6094 (Juseeynmie 20.5 <M fu
mumu‘liﬂlmumLquamaaaquﬂsIquuw 11 ImUusnmwwmﬂLUuwmwaaaumuwﬂukﬂlwu
1 wnefiseauwudusunlselus piz maaszmwmsawma RZ536 uaz RM144 Imausvau
YN 9.7 cM uar 6.8 <M snudey (Liu et al., 2003) wudy P-1(t) mausvmmﬂsamma
RM224 uay RM6094 loafisvoeving 0 cM uay 23.8 cM muday (Fuentes et al., 2008) wu
Bu Pik agsEwinuATomINevINY RM224 uay RM144 Tnefisvorring 2.9 cM uas 1.2 cM Ay
a19u (Jia et al, 2009) wudhu Pik-h agsummﬂsamma RM224 way RM144 Tmeflszuyving 0
M uaz 4 cM audiy By Pik-s og'sevituaTaaviny RM224 uay RM144 Tnefissosvig 0
cM wag 2.7 <M audeu (Fjellstrom et al., 2004) waswudu Pi-18 ummwau‘[mnu
\AT0MIIY RM224 Iﬂausuaume 11.4 cM (Ahn et al., 2000)

uenniliASomng  RM14d ‘VILIﬂ’J’]JJL‘UEJJJIU\‘IﬂUEJ‘LJGI']UVI’]UI’iﬂIWmU’UTJWUG
W (19769) daflaudenlseiy quantitative trait loci QL) wmumu‘[mlwuwmaaumanu
ldun gLB12-1 egsewing RM21 uay RM14d, gNB21-1 ogssning RM206 uay RM144,
qLB11-3 agjszwiny RM206 uay RM144 uay gNB11-3 9YIENIN RM254 Way RM144 (afivm
Wazhtuy. 2549) uay Shiet al. (2010) twunuswwiEy qtl11-10-4 wag qtl11-11-1 oy
JEWIN RM27385 Way RM144 suvuediy qtl11-9-2, qtl11-9-2 way qtl11-10-4 aasumw
RM27386 way RM144 gwmisdu qt(11-10-4 uas qtl11-10-4 aasvm'm RM27389 uay
RM144  wazdadiniswusumisdy gBFR-11a 9Y5¥UIN RM5474 way RM144 mtmuwu
qBFR-11b 8g5¥ni 19 RM144 uaz RM1341 (Sabouri et al, 2011) LLauaawm'nﬂ'i Bamny
RM144 uay RM114 uummwau‘[mnuauwmumaﬂwm:auq an leun @ Uuwmumanwmu
AsuRelauUATISY Xanthomonas oryzae pv. oryzae LUumammmkﬂ'uaU'lmLm
WUdu Xa22(t) 8Y5¥UTN RM144 uay RM224 (Wang et al, 2003) u Xa-4 fianudeuleeiy
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o - - & Y o
LA3BMNY RM144 (Nguyen et al,, 2005) wardu Xa35(t)-inruenlesiuiniomung RM144
= ' o v = - v o o
lagiiszazvin 1.8 <M (Guo et al, 2010) 1seavuny RM144 il anuidenlesiuduiaiuay
anvaugAuAumusisivdgnselandtinia (brown plant hopper, BPH) (Sana et al,, 2004)
& o v o a a d ) - o
warusnanliliswmung RM144 dalimuienlesiuduniaivaudnuusdu wu 8u qCTPII
o o | Y a '
Faludu QTL finnuaudnvmurnsUiinuvesrumunoonAvu iy (Baruah et al., 2009)
-l o - P Y] -4 o o
gu tewl1 Jududu QTL fimnupudnvarmatiinaweniwdniuda (Oh et al, 2011) Bu
o o < o [y a < v a0 ' ] [}
qGT-11 3ul wdu QTL WimuauanvazmaSinuvesgumudndniidunivesduey
SEMAUATEMING RM144 Way RM1341 (Sabouri, 2009) wiiuinalndid saasiimenudu
suvlsalnl - uadeyalulegiudaliansoduduldiduiidunulumAdetidutudedui
v ' aw X o 4 o v vy - wy ot -
wosenulivieli  nuidsifaiuidumsfunuduiumulsalwiulmideddineisony
¥ v oy
Tutiudieslneugig
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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.
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Figure 1 Generated DNA pattems of 19 isolates (1=BKK55003, 2=BkK55004, 3=CC055002,
4=CPM55002, 5=CPM55003, 6=KKN61119, 7=KKN7357, 8=NKI13502, 9=RBR55001, 10=RBR55004,
11=  SRN54002, 12=THL191, 13=THL84, 14=CRI34.1, 15=PLK1.1, 16=PLK404, 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 polymorphic information content (PIC) value.

Sequence PIC
No. Chr. Name Forward Reverse
1 1 MGM446 TTGGGATCTTCGGTAAGACG GCCGACAAGACACTGAATGA 0.101
2 1 MGM35  GTTGAATTACCTTTCGGACTGG AAGGACTTTGCTCAGACCGTAG 0.803 °
3 2 MGM185 AATGCTTCGAGGTCCCAGT GCTTATCGACGGCGTATTTG 0.189
4 2 MGM57 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 MGM87 GTCCACCGCTTAAACACTGC CTCCACTCGCTATGCACGTA 0.285
9 5 MGM119 GGGTCGCGTCAGTGAACTA ACGGCTTGAACCCAATACAG 0.706
10 5 MGM177 TGACTCGACCTGACATCTGC TTCCTGGGACTGTTTCATGG 0.196
11 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
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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

Abdu Salih!, Tanee Sreewongchai?*, Prapa Sripichitt?
and Nonglak Parinthawong?

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
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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, 1997) 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 Magnaporthe 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; Latif.et 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 et al.,
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 ). 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 [959
(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—Ilandrace (263 genotypes), improved
genotypes (43 varieties) and wild rice species (5
accessions). Out 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 5
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

(Uckarach et al., 2011). Samples were collected
randomly at 3040 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 et 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 KDMLI10S
Bag 1.3 KDMLI105
Bag 1.4 KDML105
Bag2.3 KDML105
Bag 2.4 KDMLI105
Bag3.3 KDMLI105
Bag3.5 - KDMLI105
Bag4.4 KDMLI05
Bag 5.3 1034N.110
Bag 5.4 1034N.110
Bag 6.1 1030N.8
Bag 7.1 KDML105
Bag7.2 KDMLI105
Bag 8.2 KDMLI105
Bag 8.5 KDMLI05
Bag 9.2 KDMLI105
Bag 9.5 KDMLI0S
Bag 9.6 KDMLI105
Bag 11.2 RD6

Bag 12.4 RD6

Bag 14.3 KDMLI105
Bag 15.1 KDMLI105
Bag 16.1 ° RD6

Bag 17.2 KDML10S
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, Phitsanulok
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 soil. 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 et 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=0,1,2and 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 RI = 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 et 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 KDMLI10S
(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
1, 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 R
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 1
GS 19769 Resistant Landrace Thailand 0 ]
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 1
Suphan Buri 60 Resistant Improved Thailand 0 ]
Suphan Buri 90 Resistant Improved Thailand 0 1
JHN Resistant Improved Thailand 0 1
IR64 Resistant Resistant control IRRI 0 1
KDML 105 Susceptible Susceptible control Thailand 6 0

IRRI = International Rice Research Institute, Los Baflos, Laguna, the Philippines.

RI = Resistance index.

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

blast fungus.

Region Susceptible Intermediate 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.
KDMLI10S5 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
KDML10S and Yang mawng. Two hundred and twenty eight F, 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 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

Introduction
Blast 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 et 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 on rice chromosomes (Liu et 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 KDMLI05, a susceptible rice cultivar.

Materials and Methods
Plant material and phenotypic evaluation
The F, plant, which obtained from the cross between KDMLI105 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 mi 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.
KDML105 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 F, 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 et
al. (2005) and Zhou et 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

Page310 e July 1-3, 2015

92



2" International Symposium on Agricultural Technology (ISAT201S}
Poster Full Papers

pathogen isolates. The numbers of resistant and susceptible lines at the ratio of 3:1 (¥’ =
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 RM543 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
RMS43 linked to the resistance gene Pi37(r). 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 cross between KDML105 and
Yang mawng varieties at 7 days after inoculation with 19 isolates of P. oryzae.

Total no. of Expected \ Observed
seedlings ol Expected No. No. 2; p

R S R S

F, (228) 3:1 214 14 223 5 6324 0.00
F, (228) 15:1 214 214 223 5 6.13 0.011

A B Pi P2 Bl B2 A B A B

RM431

Pl P2 Bl B2

RM495

Figure 1 DNA patterns of markers analyzed by bulked segregant analysis (BSA). Pl;
KDMLI10S, P2; Yang mawng, Bl; resistance bulk and B2; susceptible bulk.
A =susceptible parent allele; B = resistant parent allele and H = heterozygous.
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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 (=613, P =00I]).
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 KDMLI105 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 1
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 (KDML105), 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 RM144 at the same distance of 20 cM.

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 1 rice chromosomes, with the exception of chromosome 3. Among these,
Pi2, Pi9, Piz-t, Pigm and Pi50(t) 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 KDMLIO5 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 1). 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.
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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,

North-cast Ubon Ratchathani, Surin 8

Middle Bangkok, Chachoengsao, Ratchaburi 5

South Phatthalung 1

Inoculation and Disease Assessment

F; seeds obtained from F, plants were sown individually in plastic trays 33 x Il x |1 cm)
half-filled with soil and fertilised with ammonium sulphate (5 g).- JHN and KDML105 were planted
at both sides of the end rows as resistant and susceptible check varieties respectively. Ammonium
sulphate (1 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. [I5]. 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 growth 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 [4-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, | pL of 10xPCR buffer, I uL of MgCl, (25
mM), 0.5 pL of dNTPs solution mix (2.5 mM), 0.1 uL of Taq DNA polymerase (5 units/uL)
(Fermentas, USA), 0.5 uL of SSR primer pair (0.25 uM 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 obtdined. 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 Fy plant no. 1 (BI-1) and 7 resistant F, plants from F, plant no. 2 (BI-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 Fy 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 uL 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 parents. The data sheet was
generated and scored. A Chi-square (X*) test for goodness of fit of the F, 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 F; 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 after 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 ofa 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] 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 KDML105 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

250 235 15 3:1 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 Foseedlings R MR MS S Expected ratio X2 p value
Independent genes * 250 134 59 42 15 9:3:3:1 3.980 0.264
Epistatic effect ® 250 235 - - 15 15:1 0.027 0.870

247 0.5,3=2.38, df=3; ¥ 0.25,3 =4.11, df=3
® ¥ 0.75, 1 =0.10, df=1; ¥* 0.90, | = 0.02, df=I
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
KDML105 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
A:B: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), RMI144 (Chr.11) and RM247 (Chr.12). Their genotype patterns (KDMLI10S:
GS19769: BI-1: B2-1: B1-2: B2-2, where BI-1 and B2-1 were progenies from F; plant number I,
and BI-2 and B2-2 were from F, plant number 2) were ABAABA, ABAAHA, ABHAHA and
ABAAHA respectively (Figure ). 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 F; 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 RM125 on
chromosome 7 or to RM144 on chromosome 1 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 RMI25 in individual F» plants results in over 50 per cent recombination
(Table 6), suggesting that the position of RM 25 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 cM respectively above
RM144 on chromosome 11, were found in the same F, population. RM224 has a Chi-square of 3.91
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

Ch Product
Marker  Forward primer (5-3") Reverse primer (5'-3") romosome roduc

no. size (bp)
RMI25 ATCAGCAGCCATGGCAGCGACC AGGGGATCATGTGCCGAAGGCC 7 127
RMII TCTCCTCTTCCCCCGATC ATAGCGGGCGAGGCTTAG 7 140
RMII132 ATCACCTGAGAAACATCCGG CTCCTCCCACGTCAAGGTC 7 93
RM5122 CTCGCAATTTATACGTAATC CTCACGAAATAAAATGAGTG 9 161
RM201 CTCGTTTATTACCTACAGTACC  CTACCTCCTTTCTAGACCGATA 9 158
RM205 CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG 9 122
RM287  TTCCCTGTTAAGAGAGAAATC  GTGTATTTGGTGAAAGCAAC 11 118
RM224 ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG 1 157
RM1i44 TGCCCTGGCGCAAATTTGATCC  GCTAGAGGAGATCAGATGGTAGTGCATG 11 237
RM247  TAGTGCCGATCGATGTAACG CATATGGTTTTGACAAAGCG 12 131
"RMI261 GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC 12 168
RM235 AGAAGCTAGGGCTAACGAAC TCACCTGGTCAGCCTCTTTC 12 124

RI125 ' | RM201

I 2 34 5 6 ABAABA§123456 ABAAHQ____.?
RM144 RM247

A B H A H A 1 23 4 5 6 A B AA H A

Figure 1. Results BSA by using susceptible parent KDML105 (1) and resistant parent GS19769 (2)
and their respective bulks: resistant bulks Bl-1 (3) and BI-2 (5); susceptible bulks B2-1 (4) and
B2-2 (6), with SSR markers RM 125, RM201, RM 144 and RM 247
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Table 5. Markers analysed in F; population d'erived from the cross between KDML05
and GS19769 cultivars

Marker segregation analysis (no. of lines observed) 72
Marker p value
AB=8G B (1:2:1)
RM144. 46 133 71 6.024 0.049
RM224 49 135 66 3912 0.141
RM287 54 129 67 [.608 0.448
RMI125 55 130 65 1.200 0.549

Note: df=2, x*0.025=7.38, x* 0.05=5.99, x* 0.1=4.61, ¥° 0.25=2.77, ¥* 0.5=1.39
A = resistant; B = susceptible; AB or SG = segregant, according to model 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 Recombination
Pl P2 1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 =

7 RM125 A B HHAHAHAMHHA A H H A H 60
7 RMII A B HB ABAHU BHUHAH H H A H 73.33
7 RMII32 A B HB A HABHUHHU H H H H A B 80
9 RM5122 A B HH A HHUHABAMH H H H A H 73.33
9 RM201 A B HA AHUBMHABIU HMH B A H A H 66.66
9 RM205 A B HA AHUBBHUBUHAB A H A A 60
11 RM287 A B A ABBAMHHIBI B A B A H H A 60
11 RM224 A B A B A A A A HHAA A A A A A 20
11 RM144 A B A B A A A A HHA A A A A A A 20
12 RM247 A B AHAHHHUHIBUHIB H A B H A 73.33
12 RMI26] A B A A A A A AHBHUH A H B H H 53.33
12 RM235 A B A B A A B BBUBUB B A B B B A 66.66

Phenotype

5 0 55 5 5 55 555 5 6 5 5 5 6

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 RM 144 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 ¢cM. 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).

Chr.11
00 RI1285
28 RI43717
10 2 RIM1E12
19.8 RL5599
279 ~{ - R332
28.6 < ™ Ru 2502
» RM287 -7~ :
P H
206 RIS552 !
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RM 2601 RM224 3. -1
89.8 e 1 RM144 |
101.9~LL- rue440 e ; 20cM
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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 ¢cM 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 RM 144 [23]. However, the resistance gene identified
in this study is mapped downstream of RM224 and RM 144 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 19 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 11 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

ZCenter 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 diseases 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 ‘GS19769'
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 Fz 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 cM 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

2 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 is 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
then used in bulk segregant analysis (BSA). Out of 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. 5',';
Identification of the location of the resistant gene and the linked SSR markers will ;
help to narrow down the resistant gene in this landrace cultivar.

- NOILYINISIHI HILSOS

)

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/PERDO-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 F,
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 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
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