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nMsAnwIANEINNTaResduLin L dundu seuu Wild Abortive Cytoplasmic
male sterility (WA-CMS) Tud1ianeiuguninenysd 105 uaganssaiys 1 mensdnnguee
\avnefduledumus R3 wag Rfa Aflsresududuninunduniuvesszuy WA-CMS
WuIMUgITINenued 105 Wuaeiugsnwanuluniuvesy duiuganssays 110y

aneviuduinnuluniuveasy nensfinvinisaenendnuasuinnuluniuveusy Tu

Uszuns F, seninesnugisandumiiu IR58025A uasiuggnssaiys 1 wun1snszanesiines
[

a ol [ Y ) 1 (- I LY £ v ¢ =
Li%ﬂﬂmmaLi%LUu%NULUu 368 1 LLammaﬂwmmemLﬂwuumawnwuqqmimui 1

muauseBuneluindea 1 g dwanisaaeuauiidvinavesdunivsiufuamuiidin
YDUIUAILNITIATIEVIAIULUTUTIU (ANOVA) wudngusinunis Rfd o 8u PPRI uaz/
yi3edu PPRIO favEwasonsudvifuvonsay Tudniuganssang 1 wanisfnwidvinlidiu
Idlneiuganssays 1 8u PPRY uaz/mie PPRIO Wuduudnnuiduniuveusgylu

I¥UU WA-CMS

1 a

AdnAEy : T1RUgUIINeNNEd 105, UTuganssus 1, ssuumdu Wild Abortive

]

= Y @

Cytoplasmic male sterility (WA-CMS), 8uknAsl, WS eI LS UL



Title RESTORATION MALE STERILITY STUDY OF WA-
CMS IN THAI RICE USING DNA MARKERS

Author Miss Yuwarat Chantasuk

Degree Master of Science in Genetics

Advisory Committee Chairperson  Associate Professor Dr. Saengtong

Pongjaroenkit

ABSTRACT

Genetics of fertility restoration in wild abortive cytoplasmic male sterility
(WA-CMS) was studied in Khao Dawk Mali 105 (KDML 105) and Suphan Buri 1 (SPR1)
using DNA markers. The classification by Rf3 and Rfd gene markers which were
reported as WA-CMS restorer genes revealed that KDML 105 was maintainer (B-line)
and SPR1 was restorer (R-line). The inheritance of fertility restoration study in F,
population of IR58025AxSPR1 showed a segregation ratio of 3:1 for pollen fertility,
indicating one nuclear dominant gene involved in fertility restoration. The analysis of
an influence between the restorer genes and pollen fertility by ANOVA and
regression revealed that PPR9 and/or PPR10 genes at Rfd locus have influence to
pollen fertility. Therefore PPR9 and/or PPR10 genes are male sterility restorer gene of
WA-CMS in SPR1.

Keywords :  Khao Dawk Mali 105, Suphan Buri 1, Wild Abortive Cytoplasmic Male
Sterility (WA-CMS), Restorer gene, DNA markers
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P a < Y I Y o & v I o . aa 4:4' a
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ey % [ o A v oAy [ v g Vo v & [ o
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= & o = = [

2017; W3z, 2555; ANNT LazAng, 2556) BIAULTUMIUYOUTY U 2 WUU AD ALY
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M3ADNETT

411 (Oryza sativa L.; O. sativa L.)5®a§1uﬂqaaali%ﬁ(Genus()yza)maﬂjﬂﬁUﬁ
111l (Family Paoceae %38 Gramineae) 9 uaulastulay 2 90 10U 24 wiia (2n=24) FaLdu
wiasesnddyveslan iesnniduuvamdnu dnausonsgyivlalaflulndou

LAZLUROUY laglanzkauvIviowe (Yaywed, 2547; Aaunn, 2560)

ANBUSNIINGNYANENIVD9T12

1. dnuwazfgttosiun1siasaiule Ussnaume 3 d@u lawn (Uawad, 2547)
1.1 510 (root) LJuszuusinelas (fibrous root system) Usgnaunae

570 2 wia lown s1nAsenuiaInsatAa (radicle) 1Wusindiasnn ddnwaslaulawazlaiy

<

587 YInTNT0eTUAIUAN9 Yot lngedd LTusINUgUYE (primary root) 13813

a a

31NWsNAA (seminal root) sn8nafianiiadusinyfegd (secondary root) azaneany

U

ndudevesdrduly Wusnfinaunusinusaiadiedudiiasyduln Sondn snEsy
(adventitious root)

1.2 819U (stem) g1dudunsenay nalgusnadiunataazhuaduldns

a o =

(internode) fa1uuUansUsean 20-30 Uaad 199 (node) NuseningUasnd T9U5IMT9 98

finn (bud) Foaz 1 M ALGIvENLEEIENINg 100-200 lwuRMNS Tuagiuituiinuay
aniwulndou ledudnanysalazdinisunnne (tillering 1 ud1adulna
NV

1.3 (leaf) dmduluifien (simple leaf) Wuluudt fdnwazduuiuuuuug

A9 Usenaume 2 @ baun @3y (leaf blade) Busananadu yihyunitavzouay

wagiuaeug wWulurestniagvuiudunwdlaudelatslu wasiivdunaislu (midrib)

<2)

wuslud1ieenmdu 2 dauvig fu 8ndrunis A n1ulu (leaf sheath) ddenalu

(leaf collar) wusdnlumaznululwenaanainiu NUluINLN 8 1a89ULALDINITIIN

v 1 1

sinludiaaunazusnalu anduluiminduasiginasanlulididiunigg vomu

2. dnvarineadesiunisauiug dudldlunisveneiug fe win waatuldain

]

nsHaNsEIasLainannadleinauiuniglunen wazaureaulmduman



2.1 ¥9A9NNT93529917 (inflorescence or panicle) tARN1AADATI2
(spikelets) saufiunatas nen nadurefnoguuuvus (branches) Fumnoenluainununans
vesdonen Ieiiansnauseninasyuazinasinailonelunon afinsiauidumdn
aelunen Bendenoniiiauiluifumdndn 92991 Uszneudig diudaanvessnsd

136n31 §1U534 (panicle base or neck) dnwauzilurumudvridugainidaveuusainu

'
v A

13 (primary branch) lagdin1suanuIugaIRUaed (secondary branch) LaZLYLIAIRUN
@14 (tertiary branch)
2.2 aand (spikelet) Usenoumae ndunentve (lemma) uagndunenian

[
a 1 14 U

(palea) @psdiuilazUszaruiu lamzusnadiugudwnegiuiiudus Sendi Tanen
(rachilla) UsnuUatsveIndunanlgiianwuzurauduenuin 1en11 %19 (awn) Feludn
Unaziinneend uwinugugnazlifivimseniaduuin aglunendniudazaen Usenaudiy

1% ° v Ao & o A = v =
LnasinAg (stamen) 31U 6 U HanwaLlUUNIZUIZENRDS 138A21 dULTY (anther) @9
UTTUIVLIAENTILIUNIN SULsuRzRnaguuiiugisa (filament) lWeufniugiusenen

a

drunasinalile (pisti) Usznaumevoandsinally (stigma) ﬁmﬁﬁﬁﬁaa%’mi% Hanuwey
AAEYUNN 2 8U aguununasnee (style) Foudnfusaly (ovary) nnelusily azdily
(ovule) iolgsunsnanaziinswauluiduwse

nond1a dalvifunenauysalina (perfect flowen ATA1sHaALFILD
(self-pollination) tesaniisauazinasinasioaglunenifiediu nisuauseaislugiady
roufindunendzu lngn1sutuvesndunenazisuuiuanUasdensnunglaudenon axdl
nswanasaely 7 Ju druneniildSunisnaundaliinaiusyana 30 Ju lunsWaundu
win luwdazsiserafiwdauszann 100-200 wia dwsudnibuniulussuulelnmady

(%

= 1 6’5 = L 1Y % d‘
eilanuarvesyazils AoTIvausRIlilnariuluse Aunmd 1



28N (spikelet)

szuifans (Secondary branch)
szudusn (primary branch)

1 lus4 (Flag leaf)
' §utanan (panicle base)

2 Panicies not Aty
aagafinansdadiu eyt S
. v 3
(uppermost internode) Leat / (swlu'[gﬁ“ulusqmuﬁ)
(muly
o 2 a o s & o
meiugng R antumi

saa I3

MW 1 Snuaizveenan uaraant1IveslNaeiuiUNR uazaeNugnisadundu

(male sterile)

fian : fveydd (2558)

2.3 1180 (seed) Usenaumiy d@ruiduuds uagAnng (endosperm) Lién
VueeEoviuTuuen (pericarp) LWWaMuTUNa1e (seed coat and nucellus) haztavuduly
(aleurone layer) A UITUNMEIRIINAANITHANTEN T LAz INasI ALl Tagly

¥
[ [ Y !

I3 | &z | & v — a
‘U%ﬂaq‘c’JLﬂULL{]Q LLangﬂJﬂa']fJLUUF"IWﬂS NIADIEIUUVUEIUVDUNEAV ULUADNNNIN

a L% P2 A & @ A1 ¥ A
NaunNYNeY F9L38nTNILaA1LIT 91aen (paddy)

ns3uunngudn

NsIMUNNENTT afeanuIaueunsiistuy lnelddnuueniagnumansueaing
wiangudn I8y 3 ndu dsil O sativa L 18udniivgnfuildludausieg veslan
O. glaberrima Strud U@JﬂLQW’]ﬂULLaW?m ward U InuaUsTINR Wy O, perenis Wy
O. rufipogon Prvnduwnaminensiidday Wesnnddnuvaedumuselse waywiad 39
fingidnUuliusslevdlunisufuugeiug Wy msiaundugnidinnudumusie
wasnszlandiinia Tasnisindndl saundulugednniugign esilidniuglgnd

[y A v ! & a8 s £ 1 < 1w
anwazigusamaenselanduing (Uayned, 2547) wenantivnaziluunasiugnssuves



anwagdunulsawazuNaudd Juduuraesdumuauauluniuvesy Addmiu

nsUSuUTeiugtgnuausname (Li et al., 2007)

uenANildN O. sativa Seanansawdslndu 3 ngu laun 917 Indica, Japonica wag

U
Javanica Fuunlnen1sendudnvazaieuaniidfay

M99 1 AULANANTIENAYIDU1 Indica, Japonica wag Javanica

q

[y

Y =
39119199 1

. 2Tnvasdng
Anuay
Indica Japonica Javanica
Tu Ao 0ULazNINg AT TuazuAY ATenooU N9 wag
wda
fiu Fugauaeny Fuidouazuds FugLaz e
ASUANND 110 Uunang g
WA YNILALADULIUY SunazAuinanay ATUATAUN
N9YDIUNAN dulnglaifing Taifmeaudamsemn Tlaifimensoneen
JuvUUaand2 dunaviion g1IUaZIN g7
N1532929LUAR 329918 329870 29810
anundswaaiiaide gou wds uda
NNINDUAUDIADYIIUE uanenanuluszauns  wensnanulusedunls AevAUBIRBYISLES
AOUAUDINDUIILAT AOUAUDINDUIILAS Wgadntioy

n: yaywad (2547)

ANNEU
v

anuay (hybrid variety) fie anWauILsNAAIINNITHANTENINNITUIINAUNBUAE

nasmAdeanaullndauuanaeiunIeiugnssy Fensudonaduiugu (inbred line)

vieldliiugunt vliavesgnuauiasil (Tudy, 2542)

Qﬂmamﬁm (single cross hybrid) &

Wuguyl (inbred line) 2 a1y

saa

9

SVNUAITULLANG

) [
Y

JUANNAUYILIAN

19AUNIAUTNTTY L

1A9INNSHANTE NI

=

IS a !
UBDIITNUAITUA LAY

= =

vaegnray (hybrid vigour) g4 inual1ianovesanuued e wAllvelds Ao nandnuaz

AN INVDILUAATY

ANPNNANLUUD

'
1 A

dad ¥ [ 1 vala Y a v
w wiisunlalagldaeiugurninnulndife iy

wwadfuaaseaeiugual (AxA,) duiugnedie19a3 19N IsHaNa N USUITILANFNS

1Y

Auwaiauduiusinadniu (B,xBy) vieonaldareiugud lngddd Sundn gnraulag?

Uszend (modified single-crosses) VibilanananvaduingnuauuInnITisiau
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gnuaug (double cross) WugnNaufin1AINAIWNUSWI 4 d1eWug gnuay

Y 9 9 U

FIUTNAAIINATNANTENINGNNALAY 2 WUS TananFnvesgnuaugliiauadiiausves

9 Y

aNwEANaY WinfugnNasLfen

ANRANAIUNT (three-way cross) LTUGNHANTINIRINNTHANTENINSGNHAL

Wweq nanduiuduivisansiug Jeuldduuindugnuaunes gnuanaiunieided fe

q

HaKAnvesgnNaNaunalinesnIngnrauginintn wardsldrunulunisndndosniiuas

HanlAEN I
nsuandIgnHay

Fgnuay udanldannisnansenInsiugu 2 Wug n8auuananeiunig

' [
a

Wugnssu lnggnuanddn 1 anwasnelSnamseninuainiauniveud luniswén

P1gnaa agldussnulunisidaisagluduul silvddunulunwdngs Ysenalvnedsding

THwmaluladanuauanunie fadun1sldtn 3 anenus Ao aewusniisandunsiu (A-line) Tu
Y 9

q Y

Telynwandy waglddduuwsnnuunduluiuedea 3ulnddu CMS(fi) aunsaasrenie

nmshuguiRaundulumiusndisandundudium 69 41 aeiugiisnwanudundu

9 Y 9

[ o

(B-line) \udmAfidnwazmioudvaeiugisandundu enduldddundurevsgylu

lalwanduddlulnlidu Fifip fazthunldlunisudnwdnaeiudisandumiu lneuaie

Y

wugShwanudundu swaniuvaeiugisaduniv wazaneiugiwianuduniu (R-line)
Wuaneiuguianudumniu (restorer gene) lufinedeaidlulndidu FRMRA danmi 2 3e

lannnsiUdsunuguingenis lngnsnauiuguinaesnisiudsuiugnaauvesaeiugui

<, o 1Y A

anudundu Auiudsandundu wldgnifisnund uwasluniuegisasa3s antudiiug

PFoImsiUaey naunduiugnifiisayund $1uau 6-9 91 auldaneiugudnanudundu e

Y Y

a v

T duaneiugenldlunsndadngnuan (e, 2533; yaned, 2547; nsun1sdna, .U.4)



A line ? B line ¥
CMS
isyiumiu nd
Aline? Rline ¥
CMS
isyihumiiu ana
F,
CMS
sand

AN 2 PURBUNITHENTIGNRALAIINNY

an: sy (2555)
Frgnuanluyszmalng

UszinalneiFuyinsiseuasiauniudingnaay el w.a. 2511 Taensunisin
Igdnaeiugisadundu uardngnuauainaa iuddediuiued wasanasisusy
Usznruiu deldlumsimuignaauaamns nuiraneiusdniviiianssussmalsl
Wanzauivan mwIndenvesussmealneg 3ldviiniswauiarsiugaiudunduly
lalnmandu (CMS) fonsmageulazdndonaeiudffianuduniiuaindnineiuds 1

=Y

wananas Wnewdulignuaudauninwdaimieudilve Tul w.ea. 2537 wuin Sd1gnuau

v 6al 1

2-3 maﬁuéﬁlﬁmawémmﬂdﬂ%’nwuq WU ARaN RD21A-23xRD11 Tinanangda 1,264
Alanfusiels Faganinfugdoum 1 uazanssand 1 udinasilunisndnudatngnaauegly
sedfusinn (U3ysal, 2550 8nslae Jya, 2555) shilsisadaiugdngnaauiisiaunann
uiu FedesmIBmandnmdaiusinliliwdadesas iteduiunisamu (nen wazang,
2552 9lag 3ya, 2555) IneTngusvasAvedlasinisndntngnuanludsewmelny fio N3

asnaeiugidniumsndntgnuaniivune fudsemealneg nsaswaneiugingnuay
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Tiflnandnndegandn 1,000 Alansusials uay n1sfnwIBranudaiugannayliila 160-200
Alansusiels

IS I A

Tuthgtuiiugingnaauiinsunsinlisusosiug S1uam 2 ug fe Fridngnuan

9

v 6 I = v 6 1Ay v 1 CY
NUY AUNT L‘Uu“U’nLﬁﬂﬁjﬂNaﬂJ nanlaaldis QﬂNﬁNﬁ’]ﬂJWN ImammawuqumﬂwmmLﬂu'wmu

Yo58y (A-line) Ao IRT9156A 304 IRRI @neiugsnwInuluniiu (B-line) Ao IRT9156B

wagagiusLAn L unsiy (R-line) Ao IN29-PTT-43-1-5-5-1-3-1R 1Fuugnvindeuiiion

AuAAuLvtiaiaw Wed w.e. 2549 uag w.a. 2554 J3LATUTOINUFIINNTUNITTI Iaed

| 4

L’ﬂ’]ﬁﬂwﬁll ne 1 Wudrdnldlasediauas Iwwamamaaa 1,006 Alansusals & QQQﬂ’J’]‘W‘Hﬁ

]

Unusll 1 wavanssays 1 Segar 51 uag 23 AUa1iu dindngnaandniug Ae 419140
& o

anuan IR 304 WWuiuddignuaniimuinnanuien wiglaadudiudaiug $1in 5u

9

=

WaWGaus w.a. 2548-2553 lasusosiudiliel w.e. 2554 Wignwau 37 304 WWudhadilils

0 Y aw v v

ot Inandaiade 938 Alansusials (@inddeuasiauniugtn, 2554 eelagiya,

q

2555) uana1niiuien wiglnadudiwdanug 910n lawauidiagnuas 33 388 wuny
dd&l £

dufuiiufiniewnile uasdfl 357 Afdnue iy Aowdauadedriiuguinenuzd 105

(Wail¥330, 2551; gity, 2553 813lagua, 2555)

uunanenustlng (wuse, 2555; AaNs, 2555; &Ind, 2555 99lag NUNITI0Y, 2559)

ndeyatisulunisndntgnaay 3 n1e dn15lednn 3 aewug fe aeiugisey

]

Wumiiu (Aline) anesiugsnwinnuduniiu (B-line) wazaneiuguianudumiiu (R-line) &

a

Tudszwelneldniugivannaieaneiug Jsiin1sdwunaieiuguesininemeisnisdou
\segvosgnaay Fy Aldinannnsaauszninstnaiug A dudniusivedne lngldasazane
K Fasansduundnlnedunguinunnudunsiu waznguuduiy wethludunadon
Tumsusuussiugdnngnuan Gsanmamsfinunud aunsaduundnlngldwsd

nausnwAduniu (B-line) laun 41aiug nas, nv15, Nu21, N33, dsdUseii
123, vieuvadns, 1iveouda, NONANITUYT, MouNzAwAY, uzAlnugsuns, uauaLea-d,
Tuuf 56,monnzoey, vilng, dumsn, uifouns 111, v1amuis 17, wlesa, @nauns,
ANTTNYT 3, aNTIUYT 60, gNTTNUS 80 Las1IneNuEd 105

ﬂammmmmuwu (R-line) laun ¥ Gun'wm nwat, inum 2, NangauUsIIuY U3,

U‘I/lllﬁﬁul ‘UVIEJS’]‘LJ 80, %30 Y31, W‘Uﬂﬂaﬂ 2, W‘lﬂﬂﬂaﬂ 60, GU'JLLLI"GU‘W? leJlW]EN‘W‘VIEN W@
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[ ] = S U o = = [y
unduundannil, gnuasldemil, Sdveaings, doum 1, anssays 1, anssays 2 Lagdu

Ymog 1

NIWAILIYDILTOY

nsWAILYBaLTEY (Pollen development) a19t uneluduisy (anther) vaanon
miﬁ’wuwamﬂé wuadu microsporogenesis kay microgametogenesis ‘17?\‘1 2 izﬂzﬁulﬁju
N15&3719 mature microgametophytes (University of Leicester, no date)

Microsporogenesis Junisadslulasales (microspores) 313N microsporocyte

(pollen mother cell) @sdllasiulanduiu 2 ya Widnisudseadluleda (meiosis) tadu

'
faa o

waafiduulasiuleudiuau 1 9a (haploid) 91w 4 wad uiagwwadaziuuluduy
lulasales
Microgametogenesis Wunsimudeain microsporogenesis wuanlulasades

a59uAalea (vacuole) vualngiu Tondu polarized microspore %38 unicellular pollen

a Y I

Mdgniswuaadlulnda (mitosis) A3afl 1 latdu Bicellular pollen meluwaduszneauly
A8 vegetative nucleus way generative cell 3NuWIdNITHUNGaFLUINTa AN 2 1o
Ju tricellular pollen axiin1suusves generative cell loidu sperms cell $1u2u 2 1wad

(University of Leicester no date) Fanwdi 3
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Epidenmis  Middelayer
Endotheaum
Tapetum

Pollen

Mother
Cells \\lunsh

LI
Ul
.sj-—- Tetrad

& -
€ Filament o A% b

Uni-nudeateyoung microspores

Stamen Vacuole Polarised
Microspore
l.\lllousl
Pollination Vegetative I.»m@\
A B

A ‘—\ Generative cell

/ Vesicles
Anther 2 Sperm cells

deliscence
Bicellular
»
N\ ,\ il x>

Mutosis 11

Tricellulay

Ova
e pollen

i 3 nsWRILLTe (Pollen development)

fa: Franchi et al. (1984)

MnmsEnmeAdenaunthinu, seyifianufieunAvesse Uy WA-CMS Anduly
szl 1 Sunded (uninucleate stage) 138 unicellular pollen TudiuvaspuinUnfves
130199580 HL-CMS Anduluszesiidl 2 fauadea (binucleate stage) %30 bicellular
pollen @ruszuy BT-CMS waz LD-CMS intuluszesildl 3 Samdea (trinucleate stage)

159 tricellular pollen (Li et al,, 2007; Hu et al., 2014; wsg, 2555)

I LY
FTUUANMUUURUY

anuduviuveaisey (male sterile) Ao nsfisgylaianansaviauldidesainnis
faunvousaRnUnR ansnsafinldvansgUuuunNsTIINR SeanivnueInviuTessyena
\RnnAnuRnUnfvsitugnssy e simavesBudunarinliiin nsadasyiiinuni
Ldianisadiusy nieasrusyunduisyliuan Wunavilisgldaiuisaiiaule

(vanov and Dymshits, 2007) #aanudunduiilagnirunldusslesilunisndngnua
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INTIZEINNT0AARTIURAZATIUNIAT yuesRuui Yilvndngnnanladudiuiuuin

(N5, 2555)

JadeiinruauanulunduvaasauasBundanudundu

L. mmL‘flumﬁusuaaLﬁzﬁmuauéfaaamwmﬂé’au (Environment-conditioned
genetic male sterility; EGMS) Famaundunifuuwuy EGMS § 2 s3Uu fe Photoperiod-
sensitive genetic male sterility (PGMS) mudumsuiiiinantaeuamie udutuen Tae
syaniundufdeidedasiuenn uazisyazdndfseiiorastudu way Temperature-
sensitive genetic male sterility (TGMS) Avwiduniuiiinangaumndl Taeisyazidunsiuf
soliloliFugnmgiigs (Huang et al,, 2014)

2. mmLﬁwﬂwmLi%ﬁmuqmé’aaﬁuiuiezﬂmwmé‘?m (Cytoplasmic male sterility;
CMS) szuu CMS Jduaruauauduniusglulglvnat@y wdalu 2 wuu fe lelvmandy
Und (F) waglalnnanduiviiliisandumsiu (vs) T8uufnmiduvsiu (restoring gene; RN
agluilmded wuadu 2 wuu Ao Buau (RN vhlseyUnd uazdusios (f) vilisapdumiu
vniidu Af lddrezegmuduiululslmwanduuuy CMs vide F vinliwisyuni mnidy
i egluilardeasiniudululelvnanduuuy cvs inliiwiisapdundu (wyse, 2555)
Auuniureusauuy CMS 8 2 wuu (e, 2533)

2.1 Sporophytic system UusruuamanysaivensaIvaNdledlulnduas

<

sporophyte ¥1nsey H3WIndidu CMS(rfrf) 1seyazdle wndidlulndildu CMS(RFRN 3o

(2
a

F(RFR) Lsayazund Inedlnaiasidfesil
2.1.1 gnuan Fy Aldannisuaufvateiug R isyaziduuniuszunm 90
Wosldusd wasiianisnsznesveusyunfseiduniu u 3:1 Tulsgwins F,
2.1.2 msleveusailussezusn fie uninucleate vasnsimunlulasaUss

2.1.3 dunndauiinavossonnudunduronsay diughansauiniulad

9

'
1 Ly o

oy Wesanilveulwsvainisuianuduniuiay uadiugnshvianudumiuan

s b4

2.2 Gametophytic system JusguuauanysaiveusynIvandeilulndues
gametophyte Mnfidlulndludawdealu Rf isazund waslulnlidu f sapdundu
TneflnmaudRss

2.2.1 gnwau Fy ﬁlé’mnmmauﬁ’umaﬁuﬁ R Li%%ﬂuﬂﬂ&ﬁmﬂ?wﬁq e

v a < 1% 1 Id o
QﬂNE‘ﬁJ F. mmmwaumwwummamim LLangI‘W‘ULi%Lﬂu%NUIUUigﬂﬁﬂi F,
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2.2.2 n1sdlevessgluszesnas Ae binucleate LUuduly vasn1simU
lulasades
2.2.3 anetugiianansaudrnaduniuldfvansaetug esndveuiun
vesmsunruumiuning
wenanideinisuvesruuanmduniunuy cms Wudn 5 szuu aude
aewustn foll
1. szuvavndumiy Boroll-CMS (BT-CMS) Wumsfuszuuusn nuiiled a.a.1954 16
AUl unduve Nt 1Iug Chinsurah Boro Il (O. sativa indica ) fisguuanudu
Miluwuy gametophytic f8umuauaulundueglululnaewnis B-atpé-orf79 T8uwi
Anuduniuluiiedea fe Bu RFIA was RIB ﬁagjuuim‘[uiezm 10 Iﬂaguﬁaaaaﬁf%aguu
funts R Fadusawaslushiu PPR (pentatricopeptide repeat) dwiuiu RF1A Tneunf
szudasiadulusiuent 266 nsnesilu udileiAnnisnateWuguuu Frameshift vinls
lUshugnsin Jeinlidada AfIA Waswdu Sada rfia dwsudu A6 Idnswasunlawes
Wal e (SNP) a1nwua A luiluiua G vihliAanisnanefiuguuy missense danane
TWsiulasiAnnisidsuwdatnsaesluain Asn™? Il ser vinlvidada Ao
Wavwlu sada if16 deduihs 2 4 v ilunsdudaduntu Taedu RAA wihitlunisea
wazdu RAB niirilunisaany mRNA ve3du B-atpé-orf79 VinluAnduld (Huang et al.,
2014; Wang et al., 2007)

s

2. spuuAUundy Lead rice-CMS (LD-CMS) ldanuidumsiuressaaindriiug

]

Lead rice (O. sativa indica ) {uszuuaruduniuuuu gametophytic ﬁ§Uﬂ’JUﬂ3Jﬂ’J’13J

a

Jundu e L-atps-orf79 Fduudnnnulumiu fie 8u REZ eguulastuleui 2 wazdu R 7

s

aguulasluloy 10 llin1siasenaiduiuasendnadiiug Kasalath (R2) fud1iwusg
Nipponbare (2) Wui1 8ada RZ ansunuitvesua T Wuiva C dwalvinsnozdilugii
78 Wasuan Isoleucine 1u Threonine ¥ Hu REZ Waswdu dadades 2 3l
anunsaviuld Tnedu R lilyswaveslusiiu PPR Seinaann Bu RF daulneg) (Huang et
al,, 2014, Itabashi et al., 2011)

3. szuuaaLdundu Wild abortive-CMS (WA-CMS) Tud e.¢. 1970 182U a9l
Iomnuduniuveasauiaindrava (wild abortive) Tuynunu fszuvuanudunduiuy
sporophytic InafiBuaiuauainuduniiu fo WA352 fdundndu fe Bu A3 ﬁagjuu
Tasluley 1 wazdu R ﬁaguuimimiw 10 Tnedu R vnddilunissin RNA va8y

WA352 waz Rf3 swmthiisudansuvastialuidulsiiuves WA352 (Huang et al, 2014)
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4. szuuanuuniiy Honglian-CMS (HL-CMS) lasumnandunduressaunainnis
naENnNauIE1Ie 91707 Tulnnuiu fe red-awned (O. rufipogon) v Lian-Tang-Zao (O.
sativa indica) fszuuaadunduwuy gametophytic Bualuauauluniu fe atp-
orfH79 flgulAniiu Ao Bu Rf6 ﬁa&uiuuiﬂﬂmiazm 8 wavdu Rf5 ﬁaaﬂiuuimiulszm 10 Gavia 2
gulusvaveslusiu PPR 8u RS fanuadtanuiu Rfla 5o R fe Wuswaveslusiu
PPR791 Bu RS WasulUEU 5 inainnssuntasua 1 fawds (SNP) anwua 77
Uy A viliAnn1snatefugiuy nonsense (TAT 1 TAA) @4 Af5 vhausmiudulusiiu
GRP162
vmiilunisda RNA veaiiu OrfH79 Wuideafudu Afs Tudiuvestu A6 fnsiuduves
TUs@uviin PPR3, PPRE wag PPR5 ¥inausaufulusiu OsHXKE ¥inntd1fidn RNA 209
OrfH79 ynduviheuiies 1 8u szanunsawdnnuduniuvesgn F, 1 50 wWesidud usimn
ﬁy’qaaagw‘mm%mmmLLﬁmmLfﬂwumqﬂ F, lane 75 Wesi¥us (Huang et al,, 2014;
Huang et al., 2015 )

5. szuuAuluniiu Chinese wild-CMS (CW-CMS) lasuanuluniiuresisgain
41211 Chinese wild (O. rufipogon) fisyuuaradunsiuiuy gametophytic falainsiuia
Fodumuaumnulunsiu Tfuufviu fe 8u Af17 sguulaslulen 4 wuludhiug IRed B
Tuilgtuinislddhiuslunmsudnturesssuanudundu cw-cMs Tnewuadyud (1/4)
USan 2,286 Awua deegluluslumesvesiiu Af17 (T) vilwdeududadasos 17 (A) 3l
aunsauwnvsle (Huang et al., 2014; Toriyama and Kazama, 2016)

Feszuvanuduniiuvensyidenlflunisudnganas fio szuu WA-CMS Faiidy
muAuAudumiuaIng1aWug Zhenshan 97A fie 8u WA352 (Huang et al,, 2014) 11910
nsiseasnludaes 8u o352 amelululnaeunse (Okazaki et al.,, 2013) Buudna1uidu
nduvessrvuaudunu WA-CMS Ae Bumiunus RF3 Usgnaunledu 4 8u fe
0501909560, Os01¢09670, Os01¢10090 way Os01¢10800 (Suresh et al,, 2012) gu
AILNUS RFE Usznoundedu 4 8u Ao PPR7, PPRS, PPRY Way PPR10 (Kazama and
Toriyama, 2014) 5¢UU WA-CMS mmaaé’ammmmLﬁuwﬁuié’mmi% (Kazama and
Toriyama, 2014; Singh et al., 2014; Eidi-Kohnaki, 2015) fin1sldansazane |-K douisey
winfnddeunansdusyund wininlifeddonvansdsanudunduransny sruluds
asvaeuNsinudn Tnonsiuwdaiuaziudnde iewaniniswivsiu (Hasan et al, 2011;
Fidi-Kohnaki, 2015) #a.8u3ansfiselunisasrageumsuinnuduniu Sadufidenluns

T¥szvuiiAneanudunsiu
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awinvasanuluniuvassnszuu WA-CMS uasnsuivdy

Tosanudunsiuinainlusiu WA352 dadulisauiinainnisisesddivavesdluy
Tululveeuese ludmnfiisund (male fertile) 2didu Oscox11 Fulubuiegluiiiadea

'
€ a

Falushiu 0scox11 Wunitagaaveaoubesl cytochome c oxidase Fuduiouleyifidfey
sonszuaunsmelavesivy eaiimdaanu ludnfithsaudumiu (male sterile) Tuwadues
Suisny aeillusfiu WA352 lududanisvhamuvesiusiiu Oscox11 shliAnmnuiaund wy
reactive oxygen species (ROS) Iu'ﬁzﬁUQQ Ay Cytochrome C %wqmaaﬂmagjﬁmuamﬁa
uvaslulnaounioniolulelngoa uenaind Tusiu WA352 SuavilfiAn Premature
programmed cell death (PCD) wauwadymfisuluduisay uimnludnidisadunsiu ued
guuimulumiu (Restorer gene : R elulilnaouniedlusiu WA352 ﬁﬁ’ﬂﬁlﬁﬂélﬂu
iy uiilesandBuntuduluiuendea fe Su R waz R nedu RA aonsawazLUasHa
160w Wsfiu R Sudhilusn mRNA vesdiu WA352 Tululvaewne vl mRNA vesdy
WA352 ldanunsauvasialuldulusiu wA352 1a wanindsdl mRNA nasdudoauainise
wdasaluilu Wsdiu Wa3s2 18 aeiliusiu R3 huvimiitlunnsdudlusiiu wass2
Lillugudanisvineunesdusiv 0scoxtl Wunaldlusiu OsCoX11 amnsarauls

auun@ vilisagladidumiiu (Ma, 2013 and Lincoln et al,, 2015) Fandi a

Male fertile Male sterile Male fertility restored

Normal mitochondrial genome CMS mitochondrial genome CMS mitochondrial genome
Nuclear Rf or rf genes rearrangement rearrangement
Nuclear rf genes Nuclear Rf genes
( | (" Il
koxﬂ | [Rf3 orrt3] [Rta or rta] ‘K‘scom 1] [»s] R%/
Se—

A4 A

Tapetal cells F3 RF4

programmed
cell death

ROS,
Cytochrome ¢

AN 4 N15VN9IUVITUNITY Az uwNVuYe9sEUU WA-CMS

4 - Lincoln et al. (2015)
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Tushu Pentatricopeptide repeat (PPR)

Tufignfenudunduveasyssuy CMS azdl of Suauanludluuvesiulnaoun
Sefiuansoanisdnvaranulundu & orf ludlunveslulveeumsefianuunnaiaiuiuet
Auaneiug lnemluiaissuy CMS aunanmsisesiinivesdlunlululnaeuese (Hu et

v a

al.,, 2014) wena il Rf (restorer gene) Noglutinpdea vimtilunisuAniussuy

[~ o

CMS 98y Rf drulvaifusiavesiushiu PPR (Pentatricopeptide repeat) 48w Af a2l

o

v s 1 a

m’mLLmﬂsiNﬁ'uﬁTTuagJJ'ﬁ’uawawuqmum&nﬁ’uﬁ’mzwmwmﬂuwﬁu 715197 2 (Hu et al,
2014; Bohra et al., 2016; Chen et al., 2018)

TU5#u PPR (Pentatricopeptide repeat) fi§nwmzansnsnoyiluiignfu 35
nsnezdilu Alassadrady helixtum-helix FsiunumdrAnlunisiadydulnvesdia lng
TUsiu PPR fdusiulunszuiunmsndanisaenssa Ae nsunlueisioute (RNA editing) N3
#in RNA (Splicing) AuLafias (stability) n156n (cleavage) n15d@ane (degradation) way
Asulasia (translation) (Chen et al,, 2018) @sTusau PPR nuannlululnasuwnies asny
Tuwunanludnd wu Tu exsUnevida wazuyi@owd JlUsAY PPR 91u7u 441 ¥finuay
471 i auasy wiluaulasuuaw’ nauilusiu PPR wAwiles 6 vila way 2 siawiniy
310915097 2 azuladnssuuaudundy CMS uravszuuaziiBundanuduniud

WRNEN9AY (Hu et al,, 2014; Chen et al., 2018)
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M19199 2 anpugiavesszuueuluniu Bu uwaslusiuudmnudumiuvesssuy CMS

EUU

. aneuslinw v - AUMUILA  @enusuAN L o . . o . -
AU P 91909 v o o gununANULTURITY Wshu 9909
. WWuniiu AnudunIu WWuniiu
NIY
Kazama and
BTR PPR8-1 PPR Toriyama
(2003)
Rf-1 Komori et al.
Chinsurah Boro Shinjyo and IR24 PPR791 PPR
BT-CMS (2004)
Il Omura (1966) )
Akagi et al.
MTC-10R Rf-1A,Rf-1B PPR
(2004)
Wang et al.
Rflb C9083 - PPR
(2006)
Watanabe et Glycien [tabashi et al.
LD-CMS Lead Rice Rf2 Kasalath LOC 0s02¢17380.1 i
al. (1968) - rich (2011)
PPR7-454-M
h A Tang et al.
Minghui63 PPR9-782-M PPR (2014)
O. sativa sp. Lin and Yuan PPR10-454-M
WA-CMS Rfd
spontaneae (1980) Kazama and
IR24 PPR782a PPR Toriyama
(2014)
see Huang et
al. (2014) and . Hu et al.
HL-CMS O. rufipogon Rf5 Milyang23 PPR791 PPR
reference (2012)
therein
Katsuo and Fuji and
CW-CMS O. rufipogon Mizushima Rf17 CWR ORF11 - Toryama
(1958) (2009)

'17'im - AaLUa’I91n Bohra et al. (2016)

o a a o v ¢
e wmang AU lunIsUTUUTINUGNY

a &

AioanuneAiBuLe (DNA marken) fie n1sldmduieifuiniomunelunisued
AL NIZYRIAiTIn Imw‘hl,mmsuaaﬁLﬁuLammsaagﬂé’ﬁgwuiﬂﬂuisammaiuﬁamﬁaa
(nucleus DNA) %39083WnLUAS (mitochondria DNA %58 chloroplast DNA) Lag@u15e
dremenarnneusiluganls ludivudazsdaininFoafivesdrfuivaiiunndiady
(polymorphisms) ¥iMl#@1u15018nANLANAS YasRviAazsiinoanaIniu 3911AL
unnsinstinuszendldifuedomneld Ussiamvaaaieannefiduoansoudsldidu 2
Uselan (g3ns, 2546)

1. Hybridization-based marker 1Juta3esnuneiildnannisidiganvesiidue
fifoan1snsiaaeuiuMidulensinaeu (probe) 1y wipanueensienwead (Restriction
fragment length polymorphism; RFLP) eS0TI N ATILLANA BTN
Fumdueiirameeuluifns g (restriction enzyme) Auuansnsienainainnisnans

Wug (mutation) AMURANAINVBUYAE MIBANIMKIAGBN Y bAAANISWABULURIEFULUE
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909393830 danaliiuniaansa (recognition site) vaaeulayifnsunizudsuly el
Aswendndeeuladinsumseinieiuarldrunnuassinutuvosiduesnaiu San
THlunisuenanuuansavesdeddie

2. PCR-based marker 1uiAdesvsneitlivdnmaiiviinamduelney fizengnls
wadlueLsa (Polymerase Chain Reaction; PCR) FaatowaneUssinniduiteuldiuly
Hagiiu 1wy inTewnnslulasueminalar (Microsatellite) 3oioaLoao1s (SSR marker) (&3

W3, 2546, M, 2555) WWuusnaniidnuazdisesiusgreiier uiavynusenaumeing

Tolng 1-6 92dlalna tneUsMEINTE89N9193 UL LA LELD UINUSIUNULIN VIS

'
a

USnunULstuag i ualiTIn n1slATesnnssiatnenauwana1ele nanislidateled

Y

[ Y 1

Tnfandlelndfizondt lnswes (primen) fifldduvadaufuuinuiiogvurudatuunae
WU nAgIRINa TNt ieneasdnTnsnEda Wensnauwansng
YOI VRIS UL YRR T ALy Y in (83uns, 2552)

MSANYIALUANFINITLEN TSI NATTTuLAITY wagdhafdeandundy
szuu CMS Tneldn3osnunefiduovda SSR §1UIU 16 1AS09MUIE WULASDIMNNEY SSR
$1u2Y 10 n3oanuiefiaunsaldlunisuenauwansisld Sefiin3esnuny InDel uay
WwSeevune SNPs daduniosnuneisuniziuiu Tnown3esnuie InDel Wuipsosnunefild
LENAULANAIIIINATSRLTY (Insertion) WaBn1591aMIe (Deletion) luvesdduiualu
298730 91111535804 Pranathi et al. (2016) leWauaIs e fidaus s fudund
wsfus LS RF3 waz RfE islduenanuuanssvesdmiifidusiumis Rf3 was RAG 900910
ST unmsTule

Tudiuvea3omianeadud (Single Nucleotide Polymorphism : SNPs) Faafid fe

a &

nsunuiivesiiadlelndusnaferfuuuamefidueveddidianida warliviiliiAneng
Anunf luddiPiednsifeaivdnatsfunisiainliduanuainvaienisiugnssud
AnTuszninedadidin Guwand, 2555) funadaifldlunisassaevaivd wu waia Tetra-
primer amplification refractory mutation system-polymerase chain reaction (ARMS-
PCR) Wumeadiafildlnswos 4 1du Tun159i1 PCR Ao Forward Outer, Reverse Outer,
Forward Inner wag Reverse Inner laglwsiues Forward Outer Way Reverse Outer %Lﬁy
Fuanvinuszvinaivdddiiannsosrydadaliegiedunig ludiuves Forward Inner
Wag Reverse Inner @1313058ydadalag9dnnie wu usuadud G/A vasamalslylng
I@SJLLOUV;R?WLWW%Q 2 WU WARaINN1sTilnsiues Outer Forward wag Reverse Inner 34

W1zNUDada G way Forward Inner kag Outer Reverse Nanniznudada A Tuai1uwad
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lwsiwes Outer A¥agseniaUTIe SNP FeagUsnguauiuanidamulidninig dauuia
YDILAUNINNIZAUDARA G/A TVYUIANWLANAIITU FIFI1UISAIASIEAARILDE NS A

wasianlnsln3da lnevinddldanansdlulnlidulaluleda A/A azUsinguau Aduwae

v v a

Udada A wazsuauilidunig mnuansdlulndidulsluleda 6/G azUsinguauiidnmie

v v a

fudada G wazuaunludnuniz winwansdlulndiduienmelsleda G/A azUsinguaud

FuNENUDARA A, 9888 G warkaUNUINNIE (ANH 5) (Medrano and Oliveira, 2014 )

DNA Template PCR Reaction
A
Outer Forward Forward Inner 3
— L
GAllele o o 3 & @ ¥
3 C & 'Rewlzrse!nner Outer Reverse
A Allele 5 A 3 Outer Forward F"“"a'd!""er
el e
3 T 5 3 T 5
éﬁa-pgrse]nner Outer Reverse
PCR Products Gel Electrophoresis
Non
llele-specific — — — Llﬂﬂ‘lljﬁ'WlWE
G allele-specific B pr— e > HOUSIWE G
A allele-specific -— — e LDUTINE A
G/A G A
Heterozygote H yg H

A 5 msldiASoaane SNP wazwaia ARMS-PCR

a1 - Medrano and Oliveira (2014) AnLUasann Ye et al,, 2001

latnmsidnasivdunnmsiusnlfiduesesmnefisume iy mnnuideves
Pongjaroenkit et al. (2017) léWmuiedoamuie SNP lasldinailn ARMS-PCR 91nUSHa
SNP vaegusdumis R4 Aa 8w PPRIO lagn1siaauduaindiiugrninenusd 105 uieua
W0a-0 Unusndl 1 uazanssniyd 1 manmamaduiuaresdu PPRI0 andilvewdani wu
vinaadudfiuadiunis 1,392 FeirlfiAnnndsuntassedulsiuainlaneuund
Wasudusanya Jahuinaduieenuuuidueiomueadud Weldlunisuenaii
uwaniesenindalneiugnwinuluniu B-line) draaneiuduiaudunduy R-line )
Tussvuanuduniu WA-cMS uenanidsldlunisnsanasugnuay F, 16 mndusada 6
rliauRduevun 603 way 416 guua uwavdada T agliuaufiduieuuin 603 waz 242 ¢
L

Tuilgtudeulfirdomneiiduslunsuenauunndswesdsdidin silunsfin

anwLlBIUTUIU (quantitative traits) MSoaNwALITIRMAIN (qualitative traits) LLBIAIN
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Juedomunefifiuszansamlunisuenauuanaisuesddidinss winsudandenislusie
g Uszang wazanetug lnonsliintesmnefidueiiden (gmms, 2555) A

1. Lﬂ%@ﬂ%m&la@mammLLiJUET’]QQﬂ’J"]ﬂ’]‘Jﬁ&Lﬂ(ﬁlf\]’m?ﬂui‘l/lﬂ

2 ilssaniduadesmuiefidnisiauiniainis uelaensaiilig
idesmnesuuInn i dentd

3. NA9INNISATIARLATEMINERIEuelimLAT annsaldidede
gty viewdadls Wesmnifsuemiiousy

4. lunsesaedeutivldsudruanduiivlusunudesvinlilddes
MANYAUNY

5. p3osmneansaliAnmnsaneneadn v LuUTLT L

6. Usevdnnan fufilgn worusanu Wosnlumsuiuugeiugiiy

goaldaturulunisdunailulnd Tnunlandruiruuin wazdaaldnssnulunisawania
Y Y

nslgATRanLe A ueYinlaunsoantadumaiiile

UIYMNYIVD4

N13AN¥INITYINUYeIEULANTUTBIsEUY WA-CMS

AANT wazAMY (2556) AnwInTsatenendulindureasya1nyseyns
F, 91191 10 graw Wneldasiudisaplundu 2 Wug fie IRS80151A waz CHA d@auiugud
Autumdu 5 g fe doum 1 gwssays 1 na 31 CHL waz CHA faedSnsdousaysine
ansazane LKl AanUesidudnuddinvesy warlinisdanguanuauisoutianudy
vifueenidu 4 ngu fie nquusiu 1WunduilsayAnddiosndn 5 Wosdud ngumifuuiedIuds
5eyAnd 5.1-50 Wesidud nguunAursdinTaLsnfng 50.1-80 Wosiiud uaznguun@daisey
Andunndn 80 wWosiiud wu 7 guay fe sudisapluniiu IR580151A Auiuduiniiu fe
Foum 1 CH1 uaz CHA Wudisanduniiu CHA Auiuguindu fe dewmn 1 gnssaiys 1 nv
31 uag CH4 fignsdusunisaisaluniu 1u 15:1 wansiiuiduniuaudnuasud
wiupIuAumEBuTILIL 2 ¢ wazdn 3 guau Aeugisantumniu IR580151A Auiuguiviiu
Ao anssauys 1 uar nu31 Wugaandundu CHA Auiuduingdu fe CH1 Tdnsndiusyund
Aot lundu U 3:1 wandliiiuindnvaguinnulundusiedudiuiu 1 4 9nwua
fanamasUlddn Bundruuniuressafivhnsdnwiuegfumetusrauazusivesisia

ANAL
Y
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Wysy (2555) in1sAinwinisiauaeiugisaduniuresdnimeisnisnaundu
LazVAADUANTIOULNISHAY IeWauaeiusnewsluignuanszuy 3 e Taeviinns
fimnaeiugisadunsiulundeufvaeiuguiniundunsiu nuindniligananda i 2
Anay leun PTTO8003AXCK168 waz PTTO800AXRD31 liiAAufiduiniienowdily 63.84
uay 40.24 Wesiud mudiy deSeuiisuiuiug nunl, Unusidl 1 wagfivaylan 2 fien
67.16 §14 107.18 Wosidud wazilSauiiiauiudngnuaunian1sivesUseimeaiy §1uau 5
anewug wudn $10gawan PTTO800AXRD31 T wididumilonindngnwas HSLY-26 7
Tinandngaan 40.24 1Wosidud

Asadollah et al. (2004) fAnwin1sBuudanuduniiu Tudseuins F, vesguau 3

i
Inefnwivesidudanuidinvesey Wudilianulumiu fe Wug Neda A wauiuiudng

Qe

A aa

fundnudundu fa IR24, IR28 waz IR36 mn%;&aL‘LJEJ%L%uﬁmmmnmmLsm 919 3

LY

'
1 =

AnaL Feanan Neda AXR24 Idnsndrutsyunfsaisadundu Wu 15:1 dwudn 2 guay

e

v |

dasdsyunasersadunsiu 1y 3.1 Insienegvinaiufsluguan Neda AdR24 14
gndrusaundresyunividudesaluniuunsdunssantundu Wy 9:3:3:1 wans
Tiiuindnaiug IR24 T8ueueudnuauzLiviudum 2 ¢

Tan et al. (2008) Anw1duwiaaulundu 3 szuu e WA-CMS, HL-CMS wag

Y  aaa Y

BT-CMS Tnevimsuanszniaiusilimnuiduvsiuvesusasszuy fudnifitundianudy
wifu nefinw nwWesidudinnulitinvedsy uwasesiiudnsfiauanan F, wuil szuy
HL-CMS uag BT-CMS fiBuaiununiswinduiluguinu (domimant gene) 37uu 1 6 Tu
d1uv09 WA-CMS f8uaruaunisuinnuidunduilugusu (domimant gene) 37uau 1
vido 2 ¢ waganmanaasstniug 3 FudutnineiivesidudmuliTinveasaylussuy
WA-CMS 53UU HL-CMS Wag 53UU BT-CMS t8u 31.7, 45.5 uag 80.5 audiu virliidiudd
drilnganeiug C3 diifuudanmduniuresis 3 ssvuiianuannsalunisudaouds
wiluusdagszuuldmindu

Bagheri and Babaeian (2011) Anw1U12 O. sativa L. ﬁﬁgumﬁmﬁuﬁﬁua@ﬂu
lalnnan@useuy WA-CMS fio Wug IR58025A, IR62829A uag IR68899A lagvinnisHau iy
fusAfduuindiu Ao sWus Amol-2, IR50 uay Poya Wiilileign F, Milsyuaznisindn
pEefusuATBuLATy wandiiduind e ditusuiansousanuduniuly uas
AsAnYIUTEAINg F, kaznsnaunau wudnduniauduniuludiiug Amol-2 uay
IR50 PuAulaeBundn 2 Bu drudiniug Poya muaufeBudu 1 8u uenanifinsfn

Buufrnudundulaefnwmuddinvessyuealszyns F, 99NNSKENT21I19 IRB0151A



23

fiu CH1 uae IR80151A fiu CH4 wudn Hensndrusanduundviiu 1u 15:1 wanst1i CH1
way CHA T8uuinuilundudnunu 2 8u

Seesang et al. (2014) ¥n1s@nwINITLANITY WazN1sTnwIaNgRug ngnuay F

'
a

wazAnwiguLnviuluuseens F, El,m'fnlml,mzﬁuﬁjﬁlu Sunvinisasegnuay F; 919U
34 guay niugisadundu ) 119U 2 @1eug Ao CHAOL uag IR580151A Haw
fudny (Aunie) 17 aneug Janeugive 9 aeug fie Jeum 1 (CNT1), wWwveuila JHN),
n¥31 (RD31), @anauns 1 (SKN1), gwssady3 1 (SPR1), gwssasys 2 (SPR2), gnssays 3
(SPR3), an5564U3 60 (SPR60) hag anssady3 80 (SPR8O) WU 3MNanway 12 ¢ & 2 fnay
fl¥nanan 7,960 uag 6,810 Alanfusolgnnis Wednw1dUszsng Fy VDIANAL
IR580151AXCH1 W@ IR580151AxCH4 31nA158RuLTaY Wagn1snaaaulanndeaes Wuns
nszesvensunfdesriudy 15:1 wandbiiuiinswinduvestniaiug CHL uas

3

CHA paUANMIBEY 2 Aunis uannidalesist R? sewing Weswudauiidinvessey

De @

wazlUasiGuAnISARLLAR U1 M9 2 Uszuans de1 R2winfdu 0.58 way 0.62 Tududdeil

a

f Y ¢ & ¢ a I ¢ Yy oA o a < aa
Lilalddeyaivasiduinisinuanlufinyinisuiniuiionndnvaen1sinudnasddnsna

ANAITINGAZAN NN HHafaN15ANLLER

= v

Hasan et al. (2015) finwuudanuduniulagldaneiug Jin23A WWuiugisandu

v s Y

nTuRUY WACMS wanduiugnfiguuiniudundy 8n 10 aneWuguds vinasadg

9

<

U58971n3 F, Wefn¥nisanenenvesduwnnaluniuainanuidinveasy me3sns

SNaa =

fouLsnyieasavans 1Kl Anvidesidudnnuiidinvesy saudedanquaiiuaunsoud

a a

<) % @ 1 A 1 o 4:4' L4 1 ¢ @ 13 1 o 1 A
ANuLluriueenlu 4 nad Ay NHNIU maémmauaamw 1 wasgun NAUNUUUNEIU

= a a a o

seyRnd 1-30 Wesldud nquunfunsdiu Msafnd 31-60 Wesidus uaznquuni NseyRing
61-100 Wasidud wonaindviinisduwans Anvndesifudnisinuan wasdnng
j % I £ < 1 & J % aa [ 44 J f < 3 1 %
Awansawiauluniudu 4 ngu A nguniiy NAnwaadosndn 1 wWeosidud naunsiu
UNd NRnEn 1-30 Wesidud nauunfivisdiu Nfawan 31-80 1Wesidud uaznguunf
aa <@ ¢ < & o [l [y a i I3 LY A aa a
ARAWAn 61-100 WostEud wun1svieuTIniueesduniauduntiu 3 wuu Ao dNaNTd
Va8 uUAY (Dominant epistasis ) luuUsewng F, vest1ianeiug BR6839-41-5-1R, BR7011-
37-1-2R, BR1OR, BR11R, BR13R Uag BR14R Hdns1druisayunfineviuuisdiudendy W
12:3:1 Banavesduaukuuldauysel (Epistasis incomplete dominance) Tuuseyns F,
Y93y 1aeWug BR7013-62-1-1R, BR15R uar BR16R fignsdruisaunfdenduuidiuse

s

wdu 19u 9:6:1 uazdiawdavesdunoy (Recessive epistasis) TuUseung F, 303019 Ug

]

BR12R fignsndusaunfsensiuusdisondu 1y 9:3:4
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Wy un wazlugadsIal (2553) imsanuniadefidnasenisinmdnvesdiii
pudundurensay Tullatnunsns insugnd1iiug IR58025A wazdnaiugdulnes 1
Tuwdaaun Inrsudaladulunisfinen e n1saseugs (insauds uazaseudsluaow) way
Prefusennon nuitwug IR580151A finsindngegailonsnsadluanfedfufudu
nod 1 uaziimsfnudnanasilooanaentinidulines 1 MneanisAnwhlimamuiiiade
NIHANTUINAADNTHANEN VDIV INHAL

fiswa wazae (2561) AnwIin1satenenanyuznIshnwanluaninasen Y3
Usenng F, (N22xnv31) Tuanmaamnll 40-45 adfwaded nuian1snTeaeiiveInIsen

a a =3 LY

wan Janvarliluldsund n1sfawdavesdniug nu3l uay N22 (@eiugnudou) wiiu

& o [y <

28.02 uag 73.07 Wosidud dmsulsevins F, nshawdneglugag 0-76.63 wWesidud i
f < 5

! q‘ o v o a & @ o a a A a
ARAY NINU 19.66 LUDILTUR LVUVL@’J']aﬂﬂmgﬂqimﬂLua@LUuaﬂwmglej('lﬂill']m WNQWMQ&I

1 v A 1 a @
WWuladendsnananisinluan

nsAnwduniAnuduniuvesssuy WA-CMS

Jing et al. (2001) ¥in s@nensadianuiivesduwdmudundussuu WA-CMS
Tuds Tneldinsomune SSLP (Simple sequence length polymorphism) Tuuszw1ns F, 7
Ifannsuanseninedsiug Zhenshan 97AxIR24 Fetsiug IR24 WWuamewugudmmidy
iy Wieldlunisadiaunuiidu RA wui JLUEMINNRUGNTTUVOEU R aEUSHIN RM171
(OSR33) way RM228 1Juszaenne 3.7 uag 3.4 lwufuasuni (cM) UNWIUAIUE1IVDS
TasTulawdi 10 LLazwuﬁuﬁag”luﬂejmmU@mmnﬁwﬁu U 3 BU A RFL, R4 way Rf5(t)

Nematzadeh wag Kiani (2010) ¥inn1s@nendunnaaruidundussuu WA-CMS Tu
Y1a18ug DN-33-18 waviimuniugi1 3 a1eWus Ao DN-33-1, DN-33-18 uag DN-32-6
Tngunaudiuiu NedaA wulnguan NedaAxDN-33-18 liisayun@innnnda 80 wesiius
ntiuFnee i duniululsyeng F, lngn1sdousameansazate |,-Kl wuin dns1au
sgundsersagdumiuu 15:1 wanaind1asiug DN-33-18 FBuidudiuiu 2 Builarunu
Snvarnisudanudundy waznuiadoanuie SSR §1uIU 4 1A3eanNIY fo RM258,

6

RM171, RM591 waz RM3148 Tia1nuuansneiuveduuinuaufdue seving 2 aneiug
NAITIATIZRNISTeuleweUsEIng F, WuTLASomNIY RM258 way RM171 aguU
TasTalendt 10 fiszoznie 3.1 waz 6.3 cM 9nUSINEY R WeldieSewuns RM1, RMA443,
RM315 wag RM294 a&qjuuimiui%mﬁ 1 lalwuanuunnane wanuluiadesanslnlie

RM3148 fiflenudonles Seflszoznie 19.7 cM 91ndu RF3
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Suresh et al. (2012) Fnsfnensiuauiiusd e uniu Rf3 wag R4 994
11 uazasvdeuAmmgNABsYBNATDsINeTildi TR @S UN s TEy UL Ay
yifu nnsAnwUsERIng F, wut 8 2 Buflenuaumisuienuduniu fe Bu A3 deguu
Tasluloudl 1 wazBu RA dseguulaslulond 10 TnensIsuitsuiugisydundy
(A-line) AusiuguAaduniy (R-line) wuiBu R Usznauluse 8y 0s01g09560 \Uu
37av891UIAYU mitochomdria-processing peptidase subunit alpha, 8u Os01g09670 Hu
savealusiu pollen-specific protein SF21, 84 Os01¢10090 waz8u Os01¢10800 \Ju

6

swanedlUshu PPR swiideiliianiniesmnefiunanuunnisssrinednaiug A fuius
R Ifpanuuuiadesnuieianun 23 te3onuie dindeanunefivenaiuuandasld 4
W3y Tnewedenug DRCG-RF3-2 ag/lugu 0501909560 dlofieudifuiuassninedn
fiug A fustug R wudn ludiug R iAamsviamely 2 guua (TT) usauuad 907 uas
908 USaBuUNTOU 1 Am3uLATeIMNIY DRCG-RF3-13 agluBu 0501609670 wuinfanis
YIANE 2 UL Ao v1aniely 2 Auud (GA) USauail 29 wag 30 Mangly 3 ALUH
(GAG) U3kanauadl 77 & 79 Usiauengeudl 1 vesdaus A daubu R feeguulasiuley
71 10 TngmsiSeuiteuitugisaduvsiu (Aline) Ausiugudeanduntiu (R-ine) Buuina
R4 wuinszneulufe 4 Bu 1usiaveslusiu PPR Iafinnsesnuuuialosvaneidumiy
AUBUINT1INUT IR24 (indica) 1a 2 1A30 MU TLAAIANLLANGIS Fo DRCG-RF-8
2ONUUUIMBUUIINUDY BU PPRES3 WAAINITUIAMIY 6 ALUA Wag 327 ALUd %aﬂaaumm
fauTianneneou 1 uazdunseu 1 luwug R 1A30wmane DRCG-RFA-14 Sn1suinmely 106
dlua agiusaneneu 1 Tustug R

Tang et al. (2014) lgvinsAnwdnasiug Minghui 63 MFuwAR I TunTusumme
Rf3 uwag R WU dunis RfE Usgnaudeduiduswaveslusiu peptatricopeptide

repeat (PPR) §7U2u 4 8u Ao PPR7, PPRS, PPR9 Way PPR10 dlodnefumandusasdudna

Y

drwug J23A fiflenudundussuy WA-CMS ansudanadnunsressydenisdouday
asazany 1Kl wazainsyandudldunisaeiu Wisuidsuiuinaiug 123A Alilédsuns
d1eBu nuin Fudnlesunisaiedu PPRY finnsfndvesiany 35, 29 way 36 Wosldud Tu
YUELAEIN Y Kazama wag Toriyama (2014) 1avin@nwidu R4 wulfeanu ualtgulnniig

Dunduannd g 1IR24 wudn 419ug WAA flundu suiilasulu PPR782a fnsind

[y

YouIeY 48 war 79 Wosidud willouiuiuideves Tang et al. (2014) {losandu PPRASS,

[ a

PPR782b, PPR782a way PPRA5 A81AUNSADLL MU UNUEU PPR7, PPRS, PPRY wat

'
[y =

PPR10 Tud1iWug Minghui 63 Aud19u Fawan153deenaniuansdn 8w PPRY Wuduud
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AU unsTundrie R4 weandsldanunsansanuduniiule 100 wWaosidusd asdasande
gu PPR B visaswmisdutielunsuiaudunsiy
Pranathi et al. (2016) ANW8UALNUS RFA LNDNITHAUILATDINUIENTUNIEAUTU

o v

lngaanuuuinIaevinefiaglugiu PPR9-782-M a1ntianeiugniiu IR58025A uarangiu

a oo

wAAIdundu KMR3R 21nn153A 8 Ra1AULUE vosanenusniduntiu uavaieowus

]

o

winudumiy wudi drduiuavesBu PPRY 1 Indel 3 USians Ao InDel 42 Auua Tudu
50Ul 1, InDel 105 ua InDel 1,476 AL Tuusnaenseud 2 uazusIuiiAn InDel 2¢
yawilo (upstream) ¥o98U PPRI-782-M UdHTI1AN08NLUULASBVNNE WU 3 LATanLNET
oglndBunnniian fie RMS-PPRO-1 agusiaal Mifin InDel 42 glua uaz 2 LA3eanuny Ao
RMS-PPRO-4 WAz RMS-PPRI-5 aguiliainiloueadyu PPRO-782-M fluansminuuansig
J¥NIN9979Ug IR58025A fiu KMR3R

Pongjaroenkit et al. (2017) Waru1LA3 099U SNP W848 uRuns R Ao Bu
PPR10 iteldlunsszydmaneiusutamndundiu wagiussnwarudundiu feonns

laaudu PPR10 31n113lne 4 angug Ao 119nenugd 105 wuaea-4 Unusii 1 uas

9

gNITaNYS 1 Welnevaduaiis ut i uguAvdu (Minghui63 wag IR24) T13ugsNw

]

Aanudumndu (93-11) wdanu SNP uSawuai 1,392 (G/T) Fainliminnisnalewuguuy

nonsense 911 GAA Lu TAA (stop codon) vilsifloudasaidulusiuna Svurafidnas

o

99NLUULATDINUIY SNP Aanwizdudu PPRIO UAaToanutgantniztauy unlalunns

'
[

Puundniuginaeiugeiaudumiy wasiugnsnyautuniuld
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A AL S

—
o

11.
12.
13.

gunsal

W N o AR WD

uni 3

4 ad
gunTad 1azIeNIT

Cetyl trimethylammonium bromine (CTAB)

2-mercaptoethanol (BDH Biochemical™, U.S.)

AaalsNesy (Chloroform ,RCI Labscan, Thailand)

toulesl Ribonuclease A (RNase A)

LBANDTDAUIEYS (Absolute ethanol)

70 WesHud tovuea

ﬁwLW@%LﬁuﬁwmuﬁLSuLaﬁﬁL%'gU My tag™ HS Red Mix, 2X (BIOLINE, UK)
Hweda 988 (Mineral oil)

9zn1l3d 198 (Agarose gel) (Invitrogen, USA)

. AdpuRduLe RedSafe™ Nucleic Acid Staining Solution (20,000x) (iNtRON

BIOTECHNOLOGY, Korea)
ﬁé‘mammgm GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)
Uniwas Tris borate EDTA (TBE)

asavanelolanulnuvaeulelolan (1K)

\A384 Thermo Cycler T100™ Thermo Cycler wag C1000 Touch™ (Bio-rad,
Singapore)
gunsaldmsuih Electrophoresis (i-MyRun.N)

1383 UV Transilluminator (Major Science®, Taiwan)

'
=

i3asduniies (Centrifuge)

AU

e

a . v '
L1389 homogenizer Tun1sAfBEI
LAS89LVEN (Vortex)

Lsestuliies Mini plate spinner
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[%

1911AuANRUAdl (Water bath)

A
®.

e@a

10.
11.

\ugumail -20 eerLaATYH

a

Buaamgdl 4 esmiwadua

eBe ey

12. LﬂéaﬁﬂmmﬁqwémmﬁLSULE} NanoDrop™ 8000 Spectrophotometer (Thermo
Scientific™ USA)

13. NA0I9ansIAL

14. napaneslolulasalay (Stereo microscope)

15. ndeslulasalavuuudanea (Digital Microscope)

16. lulasUiualuu 1 999 (Micropipette: Single Channel Pipette), lulastiunuuy
anedes (Multi Channel Pipette) uaglulastiiuniiu (Micropipette tip)

17. naealulasiiad (Microtubes)

18. twan 96 U Yu1n 400 lulAsans (Deep well plate), twan 96 AN Yu1n 300
lulasans (V-Shape microplate) uagiwaniigens

19. ukuAauUawan (eXTReme™ sealing film)

20. ATEANN

21. udin

22. 598

23. wHualas wazuiutaalas

LASDINUNE AL UENITIUN1TIDY

INAITNUNIULDNANTIUITENUSI99ULATDINUEN T IUNITLENAIIUUANA1VB

Fraiugisandundu (A line) Wugsnwianulundu (B line) wasiuguindu (R line) 34

q

=

Aeadestudundamudundu dums RF3 uway R4 Tuszuuannuduniiunuy WACMS 3
Wadesmnedifiaus iz fudy (Gene specific markers) wazipdoeLefifinuduiug
fudu Faadeamueiildlunisaneid Seduiuadiemuisyda SSR (Simple Sequence
Repeat) Aiflanuduiusiumunis RF3 uaz Rfd (Nematzadeh and Kiani 2010, Revathi et
al,, 2013; Kiani, 2015) 1A309N8UTa InDel (Suresh et al,, 2012; Pranathi et al. 2016)
LazLASIVINY SNP (Pongjaroenkit et al, 2017) Aiflarmidimizsedunuaumsidunsiy
wavdunAnnudunsiusie 2 funia (Suresh et al., 2012 Pranathi et al, 2016) fauans

NYALLDYALUNITIN 3
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A15197 3 insesineTigtasivuninnuluniuvesasinurus R4 uag Rf3 7ldlu

=
N1IANYN
YU
3o mung D e . ALV (ALusE) UNNA -
- anauLud (5’ to 37) 8 v y vl 21984
fAdu Taslulay o o laiud (°c)
WA .
hAY
Wasnes iz
F TGAGTGCCGCAGGATGATTTAG Kasama and
RMS 3 WA352 R:CAATGGAGGAGAACTTTCCTG WA352 mitochondria 227 247 50 Toriyama,
2014
F:TCACCTCTTCCTGCTTCGAC Suresh et al.,
DRRM RF3 10 Rf3 1 150 140 55
-~ R:CTCCACCAGTGCAGG 2012
F:GAG GAATAGATTTACGTGTGGA Pranathi et
RMS PPR9-1 Rf4 10 114 159 55
- R:AGTGTCCAGATTCGTAGTAATGC al., 2016
F:AACGTTACTATTCACCTC Pranathi et
RMS PPR9-4 Rf4 10 129 160 50
- R:AGCTTTGCTAGTCTTCCAG al.,, 2016
F:TTCAGCAAAATGAGGCAGCA Unpublished
InDel PPR9 Rf4 10 730 800 65
- R:GAAGTGCCTCGTCAGTGAG data
F:AGAAGGCTGAGGAGTTAA G
R:CTGGACAGATGCCTTGATCCAACATTTA 603/ 603/ Pongjaroenkit
PPR10 Rf4 10 60
F:CAAAATGAGGCAGCAAGGAT 242 416 et al., 2017
R:CCGATCGATGCACATATGAC
\A309MY SSR
F:CGGTCAAATCATCACCTGAC
RM315 Rf3 1 133 139 55 Kiani, 2015
R:CAAGGCTTGCAAGGGAAG
F:GGGAGTTAGGG GGAGC Kiani, 2015
RM443 Rf3 1 109 112 55
R:TCCAGTTTCACACTGCTTCG
F:GCGAAAACACAATGCAAAAA
RM1 Rf3 1 110 113 55 Kiani, 2015
R:GCGTTGGTTGGACCTGAC
F:GACTATTGCTCGAACACTTTG
RM3148 Rf3 1 170 155 58 Kiani, 2015
RTTGTCTTGCTTTGGTATTTGC
F:TTGGCCTAGTGCCTCCAATC 140/ 165/ Jing et al.,
RM294 Rf3 1 55
R:GAGGGTACAACTTAGGACGCA 185 185 2001
F:GCTAGCTAGGACCGACATGC
RM3873 Rf3 1 200 140 55 Rice base
R:CCTCCTCCTTATCCTCCCTG
F:AACGCGAGGACACGTACTTAC Nematzade
RM171 R:ACGAGATACGTACGCC G Rf4 10 350 340 55 and Kiani,
2010
F:-TGCTGTATGTAGCTCGCACC .
RM258 Rf4 10 155 170 55 Kiani, 2015
R:TGGCC A AAGCTGTCGC
FTTCCCTGCAAGATTCTAGCTACACC Revathi et
RM6100 Rfd 10 185 175 55
R TGTTCGTCGACCAAGAACTCAGG al., 2013
F:CGGTTAATGTCATCTGATTGG
RM591 Rf4 10 183 184 55 Kiani, 2015
R:TTCGAGATCCAAGACTGACC
F:ATTTCCCACACATCTCGCTG
RM3123 Rf4 10 194 191 55 Kiani, 2015

R:GTGTCGCCGGTCAAGAAC
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AuveNnNvaaATa Mg vasEuATUANAN YMZLANIU YR L SRALILS RF3

(% 6

nsdududundsuulasiulsuresaIoamuneidung uagduiusiuuniun
anwazuNMIuYaUTYAIUMUL RF3 vulasluloud 1 Usznaudedu 4 Bu fie 0s01¢09560,
050109670, Os01910090 wag Os01¢10800 (Suresh et al., 2012) WU 3BT AN
FuBushuamia Rf3 fie DRRM_Rf3_10 Sseglndiudu 0s01¢10090 Tudhuvedirdosvisng SSR
FauWuSTuduRwmla RF3 WulA3eanu1e RML, RM3873, RM3148 waz RM294 1Ju

\AseIngeg uSamiledu (upstream) Uagvingdu (downstream) AuEwU (A0l 6)

RM3148 (4,149 Kb) RMI1 (259.6 Kb) RM3873 (388.9 Kb) RM294 (4309.9 Kb)
! ! ' !

Chr.1

| =
&

N Japonica : Nipponbare

DRRM_RF3-10(120.7 Kb)
'
i

853 Kb 276 I'G:b 502 Kb
L i L

"

050109560 0501g09670 0s01g10090 0s01g10800

i
i
P
i
[

v §w

AN 6 FILAUINAIVDILATDINUNENI NG LALLATDINUNY SSR NAUNUSAUTULNNTUVD
& 1

sy RF3 vulaslulouusisdl 1 leedavluisdurenniomuns RM fis 382119910

gusiumid Rf3
AUVILTIANUBAATE MY VRIEUATUANAN WM LAY LSS Rf4

nsududumisuulasiulonveaadeavuneiidune wazduiusivuniugu
dnwazuivsiuveasaduma R vulaslulewd 10 Uszneulusne 4 u fie PPR7, PPRS,
PPR9 waz PPRIO Tnsiaiosnuiefisunizdviuudliliegnisludu Ao n3eanuny
RMS_PPR9-4 Gsagwilofuuszanm 4.2 Alaia in3esnnefiegnneludu Ae RMS PPRI 1,

InDel_PPRY uagiA3awine PPRLO Aud1siu (nndi 7)
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Rice base
InDel PPRO (1,833 bp)
RMS_PPRY-1 (7294bp)
RMS_PPR9-4 (42 Kh) : PPRI0 (6,595 bp)
H ! ]
1 1 1
] H i .
Chr.10 F“—-_:_ PPRO-782-M /fl Japonica : Nipponbare
\ .
RMS_PPRO-4 Pranathi et al., 2016
H
]
! \
Chr.10 N : - PPR9-782-M /\‘_ljnpani(;a:NiPPOﬂbam
|
25Kb

(Upstream)

AR 7 AurdannaeeasasinenTgiudusiviuvaasusus R4 vulaslulay
wis?l 10 lnediavlunaduvesa3sanung RM fie szezisandu PPRY

I a

Tua1uvaATDINUNe SSR NEUNUSAUTUAILALY RfA TnedllASanuNeNDE USLIu

Y

Widodudunide R4 Ao RM6100, RM3123 wag RM171 tASeenu187iuSnaving

(downstream) Susumis RfA fo RM258 (A 8)

RM3123 (51.7 Kb)
2 H -
RM17 |I (283 Kb) kM(m’?g)(il,o Kb) R“'_lggi(m,_q Kb)
. it !
! 1 1
! i 1
| R i
i | ! ;
Chr.10 N T 1= ESNE t lJapomca : Nipponbare
A 9.1 Kb 2.7Kb o~
D sty D

a o oA :.’/ 4" gy o € v A 14 C% o 1
ATNN 8 ALNUINAIVDILATDINUIY SSR WﬁNW‘Uﬁﬂ‘UEJ‘ULLﬂViiJU?JENLiﬂq‘JW]’]LLVUQ Rfd U

Taslulauuan 10 Inesiavluiadureaesasung RM Aa 528811991n8U PPRY
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ASn1snAaeg

o

1. Wuginanlglunisfing

a o

1.1 fugdnnldlunismageuinsoamuned dail aneiugisanduviu (A-line)

v 6 (% s

flo g IR58025A anetiugsnwiauumiiu (B-line) Ao Wug IR580258 v1inanuzd 105
viewila u1sua Loa-4 Tuui 56 NU21 V1aad uazvieNuzduns mewusudAradunsiu (R-
line) Ao Wuguvusl 1 gwssays 1 oum 1 Us1uys 2 gnunslnmil ddueaings na
47 uaz NU49

1.2 sugdnildlumsinuduuiviuveasay dddunisinundngananiinng
14912 3 anetug deil aewusisgduniu (A-line) fio Wug IR58025A, wagiusnnaou 2

Ly Ly

ug Ao WUGYINENNLA 105 Wavanssaus 1

2. M3a¥egn F; wazdsenng F ieldlunsinen3lulng wazdnundnvarillulng
w59 U 59 ndawda Fy Inenswauszndng wug IR58025A AU anssasys 1
w1l U 59 wanudn F; 1nen1snauszning Wug IR58025A AU ¥19nanuzd
105
w1l U 59 ndntudn F, 183 IR58025A x gnssaiys 1 lnan1sugniuda F,
udUasyliinausiies
w1l U 60 nanER F, V83 IR58025A x 31InNnuzd 105 lnen1sugniudn F,
udUaeglinansiieg
wU5s U 61 Ugndu F, Ieiuuseenns F, 989 IR58025A x u1inenuzd 105
INUAATIWIY 100 Wan arursasentdudule 9 du wazUsewnns F, ¥99 IR58025A x
AWIIUT 1 91WIU 100 Wwie anwnsesendusiule 53 siu
unl U 62 naniudn F, 999 IR58025A x gnssasy3 1 i Taen1sugn
WA F, wanUasglinausiies
wU5e U 62 Ugnau F, loduusesing F, 109 IRS8025AxaNIsays 1 911
WA 200 Wan aansasenludula 181 du
3. MyainALOuLe

v s

insadadldueainlueauaeadni Wug IR58025A, Wugu1nenuzd 105

]
s

WAz USANTIUYS 1, Fuazuseu1ns F, #2875 modified Cetyl trimethylammonium

9 9 9

bromine (MCTAB) A875n15A91
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31 lddndn wasluanUssunw 20 Tadnsu asluinan
96 ngu (Deep well plate) fna1sazats mCTAB Usuas 50 lulasans Afegeeiaios
homogenizer 111156 2 58U 141287 1 w19 30 Iu1¥/50U wafuansazraly mCTAB
Usums 150 lulasdng

3.2 Unlussmuaugangdl Mgamgil 65 ssmwaidoa 1unal
20 W9

3.3 Wuaaslswasuusuins 100 lulasdng vnistuwmisadae
ANULSY 3,500 SUsDUNA LWuLan 20 wi

3.4 gredrulasuuudssunn 100 lulasdns Tdman 96 naulng
(Deep well plate) Mntiuduoulssl RNase prudiudu 10 Saansa/lalasans Usunas 1-2
lulpsans

3.5 Unilgamgil 37 ssrwaidea Wunaegnatios 30 unil

3.6 \innaelsnesuusung 200 lwlasans vnasdumdesdie
AM57 3,500 saumew?t Wutan 10 udl

3.7 gredrulaniuvudszuin 80 lulasdns lutwan 96 wau
(V-shape microplate) 1Asinoanagaau3gns (8u) Usung 2 wiwaadauiaﬁﬁagﬂul,waw
Useanad 160 lulasang

a

3.8 Unilgaumadl 20 esmwaldea Wuan 12 $lus (hudw)

3.9 JuieemenIsl 3,500 seuseuit Wunan 30 uni

3.10 nznouddueasnuiusnuduman wdiulagiuuuiis
Zanznoudng 70 Woddud evuea Ysuns 200 lulasans (g 2 sou)

3.11 pnaznaumewe Wunan 30 wil §unanznausuidsusn
gvngududvnla innisazatenznousie @1sazate 10 mM Tris-HCL pH 8.0 USu1es 15
lulasans vuilgumnd 37 esmuwaldoa Wulian 30 uni vieauszneuazats idAduled
affldluinnnudavddeiaies Nanodrop 8000

3.12 yhmsdoaduessiinduiitunsiseidouds TWiau
Waduszanas 10 wilundu/lulasans Wisldlunmsvaassseld

Tutumouadnmdule wazidoasiBuedinsviilussuuman suwlddenns

WiuSunaEue wasiassimoeznilsa lwaddnivslnada Jelaiinsiosdulunisie
nudieliazain wazliifinarufananlutuneudely sUuuvlunisidoasninman

o’ A oy < =) = Aa YY) o a =
WLT’JULBV]aﬂﬂiﬂ UILUULNANALDULD (WANLADANN) NUANULYUYU 10 u"IIUﬂﬁll/‘lﬂJIﬂﬁﬁmﬁ KN
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1 wav & 96 wigu (w813 1-12, wud A-H) Inglumanfduieasinisisesaniuyesiiegis
maUnd fie fog1eil 1-96 pEMau 1A-12H mud1dy Wevinsideanaziinnsthiegady
wil wazduneunioardhuwande TnauAdueduniidoanslunay 1A diufiduieduns
Fosluvau 18 Tagazadunisideasiduleduus uazdeluens Tuunadl 1 aunsesiads
1G way 1H Tu 1 wav agilfiduieveaud uagvie 4 ya Tudruvemauilnde awtdudiogng
voafBuloUszvIng F, fuil 1-88 Tani3uil nqu 2A-12H viwduiiagnsslnsunnsesng Tu
maFonsiuarlflulastivanuumaeteslunisgainndu uasfiduiededns Taadumay

(mwﬁ 9)

a g
INANALDULD

I 23 4 5 6 7 8 910 11 12

—

w S}

T QW oo aw >
CXEEEEEE) -

N

AN 9 N55esd Ul NaNAleAINAITAARALOULD LAZINANLIDANALOULD

4. nMsanwaulndmeLasesunefduLe

1% '
a v dﬂlﬁ—l A

= a 6 v dl' a & =
ﬂ’]iﬂﬂﬂ’]ﬂﬂﬁlﬂﬂﬂ'}ﬂLﬂi@\iﬁﬂ’]ﬂ@L@UL@iUﬂ’]uj'ﬂﬂu VLAIBDINUYVDIYU

muaudnvazauluniuveusaluszuu WA-CMS nflogludmaeiugnidisapluniuly

k% v s

PilAe 1ug IR58025A Niiu WA352 inruauaiuduniuvesyeglululnasuniey

]

wazdinsfnwdumuaudnuurwiviuvessyegluiliafea fie udiunia Rf4 uag RF3

Tutiiugurinenued 105 waganssays 1
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4.1 MInEsUTy WA352 imuaudnwaranuidumivousaluszuy
WA-CMS

nsnsraaouBumuaudnvazauduniuvensy tnslinsesnaneg
RMS 3 WA352 #an191991 3 Alaausunizdudu wA3s2 lunisnsaaaey 41aus
IR58025A ¥1anenuzd 105 gnITiy3 1 gnuay F, wazUszvns F, vesd1awusi
INISANY

4.2 NMsnTIRdeudumUANENYMs LA UYBLTRLILS RfG

MsnIaaeuBumuANdnYuzLAvuveLTY Fumie Rfd vulaslalew 7
10 Tneldin3pamune s unizuduludiumis RfE $1uau 4 1n3eemune A RMS_PPR9-1,
RMS_PPR9-4, InDel PPRY uaw PPR10 i38avane SSR fifisneauinduiusiubuniviuves
1SRG R $1UaU 5 1ATDIMLNY Ao RM171, RM258, RM6100, RM591 Wag RM3123

(% 14 v s

lngldiaTeaunemainsiaaeudunivdurousyiunus R4 Aud13Wug IR58025A 917

9

'
&l o =

AONULA 105 gWITIUs 1 gnwau Fy kavdsewng F, vesdniiugivihinisfinm

4.3 NINTIARUTUMIUANAN WULLANTUVBUTUA MU RF3

= v ¥ QU ] 1 d‘

N13ATI9EUEUAIUANANYELNMTIUYDLTFIUIUL Rf3 vulasluleud 1
Tneldimosnunendnnizdvdulusiunia RfF3 4799U 1 1A309%118 A9 DRRM_RF3 10
(119199 3) 1ATOINNE SSR NRTIEMUNENRUSAVTURAIWAUS RF3 §I1UIU 7 1ATOIUNE AD
RM315, RM443, RM1, RM3148, RM294, RM3873 ay RM3123 (115199 3) la o4
\AS0INEMAHN TR U UL UYD L TMIUMUG RF3 AUT1IWUg IR58025A ¥1inanuyd

s o =2

105 awsInuys 1 gnwau Fy wasUssanns F, 30901iugnvinnisfine
4.4 nmsfnwaAlulndsemaiin PCR msAinwdlulndagyiluwaniigens 96

vgu SegUuuivesmaniiteniasiisuuuumiioususumanidonns Tneisnsdel

4.4.1 w3sd URAsenatlunasn 1.5 Taddns dmsu 96 fregs (1
wan) Usznaudetilmlefiiuduiuiduiedndagy 2x My Tag HS Red Mix, Iwsiuaf v
2 &y uaztndu Mndunalaty K g (Lm%auﬂﬁﬁ%muwfm,%a)

4.4.2 drjiseluvasn 1.5 faddnsanded 4.4.1 ldaslumanlag
THlalastiunuuy 1 dosvinslaufitenadunay anduldfduesogsdidaududu 10
wilunsu/lulasans neldlulastilnuuunaateinadiegemidueainmaniiass (3n

Jumaunisainneunii) ldluwaniidens lneujiserdvsuasaavinedu 15 lulasdns
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4.4.3 ldflwesa aae Usuns 10 lulasdns/vau Waeldlulastiun
LUU 1 909 wazAnmeil@amaniietestunsssmevesuiiter Tumieseiios Mini
plate spinner \Julaan 5 Jundl

4.4.4 Juwanid a3 Thermo Cycler WiatiinUsunaduiidue
Lazdeanzievmsifintuiduesimed 5 deasunanilulinszidemeinezn
l5a9a Bianlnslnada

M19°99 4 peAUTEnaUTeINISWIBLUAATe UM SN ATURLOWe

p9AUIENBY ANULLTUEAYINE (1 f1081)
2X My Tag HS Red Mix 1X
Twswesi 1 (Forward) 0.5 lulasluans
Twsiwes7 2 Reverse) 0.5 lulasluans
vhndu -
AduLefIBEN 10 ulunsuy

M15199 5 @n1azlunisyih PCR

gaumil 1281 IIUIUTDU
Initial denaturation 94 peALALTYE 5 W1l 1
Denaturation 94 paFTALTYE 30 AU
Annealing X 93AL AL 30 AU 45
Extension 72 29AwaLTYE 45 U
Final extension 72 paraLtyd 5 Ui 1

2

e : X vaneds gaumpiluduneu Annealing ¥8uagiu Tm (Melting temperature)
vaslnsiwesusazgililunismasey
4.5 SnszvinananildannisiiuUSinaduidue @enisvinevnlsalea
S518nInsT3Ta deiannseedl

4.5.1 ¥n139a9a wazaetmnes 0.5XTBE minwdeu 1 Wesidus

Fava 1 ndu sio Swled 100 Jaddns
4.5.2 vasuiaa Ingldlulasim aunseiiseaazaneduiomon i
Taadouaa (1 lulasans/ 1wa 25 fadans) wildRundiwdeul’ Jsinnusznaulusme aiaea

wazy) saLaudedluiile esaniinisldddonaslulumamnluirlAluniliedazi@euanin
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4.5.3 dlewaudaiviinisiaioenainiaa taslunavuialng
1 Wwavziivigu 25 viau wazdnaaldlugaeznilsana Bianvsinada imdwives 0.5XTBE T
(PHIET
a.5.4 lamduonmsgulivguusn Welduiuenvunvesiiodei
IFnmafiudiinatufibue
4.5.6 ldfogneitldannnisiiudSunaduiidue (PCR product) as
Tungu tngldlulastiauuunaistes tag 1 mav aldiaanun 4 10a lu 1199 as

Usznaulumesiag1ewady, e waruseaIns F, 37U3U 22 AU 901w 10

A A 4
NANNEBDI

T -
w >
() »
‘QA

=

[§%)
—
T O

@

S

)

‘e
7

W

r—‘%

™ M

i
</

08e

EN

—
T Q
@

o a o w v 1 A o =2 aa L4
AN 10 E‘ULL‘U‘U LAENISLSYIEIAUYBIRIRETYINN AN LULWaNNT 813

wigdulunislamedvadunauin ldFesiu esanmsldtilauuunany
Ho9 yilviaaulunisldmedaduaatiu lwleutudwulumwaniigens Wesnssegrng

Y0990sUntusTEziswesvqulualivindy Wunaililunislddedidluiea 1 asa @

¥
1 v A

ATIRE 4 FI9E19 UNFIREILTL 18T 1 N13AARIBEINANNANASIN 1 AXARIBENVRY AL
wil Usgwns F, aud 1-3 wdlunisldadluvquiu deg1eiia 4 azegluvgui 2, 4, 6 waz 8
Tunislddiegneasan 2 daaiu 1 viqu neunldased 2 fe Faeeei 4-7 Wedanisldnsen 4

LY ¥ 1

Ao AREna Aunie Usens F, Aun 12-14 azvinslavaun 3, 5, 7 wae 9 vinslddiegns

[

o
AUATUNNNGU ANATAN 11
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¢4 3.4 2 4
A3 1 A399 2 A3 3
F 1 2 3 5 6 7 8 9 10 11
_— [ M I | I ] M
g | (f | \ \| \| [ |/ FEULTN
= ‘ I‘ ‘ i i \f i
§ ‘I‘ ‘I‘ |‘| ‘I\
"(((1*” T[WHF HH ot WH | i ﬁ
L
Wil 12 13 14 15 16 17 18 19 20 21 22 23 24 25
adai 4 p¥aft 5 ATan 6
M 12 13 14 15 16 17 18 19 20 21 22
[ T

"w%ﬁ:f ) _Lﬂjlrvﬂmv_ﬁvlﬂvmﬂ\—Wilﬂllﬂ.

34 5 6 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Uszmns F,
5 ‘
]
= wiove 1 16 6 17 7 18 8 19 9 20 10 21 11 22
HU_HLH;UUUL
wauil 1 2 3 12 13 13 15 16 17 18 19 20 20 22 23 243

AWl 11 fegagduuy wazdmulunislamegluiag 1 wa lagldtunuwuunaiedes

4.5.7 Wiolddegrauasa vinslinseualnin wazsdananluduneouil
A9V IUNIA WUREINUNITHTELLIA WBAANSEYENINYDIEEDULIA

458 Wlanasuliarvianisatgsviaalaeldiaies UV
Transilluminator LBYINISHASIEINE kardlulnUuasdnNyNIsAneY) F9819AUV9FIDE19
d‘ 1 < (% d' < Y [l a '3
degmunadngUiaassdulunuanas fanmi 12 10un15endieg 199 NNareINsInTIen
1 198 InganRuLsNLSUINAULL AUND Useuns Fy AUR 1, 12, 2, 13, 3, 14 1Judu §9uaan

ANLAAANTITEIA MUY llouniunnLaa

(8}

s

w
—

QMmoo Ow >
EEEEEEEE) -

And 12 areuibeainnistasmegrstuaanuuldtiunluuianetad
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5. Mmsfnwdnvaugilulndanenud@ingg wasosidudnishingie
n15AnwIANTTInvewsey Iun1suuTy W1daunivaisazaiy K
(NUN13304, 2559 Uagyiseu, 2560) doaniglaganssal wazarenmsendeslulasalay

WUUATRea lned1l 1 dwihnisdeusuvianan 3 Yenen donenay 3 91 iNTulsunidin

FeLsudTInasligusianay Aaddy wilsyluidinedsusetanden LAed uwagAuin

Y
I (3

Wesiudanuiidinveasalagldans sl

a

NUIUSUNANE

Y

Wesigudrnuiidinvedsey (%) = ~ —— x 100
SR

= ¢ 2Z & a < < 2 Y] = v & a & o N
msfnwesiduinmsinudnlaaiudaun dunaanudenduudnsuludmaes
Fm 111n151891092979717 3 529910 1 AUNIINISTULLAR Tagaztiuluans Lasluanlanasia

& o o § & a [ v o &
AMNUUUINIAUIALUD LT UANITARALUAR Iﬂﬁiﬂiiﬁﬁﬁ(ﬂﬂu

=

’ ) IIUIUNENR

s (3 a

Wasiguansaaluan (%) = 2 x 100
IUIULUAATTINUA

[
a

wonnidaiinsldanuidinvesy wasn1sinwanatun1sdaduunngudian
sosn1sneaeuindudniugsnwanudundu vsetuguindu senisdimiuginiseans
v v ¢ &, £ g o =2 ¢ 3 aaa
nageuNaNiuiugisandundu anduign F idnwilesidudanuddinvedsy wagnis
Anwdn lngaunsadnngudnivegeuseanlasiduinnuiidinvensy wazlosidusinis
Andnvasiu F; wisngulaidu 4 nqu A nquuiiy, naumifuuivadiu, nguunfivisdid uas

nauUNA Anauel Tum1snei 6

A13199 6 NsdANguugiImeAulTinvesyLarsRaLan vessu F; Nldannis

NaNIEIIRUgI IR s ANy Avaneiug s Dundu

9 9

, Wasidud Woastdua
nas ANUNYINVD LT NSAALNER
il (Stertile :S) Uoynin 5 Hoanin 1
WIUUNNEI (Partially Stertile : PS) 5.1-50 1-30
Un@unsaiu(Partially Fertile : PF) 50.1-80 31-80
Un#l (Fertile : F) 111N 80 81-100

F - Aans LavAuY (2556); Hasan et al. (2015)
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6. M3fnwAnudutusvelulnluasdnwaellulnd

6.1 Anw1n19¥191uvesduiimuaudnvazuinduveusyandnyuy
Hlulnd

Tnenstdoyaainnsdomsy wagnsuuwinfvonseyng F, v0eiuding
Afnw" Ao draugunenugd 105 Lavanssay3 1 umeaeulafiidsdes (Chi-square test)
MnnIRANNRg i mndnsazuiviutensymuauiieBy 1 ¢ agshlisasdiusy
Undeisapdumifureatsznng F, 1y 3:1 sungdedt 1 vesuina

6.2 Anwianudunusvesdulng wazanwaslulndludseuns F,

Tngihdoyadlulndlsannsmaaeuseiedosvmefidueuas dnungilly
nd annsdeusuiisaisazate 1K waziuwind u1viin1sieseisiuiu wagmd

muduiusvesdeyadlulnl uardnvauzillulndnlame ANOVA wagiinsievianduius

(Correlation : 1) InglUswnsy MINITAB

ANUNNINITNNAD

el uRnsiugmanslaiana nangasingransumUngie auiyiugemans

AMZANYNFNERNS UPINe1aLUlY

CY 1

15950UNTLAN AUNIFYLALALATUIVINITNITHNYAT UM INYIGULULD



uni 4

NaN1SNNand hazn1sanusie

1. M3daduunnguvasininegluszuuy WA-CMS

1.1 m3uunseosidudanuiidinvesey

Tuszuu WA-CMS agdiadlddng 3 aneug fe aneudsandundu (Aline) aneiug
s [

Snwraudundu (B-line) waraneiuguinnuduniu (R-line) Tnafidnaiugisanduniu

9 Y

' v
s C%

HuazluaeiugiimunmensihBuniuveasyunaindniy luvasitiiugidus tuas

]

‘LI’HJWﬁm:ﬂﬂ?ﬂﬂﬁ?ﬂ?iﬂiﬂﬂ?iuﬁﬁﬁusﬂENLiﬂ%! mnanansawd aniduntiuvessulaar iy

d
nauuguivdy wivnldaunsawdanuluniuveusalaszdndunguiuisnwininudu
vifu Fefinsdaduunnguiensinwauiidinvecisy wasnisAndnuesgn F; Aldain
ManauimiugidesnsAnuiuameiugisaduntu
Tunsfiniifeansdnnguiniiusamnenusd 105 uazanssuys 1 99nn15ANY
Wesidudanuddinvetisny wasnishawmdnvesgn F; 109 IR58025Ax11R0NNEE 105 kay
IR58025AxgwssaI 1 lenadauandlunisnadl 7
A9197 7 Wodldudrnufidinveaisy wazesidudnisinwanvesdiiug IR58025A,
Y1INBNULE 105, gWITUYT 1, F; IR58025AxU1IneNazd 105) Wag Fy (IR58025AxgNIIMY3

1) 4 2 g (LW 61 uaruUsal 62)

. ' & % AUTTINVDUTY % N1SARALUAR
aAnu ug _ A _ R
(X%S.D.) (X£S.D.)
1 IR58025A 0.0 £0.0 0.0 £0.0
2 1INBNULA 105 97.2 +4.8 84.6 +2.4
3 F1 (IR58025AxuR@NYEE 105) 93.2 £2.9 13.8 +7.8
4 ANSIUYI 1 86.8 +2.2 67.1 £9.9
5 F1 (IR58025AXgNI50IYT 1) 77.0+11.2 21.5+9.3
6 gNsIaIy3 1 959 +1.2 63.8 £1.6
7 F1 (IR58025AXgNT TS 1) 91.5 +5.3 29.4 +5.4

MW : * = Alady zdulenuunnggu

< 13

lagHan1sMAaes wud Wesigudauiidinvedsuvesdu F; (IR58025Axu11A8N
urd 105) FAandu 93.2 2.9 Mlrdatraiuguiinenugd 105 eglunquudndu (R-line)
Tuvariesidudnishinuindndiiiuganinenuzd 105 eglunquuduuisdiu uaiiesain

YuzNUgnUszyns F, 91191 100 wie fwdafianuisasenduduliiies 9 waedadu 9



a2

aaa

Wesidud wazdszwng F, 31U 9 fiu Tuies 2 duililesidudanui@invensapnlu 65.5

'
I o A

+5.2 uaz 90.4 +6.1 uasdWissdufeniianlesiduinishaudn winiduesii A 0.9 1.1
Y < ! 1 [V v ¢ a < ! Y < LY < %
wanaliiiuInlidaisdadniiugunenued 105 Wunquunviu msasidusnwanudundiu
Feonadululainunnenugd 105 asfidunimiulussuuduy 9 adrerdsiunuideess Tan
et al. (2008) NN 1s@EnwIBukAAUTUNITUTDITs VUM TUnTU 3 SEUU A WA-CMS,
HL-CMS uag BT-CMS lngusazszuuaziiaraiugnlieiudunduvsasguanseiu 90
msasgnuay F, vesaneuguinnulumiuninvatsunas vinisfinwilesidudarud
Finvousy wazosidudn1sinmdnvesgn F; Famanisnaaesnuinttnaenuging fe C3

aaa

anansavi s fiFieluszuy WA-CMS 16 31.7 £3.1 Wesidust Tuvegiiszuu BT-CMS

a v

WosiudmuiiFinvensey 80.5 +2.6 wedidud feuandiifiuindnlnemeiusiisud
MiUsEUU WA-CMS Uagssuu BT-CMS melaufiu
Tudnvesasifudanuiizinvesisauesiu F; (IRS8025AxanTsaius 1) gauiussd
61 fAndu 77.0 £11.2 Inbieglunguunfivisdiu Wesidudnishnmaniia 21.5 £9.3
oglunguueafuvsiuuisdru llevinisugnusznns F, $1uau 100 wée annsnsenidusiu
53 fu (53 Wesidud) Wunalidesasisuszvins R annsugneiu F
(IR58025AxaM358uy3 1) Tungurd U 62 Fawlesifudauiidinvesisgy A1 915 +5.3
Wosidud dalvieglunauund viiewiviiu nsinwan a1 29.4 +5.4 dnlieglunguluniu
U19dIu wagyitn1sugnusgeing F, Fudn 200 wéa @awnsasemdudu 181 du dau
WesiiusinsAnmanveuszwing F, guiused 61 fiAads 6.3 +8.2 (0.0 fis 29.1 +6.1)
nazuIUSl 62 flAade 28.1 £24.9 (0.0 i1 80.7 +2.1) Teaziiuindesifusinisinudn
fuagfirulsusuan fenmeilonnandunedounsizfunisugnludisnariiunnss

6

fu Fsandeyanuddinvensayvesiu F, wasdszwng F, uandliiiuinnisedadriug

9

anssauys 1 Junquuiniiu v3e Rline dunisdnnguaianisiniuantiu analdvianzay
- = Y  Aa a Y a 2w aw v o
\eannFwndeuddvinaiunisinwan 6su3dees Seesang et al. (2014) lodnaualy

Aamaieniu Nerfunsinuaneslseans F, AMvinnsAnuainumnu wagnisanenen

U 1%

snwazunniuluusesns F, (IR580151AXCH1) wazUsew1ns F, (IR580151AXxCHA) gl

14 aaa =

Joyavendasifudanuidinvensayiisseginselunsfnwdunindu eswndeyanis
Anuaniidnnavesa3singd wazaninuindeuuniertesdsldldindoyaludiuiiun
o = = ¥ LY ¥ a g.JI a v ] o = !

n1sAnwduuiniusig anvisuidevesiisng uazauy (2561) ¥n1sfinyinisaienen

dnwaugnsindn luaninesenainanudeuvelseung F, (N22xnu31) wudi gaumgiias
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fnarednwurnsinmdn faanmoinaluiagiuiamuususudusgiamn onaduna
lilesiduinisinmanudsusiunulusme

PNUANTIATIMUNILNUT NTIATMUNNGUVBIRUTI1IAILANUTTINVBUTY Az
MsAnAnvesgn Fy muinasilunsnsi 6 p19vianuranndouiionsziatuldaniy
Y33 UuLAnILAY oAuLUsUTIUIIaNWWIndey FevildnsAnunisdadiuundae
guuiniuveasalussuunivdusiieg

1.2 M59ATMUNAIBEU PPRI

3 '

Tunsfnwitladndnuunnguuesiugininienisnsivaeudunivdu R4 lngn

v A o

WATBMINENANT NN VBN TMUN NN BT UTTN VeIt UgUIIReNUEE 105 WAy

1
o

anssangd 1 dddunisfnwrilineSosmneidimzdudundiviiudumis Rfd Ae inTeanang
RMS_PPR9-4 4838 PPRY fifisneauindubuniviiuvesssuy WA-CMS (Tang et al,, 2014
uay Kazama and Toriyama, 2014) #ldlunismaaeuiaimasinieaiasmanemaniyiinis
Fuunngu wuin Iniuguanenuzd 105 gnineglunduaeiug B 1iesanuanauaufidy
lvuARafuRUTnaeus IR58025A (Adine) (Ml 13) dwdudftusanssa3 1 gn
ol voelunguanesiug R ilosnnuaufiduedivuiadafufudnaneius IR58025A (nwd
13) \losandaftudawssays 1 1 Junquuivifuisiignaay F, wazUszvins F,

(IR58025Axgmssauy3 1) lUAnwnisvinauvesduuiviuseuy WA-CMS Tuns@nwsely

e lte B-line R-line
] A
[ ey W™ )

— i = 2.

(= V — -
< m 2 T o — o
M 2 o 8 92 giET - 5o &
S 9 6 = & a2 c o 8 £ = Zz =
® ®» & = I = I i = R~
vy e 2 = T =~ = = v
py g - ® &= = - o =
A B s = = 2 & G

1

200 bp

B i N
veee e S mee e e e
100 bp

A 13 ka3 Wedius exnilsaa BuEnTnslusda vesmsiins v uedelnsiues
RMS_PPR9-4
VUG © LaU M A9 GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)



a4

2. msfnwdnwazuinmudunivaindeyaanuidinveass wasnishnuén

INNSTRUIUMILANTaYAY 1K LﬁlaﬁﬂwﬁﬁﬂwmzLLﬁﬂ’J’]MLfJUMﬂwUENLﬁHIu%ﬂ
Wug IR58025A, U131 UGU1INBNNLE 105, T1INUTANTIUUT 1, AU F; wasUsewns F, 209
AN IR58025AxU1IABNULE 105, AU F; uazUssyIng F, U009 ARaN IRS8025AXANT SIS 1
i1 2 9 (il 14 waw 15) Taedaius IR58025A AilBuntuveisyy uarlifiBundniiu e
yhmsfouisnyarhifinddon Snvazvensafudindesla uarsuinednden luduvesim
Wug v1Inenued 105, gNsTaUys 1 Lsashndidy sUsunau ludiuvesgn Fy wudian Fy
Y94 IR58025Axv1InNuzE 105 wag IR58025Axanssauy3 1 isaasdiddodu 93.2 £2.9 uaz
91.5+5.3 mUaeU @ mSuUsEuIng Fy 984 IR58025Ax11190NUEa 105 Thuasidusaiuil
Fondu 0, 0.84 £1.4, 655 +5.2 Uaz 90.4+6.1 amddu Tuvaizdl Anuddinveasyves
U329 F, (IR58025Axans3auys 1) Tugauiused 61 fiAagsendng 0.0 §9 99.0 1.8
fiAade 67.1 +35.5 dauuused 62 fldegsening 0.0 fs 95.7 +4.7 A ade 65.7 +30.8

AUAIRU (1151971 8-10)

IR58025A KDML105 | F, Hybrid

|
1

2NN 14 anuiiFinvensa nNN1sdeumeansazany |-Kl veatnIiug IR58025A,

Y1IM0NNLA 105, F; (IR58025AxuMAenNgd 105) Lagseg1auaausesing F, 314U 6 AU
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IR58025A

- U 61

18.17%

IR58025A

- Ui 62

AWl 15 AnaiiTinvedissy nnstensisansazans 1Kl veadnaiug IR58025A,
ANTINUT 1, Fy Uawiieg19veausesng F, (IR58025Axanssuys 1) 9auiusad 61 uavun
U0 62 913U 12 au

usnanivhmstiuwEad waziandad1iug IR58025A, T1auguInenuzd 105,
T1INUTANTTUYS 1, AU F; UavUseyns F, ves Anay IR58025Axu1Inenusd 105, Ay F,
wazUIEIINT F) VBIAHA IR58025AXANTINYT 1 4 2 gavan n1sAwlndesidudnig

AoLuin Awansdeyalun1sned 8-10
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A157197 8 Wesidudnnuidinvensa, Wesidudnsiawan waenisliaaamunenitmg
wardUNUSA VBN WA352 sunid Rf3 way RfA neagauiu IR58025A, ¥13nanuza 105, F,

LarUsssns F,

% ANuETIn % MyAn WA352 Rf3 Rfd
Aty g YOI Wan
- _ RMS 3 WA352  RM3148  RM315  RM294  RM258
(X+S.D.)* (X+S.D.)*
1 IR58025A 0 +0.0 0 +0.0 WA A A A A
2 KDM105 97.2 +4.8 84.6 +2.4 N-WA K K K K
3 F, Hybrid 93.2 2.9 138 +7.8 WA H H H H
4 F, No.1 0 +0.0 0 +0.0 WA H H H H
5 F, No.2 65.5 5.2 0 +0.0 WA A A A A
6 F,No.3 0 +0.0 0 +0.0 WA H H H H
7 F, No.4 0.8 +1.4 0 +0.0 WA H A A H
8 F, No.5 0 +0.0 0 +0.0 WA A K H A
9 F, No.6 0 +0.0 0 +0.0 WA A H A A
10 F, No.7 90.4 +6.1 0.9 +1.1 WA K K K H
11 F, No.8 0 +0.0 0 +0.0 WA H K A A
12 F, No.9 0 +0.0 0 +0.0 WA H H H H

= U

wueLAn : n3eesnuenAnwdundu 1alulndidu N-WA = Non-WA352, WA = WA352
< e = v I o vy & 4 o sw

wianuneNAnwrguniaulunduveusy Wilulndauveiuging

A = IR58025A, H = Heterozygous, K = 919neNULa 105, LAY * = ALRAY +

drudgauunnggu

A13199 9 Wesdudnnuddinvedsey, wWesidudnshinwédn uaznisliinsesneidnme
wagduNuSAUEY WA352 i Rf3 wag RfG naaauriu IRS8025A, anssaiusl, Fy uay

Uszens F, (uUssd 61)

% Al % N13AA WA352 Rf3 Rf4
deiu Wug Tinvousny Wwan
RMS 3 WA352 RM3148 RM3873 RMS_PPR9-4 PPR10

(Xssp)* (Xssp)*
1 IR58025A 0.0 £0.0 0.0 £0.0 N-WA A A NR A
2 SPR1 86.8 +2.2 67.1 £9.9 WA S S R S
3 F, Hybrid 915 +53 21.5+9.3 WA H H H H
4 F2.No32 99.0 £1.8 3.2 0.7 WA H H H H
5 F2.No20 94.9 +3.7 11.7 £9.3 WA S H R S
6 F2.No6 94.7 +2.9 175 7.4 WA S S R S
7 F2.No45 943 +1.3 26.0 +16.4 WA H H R S
8 F2.No26 93.8 +2.8 18.9 9.0 WA H A H H
9 F2.No9 93.7 +6.9 0.0 £0.0 WA H A R S




a7

% Al % N13An WA352 Rf3 Rf4
a6y Wug Finvousny Wén
RMS_3 WA352 RM3148 RM3873 RMS_PPR9-4 PPR10
(Xss0)* (Xssp)*
10 F2.No35 933 4.1 0.9 0.5 WA S S R S
11 F2.No2 929 +6.3 0.8 £1.3 WA H A H H
12 F2.No10 92.1 +3.4 9.0 £7.9 WA S S H H
13 F2.No30 91.8 +5.8 29.1 +6.1 WA H S H H
14 F2.Nod6 89.9 £5.7 19.3 +14.1 WA S H H H
15 F2.Nol4d 89.8 +3.4 0.0 £0.0 WA S H NR A
16 F2.No24 89.7 +4.5 2.6 £0.5 WA H A H H
17 F2.No18 89.6 +6.0 6.5 +5.6 WA H H H H
18 F2.No39 89.6 +1.1 8.4 +1.5 WA A A H H
19 F2.No23 88.6 +3.0 18.0 7.4 WA H A H H
20 F2.No5 88.5 £6.0 0.0 0.0 WA H H R S
21 F2.No25 879 +7.1 20.8 +6.6 WA H A R S
22 F2.No15 879 £5.5 3.6 £3.0 WA H H H H
23 F2.No12 87.4 +4.8 59 +5.1 WA H H H H
24 F2.Nol7 87.0 +5.7 22.0 +2.4 WA H H H H
25 F2.No22 86.6 £6.9 7.9 +4.6 WA H H H H
26 F2.No13 86.0 +2.8 0.0 0.0 WA H H H H
27 F2.No21 85.9 +7.4 51+22 WA S H H H
28 F2.No27 85.5 +0.9 2.3 £3.7 WA H H NR A
29 F2.No4d 85.4 +3.9 0.1 £0.2 WA H H R S
30 F2.No43 85.4 +6.6 19.9 +4.2 WA H H H H
31 F2.Nol6 85.1 +5.5 0.0 £0.0 WA H A H H
32 F2.No29 84.3 +6.4 0.4 +0.7 WA H S H H
33 F2.No48 83.2 £7.6 3.6 +4.0 WA H A H H
34 F2.No52 82.7 £6.6 10.4 +6.5 WA H A R S
35 F2.No19 82.6 +7.7 3.8 £3.4 WA H A H H
36 F2.No28 81.6 +7.6 17.5 +3.7 WA S S H H
37 F2.No41 81.5 7.9 0.0 0.0 WA H H NR A
38 F2.No36 75.6 £6.1 109 £7.8 WA H A R S
39 F2.No49 74.8 +6.6 0.0 £0.0 WA H A H H
40 F2.No7 74.0 +6.9 23 +19 WA H S NR A
41 F2.No42 72.3 +4.1 4.3 +1.7 WA H S NR A
42 F2.No34 67.9 £6.8 0.0 £0.0 WA H S NR A
43 F2.No53 67.0 6.1 3.9 £6.5 WA H S NR A
a4 F2.No33 57.1 £5.0 18.2 +3.5 WA H H H H
45 F2.No1 51.6 £9.5 0.2 £0.3 WA S H H H
46 F2.Nol1 2.5 +4.4 0.0 £0.0 WA S A NR A
a7 F2.No3 1.4 +2.4 0.0 £0.0 WA H H NR A
48 F2.No31 1.2 +2.1 0.0 +0.0 WA A N NR A
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% Al % N13An WA352 Rf3 Rf4
a6y Wug Finvousny Wén
RMS_3 WA352 RM3148 RM3873 RMS_PPR9-4 PPR10

(Xss0)* (Xssp)*
49 F2.No50 0.8 +1.3 0.0 0.0 WA H H NR A
50 F2.No8 0.0 £0.0 0.0 £0.0 WA H H NR A
51 F2.No37 0.0 0.0 0.0 £0.0 WA H H NR A
52 F2.No38 0.0 £0.0 0.0 0.0 WA H A NR A
53 F2.No40 0.0 £0.0 0.0 0.0 WA H A NR A
54 F2.Nod4d 0.0 £0.0 0.0 £0.0 WA H A NR A
55 F2.Nod7 0.0 0.0 0.0 £0.0 WA H A NR A
56 F2.No51 0.0 £0.0 0.0 £0.0 WA H A NR A

wueme : asesnutendnwidundu 19dlulndiu N-WA = Non-WA352 uaz WA =

WA352 in3eevsneiianwBundanuluniuesissy RMS_PPR9-4 Taluln{idy

R = Restorer, NR = Non- restorer ludiuaainsasnunedu Walulndnuenug

913 A = IR58025A, S = aWs304Y3 1, H = Heterozygous hay * = Aade +du

LﬁﬁNLUUﬂJ’]@ﬁEWU

A13519% 10 WesiudanudTinvesisy, Wosidudn1sfinuan waznisldinIosnuned

IunzuardunusiuEy WA352 dunus Rf3 uag Rf4 nagdouiu IR58025A, anssaiysl, Fy

warUserns F, (Wusad 62)

. - % anuiiTinvensey % N1shnun WA352 Rf3 Rfd

i b (X+S.D.)* (X+5.D.)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRI10
1 IR58025A 0.0 +0.0 0.0 +0.0 WA A NR A
2 SRR1 95.9 +1.2 63.8 +1.6 N-WA S R S
3 F, Hybrid 91.5 +5.3 21.5 £9.3 WA H H H
q F2 No.145 95.7 +4.7 40.4 +10.6 WA H R S
5 F2 No.134 94.8 +3.0 60.7 9.4 WA A H S
6 F2 No.161 93.9 +4.6 60.6 7.1 WA H H H
7 F2 No.37 93.6 +2.4 59.5 +4.7 WA A H S
8 F2 No.21 93.5 +3.5 69.9 +5.0 WA A H H
9 F2 No.187 933 2.4 40.3 £2.6 WA H R S
10 F2No.195 92.8 +4.1 0.0 0.0 WA H H H
11 F2 No.48 92.8 £0.7 52.7 £5.7 WA A H H
12 F2 No.33 92.3 +4.5 59.5 +9.4 WA A NR H
13 F2No.181 91.5 2.9 253 £12.7 WA H R S
14 F2 No.89 91.3 +2.4 433 £12.2 WA A R S
15 F2 No.159 90.5 +4.7 709 £5.1 WA H R S
16 F2No.146 90.4 +4.2 / WA H NR H
17 F2No.137 90.2 6.6 49.1 £12.0 WA H H S
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. o % anuiifinvensey % nshnldn WA352 Rf3 Rfd
i e (X+5.D)* (X+S.D)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRIO
18 F2 No.96 90.1 +4.3 24.9 +18.9 WA A NR H
19 F2 No.43 89.8 3.1 515124 WA A NR H
20 F2 No.71 89.8 +9.5 39.7 +14.4 WA A H H
21 F2 No.129 89.7 £3.2 60.0 £5.0 WA H R S
22 F2 No.197 89.6 +3.1 54.7 153 WA A H S
23 F2 No.193 89.5 +1.9 48.0 £7.7 WA A R S
24 F2 No.65 89.5 +4.1 41.1 3.6 WA A H S
25 F2 No.26 89.3 £3.4 0.0 0.0 WA H H H
26 F2 No.77 89.3 +4.4 59.7 +14.1 WA A H A
27 F2 No.152 89.3 +0.7 724 £59 WA H H H
28 F2 No.20 89.2 +4.8 17.0 +4.5 WA A H H
29 F2 No.56 89.1 +4.4 41.1 6.5 WA H H H
30 F2 No.141 89.1 5.2 42.0 +6.2 WA H H H
31 F2 No.46 88.9 6.6 65.8 +4.2 WA A NR H
32 F2 No.42 88.9 £0.4 51.9 £8.3 WA A H H
33 F2 No.117 88.8 £3.8 / WA H H H
34 F2 No.27 88.8 +8.1 48.2 +4.8 WA A H S
35 F2 No.18 88.3 +6.3 66.8 +5.5 WA H H H
36 F2 No.135 88.2 £1.6 553-L6M WA A H S
37 F2 No.105 88.2 4.5 26.2 £23.4 WA H R H
38 F2 No.49 87.3 7.0 43.3 £8.0 WA A R S
39 F2 No.130 87.3 +6.4 32.1 0.6 WA A H S
40 F2 No.138 87.1 4.0 68.9 £0.9 WA A R S
41 F2 No.169 87.0 +5.4 47.6 +8.0 WA H R S
42 F2 No.160 86.9 +4.2 60.7 +6.1 WA H H H
43 F2 No.194 86.7 £6.5 0.0 £0.0 WA A H H
44 F2 No.143 86.7 £1.9 49.0 £6.5 WA H H H
45 F2 No.1 86.7 3.6 11.0 £5.3 WA H H H
46 F2 No.93 86.7 7.0 0.0 +0.0 WA A H S
a7 F2 No.38 86.5 +1.3 62.1 +9.5 WA A R H
48 F2 No.123 86.3 £7.1 59 5.0 WA A H H
49 F2 No.58 86.2 +2.8 68.7 7.2 WA H H H
50 F2 No.64 86.2 £2.9 13.4 +9.2 WA A R S
51 F2 No.32 85.8 £7.5 326 1.7 WA A H H
52 F2 No.126 85.7 0.4 272 6.5 WA A H S
53 F2 No.188 85.7 +2.4 63.1 5.0 WA H R S
54 F2 No.3 855 +7.1 29.0 +8.8 WA A H S
55 F2 No.6 855 +2.2 74.8 £3.6 WA A H H
56 F2 No.7 85.4 £3.4 60.4 £1.4 WA A NR H
57 F2 No.19 853 +7.2 539 £39 WA A R S
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. o % anuiifinvensey % nshnldn WA352 Rf3 Rfd
i e (X+5.D)* (X+S.D)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRIO
58 F2 No.175 85.1 7.8 143 #4.3 WA A H H
59 F2 No.171 84.9 £5.2 75.8 +8.8 WA H H H
60 F2 No.62 849 +7.4 379 +9.2 WA A H H
61 F2 No.5 84.6 £9.0 54.8 15 WA A H S
62 F2 No.100 84.4 +0.9 373493 WA H H S
63 F2 No.78 84.3 £7.7 24.2 £11.8 WA A R H
64 F2 No.44 84.0 +6.8 46.6 +20.6 WA H H H
65 F2 No.170 83.9 £5.0 80.7 £2.1 WA H H H
66 F2 No.17 83.8 +6.8 59.9 +9.1 WA A NR H
67 F2 No.50 83.6 +8.2 139 £12.1 WA A R S
68 F2 No.69 83.6 £9.0 0.0 £0.0 WA A NR H
69 F2 No.97 83.5 +4.4 10.3 £3.7 WA A H H
70 F2 No.121 83.3 4.1 235 £9.7 WA H H H
71 F2 No.190 83.2 +8.7 0.0 £0.0 WA H H H
72 F2 No.35 83.1 6.1 4.8 +4.5 WA A R H
73 F2 No.167 82.6 2.3 24.0 +8.1 WA H H H
74 F2 No.22 82.5 £5.6 18.4 +6.9 WA A H H
75 F2 No.164 825 +6.3 17.6 4.5 WA A H S
76 F2 No.51 82.2 £5.8 655 £4.7 WA A H S
7 F2 No.34 82.2 £7.8 64.0 +10.2 WA A NR H
78 F2 No.128 822 £29 BIMIEEORD WA A H H
79 F2 No.76 82.0 +7.8 320 +7.0 WA A H H
80 F2 No.111 82.0 £9.5 48.3 £13.4 WA S H H
81 F2 No.136 81.9 25 68.8 +6.4 WA H H H
82 F2 No.9 815 +7.9 60.5 +5.1 WA A H H
83 F2 No.61 813 +7.2 46.9 +3.3 WA A NR H
84 F2 No.166 81.2 £5.7 29.3 £18.1 WA H R S
85 F2 No.41 81.1 5.0 1.7 +0.9 WA A H H
86 F2 No.158 80.9 £10.0 70.4 £155 WA H H S
87 F2 No.155 80.8 +3.3 59.4 £11.0 WA H H H
88 F2 No.151 80.4 £9.4 253 £9.8 WA A R S
89 F2 No.179 80.3 1.6 0.0 +0.0 WA H H H
90 F2 No.66 80.3 +7.5 0.0 £0.0 WA A NR H
91 F2 No.2 80.0 £5.1 579 6.5 WA A R S
92 F2 No.120 79.9 £9.0 31.0 £33 WA H H H
93 F2 No.127 79.6 +8.2 10.2 +1.4 WA A H S
94 F2 No.144 79.4 £9.8 0.0 £0.0 WA A R S
95 F2 No.184 79.3 £7.4 1.6 +1.6 WA H H H
96 F2 No.172 79.1 £85 72.3 £10.9 WA H H S
o7 F2 No.142 79.0 £6.6 36.6 £9.9 WA H H H
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. o % anuiifinvensey % nshnldn WA352 Rf3 Rfd
i e (X+5.D)* (X+S.D)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRIO
98 F2 No.182 78.9 5.7 70.3 5.7 WA H H H
99 F2 No.186 78.8 +6.0 36.9 +2.8 WA H H H
100 F2 No.23 78.6 +9.8 79 +4.3 WA A H H
101 F2 No.115 78.0 £3.5 38.6 £11.1 WA H R S
102 F2 No.196 7.7 9.1 42.4 +18.8 WA H H H
103 F2 No.185 T7.7 +3.2 18.8 +4.1 WA A H H
104 F2 No.101 7715 +3.7 29.2 +13.7 WA H H H
105 F2 No.57 7.1 £9.7 44.1 £9.9 WA A R S
106 F2 No.102 76.2 55 30.2 +14.3 WA A H H
107 F2 No.178 76.2 +2.8 / WA A H H
108 F2 No.47 754 +3.8 40.1 +11.4 WA A H H
109 F2 No.113 75.3 +2.7 1.9 +1.1 WA H H H
110 F2 No.154 74.7 5.6 8.0 +3.2 WA A H H
111 F2 No.176 74.6 £8.8 0.0 £0.0 WA A N H
112 F2 No.150 74.3 £6.3 43.9 £10.9 WA A NR H
113 F2 No.29 743 £54 43.8 £15.6 WA A R S
114 F2 No.39 73.8 +0.8 9.6 +6.5 WA A N H
115 F2 No.63 735 £3:5 48.2 £9.1 WA A H H
116 F2 No.103 132658915 23.0 155 WA A H H
117 F2 No.45 728 £7.4 253 £5.2 WA A H A
118 F2 No.4 72.7 £8.3 40.4 £18.7 WA A NR S
119 F2 No.189 726 +3.8 14.2 +5.1 WA H H H
120 F2 No.191 72.2 0.9 15.8 +8.4 WA H H H
121 F2 No.98 71.3 +0.6 1.2 +0.8 WA A H H
122 F2 No.85 712 £2.9 21.2 +16.5 WA A H H
123 F2 No.132 71.2 £9.6 65.4 £6.6 WA H H H
124 F2 No.86 70.5 £3.2 143 +6.4 WA A NR H
125 F2 No.139 70.1 9.3 56.7 +6.6 WA H H H
126 F2 No.168 69.3 £1.6 3.1+26 WA A H H
127 F2 No.31 69.3 +9.4 14.7 £4.2 WA H H H
128 F2 No.36 68.3 £7.5 49.7 £6.7 WA A NR H
129 F2 No.147 66.6 +2.2 28.6 +9.9 WA H R S
130 F2 No.153 66.0 £6.0 6.8 +5.6 WA H H H
131 F2 No.114 65.2 +2.8 1.8 0.9 WA A H S
132 F2 No.25 64.8 £5.6 575 +8.6 WA A NR H
133 F2 No.59 63.2 7.7 7.1 +24 WA A NR S
134 F2 No.133 63.1 4.4 11.4 +4.9 WA H H S
135 F2 No.79 63.1 8.9 0.9 £0.3 WA A NR H
136 F2 No.30 62.9 £3.7 385 3.7 WA A H H
137 F2 No.110 62.3 £2.5 24.2 £9.7 WA H H S
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. o % anuiifinvensey % nshnldn WA352 Rf3 Rfd

i e (X+5.D)* (X+S.D)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRIO
138 F2 No.99 613 +59 0.0 +0.0 WA A H H
139 F2 No.55 60.7 +1.0 4.2 £0.9 WA A NR H
140 F2 No.125 59.9 +4.7 47.1 +5.6 WA S H H
141 F2 No.53 59.3 +6.4 23.8 £8.6 WA A H H
142 F2 No.90 59.1 7.3 18.3 #6.5 WA A H H
143 F2 No.122 59.1 £74 47.1 £5.6 WA A H H
144 F2 No.165 585 +2.7 27 +24 WA H H H
145 F2 No.131 56.1 £6.9 4.1 +3.2 WA H H H
146 F2 No.74 55.8 +3.8 38.5 +13.7 WA A NR S
147 F2 No.107 54.0 +4.1 0.0 £0.0 WA A H H
148 F2 No.118 52.1 #8.3 0.0 £0.0 WA A H H
149 F2 No.163 44.7 +4.0 21 +1.1 WA H H H
150 F2 No.108 44.2 +6.4 0.7 +1.2 WA A H H
151 F2 No.119 43.4 +4.8 0.0 £0.0 WA H NR H
152 F2 No.87 32.6 £1.8 / WA A H H
153 F2 No.82 275 +4.3 0.0 £0.0 WA A NR H
154 F2 No.91 26.6 £9.0 57 +5.0 WA A H H
155 F2 No.173 18.6 £7.0 0.0 £0.0 WA H NR H
156 F2 No.83 13.0 6.5 0.0 0.0 WA H NR A
157 F2 No.70 12.2 +8.8 0.0 0.0 WA H H H
158 F2 No.124 10.5 £5.3 0.0 +0.0 WA A H H
159 F2 No.177 103 £9.3 0.0 +0.0 WA H NR H
160 F2 No.24 4.0 £6.9 0.0 £0.0 WA A NR A
161 F2 No.106 2.7 +2.3 0.0 +0.0 WA H H H
162 F2 No.157 1.9 £33 1.0 +0.9 WA H N H
163 F2 No.8 0.0 £0.0 0.0 £0.0 WA A N H
164 F2 No.11 0.0 £0.0 0.0 0.0 WA A H S
165 F2 No.28 0.0 +0.0 0.0 +0.0 WA A NR A
166 F2 No.67 0.0 0.0 / WA A NR H
167 F2 No.75 0.0 £0.0 0.0 £0.0 WA A H H
168 F2 No.80 0.0 £0.0 / WA A NR H
169 F2 No.81 0.0 +0.0 0.0 +0.0 WA A NR H
170 F2 No.88 0.0 0.0 0.0 £0.0 WA A H S
171 F2 No.92 0.0 £0.0 0.0 0.0 WA A NR H
172 F2 No.95 0.0 £0.0 0.0 0.0 WA A NR H
173 F2 No.104 0.0 +0.0 / WA A H S
174 F2 No.112 0.0 0.0 0.0 £0.0 WA H NR H
175 F2 No.116 0.0 £0.0 0.0 0.0 WA A H A
176 F2 No.140 0.0 £0.0 0.0 0.0 WA A NR H
177 F2 No.148 0.0 0.0 0.0 0.0 WA H H H
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. o % anuiifinvensey % nshnldn WA352 Rf3 Rfd

i e (X+5.D)* (X+S.D)* RMS 3 WA352  RM3873  RMS PPR9-4  PPRIO
178 F2 No.149 0.0 +0.0 0.0 +0.0 WA A NR H
179 F2 No.156 0.0 0.0 0.0 £0.0 WA H NR H
180 F2 No.162 0.0 £0.0 0.0 £0.0 WA A H H
181 F2 No.174 0.0 £0.0 0.0 0.0 WA A NR H
182 F2 No.180 0.0 +0.0 0.0 +0.0 WA H NR H
183 F2 No.183 0.0 0.0 0.0 £0.0 WA H NR H
184 F2 No.198 0.0 £0.0 0.0 £0.0 WA A H H

MU : ladesnureRAnwidunsy 13 Tulndiu N-WA = Non-WA352 wag WA =
WA352 \n3esmsneiidnwiduudniuduniuvesy RMS PPRo-4 Tdlulndiduy
R =Restorer, NR = Non-restorer luduvesindssngdu alulndnudoiugin
A = IR58025A, S = anssaiy3 1, H=Heterozygous, / = lifitoya uay * = ALadY +

druleuulInggIu

= = ¢ v = a’
3. ﬂ']'iﬂﬂ‘l‘.‘i’]%I‘l.ﬂVlUﬂ’JﬂLﬂ‘SEN‘WﬂJ']EJﬂLG‘L!LEJ

msmsaaeuilulndmeinosmnefidule nglifiduediviinisatinsaeds mcTAB
31N 9190 UG IR58025A (Auuyl), ¥19nanued 105 (Fune), gWssaus 1 (Auwe), Fy
(IR58025AxuABNNEE 105), F; (|R58025AX§i‘W33m1ﬁ 1), Use91n35 F, 999 IR58025Axu1
AanuEd 105 31U 9 AU, UsEuIns F, a9 IR58025Axanssaiys 1 (2 gauan ) 393w 53
AU ey 181 fil MINAIGIU

3.1 nMsnsadeudumuauANudunduressaluszuy WA-CMS

nsnsavaeudu WA352 Mduumuguaruluniiuveasylagldinieamuned
A1U150LENAIUBANGIITLNII AUND WasAULY AD RMS 3 WA352 (Kazama and
Toriyama, 2014) lilensraaevdumuauamiduvsiululelnnadudsegluluinaouinie
Wy $129us IR58025A (Fuus) Aifdnwasisaduniuliuaudiduevunn 247 dwa dau
Frrtusuninenuzd 105 wazanssays 1 (Fusie) TWuaufiBuiovunn 227 Auua (il 16A)
lugdiuvesdu Fi (IR58025Axu13n8NUeEa 105), AuF: (IR58025AXENIINNUST 1), Usewns F
Y89Y1IADNNLA 105 91U 9 AU, UseInT F2 09gnssays 1 (2 gougn ) 91w 53 du
LAy 181 fu WaRLAUIUIA 247 dLua iileustug IR58025A AiTldnuwaizisaydumiu (nwd
168) wansliiiuin gn Fi wagUszang F Aldlunisdnuisiolidesanlafudumuauaiy
Jundureusaainsiuu
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a
-

IR58025A
YWITUYS 1

<
%)
I
o
%
I7e]
o
=]

1 2 3 4 5 6 7 8 9 Fl

=

1 2 3 4 5 6 7 8 9 10 11 Fl

300 bp

200 bp

Al 16 wa 3 Wosldust evnilsaaa BianInsliEda vesmaiindwiuiduedmelnswes
RMS_3 WA352
NG : Lau M @ GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)
A) 1au 1-9 A Usz9n3 F, Yesanan IR58025Ax111A0nuza 105 udl 1-9 auddiu waz
WU F1 A9 F; (IR58025Axu13nanued 105) B) tauw 1-11 Aiw UsevInT F, YDIANEAY
IR58025Axg 550 y3 1 lugquiused 61 dufl 43-53 audifu waziay F1 fe F,
(IR58025AXgNTIUS 1)

3.2 NINTIRARUTUAIUANANWULILANIUVBUTUA MU RF3

M3nseaeuUdumuANdnvazLiuvasaiuis RF3 TngldiaSomuneiisimie
fuBu Ao DRRM_RF3_10 (Suresh et al., 2012) Watluifinsuiufiduiedomadindidens
wardAIzIene 4 Wasldud eznlsaaa Banlnslvsda nuibikaufweswinwiniuain
Frmnaneiugililunising wansliifiuinadosmng DRRM RF3_10 luamnsausnaany
WANANTENINTTIRUG IR58025A U I1uguInenued 105 wavanssays 1 1o Jslailan

wW3esuneillunsiadause (D 17)

A-line B-line R-line
| ‘ \ *
S . =
<
< S & é o g
%) ﬁ 2 4 = G US" ’%
a o 5 qg p g 'n Z z
® S & 5 R g 2 e &
2 2 : ® & - @ g =
= = P &= = A = — G

200 bp

100 bp

AWA 17 wa 4 Wesidus exnilsaea sEnlnslnsda sesnsiiisuuiiswess lnsues
DRRM RF3 10
MGG : AU M A GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)
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druaTeavang SSR ARAnuduRuSTuBuiumia RF3 dmdudiusunenusd
105 #1 5 1A3eavnedivinnisnaaey Aa RM1, RM3148, RM294, RM315 uag RM443 wuin
\P3eaving RM1, RM443 liuansuauiidulefivunaunniasenitedniugunaenusga 105
fiu 4199ug IR58025A duLASeeviang RM315, RM3148 way RM294 1uip3osmunedilsuau
Fiduefiunndrsszninadaiugonnenuzd 105 fud1awug IRE8025A Faduiariia 3
\ASosvnetimeaoufiudu F, (IR58025Axunenuza 105) Inaiedeanang RM315 99341
WU§U1IADNULE 105 WAAIMAURDUOIWIN 133 ALua T199UG IRS8025A LAAIMAURLDULD
YU 139 Fld LATeaving RM3148 §1ausuninenuyd 105 uanauauidulevuin 170 g

s

\Ud 9170US IR58025A UAAILAUADULOTUIA 155 FLUA waziA3eInIY RM294 4131
Y1INONULE 105 LANILAUADWLBILIA 140 Uaz 185 gLud U121 UG IR58025A WAAILAU
AOULBVUIN 165 kay 185 Avud (01 18) dilunaaeuiudssvins F, wud Useng F,

U 9 AU lneundu F, aulaliuauiduiowmiisuduny e Wus IR58025A a¢lnalulnd

q

a

Ju A mndu F, dulaliwauibulowmiloudue Ae Wuguiinenuzd 105 n3ewug
anssnid 1 azlilulndidu K 3 S mudidu uivindu F, dulaliuauiduemilousts
Funnazsdue WWnddu H (Heterozygous) Tneidesviane RM315 uansdlulndidu K
$1UU 3 B H 4 Fu uag A 2 fu inSesviny RM3148 wansalulndidu K $1uam 1 fu H 5
Fu waz A 3 U waziA3oanuig RM294 wansdtulndidu K $7uau 1 #u H 4 du waz A 4

AU (MN5199 8)
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a

IR58025A
VY1IAvNNEa 105

200 bp

100 bp

a

- IR58025A
IR58025A

ANd 18 na 4 Wedidud sznilsaiaa Blnnsln3da vesnisifinswiuiiduiedie
m‘%lawm‘a RM315, RM3148 ay RM294

VUYL : AU M A® GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA),
e F1 fia F; IR58025Axu13nenugd 105) tau 1-9 Ao Usewns F, Yadguau IR58025Axv1)

AaNUZA 105 AUN 1-9 AuaIAU

s a

dmfudafudanssays 1 nuindeanane RM315, RM1, RM3148 uay RM3873 1
LanILOUALS U IvLNALANATETI T ITLSENTTUUS 1 Uy IR58025A 1 usleSaving
RMA43 uag RM294 limunaufidutefiunndng daula3osvianeg RM1 nuingn Fy uanauay
wilourie Tuvnirdign F, uanusvimelsluda 9niedomnesis 4 faunsousnauunnsis
16y diadesmane RVM3148 uay RM3873 srmnaeufuiusanssnyd 1 ilesainvuiaves
wauRiBuieveuaTomutens 2 wdesune amnsausnamLAnAelEogedaay e

s

\A30aMNTY RM3148 §17udgnssays 1 7 uansuaufidutovuia 170 giua $12sug
IR58025A LaAIaURLOULBTUIN 155 ALud dlenaaeufudu F, (IR58025AxAN 55U 1)
WAAIUAUALEULE 2 WA i 170 Fiud way 155 gud ("l 19) FailunedeuiuUssns
F, 9auusel 61 wudssuns F, $1uau 53 v wansdlulndidu S §1uau 10 fu H 41 fu

WA A 2 #1 (MN5799 9)
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H HH S H H S

. - ..
-

e

AW 19 wa 4 Wesidud sxnilsawa 3u8nnslnsda vesnsiinsauiduedulngwes
RM3148

VUGS © U M A® GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA),
\@u F1 fe F; (IR58025AxgW3Iauys 1) Lau 1-11 Aia Useyns F, vognas IR58025Ax

anssauys 1 lugauiused 61 Aun 43-43 anuanau

ludiuuszng F, gaurused 62 nuineanung RM3873 Meglnadudiumis Rf3
1NN31 RM3148 (n il 6) Falariaseamuetinnsagouiut i iuganssaus 1 wand

v s

LaUABUIBYUIA 200 Lua uazd1IuS IRS8025A uansuAUALSUleIUIN 140 diua Lile
nAADURUAY F; (IR58025AXENTTNYT 1) WAAIAUALOULE 2 Yu1A A 200 ALUE Uay 140 ¢
wa (nndl 20) Selunegeuiulszsng F, wuin Uszanns F, gauIUseU 61 91wy 53
s wanedlulndidu S 91uau 10 fu H 23 fiu waz A 20 du Uszwns F, gauiused 62

§1uau 181 du wanadlulndidu S S1uau 2 @ H 68 #u waz A 111 §u (15197 9 uag 10)

CANTIMT 1

Q

- IR58025A

200 bp

100 bp

AW 20 wa 4 Wesidud sxnilsaa Bidntnslisda veansiinsaufduedelnswes
RM3873

VUG © LU M A GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA),
WU F1 A9 Fy (IR58025AxgW 3T ys 1) 1au 1-8 Aim Use¥Ins F,vadgnas IR58025Ax

anssauy3 1 lugquiused 62 fufl 100-108 mude
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3.3 NIATIRARUEUAUANENYUTLATUYBATUAUML Rf4

msfnwiwisesuinnduniuvousayduma R vulaslalsauviedl 10 7
f51suinsenaumiedu 3 Bulutiardeiing Ae PPR7, PPRY, PPR10 d@iuludnidudng
Uszneusie 4 Su e PPR7, PPRS, PPRY way PPR10 Sewuindu PPRY \Judumdniiudnany
Lﬁuwﬁu%maﬂuswu WA-CMS (Tang et al., 2014 wag Kazama and Toriyama, 2014)
edunslialulnduesdu PPRY fvilousiuusidu NR Bu PPRY fiviloususieidu R

MsnsIRERuBumUANdnYAz LU e Rfd vulasTulendl 10 Taeld
winsnunefdumzuarduiusiuiu Jaundosnunefidunizfudu Rfd Tiadeanang
RMS_PPR9-1, RMS_PPR9-d, InDel_PPRY Wwazin3aanang PPRIO lagvis 4 1aTosmunouans
wauABuleTiumnsnesering $1ovug 1IR58025A fudafusanssanss 116 uslimuuoufidu
liuAne1szninetaug 1IR58025A Audniitusuinenuzd 105 1a wansindlulnddy
PPRY Uaz PPRIO Tudnumis Rf4 9939139 ug IR58025A willaununudiwuguinenues
105 wanadsnslaidduuivsiusiunds rRfd SeldvnedosnamanilunageuiuUsyens F,
yestiuguInentLd 105 FaA3eanung RMS PPRO-1 Lansuaufidulefiunninasening
UG A, B wae R Id taeni dloleuiuinievane RMS_PPR9-4 (il 13 uaz 21) 1o
\A3pane RMS_PPRO-1 Wiaufiduiedinsstumsinnduuestinlnedi@nuunnounthi 14
fugann 15 fiug Tuvaeifeadu in3eamaneg RMS_PPRO-4 Tiuaufiduleiinsafunisdnnga

U 15 WUGIN 15 Wug

A-line B-line T-Iine
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a105
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ANTIUYI |
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nouua
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Favvienrinad
nU47

u
@

ERRINTED)
anuaafaail

IR58025A
IR58025B
Y1IADNY
UNA 10 a4
W 56
Unusti 1
Feoum 1

a
2

200 bp

100 bp

AN 21 wa 3 Wesiud ernilsana 80NN veen1S NS ILILALE UL e
Iwswwes RMS_PPR9-1
VUG © LaU M A9 GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)
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Tuduvosedesvane InDel PPRY Faagnneludiu PPRY anssauenauumnsnsle
wiilodluAnudunsveaeadesmunsuulaslulend 10 aangruteya nuitusnud
wipwetasafinswauléiedu PPRY way Bu PPRS (n il 7) wasflunaunufiBuie
wiry 39l 2 w3eenune Ao RMS_PPR9-1 way InDel PPRY unldlunisnaasudu
Use¥InT F, 909 IR58025AXgNTTUYT 1

\P3eamung RMS_PPRO-4 1uieSosvneuimiuveusyiioglndiudu PPRY (nmi
7) driuganssays 1 wansauiiueuin 129 Awa alulndidu R 9199ug IR58025A
wanaunuAdutlevuin 160 giua 1%3lulnd @y NRiennasudu du F
(IR58025AxgW30UUS 1) WAAILOURALOWD 2 VWA AB 129 Aud way 160 Auud 1idlulnd
u H (it 22) Fehlunaseuiudseanns F, i 2 gavan wud Usens F, gouiuied
61 §1uau 53 fu wanadlulndidu R $1u9m 10 diu H 25 fu uag NR 18 Fu (AN371971 9)
Usz91n3 F, gouusad 62 91uou 181 s wansdlulvdidu R 99uu 26 du H 112 fu waz

NR 43 $iu (157991 10)

<
Vel
a
=
o0
v
=
A

A i 22 wa 3 Wesidud sxnilsana 318nnslnEda vesnsinsaufduedelnswes
RMS_PPR9-4

PG © AU M A9 GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA),
\au 1-11 Ao Uszwng F, vosguay IR58025Axgns3asy3 1 Tunquiuad 61 fudl 43-53

=

MUY Uay 1aU F1 Ag Fy 9INARas IRS8025AXENTIUYT 1

\AFeIMIY PPR10 Wuia3eanungagnigludu PPRIO (AT 7) Nan1snaaaunuin

LdanunsawenAuLAnf195ended1Iiug IR58025A fiu ¥1Inenusd 105 wid1u1sawen

v s

AULANAIITENTNTIINUS IR58025A AUT1IRUSANTINYT 1 1A lnad1ifiug IR58025A
WAAIAUTWIN 603 wax 416 Auualnilulnlilu A Sriuganssays 1 wanawauvuig 603
waz 242 guua Wlulvnddu S dienaaeuiu Au F; (IRS8025AXGNITUYT 1) kaAdLay 3

YA fo 603, 416 wag 242 Awua Wialulndidu H (Heterozygous) (il 23)
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‘ F,(IR58025AxKDML 105)

SPR 1
F (IR58025AxSPR 1)

KDML 105

<
vy
(]
(=
[
vy
&
—

600 bp
500 bp

400 bp
300 bp

603 bp
416 bp

200 bp 22ibp
AW 23 Ba 2 Wesidud eznlsaa BanInslisda veensiiusuauiiSuedelnsiues
PPR10

VUG © LaU M A9 GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA)

FailunnaeuiuUszIns F, vo9gnas IRS8025AaNI Iy 1 9 2 naUan Wui
Uszns F, gauivsed 61 §1uau 53 diu uansdlulndildu S §1uu 10 6w H 25 du waz A
18 dfu (3797 9) weilungil nadlulndussdiu PPRY uay PPRIO Tnawieufu iesdae
Useans F, fifles 53 du Wunasviilildaunsousndusa 2 16 1esnnseesinesewing 2
fu agvinedu 2.7 Alawwa (nwit 8) Wunavilidesgnuszwns F, lugguidsed 62 S1udu
181 #u Tuanadlulndifu S Sruau 49 du H 126 Fu uaz A 6 fu (151971 10) Tegguruds
T 62 twudlulntvesiiu PPRY fumnsnaitu Bu PPRI0 wandliifiuindwiulssnsiiiuiu
annsouenBuiisseglndiusenainiuld

uanNiAIosvIe AT UTui s Rfa Alddueiosmnevdnlunis@nwbu
uAvsuvensyuds Salindeanung SSR AduiusiuBud e Rfd 3n 5 1A3eamane Ao
RM171, RM258, RM6100, RM591 way RM3123 (a151971 3) fldlunisdnuiduniviuzes
segduma R s Tudhaiuguninenuzd 105 lesnlifiedeamnefidumnz fudy
uivfuveasysumis Rfd w3edu PPRY vide PPRIO Jadosldinieanune SSR duiusiy
Fuudmuiduniiuveasay Tnenuin RM258 [uAdosneifriuaniaufiduieiunneis
5811319 §1aWugu1Imenued 105 AU fiug 1IR58025A 16 ludiuvesiaIeanuny RM1TL,
RM6100, RM3123 uay RM591 lalnansuaufiiduiefinandns selalainlunaaeuse Tag

m3enung RM258 Tudnaiuguinenusd 105 Huauddwevuia 155 guud 9190ug
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IR58025A TkauAduteaUIA 170 Aiud Weonadauriu fu Fy (IR58025Axw1n0nued 105)
WARSUOURLOWE 2 WA e 155 uud uaz 170 giud (0 i 24) Jahlunaaeuiulssyng
F, 37191 9 du nudn wansdlulndidu H $1u7u 5 du war A 4 du welddlulndidu K

(miwﬁ 8)

1 2 3 45 6 7 8
B dE LA OH B A LA HOOA LH

& | KDML 105

= [R58025A

Al 24 wa 4 Wesdud evnlsaa BudninslnEda vesnisiivsiuiiduedelnswes
RM258

VUYL : U M A® GeneRuler 100 bp DNA plus DNA ladder (Thermo Scientific, USA),
U F1 A F; (IR58025Axumnenyed 105) 1Ay 1-9 Aa Useng F, YaaHas IR58025AxU17

ANUZA 105 AU 1-9 ANUAPU

s )

TUAIUYRITIINUTANTIUYT 1 WU 2 LASEIMENY AD RM3123 wag RM591 Lajanunsa

9

WENANLANAI9TENINTI1INUS IR58025A U 11 UTaNITUYT 1 10 diwaTosnuned

[

AU15ALENAMNLANETNLE A 1ATBINNNEY RM171, RM258 wag RM6100 whikiloant1inug

gnssays 1 Snseamuneiidmieduuniviurensey wWweldlunisnsvaevdunianudy

Miuwa JebiATaNe SSR Nduusunlglun1sasiageudseeng F,

4. nMsAneInsinnuvastusiniuvessyuazanuduiusvelulnduazdnwae
Wlulnd

\Wesnndiuguinenuzd 105 daeglungusnwianuilumiu (B-line) lud
Anyanunsauivuluszuy WA-CMS Jalshihan@nwiluidell
4.1. mifnwnisnsyeivesdlulndvesdunaiuaudnvasuiviura s

= o 5 A = a o Y o o w Ay v
ﬂ’]ﬁﬂﬂ‘lﬂﬂﬂﬂ%ﬂ ﬂ@ﬂ']ﬁﬂﬂ@']ﬁ]umﬂ'ﬂUﬂNaﬂ@m%LLﬂﬁﬂJuGU@\‘iLiﬂﬁl Iﬂﬂu'ﬁ]@&lﬂamlﬂﬁﬂﬂ

aa v

ASNAABULAS BIMUNYNAUNUS AL I WL AVTULN MTUNIIATIZUN9EDRNI8NSNAEBULA

[

Masaes nsAnwAlulndvesUsenng F, (IR58025Axgnssasys 1) Tu 2 g9 gau1usad 61
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=

uazqQuUIUse U 62 TUszvns F,$119u 53 uag 181 fu auddu ethumaasufy
\3eenang Aduusiudu Rf3 (RM3873) waginToanuiefisuniz fududuvis Rfa
(RMS_PPR9-4 Waz PPR10) nageuivauufgiu As dnsidruvesdlulndveslszying F,
(IR58025AxAM 533 1) 8M91IU AdAazaa 1 1:2:1 mungded 1 vesuuiaa lafanas

711

A51e7l 11 MInszedvesilulndvessznng F, (R58025Axgwssaiy3 1) s 2 49
(WUSU 61 uazunuiadl 62)

dnsndnAlulnlvesdsynns F gguiuis 61 (53 ) &
Bu AA Aa aa (AA:Aazaa) | p-value
(1) (2) (1) (1:2:1)
PPR9
18 25 10 2.585 0.275
PPR10
Rf3 10 23 20 4.698 0.095
dnsndilulndvecdsznns Fgguidia 62 (181 dw) 2
e AA Aa o (AA:Aa:aa) , p-value
(1) (2) (1) (1:2:1)
PPR9 26 112 43 13.409 0.001
PPR10 49 126 6 48.282 0.000
Rf3 2 68 111 142.470 0.000

VUG ¢ X gmns (0,05, 2) =5-991, p-value >0.05 HoUSUANNAFIY Uz p-value <0.05 Ufiasauufigiu

NNANITAUINLANISIH89999UTEYINT F, (IR58025AXENITNUT 1) fau1Use
U 61 wudin1sAruinalafIa9aeue98u PPRY 53Uy PPRIO AANWIAY 2.585 waz
Susuvus RF3 161 4.698 Fadievesnin Alafdsaesiiseuiiod1fay 0.05 wae df Wity
2 lum1579 A9 5.991 Uazen p-value >0.05 vilvigausuanufigiu A dasrdruvesdlulngd
¥93UsEUINT F, (R58025AxaNssniy3 1) 8n3du AdAaaa (U 1:2:1 mungded 1 ves
wwna d1mTuUserIng F, (IR58025Axans3auus 1) gau1uss U 62 ladin1simsisiuen
5¥1I19 U PPRY way PPR10 Wuin AbAfNaadad vasdu PPRI, PPRI0 wasduswiud Rf3

FAinAU 13.409, 48.282 wag 142.470 A1Ua19U 98A1U1NNI1 ALANISId9NTEAY
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v o W

WedAny 0.05 wag df Wy 2 Tum131a Ae 5.991 wazAl p-value <0.05 MlAUfLasauuf

o

511 Ao 9ndruvesilulndveusewing F, (R58025AxgWIsaNUT 1) 8ns1diu AAAa:aa

Wu 1:2:1 aungden 1 veuuuea waadliiuil n1snszatedvestiulndlulsznns F,

[

(IR58025Axgms35auy3 1) gauuss U 62 iilulumungded 1 veauung
4.2 M3fnwn1sinuvesBuiinuandnyae i niuveusuandnuaeilulngd

nsAnwINsvIuYesduliviuvesy lnenisiuwinlaiideaes andeyaninud

v 6 [ I

Finveusgy warn1sinudn melusunsy MINITAB drvuganssays 1 dneglunguudiniiu

(%
¥

advoyavesgn F, YosANaw IRS8025AxaNTINUS 1 13 2 09 (WU 61 uaz 62) lnggg

Y Y

a a

WS 61 fdoyanuddinvedisny wazn1sinwanveszying F, 31U 53 du diugg

wU5Y 62 Ideyaniuiidinve s vesUsezwng F, $1u9U 181 fu Jayanisinudn

a

° v = ° ! & & ° Y v =
U 174 AU Lu@\‘i"iﬂﬂsﬂiugV]']ﬂqu@a@QIuajueﬂaﬂﬂqiLﬂULlla@l N{]muqﬁquaqﬁmuslnjﬁ]ﬂ

o 0]
MIAUTEYInS F, 910 181 AU Wde 174 fu yinn1siesizunlelaniasans enaday
auufgIud 1 Ao N19n52919Mv8IANTTInveRTy wazn1sAnwaaluUszYIng F, §
gnsduunisieniu Ju 3:1 aungden 1 veauwea wansdiadnvaguiiuvessyniuny
Y o i a o w PPN a I =
medu 1 6 lnenadiasesilainde@eanNAnuidinvedsny wagn1sAnwan wanlunisne

12
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AUNAFIUN 1 N1INTTLMVRIANNTTInVOLIEY waznsRnaalussYINg F, Tensidu
Unfisionsiu 10w 3:1
AN3190 12 NsnsEefveseuiiTinvedisy warnshndaveslsyeing F,

(IR58025AxaNsT0U3 1) 14 2 0 (LIUT 61 uazuUsal 62)

Wesiudanuiidinvadisn* &
Usgans F, PUINUTEBINT F,y (F1) (U@ : nelu) , p-value
Un# (250.1) g (<50) (3:1)

WU 61 42 11 0.509 0.475
YUS9U 62 145 36 2.521 0.112
WesiuRnsAnuan* z2
Jseuns F, FuuUsTIINT F) (AL) (UnA : i) , p-value
Uni (231) N (<30) (3:1)

WS 61 0 53 159.0 0.000
Y5l 62 78 96 84.483 0.000

VB0 ¢ X gmns (0.05, 1) =3-841, p-value >0.05 sousuauufgny p-value <0.05 Ufjiasauufigiu

* = QNS WazAnly (2556) Lay ** = Hasan et al. (2015)

nHan1segeulamddeswesaunigIui 1 wuln AlAfaIEDIr09ANTTIN YD
150UY0IUTEYINT F, (IR58025AxgNS5UYT 1) 119 2 gauan dA1 0.509 Uag 2.521 auansiu

o o

FefladagninAlamasaesNsesutudiany 0.05 way df winnu 1 Tumisne Ae 3.841 wazen

o
Y

o 4 U a a o v A U aaa a ol
p-value >0.05 vihlvigeusuanufgunasly Ao n13nszanedivesnuddinvesisyunisie
sopdunduludseans F, Bensidnndu 3:1 wulddianvaznisudanuduniuveasy

1% IS ! a o 1 L3 =2 < a = v v
AIUANAIEEY 1 g laeduinuuuuduanysal nanisAnwidulluiieniafeaduiu
NUITHVINNINT wazANE (2556) NLAvIN1sANEINITEENeRASN YU NUTNTTUVRITUA
nilu lngyin158319Us89InT F, 971U7U 10 ARal F9Anay IR580151AXANTTUYT 1 4
v ! a < 0 < Y Y ¥ < 0
gnsduvasyunAdesalundudy 3:1 wansliviuidnvazuianudunduve sy

Y

YOITIGNTTUYT 1 AUAUMEEU 1 @ wazauIdeves Asadollah et al. (2004) Tdaneiughn
Tiauduniiy fio NedaA anetuguiauduniu fio IR24, IR28 uaz IR36 J99NNan1s
NAaDIUTEVINT Fp V0999 3 UsEyIns WuIUseyns F, vee NedaxIR28 way NedaAxIR36 &
v ! a [ Y < Y & (% 14 < % ¥

dnsrdvensundnesalundudy 3:1 wansliiiuidnyuzuiaudunduvead

IR28 wae IR36 AUANAI88U 1 ludiuvesnisinwbnueslszyins F,
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(IR58025AxgWsstuy3 1) 113 2 Sl 159.0 uay 84.483 muadu Jsflenunnniialamdsaes

v v o w

fsgduoddny 0.05 uay df iy 1 Tun1s1e Ao 3.841 uazen p-value <0.05 ¥ilsiufias

o

| & LY <

a a ¥ A Y a [ N o 1 a
auufigunasld A n1snszanefivesn1sinmdnlulseins F, Tdnsaruinfnendudu

= a 2 o = o A a v | A a v | aa a
3:1 ‘?NﬂqimﬂLNaﬂuu@qﬁ]Mﬁ‘ﬂ‘ﬂﬂﬂu@JqLﬂEJ'NJaQ LU #3398 LLazmiﬂgﬂmﬂumwuqqum

Id 1% = o 4 =2 [ a a
g9 WWusiu i linansAinwiduliasauumgiu

4.3 nsAnwmuduiusvesdlulng dudnwasilulndludssvns F,

4.3.1 Busumis Rf3

ANsANwIdNSwavesdudiuude R duanwazlulndludseeins F,
(IR58025AxaWs30uY3 1) 9 2 naUan Tagldnislias eyt ANOVA faelusunsy MINITAB Tag
finsmaauufgiundn (Hy) fo dnuazilulndlafusuusums R (Auadsvoadedidud
AufiTinvensyuarn1sinudn uwiaslulndvesBudiunus RF3 luunndiaiu) auuf
§1us03 (Hy) Ao Snumelulndfutudumunds RF3 (Aadvesvedfidudninuiitinves
Isyuaznisnwdn fegredes 1 ulndvesdusumis R wansrsandlulnddus) Tu
Uszu1ns F, (IR58025AxaM35aiy3 1) 9qu1used 61 Yeyavesduludumia RF3 Miawn
Azt fie TeyadlulndnldannsAnuideiniesuny RM3873 daduedesvsneifeniu

fuildludszans F, Tugguiussd 62

A15797 13 MMTILAT1EY ANOVA 2p3fusumia Rf3 a1nLasesviang RM3873 Auiilulnd

Y0U5EUINT F, (IR58025Axgmssauys 1) Tugauiusal 61 uazuiad 62

Pumunis Rf3 (UUssU 61) Pumunis Rf3 (Ul 62)
Fulnd . -
Aulnd ALady p-value Fulnd Aade p-value
S 89.1 S 70.9
ANUTTInve TRy H 84.7 0.150 H 67.9 0.722
A 36.0 A 64.3
S 9.8 S ar.7
ASAALUER H 8.4 0.523 H 30.6 0.284
A 2.1 A 26.2

NUNBLNS Ujjies Hy p-value < 0.05, #9u5U H, p-value > 0.05

R =Restorer, NR = Non-restorer, A = IR58025A, S = Q‘Wiim‘lﬁ' 1 uag H=Heterozygous

NUANITIATIEN ANOVA WUl A1 p-value Y09ANUTTINVBAUTY WAgNIT
Anwuan Tugauiussl 61 fawiiiu 0.150 wag 0.523 anuadiau Tugauiussl 62 fan 0.722

WAz 0.284 guawU (M15797 13) Fadlenunnnai 0.05 Jsweusuauudgiuvan (H,) Aa AW
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[
v

fTinvossgarn1sAnmaalitudududunus RF3 wansliiuingudumia R ww Ll
sviswatuauiiTInvedsy waznshnmdnueslszans F, e 2 gaugn auiiiulaingu Rf3
voaiuganssuys 1 lifinadenisuiniilussuy WA-CMS - Fantlouiunuideves
Katara et al. (2017) AifinwBuuindu Rf3 Aussuuanudumiy 2 ssuu Ao WA-CMS wae
Kalinga-CMS Tnefanewuguirnuduniu 570 aeiud mensfnwaindeyaesidus

a =3 ! IS o 1 2= ! v o & < o
nsAnaalugnuay F wud Busumds R3 lilinasienisuindiunslussuuanudundu

WA-CMS ag Kalinga-CMS

4.3.2 gusunia Rfd

nsAnwansnavesdudumis R4 Iaglddayavesdiu PPRY fiu PPRIO uay
SnwneiTulndluusssing F, (R58025AgWsIauy3 1) s 2 geugn Taeldnnsiiased
ANOVA #elusunsa MINITAB Taefimsseausfigmundn (Hy) fie dnuaeilulndlitufuiy
funs Rfd (AiadevesasidudnnuliFinvossyiaznisinmdn uiazilulndvesdy
fruvis Rfg Taiunndnet) auufgiuses (H,) Ao dnwarilulndtusududiumis R
(AnadovededidudmuiiFinvensyuaznisinmdn udazdlulndvosdudumis ria
WANA19AL)

Usg91n3 F, (IR58025Axgns3auys 1) lugguiuset 61 deyavesdulu

o I

fLe RfA Aa PPRY way PPR10 Tvnamilouiu iiasannUseannsiuuisan ldnuduinen

o
Y [y

gunsasseandNduls 3nteyatiedurinlinisiasiedt ANOVA vasdudiunis R 3

D

AATIEVANYITUNILAUS RfE AD 81U PPRY way PPRI0 wNg9a8naLhen

A15797 14 M53LAT1E ANOVA FpsEusumus R4 Al 81 PPRY way PPR10 fudnwaly

Wlulnd vesUszwns F, (IR58025Axgmssaiys 1) lugauiusad 61

&1 PPR9 fiu PPR10

ulnd ‘
Fulnd ARy p-value

R 89.1

ANUTTInve TRy H 84.9 0.000
NR 30.2
R 9.8

nMsAnLan H 8.4 0.000
NR 0.7

MR : Ufes Hy p-value < 0.05, #auiu H, p-value > 0.05

R =Restorer, NR = Non-restorer, WLay H=Heterozygous
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INWANITAATIET ANOVA WU AN p-value VeInnuiidInuedLsey uagns

Anan fAvindu 0.000 (M151991 14) FeflAdosndn 0.05 TsufiasauuRgiundn (H,) Ao

¥
SAaa a LY

Audddaveasyuasnisfawdaldtuiudusiunia R4 wazeousuauufgiuses (H,) fie

4
@ =® [

ANUTITINVDUTYRALNITAALEATUAVEURIUIUL R wanaliliuingu PPRY wag PPRIO

= a 1

Y9I91INUGANTIUYT 1 FBnEnasenuildinvessy uaznisinwan lulseyinsk,
(IR58025AxgN3sauU3 1) gauused 61

d1uUsvIns F, (IR58025Axanssauys 1) Tugauiusel 62 awnsauendu

= ]

PPR9 88n31n PPR10 t@ vinlviddeuavesduludiwnie RA Aadu PPRY way PPRIO

Y

Y
= o

wANEaiY 189991nTTUIUYTEINTANINTY TIIHENITIATIET ANOVA 3 sUluU Ae B
PPR9 fiu PPRI0 \aW¥8U PPRY Wag lanedu PPR10 fudeyaninuildinveasey agn1sin

3 = a ANa a YY) ) o
${3[9 LW@W@a@UﬂNNWﬂWUﬂ']illa‘mﬁwasﬂEN'EJUﬂUﬁﬂ‘Hm%WIuVLV]ﬂ

A15797 15 N153LAT19F ANOVA waadusumia Rfa Su PPRO ffu PPR10 fudnuwasillulnd

Y9Us8YINT F, (IR58025A%anssauy3 1) Tugaunuset 62

& PPR9 fiU PPR10

Fulnd ‘
Fulnd ALY p-value

R/S 84.6

R/H 85.5

R/A 0.0

H/S 12.7

ANUETInvR TR H/H 70.3 0.000

H/A 54.0

NR/S 63.0

NR/H 43.3

NR/A 5.7

R/S 40.9

R/H 29.3

R/A 0.0

H/S 35.8

MsAnuEn H/H 27.6 0.013

H/A 28.4

NR/S 28.7

NR/H 18.1

NR/A 0.0

newme : Uies Hy p-value < 0.05, gauu H, p-value > 0.05

R =Restorer, NR = Non-restorer, A = IR58025A, S = ?jWiimlﬁ 1 uag H=Heterozygous
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M990 16 NN5ILATIEI ANOVA U998Uswiiud R4 Aa 1aw1z8u PPRY Lay @nisdy

PPR10 fAudnwaueillulndvesusesns F, (R58025Axanssauys 1) Tugauiused 62

_— gu PF"RQ B PPIRJO
Fulnd ALY p-value Fulnd ALY p-value
R 84.7 S 775
AITInve LY H 704 0.000 H 62.9 0.000
NR 42.1 A 29.9
R 39.1 S 37.7
nsARALLAR H 29.4 0.002 H 25.0 0.004
NR 17.5 A 14.2

NUELNS Ujjies Hy p-value < 0.05, #9U5U H, p-value > 0.05

R =Restorer, NR = Non-restorer, A = IR58025A, S = ?j‘Wﬁqu% 1 uag H=Heterozygous

NUANTIATIEI ANOVA Taeviin153iasesidu PPRY $aufU PPR10 viTe lanizdiuy
PPRY M381aN1¥8U PPRIO AUAINITTINVDUTY WU ANTTIAVRUTUIAT p-value

[

Wi 0.000 (A15197 15 wag 16) Fsilddeendy 0.05 Jeufiasaunfgiundn (H,) Ao Ay
iTinvoasnlaituiuBu PPRY waw PPRI0 wi3e lawiziu PPRY wiielanzBu PPRIO sow3y
AUNAgINTY (H,) Ao mmﬁ%ﬁmamaﬁuﬁuﬁu PPR9 Way PPR10 %58 WaN1£84 PPRY %38
\andu PPR10

drunisanmdaliraluuineiiude a1 p-value Wiy 0.013, 0.002 wag 0.004
Fetiounin 0.05 Teufiasanuigrumdn (Hy) Ao Arwddinveusaluifufudu PPRY way
PPR10 %30 law1z8u PPRI w3slanizlu PPR10 vausuauu@guses (H,) Ao n1shnluéan

v a

FuifuBu PPRY waz PPRI0 wie aw1zdu PPRY wiewaws8u PPR10

Seuisagulaingu PPRY was/vde Bu PPRIO wasimamssuyd 1 Sdvdnaduanu
f¥inveusy wazn1sfawan Ad18AUUILVeY Katara et al. (2017) ¥insAnwiduunn
auduniiuduis Rfg Augnwau F; vesszuuauiluniu WA-CMS waz Kalinga-CMS
Tnenan1sAneIwud Busunus Rfa dnanenisuiniu uasgralsinuminddu RF3 e
sruufastnelufniuldrs ety

wdsnléBiasedt ANOVA Wiomauauduiussening Busiumia RF3 uag Rf
fuarnudiFinueusny uazn1siniudn vesUssrnsg F, vesimtusanssugs 1 v 2 gq 1évh

N1TIATIERAENEURUS (Correlation ; 1) lneldinauainan1s1e9 17 ieaseauauduiug

Yp9AuTTInve s AUNRaLLER
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AN57197 17 LA UdURUSINAENRAUNUS (Correlation; 1)

ANEVEUNUS (1) SLAVVDIANMUAUNUS
.90 - 1.00 fanuduiusiugaunn
.70 - .90 fenuduiusiuluseivgs
50 - .70 fanuduiusiuluseaudiunans
30 - .50 famuduiusiulussdus
.00 - .30 fauduiustulusssudunn

3 - Hinkle et al. (1998)

A [

v o i} d g d o d a < v =
ﬂ'}nNﬁNW‘Hﬁ‘i5‘ﬁ'ﬂ\iL‘l]'f)‘i!‘Ii‘Mﬂﬂ'}n'NN‘U'Jﬂ‘ll'iNl‘iQ.!fl‘ll!.‘l]'f)ﬂ‘l‘uﬂﬂ1ﬁﬂﬂ!ﬂ»mﬂ E]QHHI‘N il 61

30

r=0431, 3EAUANNFURUTA
25
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20 *

a

¢
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s o

ule
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0 20 40 60 80 100
72 g A=
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AT 25 AnUdUTusAIINANaEnduius (Correlation; r) senineAnuddinvesisey AUNISHn

WaAUDIUTEYINT F, (IR58025AxgNs50UUS 1) 9aunUsed 61
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v o d L] d & Ada o d g d a I3 v )
ﬂ'ﬂNﬁNW‘Hﬁﬁﬁ,"H'JNL‘lJﬂiL"If‘uﬂﬂ'ﬂNN‘U'JﬂeUfNL‘iQ}lﬂUlﬂﬂ‘iMiuﬂfﬂ‘iﬁﬂ!ﬂlﬁﬂ qq]uulﬂ 1l 62

80 .
s o o 4
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FIFUANTAALNAR

[

nle

20

¢sd ¢ oo
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AN 26 AnuETuSIINATENENTUS (Correlation; 1) senINANNETIRVRUTY NUNITHA

WaAUDIUTEYINT F, (IR58025AxgNssauys 1) naunusad 62

A aa U a

PNNFIATIRRNUEFIRUSTENINPUTTInve RSy AuNIsAnWEAveIUsZHNT F,
(IR58025AXAN TTUYT 1) ia 2 99 MU 9qUgnd 1 dAn r iy 0.431 (1wl 25) uans
mnuduiusszninemuiTinvonsy funisinwdneglusziui Tudmveangdl 2 fidn r
winffu 0.598 Beflmmuduiusseninenuiidinveaisy AunsAnwdnegluszfuuiunans
(A nd 26) wanalsiiiudiinuliTinve asyilanuduiusivnsinndn dqgi 2 4
ANETUSINNNI T 1 ma]L"f]uLWﬁxamwLLméJaafLUﬂﬁiJ@mJaaﬁgq 2 Uszansil uaneng
fu lusaugaddoves Asadollah et al. (2004) lghinnsiiasedinnuduiussyning A
f¥nvonsy wazn15AALEN 89Us2YINT F, (NedaAxIR24) Wud1dAn rwiniu 85.7
Wesidud Andu 0.85 Fellmnuduiudiulusyfugesening 2 dnvale wagdauanunsoly

NSANENOANHUTNTTUE
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AjUna uazdalauanue

1. m3daduunnguuesinilveszuy WA-CMS mndeyailasiduinnuiidinvodisey

Tuqﬂmam F, ¥84A IR58025Ax¥NIABNNLE 105 LAy IR58025quWiimq% 1 9e3g9 UAN

Wosiduaanuiddnvonsy windu 93.2 +2.9, 77.0 +11.2 wag 91.5 +5.3 Faaglunguud

<

pudundu nguundivisdi waznguuirnuduniu Tuvainsdanquaneinsosmunes

D

a s

WuenduwziuBu PPRY wudiuguinenued 105 eglungusnwianuduniiu dauiug

3

anssays 1 eglunquudninulundu Jaman1sdnnguiieLasesanefiouegnaeduinnid

\H9991nUs891n5 F, 989 IR58025Axu198nUgd 105 T9msinissansiias 9 1asidusd way

a

Uszanns F, esidudmuddinvesey 91uiu 2 fu 361 65.5 £5.2 uaz 90.4 +6.1 uazdl

a

e 1 dunfaudn Anduuasidudanudnld 0.9 +1.1 Ineftnvnnenuzad 105 919dldu

uimiulussuudu fadumsiiezsyhmsAnuBundniiluszuududaniy Tudruvesanisin
widavosgn Friu lildianlflunmsdanduiosmnanminndouiinaonisinude

2. Mmafndeniadesnefduie dmduduuinruduniuveasaiuma RF3 waz
Rfd Apnaneszning fraiug IR58025A futntuguninenuzd 105 waganssny3 114 uile

Uumaaauiugn F; wazUseuns F, Ingdusdiunis Rf3 Tudiiuguinenued 105 149

% s

A3paunefiduwusiudy Ae RM3148, RM315 waz RM294 Sudiunus Rf4 Tudiug
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y1nenusd 105 WinTeuieNduiusiviu Ao RM258 Tudriuganssauys 119

N
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RF3 4iAS0avane RM3873
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3. MsAnYINITIUYesduliiuve LTy AN¥1INUTEYINT F, 0991IUS
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