Content List Available at Thailo Lt.riumwa_

JOURNAL Gt

]a

Khon Kaen Agriculture Journal

NSASAUNEAT
Journal Home Page : https://li01.tci-thaijo.org/index.php/agkasetkaj
THAIJO g€ s Jo.org/ndexphp/agiasetia)

ﬂ’ﬁ‘WG&I‘U’]Lﬂi’eN‘VilﬂElﬂLauLQVIﬁﬁquﬁﬂU‘IJu’mLilaﬂ 1uﬂiu‘l1’1ﬂ§l,llaﬂ F5 “U'é]\‘iﬂwﬁil
'iu‘Vi’J']\‘lﬁ’]EJWUS?J’I’Jﬂ'e)mJua 105 1&1’39]6‘11’3\‘11,1,’51\‘1 GI‘L!LGIEJ (KDML 105- 9351(57D)) ﬂ‘U
Basmati

Development of DNA markers related to grain size in F; seed population of
a cross between KDML 105 photoperiod-insensitive, semi-dwarf rice line
(KDML 105-9351(57D)) and Basmati rice

WA YHN'¥, UAINBY WIBATYAR', Bwlend AUNNNg!, NquMe anues’ uag

¢ 1*
231078 LLAINDN

Pinida Poopa'*, Saengtong Pongjaroenkit!, Yuppayao Kophimai', Krisana Lanumteang?®

and Varaporn Sangtong'*

L gy dviiugmans aalzInemans un1Iveraeusly i@ealva 50290

! Program in Genetics, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand

2 @197 3IaRAaLN15IANTTFITAUNA AQSINGITIENT U1 3N 18euulT 1Tl 50290

2 Program in Statistics and Information Management, Faculty of Science, Maejo University, Chiang Mai 50290, Thailand

undnge: vunnwdninududnvarddgrensifiunananuaraaunind1n Sefia1sananneuen Anunie uazaam
unLudngnauAnlaedunatefu qmmaummmﬂiyamLwawmmmiawmamLauLawauwuﬁﬂwmmuamM
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‘vﬂ,mmL‘UismmsmmmmLmﬂmwmwimamsmmmmmaamamnmmu 83 fuvis Tddumuas AL edaminy
A uLoueadu 29 MUt a1u130uenTENIng homozygous vosdadanusuiniedadawuswe uag heterozygous
sywinsdadanuduuazsadaiusweld Wellnmgianuduiussenindlulnduasilulndseds Simple regression
Fulnduenad oamuefiduevesdu 7 duvis loun GL7 qGL7-2 GS7 SMGI TGW6 GS5 war GWea fuaiuenause
finuduiusiunieadn G R? wiru 5551 54.50 5261 1359 4.37 379 wa 2.93% anudndu vauefinudlulndvenaiomune
Mdwevesdu 5 dunds loun gGL7-2 GL7 GS7 GWI0 wag TGWs fupnuninaudaiianuduiusiunisadi daq R? wihiu
5062 50.54 46.31 4.16 waw 3.26% auddu uazdlulndveuedemmnefiduevediu 8 duvia ldun GL7 g6L7-2 GS7 TaWs
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ANEARY: LASEMINBAOWE; YWIWENTT; AIUEILAR; ANUNIINLAR; ATUTLILLER

ABSTRACT: The size of rice grains is a critical trait that impacts both yield and quality. Considered by length, width,
and thickness, it is controlled by polygene. This research aimed to develop grain size-related DNA markers in the Fs
seed population of a cross between KDML 105 photoperiod-insensitive, semi-dwarf rice line (KDML 105-9351(57D))
and Basmati rice. In this research, the whole genome sequence of the female parent, KDML 105-9351(57D), and the
male parent, Basmati variety, were examined. A comparative analysis of the DNA sequences of the parents was
conducted to identify the differences in genes that involved in controlling the size of rice grains at 83 loci. A set of
29 gene markers was discovered and developed, allowing for the discrimination between homozygous alleles of
the female parent or male parent and heterozygous alleles between the female and male parent alleles. The
analysis of the correlation between genotype and phenotype by Simple regression method was performed. The
genotypes of 7 DNA markers of GL7, qGL7-2, GS7, SMG1, TGWEe, GS5 and GWé6a genes, were found to be significantly
relationship with grain length, with the R? values of 55.51, 54.50, 52.61, 13.59, 4.37, 3.79 and 2.93% respectively.
The genotypes of 5 DNA markers of gGL7-2, GL7, GS7, GW10 and TGW6 genes, were significantly relationship with
grain width, with the R? values of 50.62, 50.54, 46.31, 4.16 and 3.26%, respectively. The genotypes of 8 DNA markers
of GL7, qGL7-2, GS7, TGW6, GW6a, GW10, GL4 and gGL10 genes, were significantly relationship with grain thickness,
with the R? values of 17.13, 16.27, 14.52, 13.17, 7.44, 6.06, 3.73 and 2.92%, respectively. Analyzed by Multiple
regression method, genotypes of DNA markers of GL7, SMG1 and TGW6 genes model were related with grain length,
with the R? value of 64.15%. While the genotypes of DNA markers of gGL7-2, GW10 and TGW6 genes model were
related to grain width (R* 55.39%). The genotype of DNA markers of GL7, TGW6, gGL 10 and GW10 genes model were
related to grain thickness (R® 36.60%). The DNA markers of these grain size-related genes will be used to improve
the progeny generated from KDML 105-9351(57D) and Basmati for longer, wider, and thicker grains. It is the use of
DNA marker-assisted selection and conventional breeding.

Keywords: DNA markers; rice grain size; grain length; grain width; grain thickness
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11 (Oryza sativa L) Wunilsugaitvermsiiada msivdusesssmnslaniliifansauaaudiueims
nandniiiutuiadudsiduitesulssduamutuasmsensluowan (Hori and Sun, 2022) Nndoyanandntivediny
599 U 2563-2565 Wunandnd1oviennyd wde 362 1 428 nn/ls dravesuyusnil 1 1w 675 nn./ls Fradidu 4 ede
601 nn./l3 wazdrmilen was 390 nn./ls (@hauasugianisinung, 2566) malfiunandndniosdusznounatsdnuas
Wrnnieates 1wy S1uIusIemene (number of panicles per plant) $1u3UEARDS39 (number of seeds per panicle)
¥midn 1,000 wan (1,000 erain weight) uazaunavaasdn (seed size) (Rasheed et al., 2022; Shin et al,, 2022) Fayun
WAAILRNTAUNAINANUL1UUER (grain length; GL) Aundaman (grain width; GW) wazauvuLuEn (grain thickness;
GT) windesnsiiuuinaesandnnisiiuvavesdndflduduiusinenswothminiuda

wenNNananuds annmvetuandldsuanuauladufivieanduilan gaaivnssueIns inunsns wavkndn
Lmé‘ﬂﬁuﬁ: (Fitzgerald et al., 2009) msﬁmsmﬁmgﬂs’wmé‘mLflu?{ﬂﬁwﬁ’aﬂumﬁﬁmumwmﬁn wennianuiealuns
v3laataesusasiiuiifuansnetu wu Ussimawnuiodednlug glsU wavanigonin feuuslnadmiidsuineSeen

walutszimadyu 1nudld wazasaent deuulaadriwdadunasnan (Calingacion et al, 2014; Custodio et al., 2016)

v & a d'

Wugdnwdngnfisdndutunaialan liun Saviaufvesduide wardniveuusdveting Javis 2 Wugihidonsany &

nduneufiiAy savaL Lﬁaﬁmﬁaﬂgm 1@@%14'1/133@ wifiionindnwagdsnannuirdnuamnivismeiudidensanasidng
N158afInINANE1ILANIN WU WS Pusa Basmati 1121 §8m31n158aAan1uANe13laNINNT1 2.7 Wi (Singh et al,
2018) MnAmdnvarfiawiviliinuanainaiignideumsivedne

urnvanudatdudnwazdausunn (quantitative trait loci; QTLs) (Cheng et al., 2021) Qﬂmmmimaﬁwma
AunUs (polygene) (Ali et al., 2014) LLazqﬂmuqmﬁ”awmaﬂaiﬂﬁﬁmmﬁmﬁuﬁl%amimﬁ”‘u Usgnaunay G protein

signaling, ubiquitin—proteasome pathway, mitogen-activated protein kinase (MAPK) signaling pathway, phytohormone



KHON KAEN AGRICULTURE JOURNAL 52 (2): 287-320 (2024)./doi10.14456/kaj.2024.21. 289
signaling Wag transcription factors (TFs) (Zhao et al., 2022; Chen et al,, 2021) JagUuiin15ey QTLs Fdedestuawn
WaANINNT1 400 QTLs waznszaesian 12 Iaslulenvosdnn (Zuo and Li, 2014; Kashif et al., 2020) Tugaslifditsman
finslaauduiiiAsatesiunismunuuminudndn 1wy GW2 (Song et al,, 2007) G52/GL2 (Che et al,, 2016; Hu et al,,
2015) GS3 (Fan et al., 2006) gLGY3/0OsLG3b (Liu et al,, 2018; Yu et al.,, 2018) TGW3/gTGW3/GL3.3 (Hu et al., 2018;
Xia et al., 2018; Ying et al., 2018) GL3.1/qGL3 (Qi et al,, 2012; Zhang et al.,, 2012) GS5 (Li et al,, 2011) GW5/gSW5
(Duan et al,, 2017; Weng et al., 2008) TGW6 (Ishimaru et al., 2013) GW6a (Song et al., 2015) GL7/GW7 (Wang et al,,
2015a; Wang et al, 2015b) uas GW8 (Wang et al, 2012) Tngdu w2, GS5 uay ews Sewvhildanuniuasiminiuds
Wi (Li et al, 2011; Song et al,, 2007; Weng et al., 2008) Tuwaizitdu qley3 gs3 ¢l3.1 uay tew3 fdruvhlianue
waztminuEad LTy (Fan et al, 2006; Hu et al, 2018; Liu et al, 2018: Qi et al, 2012) Hu G52 ¥ilsfaue Ay
e uazdmiindafisdu uidmalisdaidnuueioddfetuiu Sadusnuuedlifduamnimdn (Hu et al, 2015)
fu 6L7 Fdwrilianusnudadiudu uinnuniasdnanadnglddsadoiminuda uazgnimualiduduamnim
wandmivandnuaziadlduonudatin (Wang et al, 2015b) Hu W8 fdwinlranunirwasiminudaiiviy uay
9ada g8 ﬁqaytﬁamiﬁwmv‘fﬂﬁmmmmﬁmLﬁwﬁyw,wiﬁﬁwaﬁﬂﬁﬁwmﬁmmaaﬁw (Wang et al,, 2012) 8u GLW7 &
unuwlunsimuse e TLasInWER (Si et al, 2016) Bu 656 fldwlumsifiunnunesazdmidniuda Sun et al,
2013) wazmAnTeAdmihiivesBuiiisrvestunsmunuuuamdnszyin Bu GS2, GS5, GWea, GLW7, GL7 uay GW8
\Hudumuaudeuan luueiidu GW2 gLGY3 GS3 GL3.1 TGW3 GW5 GS6 uay TGWe HuBumuesndeau (Li et al., 2018;
Zhang et al., 2020)

fu 63 deoguulaslulondl 3 (Gudundn (major gene) TunismuauamsnIkaziminmdn uasiduduses
(minor gene) TumseuauAIATILaTANLMIITBswAn (Fan et al, 2006) msunuiitua C Wutua ATy exon 2 ¥ilw
\agWanyanousiumdnya (premature stop codon) d9naliaa1ue17Lud ALl 19 U (Ngangkham et al, 2018)
fu GL7/6W7 seguulasiulendl 7 0u QTL wénlunismusuauemuazanunisesiudn funumidsuantuamet
wanlnevuifiduasunisindanueniinavildudneniy (Zhong et al, 2023) uwallunumidsausuanun’audalag
anN1SHULLAdlUNANIININYIN (L et al, 2022) u GL7 HUJENRUSAY SBP domain-containing transcription factor 981
6w8 Fadummunudwanlunisauaumsifivdnougad mmamaaﬂﬁqﬁmaﬁu GWS8 dald@sunisuusieadiazng
avautvenEav lugainnunawasanant ey (Wang et al,, 2015a; Wang et al., 2015b) 84 gGL7 éigqag'uu
Taslulewdl 7 Suunauiriu 258 kb 1Tu QTL sesvimhilenuaudnuazaiuen anunis eumuvensde dindn 1,000
Wwan wazsuaueendete (Bai et al, 2010) Wwieatudu g6L7-2 Fmuindenuduiusiuanuernudaluussmng F,
uay F, vesguauszrinadmmdne1iiug D50 Uavanica) uazdisdnduiiug HB277 (ndica) (Shao et al., 2010) Bu GS5
é?ﬂagjuuiﬂﬂuiwﬁ 5 fvunsHaves serine carboxypeptidase AIUANAINNTINUAR nsazauiMTnLEn LazensINg
faludn (Dong et al., 2022; Xu et al., 2015) ANLANATBIaTTULUaUS alUsline S inan ovuinud ardlesain
nIzUIUNIAIUANNITLARIBENTesBulinaUAsuLlatly (Zuo and Li, 2014) Bu TaWs dsoguulasialend 6 1Hu QTL

[

niimuAuminluan fuunsaues indole-3-acetic acid (IAA)-glucose hydrolase Liioasns IAA Base lnudada tows

q

=

Ngadensvhauezdaaiuaugniiasiminuas (shimaru et al, 2013) 8u GW6a Aveguulasiulaud 6 Farimunsia

ETRE

v09lUsAU GCN5-related N-acetyl-transferase-like (GNAT-like) vJu histone acetyltransferase Fomnuansoonuniiull
suhliffunnueudalaensiiusuaugas (Gao et al, 2021; Song et al,, 2015) 8y SMGI éfqagjuuiﬂﬂui%uﬁ 24

‘U‘Vl‘UWlL%ﬂmﬂiumimwﬂummmmgﬂ (Li et al,, 2018) AMnuaTiaueslUsAu Mitogen-activated protein kinase kinase 4

ada a

(MKK4) Tunseiuauvuauan Sedanasanisnovaussues brassinosteroid (BR) saufisnisuanseanvesduluifinnedes

flu BR 7inszAun1svinnuvetlulnauludn (mitogen-activated protein kinase; MAPK) n1snaneiuguesdiu smgl vilwdnad



ununwes 52 atiufl 2: 287-320 (2567)./doi:10.14456/kaj.2024.21. 290

YUALEN FedanaliinnsiUasuLasmsuanioenTesBuiineITestu BR nanes (Duan et al, 2014) u GL4 Pilduns
vileslulondl 4 1 QTL dmsumnuenwn fvunsiaves Myb-like protein findnefy SHA/SHAT viuifinauaunis
Snfhvesadmusnvesnausewmenesuuenwazduluiiinasenueniada msiin single nucleotide polymorphism
(SNP) Vil¥iiAnsiavgarausuvismgadsualidndivundn (Wu et al, 2017) Bu w10 fseguulaslaluuil 10 fvun
AU P450 subfamily 89A2 homology protein ﬁwmwL%amﬂiumﬁmmmumLLaxﬁi’m’guLuﬁmmu?ﬁ BR N3
wanseaniinues GWI0 ddmuvnliudedndunasuauas uiisuuadaiiiatu lummsaiuiunisuansesniiannivly
199 GW10 Tauvilfudndenauasniiatu (Zhan et al, 2021) Bu qGL10/OsMADS56 ssoguulasiulaenil 10 Fafvun
siavaslUsiu MIKC-type MADS-box muRuanzauetudnlnglinssnunorunitaudn Ing GLI0 dawanan1simu
wadvenUdenudanueninglidenanenswawadnueng fedaualiimign 1,000 waaRLTY anmsdsunlas
uinaluslunedudeuszann 2 kb 910 start codon shliinsuanseenvesdudifintudmarinlfanueniwdaiy (Chen
et al,, 2023)

Hagtumeluladnmsiinsesiaduiuagalv (next-generation sequencing; NGS) andnsniiauddgylusuns

Fulsaiugimeniesmngluanauindu taewdnuyigdinseiafuuaveddlund1ilae1iuntu AseunquaLniagui

]

o o

aula wavausadunuaUaINTaIEN1IRUgNsIUTRINMsUAsuLUasE Ul vihladinsiaueIomunefiowe

ATuwzAvguidivune Fedanunduginiidewisuiuipsesmunengaandudu (Yang et al., 2019) n1sldwalulad

w3 ssnnsluianatislunisAniden (marker-assisted selection; MAS) sauiun1susuussiugnuuaaiutfunisdasan

o =

Alda1e guszezina waziiinuszdnsamnisusulsaiugliegiann Wesnndunisdadenidudslivuivanmwindoy

1 £
N

(Xie et al., 2006; Bazrkar-Khatibani et al, 2019) fstun1snaassldingUszasdiiiowmunn3omuis Ao uefiduius
furuaan Tulssnsiudn Fs vesgnaussninaeiuguninenued 105 liladedauas duifie (KOML 105-9351(57D))

fiu Basmati Ineipsoumneidueiiliszgnldsuiunmsuiudssiuguuunsnnlunsyfulsoiuddnfiinanauanszniing

v
[ =<

KDML 105-9351(57D) wag Basmati tiafnidonlidifivuaudnsnd ni1s wazuundulaegsiussdnsamuazinag
WU wenanftunsukazIsnsnesomnefiduevesBuiiduiusivruawdafilaanauidedasduiugiuig

o e oA

dwiuldluusuugeiuginiugouy wasiivduy Tiflawnwdarsednvadug audenisle

q q

ABmsAnen
wugdnaildlunisinen

aneiugunenuzd 105 lilwoyauas FULAE-BC,F,-9351(57D) IfTede KOML 105-9351(57D) \Duanesiugi
fiulaemheamuiudedunifounsiannnisuiuuseiugin auzinemans sminerdouls wasdudiunds
voslassnmsmsnaaeunananngluanidvesaeiuidnlilotiuas dui Sradvarmie Alfanasuiudgeiug
117 115 waznInenuzd 105 LasunuideandidnnuiaiuinSidonainuns (83An1sumw) (@3n.) a1efug KOML 105-
9351(57D) U§uugawugananiussu Ao Wugdnnunnenued 105 wayWugli Ao aneus nus lularerrsuas duiis Tae
nsUsuUsetusldisaundulumeninonugd 105 $1u 8 ade IHdu BGF, mntdutgnsiu BCF, uazUdosnaudaiesdn
4 3 Fslendu BCF, wazmsviuUssiusldiedesmnefidulovesdu Heading date 1 (Hd1) (Os06g0275000) Semidwarf
(sd-1) (0s0160883800) waz Waxy (wx) (0s06¢0133000) lunnsniden sumsldiademneiiduesdn flanking markers
uaz background markers finsyarsaguilaslulsusia 12 wis iedndensuifivefifudmmumiioutuiugamnenuys
105 annilgn vlaeugiaiusnssumioutuguninonued 105 §1 99.81%

d9tus Basmati dneglunguinafindunes (aromatic rice) (Civan et al,, 2019) $17v1awAdafsdunEn st

Usgdnfvesduie (Agriculture, 2022) waniiusnadensninin (extra-long slender grain) wiaataandnsmniuaaueny
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1#817an (Singh et al,, 2018) SnAuneufiay samu iedudavestnanyy valunsio uarlaifintu (Bhattacharjee et al,
2002; Nagaraju et al., 2002; Archak et al., 2007)

Usz¥INIIan Fs 1ina1nn1sauiug sendng KOML 105-9351(57D) Tduugua fu Basmati T6idwiugnie
HARWER F, 89 F, Wmadansdmdennilaudndedu (sincle seed descent; SSD) Tngadunisvgniuiounszan 9t
Ugndiu F, wlendniuda Fs ludasumeasswesmhemnududaiunsidouasinunnissulsaiugin ausinermans
wrInedewly lagugneu Fy aeiudas 1 uad 91u9u 138 und sed5dnen 1 duseviau szeernaseninduuazien
25 x 25 . Udosdu F, naudiedldiudn F; Wewdaanud duiiu 1 ne/um Afidudnndududonsousts 4 du unnuadld
$1uu 138 no Mntuiiudn F; vesudaznou@nyvunmdn
NSANYIVUINNANVDINUSWS (female parent) uwasiugwe (male parent)

n1sfnwIruImuAnveiuguel Ao KDML 105-9351(57D) wazWugwe Ao Basmati lneugniuguiiaziugne
ftusar 30 ne Wowdagnua Wufeusnne mniuhiudeimunveausasnemnduiiuifisanaay 20 win lnslsiden ua
duusnusiazne iethaninvunamdndnndes Ae Anuem Anuns uazaumun Glulnd) Tnefaiduminsanaisves

s

wavisanusuieesideadules (Mitutoyo Digital Vernier Caliper, Thailand) antiuthdeyaiilulndlaviseiug
wiagiugNoN AT IERANLANATY 3 dnwaly lnen1swSeuifisuamaevesilulnd 62838 Two independent T-test
nsanervunwan (lulnd) vssussynsiuda Fs
= 13 13 1 13 ¥ v 1 [ 13
N13ANYIVUIANAATBIUTTVINTWNAR Fs Lnaduiudnd1indesainuaaznauaiuszynsuan Fsun 20 Wan/ne
d1u3u 138 N Tnvuiadnindes Ae AN ANNTE kazAunu (ulnd) anduihdeyaillulndnlaundnwisedu
AT ANIIANUFUNUSTENIN 3 dnwae i an1AdUUSEaNSanduius (correlation coefficient; r) #2835 Pearson

correlation wenvnideyaillulndvesszmnswdn Fs 1 asgnihluldlunsfinvanuduiusseniredilulndivilulnd

o N A

(nFemnefiduefiiudumimiedafatuiuiicmuauruiaida) Tuddudaly
nsfuvuazaanuuAseeRBueiludunilvSedafnfuuiintuauauiawan

nsRumAIeamneEueifstestunsmuauruadn Tnsmsdvdudeyaninunanuideiiieitesuas
ngudeyatesuladluivledsing o ldun g1udeya GenBank (https://www.ncbinlm.nih.gov/) gr1udeya Gramene
(http://www.gramene.org/markers/microsat/) @eléisiusisademunefiduioria SSR Aisunvsing 9 vy 12 Taslulen
2997171UA1513 supplementary table 18 %ﬁluﬂu{fa%amﬁmﬂ IRGSP (International Rice Genome Sequencing Project
[IRGSP], 2005) uazgutaya RAP-DB (https://rapdb.dna.affrc.go.jp/)

vauziemilunisedliinseudisuisdluy (whole genome sequence; WGS) Yaaugual Aa KDML 105-
9351(57D) wagiuge Av Basmati AUUTEN Novogene Biotech Usewedu nseuadduivagniieudniuilunensdeves
417 fiv Oryza sativa ssp. japonica Nipponbare (Os-Nipponbare-Reference-IRGSP-1.0) (Tanaka et al., 2020) nM53LATIEH

metasaumnadmiudeyasyauilunlagisiud 311n 03n win Ysemelng andudeyadiduiuavesiuguiuay

a A v °

WugwedlsdunuSeufisuusnusia (exon) veadufinmuauuuaudniadd Wedummunisiiinsnaeiugedamig 9 Taun

SNPs, insertions wa deletions fidsrasensidsunlameansnesfilu fail 1) WUY nonsynonymous fie d1duluaUasy
denalvinsnoziluAsuluanund 2) wuu stop-gain Ao dduadsudwaltiAasiangarlinsneriludundiund
3) WUU stop-loss Ao UihusangaRuddfuadsudmalininezdlugniiund wag 4) wuy frameshift Ao &6
waiiutuvieanasnunidmalinsnorludeunniumisiiia frameshift %’EmﬁLﬂS&JuLmaﬂugﬂLmuéﬁﬂﬁn%dma

nsgnusiensneziilulazendmananvazusnguseflulndla

N X a o

N398NKUULAI BN U N Tud unTtS edaRnduduaiin Indel MNA1SHBUSIRULUATENITS KDML 105-

v
o

9351(57D) waz Basmati Auguiimuauumawind1avaid ddldeenuuuludiuvesdu laun udm exon uaz intron wief
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afndudu dun U3 upstream Sensaunguaru 5 UTR uazlusluimed uazuiinas downstream dsaseungudiu 3 UTR
Hustu nseenuuuiedomneiduelngldlnsues 2 vlin Ao forward primer gnasnuuuidduiuduesunuuluficms
(3'->5) wag reverse primer gneenuuuluiienivaiundu lneduivdduesunuulufiams (5> 3°) n1seenuuulnswesldy
TUsunsueaulad Primer3 (https://bioinfo.ut.ee/primer3-0.4.0/) ImEJLﬂ%‘lawmaﬁLSuLaﬁlﬁmﬂ%umauﬁazgﬂﬁﬂﬂmnaau
Lazdndonianziadesmnefidulefinansamuanasszrinsiuguuasiugreludwudnly uaziniomsnefidued
fadenlaldnsiraeuilulndlulsevnsudn Fsaly
nsRTIRdaULALARAaNIATe AU TIuARIALANATTE N IeR LS LA WU WD
afndlulinfldwe (genomic DNA) 31nwanad1ives KDML 105-9351(57D) uaz Basmati wavgnway F, leldymarin
Fudinfvuedusagu Genomic DNA purification kit Cat no. K0512 484U380 Thermo Scientific™ Anulasain3Sues Fermentas
Alulinfdueninsgsimemaiafidens (polymerase chain reaction; PCR) ﬁ’gam%dﬁ%aﬁju T100 Thermal cycler
(U3EW BIO-RAD Laboratory) Ingldlnswesvesaiemnefiduediiuduviladodafiniuduiimunuuuawdn Ufazen
Us¥neaunie 1x GoTag® Green Master Mix (Promega, USA) 3 lufinALdutousyanad 50 urlunsu anuiduduvaslusiues
0.6 lulasluans Usinsaavinewiady 15 lulasins Juneuvesufjise1idens dil szesfl 1 Pre-Denaturing Mgyl
94 pamwALdEa 2 Wil el 2 Denaturing Tlaaumgdl 94 ssmwaldea 1 W1l szewfl 3 Annealing Tlgamgdl 50-64 B3en
waudoa (guvind annealing Aldtuag fuladomutefidueusazaiing 1:30 unfl sweeil 4 Extension flgaumgd 72 e
waldea 1:30 uit Taesignainszesdl 2 89 4 $1u7u 35 90U Warsze Final Extension flgaumigll 72 asmigaidea 5 il
ASUENVUINALOULEA8ITYNLTaIadIanInsWe3qa (agarose gel electrophoresis) InanaNasaoNfLOULD
RedSafe™ Nucleic Acid Staining Solution (INTRON Biotecnology, Korea) asluansagaisiaaidaudu 4% noumiaa 9ni
o1funsimdeuiinuusznlsaluasazans TBE buffer mnmidudu 1w meldnszudllin 100 Taad 1Wuan 1-3 $lus
Waasunahnistuiinameaeiaias Molecular Imager®Gel Doc™ XR+System (U3%% BIO-RAD Laboratory) Taeld
faNVLAS Image Lab™ Software (US® BIO-RAD Laboratory)
mniusadeniadomneimsueilrueveuauiduedstu TnaswuuaufiBue 1 wau fsumedu KOML 105-
9351(57D) wa Basmati F4UUIAVBILAUALSUOALNTATIUUNAINLLANGS3EII19 KDML 105-9351(57D) Wag Basmati du
gnwaw F, uaufiduefislvuinmileu KOML 105-9351(57D) 1 uay uas Basmati 1 uay duadesmnefiiueiidadonls
agnihluldnsaseuluussvnswdn Fs iteduteyadlulniluddudaly
nsasavseuilulnddeiniemnefidueiiudunilvteiafniuduiinuauvuiawan vesszvnsiudn Fs
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uualdlulnduuy homozygous Miuansuauiidwamdouiugud A KDML 105-9351(57D) Tidyanwal KK limzuuy

wJu 0 Flulnduuy homozygous Tnansuaufoutanilouiugne fie Basmati Tidydnwal BB limzwuuy 2 uaydlulnd

WUU heterozygous Tikanduaufiule 2 uau wilsuiuiuguiuaziugne Todydneal BK Ihazuuulu 1
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1) MsiaszrauduTussenIdlulndduilulnd @878 One-way analysis of variance, completely random
design (one-way ANOVA, CRD) kazyndaukuU Least significant difference (LSD) Tnen1si3euifisuanadsvesiilulng
dlosuunaudlulnd e BB, BK uaz KK

2) MIATzdsTiuLarirmeruduiussEinafuUsaessa faeds Pearson correlation tilamnAduUsyans
anduius (correlation coefficient; r) Tnornfildogseming -1 s 1 &1en r if1lnd 1 wanedrdaudsaosiaiiufienuduiusiu
unnuariirmadioatiu videdne r dlng -1 uanei faudsaesiitulinnuduiusiuinnuiuusiiiameesdu sy Tae
nsulanasERUTeIANLENTUS fadl A1 0.00 B9 £0.20 flmuduiuganann A1 £0.21 &1 £0.40 fauduiuden A £0.41
f14 2060 danuduiusuunas, A1 £0.61 19 +0.80 Heuduiuse uag A1 +0.81 fis £1.00 drnuduiusgsnn Gnang, 2556)

3) nM9aAs1EANduRus sl lulnd Auitlulnd arensiasieianney (regression analysis) 1ne3d Simple

regression az Multiple regression Tagltn1siaandnUslaed s i udMUTdasZLUUTUADY (stepwise regression) Ll 91

< v a = '

fuusednsnisannes (regression coefficient; b) wavduuszansnisandula (coefficient of determination; R?) famajamang

a9

WioaSureniovhuiarsudsau @lulnd) fie Auens Aund1s wasauuwEn Tnsaunsavueldainaunis
anneweg sty fe § =a+bx Wermuald § fe Adszanamdeavhuneilulnd, x fe Arvesiudssassrioiuds
viune Glulniveardesmnefidueiiiudnmimiedafnfuiuiinuauvunudn), a fe Aasivesaunisanaey Tned
a 9:.9ugadn (intercept) unu y v83auns, b fe ArduUszananisanaey (regression coefficient) 389 auUsdasy (X)

A

Tnedien b avuandnsnsidsundawesdfauls x sedn § &9 e &1en x wWaesuly 1 wihe sgvilden § wWasuly
b vty UALEINTOANBENAM AD = by+bx;+byx,+.. Ty, dlodmuald § fe auszunaviervhuisvesiaudsany
Tnedi by fe AAsiivesaunIsanass @ X; Xz Uaz Xcio Avssiulsdassviomuusyhuied 1 2 uaz k audisu waz by
bouas beAo AduUsEaNaNT1San0esaIRILUSBETE X, X2 WAy X MUEy 39 R? Ao Adaiinuansinsauds x Tuaunns
annevaINnsansuIsAiuLUsvess Uy @lulnd) tdundeaiiode TngeSuiedn Slulndveandemmefsueiil
Svsmasielulyd (e mnuniis wazeumuide) egfevazwinlng Ssduamein R x 100 duimdoasdudvina

ndawdsduilalauuniiaset @iy, 2560)

NAN1SANG
mMsfnevuIaLAnvasiLgH (Female parent) uazwugwa (Male parent)

MR IWIALAAYeIW UL Ao KDML 105-9351(57D) uagiuswe Ae Basmati LioiTouifisudiadovos
ANMNE1Y AUNTE UAZANLVLN 83T ttest WUTNANEILLAARALYEY Basmati (7.7820.15 wil.) 8130371 KDML 105-
9351(57D) (7.20+0.11 131.) aeadiiudrfaydsnsads (p<0.01) Fae1ndwvindy 0.58 wa. vausfirunirsudanieves
KDML 105-9351(57D) (2.12+0.03 131.) 031931 Basmati (1.7120.03 wx.) agrsfiduddydanieadd (p<0.01) Fansranin

WU 0.41 3. LazANURLILEALRABY8s KDML 105-9351(57D) (1.74+0.02 3131.) 9un1 Basmati (1.58+0.02 1a1.) 9&1

o o

fifddayBanneada (p<0.01) Fsvunniwiniu 0.16 1. (Table 1)

= <

msanwvuiawdn (Wlulnd) vesussunsiudn Fs
PNWANITIATUIANAAVBIUTEVINTINAR F5 1UIU 138 N8 WUIIAINETI NI19 UATUUIYOUUAALRA BLVNAY

7.95+0.63 1.99+0.14 Uay 1.63+0.06 Ui, MUa19U (Table 1 wag Figure 1) 91NN1TIATILRTEAULAS NANIIAUEUNUS

o a £% aa

sywisiilulndvesUsyansiudn Fyiiiemarduuss@ndandunus (1) 92875 Pearson correlation Wui1 ANA3IaLAL

o v AQI 13! a0

AMURULLARTiAuduRuS A uegelided 1Ay aneaiif (p<0.01) FellAnduUsyanSandusius () Wiy 0.699 wanein

<

=] Y o

AnunikarANunuRdniissiuauduiusiugeluduin vaefanuenuazanuniamdeiinuduiusiuesied
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'
v a [ Y4

o o aa ) s £ o Y . Y 2 9
PEGRIGRIEN NG (,O<OO].) FAUANFUUTLANTANFUNUS (r) LAY -0.382 LAMIIT AINUYIILAZAINUNINLUAAUTEAU

o

@

ANUFURUSAUAlWTaY duaugntaraurumaadauduiusegelulidedAgnsaia (0>0.05) (Table 2)

Table 1 Three grain size traits of KDML 105-9351(57D) (female parent), Basmati (male parent) and Fs seed population

Traits Variety name Range (mm) Mean + SD (mm) P value” Distance (mm)
KDML 105-9351(57D) 6.85 - 7.39 720+ 011 7 -
- 0.000 0.58
Grain length Basmati 7.46 - 8.17 778 +0.15
F5 seed population 6.79 -9.29 795+ 0.63
KDML 105-9351(57D) 2.05-221 212 +£0.03 7 "
- 0.000 0.41
Grain width Basmati 1.65-1.76 1.71 £ 0.03 A
F5 seed population 1.64 -2.42 199 +0.14
KDML 105-9351(57D) 1.70 - 1.79 1.74 £ 0.02 7 -
- 0.000 0.16
Grain thickness Basmati 1.54 - 1.63 1.58 +0.02 A
F5 seed population 1.49 - 1.79 1.63 + 0.06

Y T-test analysis of KDML 105-9351(57D) (female parent) and Basmati (male parent), " indicating significance at p < 0.01, SD represents

standard deviation, measurements are in millimeter (mm).

KDML 105-9351(57D)

(female parent)

Basmati

(male parent)

Fs seed

population

Figure 1 Paddy and brown rice grains of the female parent was KDML 105-9351 (57D), the male parent was Basmati,

and the grains shown belong to their F5 seed population.

Table 2 Correlation coefficients (r) were calculated using Pearson correlation analysis among three grain size traits

of the F5 seed population

Correlation coefficient (r) Grain length Grain width Grain thickness
Grain length 1.000
Grain width -0.382" 1.000
Grain thickness 0.029™ 0.699" 1.000

"indicating significance at p<0.01, ™ indicates non-significance.
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nsduvuaznseenuuUAssnefBueiludruniwiedafniuBuiintusuuunaiudn

AfeildAnuniy S1uau 83 sumis AideadestumnuaumamEad i nmsiuduteyatufnagn
wazaINNIsEUSIRUTRIETL (WGS) vasuusisl o KDML 105-9351(57D) wawitugwie Ao Basmati ainturhnsiuisuidioy
ANLUANANsTIRULUATE UL s e UTnAIsTavesBuiifinisnanefusuianing 9 léun SNP, insertion uay
deletion fidswasiensiUdsuutasmesnsnesiilu Ssdndenindo 34 dums Se 78 iaTesmane feil

nan1sAvAudeyanunAeAdeiifteazangndoyatesulay nuniemmnedidueiidudunimie
afnfuiu 10 fuvis 9 36 wdosmune el vulasluloudl 2 16un Bu GW2 war GS2 $1wau 1 waw 8 LTeavane
auau vulastulondl 3 1oun Bu GS3 waz GL3.1 S1uau 15 way 3 wdesing audsu vilaslulesy 4 16un 8w gGLab
$runu 1 wesemune uilastulew 5 16w 8u 6S5 $1uau 1 wndemune vulastuley 7 16wd By gGL7-2 waz GL7 $huau
1 uaz 4 w3y muau vulasluleu 8 laud Bu 6W8 $huau 1 wn3ewune waruulastuley 12 léun Bu qGL12

°

$1U3U 1 1A30mNNY wavnseanLUUIRSBInefSwevdn Indel fismeiuBuusaziumis annsosenuuuAde Mg
Aduefidudruniladeinfafuiiu 24 fumia Fafl 42 wdeaineg Usznaude wlemunefiduevesdy 5 dumis iy
drunilavesBu Idun Bu RGBI GW5 GWea GS7 uaz gPEY uazia3asiinefiduevesdiu 19 sumis fidadaduiu 1aun
BG3 OsBRI1 FLRZ GL1 LG1 SMG1 An-1 GL4 OsGSKZ2 GW5.1 OFP19 SMOS1 GS6 TGW6 GLW7 GS9 qTGW9 gGL10 wag
GW10
nsnsIvFBULATAnIdaniATeaneAdueiludruniluwSedadnfiuduiinsuguuunaude fuanseunandieszvdng
Wuguaduazuse waznisihluldnsasdauuszunsiudn Fs

duntemneduevesdusie 38 fuvs (78 wideane) $1sdu waTeduLarAndeniASe IS weTiudnd
AnsLAnAsEIeus LAz iudrie annsadmdenialeamnefiuevesdy 29 dumis (Table 3) Faduedosmuny
A uLauuU co-dominance e 1A3aanUERLEUETa1N50WENTENIS homozyeous waz heterozygous ¢ Tnadaiden
Suaznil wadoaune feil vulasluleud 1 fiaeomnediSuievesdu BG3 OsBRII FLR2 war GLI (Figure 2a-d)
vulpsTulond 2 findosnefsuevesdu LG1 uas SMGI (Figure 2e-f) uulashulonil 3 Sindomuneiduevesiu RGBI
(Figure 2¢) UilasTulawil 4 finSosnefiduevasdu An-1 gGLAb way GL4 (Figure 2h-) uulasluleudl 5 findewmne
Aduevesiu GS5 GW5 OsGSK2 GW5.1 OFP19 waz SMOSI (Figure 2k-p) uulaslulowdi 6 fin3eamunefiduevesdu
GS6 TGW6 waw GWea (Figure 2q-s) vulastulauil 7 Sindesnefiuenestiu GLW7 qGL7-2 GL7 wag GS7 (Figure 2t-
w) vulasluleudl 9 fnSemunefiduevesdu gPES GS9 way qTGIWY (Figure 2x-z) uvulaslulond 10 fiademune

MBuevetdu qGL10 uaz GWIO0 (Figure 2aa-ab) wazuulaslulaud 12 Sipdomuefiduevesdu g6L12 (Figure 2ac)
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Table 3 Detailed information for the 29 DNA markers of genes involved in controlling rice grain size and the insertion/deletion (indel) positions for the design of new markers

No. Genes Gene ID Protein Chr.  Reference of Type of Annotation Basmati KDML 105- Markers name Indel Distance Sources of
name function Genes mutation 9351(57D) position base DNA markers
1 BG3 050180680200 Purine permease 1 Yin et al. nonsyn.? exonl:c.G64A:p.A22T A G BG3-upl 27,991,430 11 bp new design
(2020) exon1:c.C1097A:p.A366D C A
2 OsBRI1 0s01g0718300 BR receptor 1 Yamamuro et nonsyn.? exonl:c.G145A:p.G49S A G OsBRI1-top1 29,922,992 11 bp new design
kinase al. (2000) exonl:c.G635A:p.G212D G A
3 FLR2 0s01¢0769700 Receptor-like 1 Wang et al. nonsyn?/ exonl:c.G787A:p.D263N A G FLR2-upl 32,461,601 17 bp new design
kinase (2021)
4 GL1 0s01¢0858350 Similar to 1 Zhang et al. nonsyn.” exonl:c.T182A:p.F61Y A T GL1-3UTR1 37,097,372 23 bp new design
cytochrome P450 (2021)
5 LG1 05020244300 Ubiquitin specific 2 Shi et al. nonsyn.”  exon3:c.T190A:p.L64M T LG1-5UTR1 8,135,216 12 bp new design
protease (2019) exon3:c.C274T:p.H92Y
6 SMG1 0s02g0787300 Mitogen activated 2 Duan et al. nonsyn.” exonl:c.Ad1T:p.Q14L T SMG1-topl 33,441,716 10 bp new design
protein kinase (2014)
7 RGB1 0s03¢0669200 GB subunit 3 Lietal (201%a) nonsyn?’ exond:c.A650T:p.N217! A T RGB1-In2-2 26,403,784 52 bp new design
8 An-1 0s04¢0350700 Basic helix-loop-helix q Luo et al. frameshift exon3:c.254delG:p.R85fs G - An-1-down1 16,742,550 18 bp new design
protein (2013) deletion”
9 qGL4b LOC_0s04g32730 unknown® 4 Fengetal (2016)  unknown® unknown? unknown® RM5586 19,900,128 AC(8) Feng et al. (2016)
10 GL4 0s04g0670900 GT-1-ike trinelix q Wu et al. nonsyn?’ exon1:c.T266G:p.V89G, T T GL4-lowl 34,267,996 30 bp new design
transcription factor (2017)
11 GS5 0s05¢0158500 Putative serine 5 Xu et al. nonsyn.” exon9:c.A1248C:p.E416D, A A RM574 3,450,959 CT(3) Ngangkham et
carboxypeptidase (2015) exon2:c.C382A:p.Q128K, C C al. (2018)
exon2:c.A380C:p.N127T, A A
12 GW5 0s05¢0187500 Calmodulin 5 Duan et al. unknown exon3:c.C1211G:p.Ad04G G C GW5-ex3-1 5,366,484 15 bp new design
binding protein (2017)
13 OsGSK2 0s05¢0207500 GSK3/SHAGGY-like 5 Tong et al. nonsyn.”  exon6:c.A637G:p.T213A A G OsGSK2-top1 6,656,703 15 bp new design
kinase (2012) exon12:c.G1201A:p.G401R G A
exon12:c.A1180G:p.T394A A G
exon12:c.G1169A:p.R390Q G A
14 GW5.1 0s05¢0317700 Similar to 5 Zhang et al. nonsyn.”,  exon2:c.G70T:p.A24S G T GWS5.1-topl 14,714,148 10 bp new design
Resistance protein (2021) frameshift  exon2:c.G1163A:p.R388K G A
candidate deletion”  exon2:c.A1643G:p.H548R A G
exon2:c.T1955C:p.F652S C T
exon2:c.1011_1012del:p.1337fs T -
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Table 3 Detailed information for the 29 DNA markers of genes involved in controlling rice grain size and the insertion/deletion (indel) positions for the design of new markers

(continued)

No. Genes Gene ID Protein Chr.  Reference of Type of Annotation Basmati KDML 105- Markers name Indel Distance Sources of
name function Genes mutation 9351(57D) position base DNA markers
15 OFP19 0s05¢0324600 OVATE family 5 Yang et al. nonsyn.? exonl:c.T101G:p.M34R G T OFP19-5UTR1 15,070,331 8 bp new design
protein (2018) exonl:c.T514C:p.C172R T C
exon1:c.C319A:p.Q107K C A
16 SMOS1 0s05¢0389000 AP2-type 5 Aya et al. nonsyn.Z/ exonb5:c.C521T:p.P174L T C SMOS1-top1 18,789,537 7 bp new design
transcription factor (2014)
17 GS6 0s06g0127800 GRAS family protein 6 Sun et al. nongyn_” exonl1:c.A382G:p.T128A G A GS6-topl 1,464,659 new design
(2013) exonl:c.G1723C:p.G575R C G
18 TGWé6 0s06g0623700 Protein with 6 Ishimaru et al. nonsyn.Z/ exonl:c.C546T:p.A182 C T TGW6-prol 25,094,225 9 bp new design
IAA-glucose hydrolase (2013) exon1:c.T650G:p.V347A T G
activity exon1:c.G690T:p.M230I G T
19 GWéa 0s06g0650300 GNAT-like Protein 6 Song et al. nonsyn.” exonl:c.A214G:p.S72G A G GWéa-ex1-1 26,593,262 6 bp new design
(2015)
20 GLW7 0s07g0505200 Squamosa 7 Segami et al. nonsyn.” exon2:c.A593G:p.D198G G A GLW7-3UTR 19,100,097 8 bp new design
promoter-binding like (2017)
protein
21 qGL7-2 0s07g0603100 unknown 7 Shao et al. nonsyn.Z/ exond:c.C479T:p.S160F T C indel 1 24,658,224 11 bp Shao et al.
(2010) exon10:c.A1351T:p.M451L A T (2010)
exon10:c.C1240T:p.R414W C T
22 GL7 0s07g0603300 TRM-containing 7 Zhang et al. nonsynAZ/ exon3:c.A1858G:p.5620G G A InDel1 24,669,234 11 bp Zhang et al.
protein (2020) exon3:c.C1552T:p.P518S T C (2020)
exon3:¢c.C1815G:p.N605K G C
exon3:c.G1384T:p.Ad62S G T
23 GS7 OSJNBb0039M16.23 unknown? 7 Ngangkham unknown? unknown? - 142 bp newFMGS7 24,678,280 142 bp new design
et al. (2018) insertion
24 qPE9 0s09g0441900 GY subunit 9 Li et al. (2019b) nonsyn.Z/ exon4:c.A185G:p.Y62C A G qPE%-ind-1 16,414,584 21 bp new design
exon4:c.G482A:p.S161N G A
exond:c.T554A:p.L185H T A
exon4:c.C704G:p.S235W C G
exond:c.T841A:p.C281S T A
25 GS9 0s09g0448500 Transcriptional 9 Zhao et al. nonsyn.Z/ exond:c.G667T:p.A223S T G GS9-topl 16,762,809 15 bp new design
activator (2018) exond:c.C749T:p.P250L C T
exoné:c.G778C:p.A260P G C
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Table 3 Detailed information for the 29 DNA markers of genes involved in controlling rice grain size and the insertion/deletion (indel) positions for the design of new markers

(continued)

No. Genes Gene ID Protein

name function

Chr.

Reference of

Genes

Type of

mutation

Annotation

KDML 105-
9351(57D)

Sources of

DNA markers

Basmati Markers name Indel Distance

position base

26 qTGW9 0s09g0544400 Similar to

glutathione

Niu et al. (2021)

nonsyn.?

exon3:c.C724T:p.R242C
exon3:c.C815T:p.T272M
exon3:c.G1262C:p.GA21A
exon3:c.G1742A:p.R581H
exon3:c.G2787C:p.M929I
exon3:c.C3644T:p.51215F
exon3:c.T4099C:p.F1367L
exon3:c.T4748C:p.F1583S
exon3:c.A4760G:p.K1587R
exon3:c.A5185T:p.11729F
exon3:c.T5218A:p.51740T
exon3:c.G5726T:p.519091
exon3:c.A6281C:p.E2094A
exon3:¢c.C5003G:p.A1668G
exon3:c.C5009T:p.P1670L
exon3:c.C5251G:p.P1751A
exon3:c.C5443T:p.P1815S
exon3:c.A5450G:p.D1817G

-

qTGW9-upl 21,516,173 30 bp new design

27 qGL10 0s10¢0400100 Methionyl-tRNA

synthetase

Niu et al. (2021)

nonsyn.?

exon1:c.T94G:p.S32A
exon1:c.T229G:p.Y77D
exon2:c.A931Cp.I1311L
exon3:c.T1160C:p.L387P

qGL10-down1 13,491,628 19 bp new design

28 GWi10 0s10g0515400 Cytochrome P450

subfamily protein

Zhan et al.
(2021)

nonsyn.”

exon2:c.G1642T:p.vV548L
exon2:c.A1033G:p.T345A

GW10-down2 19,889,397 13 bp new design

> 4i4 > 4 4:i> 0N N N > o 4 > > 4 4 N0 00 o o N N
O oin N 6O 0 4 6o 4 6o n 4 > 4 o 0 0 4 0 > 0 -+

29 qGL12 051250606000 Similar to Protein
kinase domain

containing

Feng et al.

(2016)

nonsyn.?

exon1:c.C449T:p.P150L
exon3:c.A1879G:p.R627G

nbs® nbs® RM2854 23,593,990 Feng et al.

nbs® G (2016)

Y Frameshift deletion was an indel mutation that altered the open reading frame due to a deletion, ¥ nonsyn. stands for "Nonsynonymous" refers to a single nucleotide mutation that results in a changed amino

acid sequence, ¥ unknown means that there is no report or clear information available at the moment, ¢ nbs stands for "no base sequence” indicating the absence of a DNA sequence, Chr. stands for chromosome,

c. stands for complementary DNA, p. refers to protein, and A, T, C, and G base are the DNA base pairs that form the genetic code in organisms.
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Figure 2 PCR amplified fragments of the 29 DNA markers located at or linked to the genes controlling rice grain size.
(@) BG3; (b) OsBRI1; (c) FLR2; (d) GL1; (e) LG1; (f) SMG1; (9) RGBI; (h) An-1; () gGL4b; (j) GL4; (k) GS5; () GWS5;
(m) OsGSK2; (n) GW5. 1; (o) OFP19; (p) SMOS1; (q) GS6; (r) TGWS; (s) GW6a; (t) GLW7; (u) gGL7-2; (v) GL7;
(w) GS7; (x) gPEY; (y) GS9; (z) qTGWSY; (aa) qGL10; (ab) GWI10 and (ac) gGL12. Lane M represented a 100 bp
DNA ladder, Lane P1 represented KDML 105-9351(57D), Lane P2 represented Basmati, and Lanes 1-16

contained samples from the F; seed population.
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Table 4 ANOVA analysis of the 29 DNA markers located at or linked to the genes and their association with the rice grain length trait in the F5 seed population

DNA g Grain length DNA g Grain length DNA g Grain length DNA g Grain length
markers g Mean SD P markers ? Mean SD P markers ? Mean SD P markers g Mean SD P
of genes 8 value of genes & value of genes 8 value of genes 8 value
BB 7.890°  0.598 BB 7.925%  0.590 BB 7.904°  0.647 BB 8.580° 0.401

BG3 BK 7.920°  0.623  0.404™ qGL4b BK 8.005° 0.721 0.897™ SMOS1 BK 8.002° 0.455 0.761™ GS7 BK 8.000° 0.477 0.000™
KK 8.052*  0.670 KK 7.949°  0.629 KK 7.961°  0.722 KK 7.551°  0.439
BB 7.951°  0.613 BB 7774 0.634 BB 7933  0.621 BB 7.980° 0.611

OsBRI1 BK 7.729°  0.467  0.331™ GL4 BK 8.249° 0476 0.013 GS6 BK 7.871°  0.641 0.630™ qPE9 BK 8.100° 0.549 0.091™
KK 8.013° 0.684 KK 8.002°  0.625 KK 8.023*  0.641 KK 7.820° 0.674
BB 7.901° 0.585 BB 7.778°  0.552 BB 7.807°  0.581 BB 7.914° 0.626

FLR2 BK 7.984° 0703  0.650™ GS5 BK 8.045%  0.660  0.047" TGWé BK 8.036® 0.729 0.041" GS9 BK 8.206° 0.436 0.122"
KK 8.009°  0.657 KK 8.053%  0.651 KK 8.088%  0.616 KK 7.919° 0.661
BB 7.966°  0.666 BB 7.878°  0.582 BB 7.843°  0.597 BB 7.778° 0535

GL1 BK 7.812%  0.619  0.630™ GW5 BK 8.032°  0.699 0.480™ GWéa BK 7.968%  0.670 0.134™ qTGW9 BK 8.227% 0535 0.007"
KK 7.972° 0615 KK 7.995°  0.647 KK 8.082°  0.631 KK 7.915° 0.636
BB 7916 0578 BB 7.982%  0.625 BB 8.006®  0.592 BB 8.067% 0.666

LG1 BK 8.119° 0552 0.535™ OsGSK2 BK 7.946° 0580 0.852™ GLW7 BK 8.238° 0.700 0.031 qGL10 BK 7971% 0.619 0.418™
KK 7.938°  0.676 KK 7.916°  0.653 KK 7.841°  0.606 KK 7.891° 0.615
BB 8.130° 0.634 BB 7.864°  0.627 BB 8.530°  0.423 BB 7.761°  0.601

SMG1 BK 8.112° 0.383  0.000” GW5.1 BK 8.221° 0481 0.063™ qGL7-2 BK 7.986° 0399  0.000” GW10 BK 8.123* 0.608 0.024"
KK 7.608°  0.565 KK 7929 0.659 KK 7543 0.433 KK 8.007%  0.630
BB 7.862°  0.602 BB 7.917°  0.620 BB 8.557%  0.416 BB 8.015% 0.649

RGB1 BK 7.959° 0598  0.385™ OFP19 BK 8.210° 0.512 0.189™ GL7 BK 8.009°  0.382  0.000” qGL12 BK 7.889° 0.523 0.564"™
KK 8.027°  0.664 KK 7909  0.658 KK 7543 0.433 KK 7.910° 0.684
BB 7.908°  0.592

An-1 BK 7953 0.647  0.901™

KK 7.969° 0.641

" indicating significance at p<0.01, “indicates significance at p<0.05, ™ indicates non-significance, SD represented the standard deviation of the phenotype, BB represented individuals homozygous
for Basmati allele, BK represented individuals heterozygous for Basmati and KDML 105-9351(57D) alleles, and KK represented individuals homozygous for KDML 105-9351(57D) allele, * &< were
ranked using the LSD test.
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Table 5 ANOVA analysis of the 29 DNA markers located at or linked to the genes and their association with the rice grain width trait in the F5 seed population

DNA g Grain width DNA g Grain width DNA g Grain width DNA g Grain width
markers ? Mean sD P markers ? Mean SD P markers ? Mean SD P markers ? Mean sD P
of genes 8 value of genes 8 value of genes 8 value of genes & value

BB 1.988% 0.139 BB 1.998%  0.154 BB 2.007°  0.130 BB 1.866°  0.096
BG3 BK 1.975% 0.155 0.774™ qGL4b BK 2.015° 0.131 0.474™ SMOS1 BK 1.968° 0.162 0.413™ GS7 BK 1.947°  0.114  0.000”
KK 1.999*  0.132 KK 1977 0.134 KK 1.984*  0.131 KK 2.077°  0.103
BB 1.977°  0.134 BB 2.007°  0.136 BB 1.978° 0.145 BB 1.982°  0.117
OsBRI1 BK 2.055% 0.156  0.158™ GL4 BK 1.996° 0.136 0.413™ GS6 BK 1.999°  0.130 0.624™ qPE9 BK 1.965° 0.158  0.285™
KK 1.988" 0.142 KK 1.973%  0.143 KK 2.003* 0.134 KK 2.010* 0.140
BB 1.984°  0.140 BB 1.984°  0.131 BB 1.966%  0.126 BB 1.993°  0.122
FLR2 BK 1.969* 0.156  0.528™ GS5 BK 1.982*  0.134  0.870™ TGWé BK 1.974*  0.179  0.089™ GS9 BK 1.930* 0.163  0.197™
KK 2.007*  0.130 KK 1.996%  0.151 KK 2.021* 0.135 KK 1.999°  0.147
BB 1.986° 0.134 BB 1.994%  0.148 BB 1972 0.130 BB 1.992%*  0.103
GL1 BK 1.993*  0.154  0.204™ GW5 BK 1.952*  0.115 0.374™ GWéa BK 1.997*  0.160 0.419™ qTGW9 BK 1.933° 0146  0.021°
KK 1.988%  0.137 KK 1.999%  0.140 KK 2.007*  0.140 KK 2.015*  0.149
BB 1.997*  0.149 BB 1.983*  0.140 BB 1.963*  0.146 BB 1.986* 0.134
LG1 BK 2.009* 0.125 0.658™ OsGSK2 BK 1.945*  0.164  0.208™ GLW7 BK 1.968*  0.117 0.185™ qGL10 BK 1.993*  0.154  0.979™
KK 1.979°  0.137 KK 2.009* 0.128 KK 2.009* 0.140 KK 1.988°  0.137
BB 1.972*  0.132 BB 2.010* 0.125 BB 1.865°  0.098 BB 1.956*  0.131
SMG1 BK 2.007* 0.175 0.341™ GW5.1 BK 1.936%  0.164  0.095™ qGL7-2 BK 1.974°  0.089  0.000” GW10 BK 1.982°  0.130 0.056™
KK 2.007*  0.134 KK 1.987¢  0.140 KK 2.076* 0.101 KK 2.021* 0.147
BB 2.009° 0.135 BB 2.000* 0.127 BB 1.862°  0.098 BB 1.993*  0.142
RGB1 BK 1.995% 0.145 0.282™ OFP19 BK 1.908°  0.154 0.037" GL7 BK 1.963°  0.091 0.000” qGL12 BK 1.997°  0.131  0.754™
KK 1.967% 0.141 KK 2.000* 0.144 KK 2.076* 0.101 KK 1.975°  0.146
BB 2.001* 0.141
An-1 BK 1.986* 0.147  0.839™

KK 1.983*  0.136

™ indicating significance at p<0.01, “indicates significance at p<0.05, ™ indicates non-significance, SD represented the standard deviation of the phenotype, BB represented individuals homozygous
for Basmati allele, BK represented individuals heterozygous for Basmati and KDML 105-9351(57D) alleles, and KK represented individuals homozygous for KDML 105-9351(57D) allele, * &< were
ranked using the LSD test.
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Table 6 ANOVA analysis of the 29 DNA markers located at or linked to the genes and their association with the rice grain thickness trait in the F5 seed population

DNA g Grain thickness DNA g Grain thickness DNA g Grain thickness DNA g Grain thickness
2 2 2 2
markers 2 Mean SD P markers 2 Mean SD P markers e Mean SD P markers 2 Mean SD P
of genes ] of genes 8 of genes 8 of genes &
value value value value
BB 1.630°  0.065 BB 1.636%  0.054 BB 1.642%  0.063 BB 1.604°  0.054
BG3 BK 1.619° 0.054  0.070™ qGL4b BK 1.6472 0.059  0.508™ SMOS1 BK 1.614° 0.055 0.066™ GS7 BK 1.622° 0.066 0.000™
KK 1.650° 0.059 KK 1.630° 0.066 KK 1.640° 0.061 KK 1.656° 0.056
BB 1.628%  0.060 BB 1.645%  0.066 BB 1.626  0.059 BB 1.646%  0.062
OsBRI1 BK 1.637*  0.061  0.459™ GL4 BK 1.655°  0.055  0.027" GS6 BK 1.647°  0.061 0.233™ qPE9 BK 1.618* 0062 0.112™
KK 1.642% 0.064 KK 1.620° 0.056 KK 1.642% 0.066 KK 1.637° 0.059
BB 1.627*  0.062 BB 1.629°  0.056 BB 1.614°  0.051 BB 1.637*  0.061
FLR2 BK 1.626* 0.055 0.120™ GS5 BK 1.634°  0.054 0.706™ TGW6 BK 1.622°  0.061 0.000" GS9 BK 1.635*  0.069  0.665™
KK 1.650% 0.062 KK 1.639% 0.068 KK 2.622° 0.062 KK 1.621° 0.061
BB 1.621°  0.063 BB 1.638%  0.060 BB 1.619°  0.056 BB 1.632%*  0.053
GL1 BK 1.664°  0.073  0.025 GW5 BK 1.620°  0.048  0.445™ GWéa BK 1.628°  0.057 0.004” qTGW9 BK 1.612°  0.063  0.033
KK 1.639%  0.052 KK 1.636°  0.067 KK 1.657°  0.065 KK 1.646*  0.063
BB 1.629°  0.063 BB 1.638%  0.062 BB 1.627°  0.059 BB 1.653*  0.066
LG1 BK 1.650% 0.060  0.495™ OsGSK2 BK 1.624% 0.077 0.683™ GLW7 BK 1.642% 0.058  0.605™ qGL10 BK 1.634° 0.063 0.123™
KK 1.635%  0.060 KK 1.633*  0.055 KK 1.636°  0.064 KK 1.626*  0.058
BB 1.632% 0.062 BB 1.635% 0.053 BB 1.604° 0.056 BB 1.615° 0.057
SMG1 BK 1.645% 0.067  0.692™ GW5A.1 BK 1.639% 0.085 0.833™ qGL7-2 BK 1.622° 0.061  0.000™ GW10 BK 1.636®  0.059 0.014"
KK 1.632°  0.059 KK 1.630°  0.060 KK 1.657°  0.056 KK 1.650*°  0.063
BB 1.633% 0.055 BB 1.636% 0.051 BB 1.602° 0.056 BB 1.641° 0.064
RGB1 BK 1.643*  0.078  0.659™ OFP19 BK 1.623*  0.083 0.730™ GL7 BK 1.626® 0.058  0.000" qGL12 BK 1.641*  0.061  0.129™
KK 1.630% 0.059 KK 1.636% 0.066 KK 1.657°% 0.056 KK 1.618° 0.057
BB 1.640% 0.059
An-1 BK 1.627*  0.055 0.636™

KK 1.635%  0.066

" indicating significance at p<0.01, “indicates significance at p<0.05, ™ indicates non-significance, SD represented the standard deviation of the phenotype, BB represented individuals homozygous
for Basmati allele, BK represented individuals heterozygous for Basmati and KDML 105-9351(57D) alleles, and KK represented individuals homozygous for KDML 105-9351(57D) allele, 2 ¢ were
ranked using the LSD test.
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Table 7 Correlation coefficients (r) were calculated using Pearson correlation analysis of the 29 DNA markers located
at or linked to the genes and their relationship with three grain size traits in the F5 seed population

DNA markers Grain length Grain width Grain thickness

of genes r P value r P value r P value
GL7 0.745 0.000" -0.711 0.000" -0.414 0.000"
qGL7-2 0.738 0.000” -0.711 0.000” -0.403 0.000”
GS7 0.725 0.000" -0.681 0.000" -0.381 0.000”
TGWS6 -0.209 0.014" -0.181 0.034" -0.363 0.000"
GWéa -0.171 0.045" -0.111 0.194™ -0.273 0.001"
SMG1 0.369 0.000” -0.117 0.170™ -0.005 0.955"™
GS5 -0.195 0.022" -0.040 0.645™ -0.072 0.403"™
GW10 -0.164 0.055"™ -0.204 0.016" -0.246 0.004"
GL4 -0.158 0.065™ 0.113 0.186"™ 0.193 0.023"
qGL10 0.113 0.186"™ -0.003 0.973™ 0.171 0.045"
BG3 -0.110 0.198"™ -0.030 0.724"™ -0.135 0.116™
OsBRI1 -0.037 0.670™ -0.048 0.576™ -0.107 0.213™
FLR2 -0.078 0.364" -0.064 0.456" -0.156 0.068"™
GL1 -0.003 0.971"™ -0.010 0.912 -0.143 0.094"
LG1 -0.011 0.897™ 0.063 0.461™ -0.040 0.641™
RGB1 -0.118 0.168"™ 0.135 0.116™ 0.022 0.797™
An-1 -0.038 0.660™ 0.047 0.586"™ 0.015 0.865™
qGL4b -0.012 0.891"™ 0.078 0.365™ 0.053 0.537"™
GW5 -0.086 0.314™ -0.011 0.899"™ 0.013 0.882"™
OsGSK2 0.049 0.571"™ -0.084 0.325™ 0.040 0.645™
GWS.1 -0.050 0.560"™ 0.077 0.371"™ 0.036 0.674"™
OFP19 0.001 0.987"™ 0.007 0.930™ 0.004 0.958"™
SMOS1 -0.040 0.641"™ 0.073 0.395"™ 0.021 0.809"
GS6 -0.056 0.516™ -0.081 0.344"™ -0.125 0.143™
GLW7 0.137 0.108"™ -0.151 0.077™ -0.058 0.497"™
qPE9 0.118 0.168"™ -0.092 0.283"™ 0.048 0.578"™
GS9 -0.001 0.995"™ -0.025 0.771"™ 0.014 0.869"™
qTGW9 -0.062 0.468"™ -0.097 0.260™ -0.122 0.154"
qGL12 0.076 0.377™ 0.050 0.563™ 0.152 0.075™

" indicating significance at p<0.01, "indicates significance at p<0.05, ™ indicates non-significance, and r represented correlation coefficient
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windeiu \6un SMG1 GLA GS5 TGW6 GWeéa qGL7-2 GL7 GS7 GL10 waz GW10 wudlulndvenaiesnefibuienes

o o

Bu 3 fuvius Ao g6L7-2 GL7 waz 657 vulaskilendl 7 SanuduiusiueefitudfayBanseda (p<0.01) (Table 8)

Table 8 Correlation coefficients (r) were calculated using Pearson correlation analysis of the genotypes of 10 DNA
markers located at or linked to the genes

DNA markers  chr. Gene SMG1 GL4 GS5 TGWé GW6a qGL7-2 GL7 GS7 qGL10 GWI10
of genes position” (bp)
SMG1 2 33,442,070 - 1.000
33,443,948
GL4 4 34,231,186 — -0.161™ 1.000
34,233,221
GS5 5 3,439,304 - -0.148™ 0.074™ 1.000
3,443,769
TGW6 6 25,093,242 - -0.012™ -0.012™ 0.029™ 1.000
25,094,294
GWé6a 6 26,591,905 - 0.060™ -0.020™ 0.064™ 0.843" 1.000
26,593,464
qGL7-2 7 24,654,907 - 0171 -0.159™ -0.072™ 0.004™ -0.048™ 1.000
24,659,846
GL7 7 24,664,328 — 0.178 0.172° -0.089™ -0.008™ -0.061™ 0.992" 1.000
24,669,321
GS7 7 24,677,608 - 0.161™ -0.141™ -0.059™ -0.027™ -0.081™ 0.960" 0.962" 1.000
24,679,267
qGL10 10 13,467,597 - -0.076™ 0.240" 0.137™ 0.044™ 0.005™ 0.058™ 0.030™ 0.060™ 1.000
13,469,366
GW10 10 19,863,346 — 0.034™ -0.117™ 0.073™ 0.153™ 0.147™ 0.027™ 0.018™ 0.022™  0.030™  1.000
19,865,997

YGene position from RAP-DB and GenBank database, ™ indicating significance at p < 0.01, “indicates significance at p < 0.05, ™ indicates

non-significance, and Chr. stands for chromosome. Correlation coefficients are shown using Pearson analysis, which range from -1 to 1.
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Tnenuin senindlulndvesaIommnefiduevesdu q6L7-2 wae GL7 J61 r winfu 0.992 seninsdlulndvessdomuney
ABuere3du qGL7-2 way GS7 TAn r WdU 0.960 warseninadlulndveundemunefiduevesdu GL7 uag GS7 fifn r
Wi 0.962 uansindlulndvesaiowsnoiduevesdu 3 dunis dszduauduiusiugaunnludeuan Wensaaey
AUrUaesduRIngnd wuln Bu qGL7-2 uay GL7 agvnaiuiles 4,482 bp uagdu GL7 wag GS7 agvineiuiiies 8,287 bp
winu eBurta 3 dumiseglnduuin uenanddemudn Flulnduendomunefiuevedu TGWe uay GWea
vulastulend 6 fanuduiustuesradfod@nydmneadn (p<0.01) eiid r Wiy 0.843 wansirdlulndveuaiomune
Muevesdu TGWs waz GWea fsziumnuduiusiugsnnludeuin duflensinaeudumisuedu T6Ws was GWea
WuIB 2 el 99U 1,497,611 bp (Table 8)

MIeszionnanegednedieds Simple regression senindlulndvennsomuneiidue fudnvaraue
Aunde wazaunuedn @lulnd) sesszansudn Fs i emnardudssans uansnsiadula (coefficient of
determination; R?) wu31 3lulndveuademmneduevesdy 7 sums fuanugnwaniauduiussunsain Tnowu
Flulndvenns oanunefiduerosdu ¢ funus Iiun GL7 qGL7-2 GS7 wag SMGI fuausrnudadainuduius

=

agalifuddnyBmnsada (p<0.01) wardlulndvenaionnnefiduovesBudn 3 duvia ldun TeWs GWea way GS5 fu
AnEINandanuduius el teddyn1eadf (p<0.05) F331nd1 a uay b Aiuanddu Table 9 awnsaldviune
AiiTulnd Ao Amernudn (§) lased sTulndvosaIosmnefiduevesdu GL7 fe1 a Wwihdu 7.540 wazAn b Wiy
0.506 laaun15vue § = 7.560 + 0.506 GL7 wansi1 d13lulndvenademmneisuevesdu 6L7 lasadasnme
(Basmati) Wfiadu 1 §ada vilrauewda (1) Wnidu 0.506 uy. warilulndvsaniosmneiduevesiu GL7 aunsa
gaUpANMuULYSTEIRILETILER (R) 16 55.51% (Table 9) vhusuigafudlulndveuniswmnemsuevosduy qGL7-2,
GS7 uay SMG1 &silen b wihiu 0.493, 0.512 uay 0.254 ALy Lanei dlddadasnrefiudy 1 dada vil¥aiuen
Wi (9) Waduduiienty deswin b danduvin wardlulndvenniommneiiduevesdu qGL7-2 GS7 uay SMGI
aunsnesungAnuiunlsesRNeLdn (RY) 16 54.50 52.61 uaz 13.59% anuasu (Table 9)

Tunnsetudy Sulndvesedommneiiuevedu TeWs fim a Wity 8.102 waze b Wiy -0.142 leaunis
Y¥une § = 8.102 - 0.142 TGW6 wansin d3lulndvenedeamuneiisuevesdu T6Ws lasadaanweliiuiu 1 sada
Wlvanuenwdn (§) anas 0.142 uy. wazdlulnivenedemunemiduevesdu TaWs awsaesuieauiuUsvesa
g1udn (R 16 4.37% (Table 9) vhueudsrfuilulnivenaiewmunefiduovesdu GWea uaz GS5 Fsiie b windy
20.120 uay -0.135 mudnsu uanei dldsadaonrafiudy 1 sada vinlenuenwdn () anaaduioaty Wedsnn
b frnduau uazdlulndvesaiomnefiSuevesdu GWea waz GS5 aunsaeiusaruiuLUsvesauewan (R 16
2.93 uaz 3.79% Muddu (Table 9) drudlulndvoundownefiueiivie 22 sunis Auanuenudn Sruduius
pgsliifidudrAyneada (0>0.05)

nansineludnuazanuniiaudn wuin Slulndvenndemunefiduievesdu 5 dunis fupnuniiaudn
fanuduiusiumsada Taenu Slulndvenndomuefiduevesdu 3 duvs un GL7 gGL7-2 uag GS7 fuaruning
wnfinnuduiusiuegneiifodfyBonneadd (p<0.01) uarilulndveuedemmnefduevesdudn 2 dumis Iiud Tawe
war GWI10 fuanuniradadianuduiusesadiedfymeadn (p<0.05) lnenuilulndvenndomunefiduovesdiu
qGL7-2 dAn a windu 2.077 wagAn b dv -0.106 laaun1syiune § = 2.077 - 0.106 gGL7-2 wanean a13lulndaes
\3omneiduevesty g6L7-2 dadannrafiaty 1 Sada wilvanuniiauda (1) anas 0.106 uy. wazdlulndves

\A3DILNEALEULBYBIBU gGL7-2 @ansaesungaNEuLUsTRIAUNIsLan (RY) 16 50.62% (Table 9)
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Table 9 Simple regression analysis of the 29 DNA markers located at or linked to the genes and their relationship with three grain size traits in the F5 seed population

DNA markers Grain length Grain width Grain thickness

of genes a b SE R? (%) P value a b SE R? (%) P value a b SE R? (%) P value
GL7 7.540 0.506 0.039 55.51 0.000" 2.076 -0.107 0.009 50.54 0.000” 1.656 -0.027 0.005 17.13 0.000"
qGL7-2 7.539 0.493 0.039 54.50 0.000" 2.077 -0.106 0.009 50.62 0.000" 1.656 -0.026 0.005 16.27 0.000"
GS7 7.542 0.512 0.042 52.61 0.000" 2.074 -0.107 0.010 46.31 0.000” 1.655 -0.026 0.005 14.52 0.000"
TGW6 8.102 -0.142 0.057 4.37 0.014" 2.018 -0.027 0.013 3.26 0.034" 1.660 -0.024 0.005 13.17 0.000"
GWéa 8.084 -0.120 0.059 293 0.045" 2.008 -0.017 0.013 1.24 0.194" 1.655 -0.019 0.006 7.44 0.001"
SMG1 7.652 0.254 0.055 13.59 0.000" 2.010 -0.018 0.013 1.38 0.170"™ 1.634 0.000 0.006 0.00 0.955™
GS5 8.074 -0.135 0.058 3.79 0.022" 1.994 -0.006 0.013 0.16 0.645" 1.639 -0.005 0.006 0.51 0.403"
GW10 8.061 -0.118 0.061 268 0.055™ 2.020 -0.033 0.013 4.16 0.017" 1.650 -0.017 0.006 6.06 0.004™
GL4 8.043 -0.107 0.057 245 0.065" 1974 0.017 0.013 1.28 0.186™ 1.623 0.013 0.006 3.73 0.023"
qGL10 7.890 0.087 0.065 1.28 0.186™ 1.989 -0.001 0.015 0.00 0.973™ 1.625 0.013 0.006 292 0.045
BG3 8.039 -0.079 0.061 1.22 0.198" 1.994 -0.005 0.014 0.09 0.724" 1.645 -0.009 0.006 1.81 0.116"
OsBRI1 7.980 -0.025 0.058 0.13 0.670" 1.997 -0.007 0.013 0.23 0.576"™ 1.643 -0.007 0.006 1.14 0.213"
FLR2 8.016 -0.055 0.060 0.61 0.365™ 2.001 -0.010 0.013 0.41 0.456™ 1.647 -0.011 0.006 242 0.068™
GL1 7.952 -0.002 0.057 0.00 0.971" 1.990 -0.001 0.013 0.06 0.912" 1.644 -0.009 0.006 2.05 0.094"
LG1 7.956 -0.007 0.058 0.01 0.897™ 1.990 -0.001 0.013 0.40 0.461™ 1.636 -0.003 0.006 0.16 0.641"
RGB1 8.030 -0.083 0.060 1.39 0.168" 1.968 0.021 0.013 1.81 0.116™ 1.633 0.002 0.006 0.05 0.797"
An-1 7.972 -0.029 0.066 0.14 0.660™ 1.983 0.008 0.015 0.22 0.586" 1.633 0.001 0.006 0.02 0.865"
qGL4b 7.956 -0.008 0.060 0.01 0.891" 1.980 0.012 0.013 0.60 0.365" 1.631 0.004 0.006 0.28 0.537"
GW5 8.013 -0.060 0.059 0.75 0.314" 1.990 -0.002 0.013 0.01 0.899™ 1.633 0.001 0.006 0.02 0.882"
0sGSK2 7916 0.033 0.058 0.24 0.571™ 2.002 -0.013 0.013 0.71 0.325™ 1.631 0.003 0.006 0.16 0.645"
GWA.1 7.985 -0.034 0.059 0.25 0.560" 1.977 0.012 0.013 0.59 0.371" 1.632 0.002 0.006 0.13 0.674"
OFP19 7.949 0.001 0.057 0.00 0.987™ 1.987 0.001 0.013 0.01 0.930" 1.634 0.000 0.006 0.00 0.958"
SMOS1 7.980 -0.029 0.063 0.16 0.641" 1.976 0.012 0.014 0.53 0.395" 1.633 0.001 0.006 0.04 0.809"
GS6 8.000 -0.040 0.061 0.31 0.516" 2.005 -0.013 0.014 0.01 0.344" 1.645 -0.009 0.006 1.57 0.143"
GLW7 7.876 0.096 0.059 1.88 0.108™ 2.007 -0.023 0.013 227 0.077™ 1.637 -0.004 0.006 0.34 0.497™
qPE9 7.871 0.088 0.064 1.39 0.168" 2.002 -0.015 0.014 0.85 0.283" 1.631 0.003 0.006 0.23 0.578"
GS9 7.950 0.000 0.057 0.00 0.995" 1.992 -0.004 0.013 0.06 0.771" 1.633 0.001 0.006 0.02 0.869"
qTGW9 7.987 -0.046 0.063 0.39 0.468" 2.002 -0.016 0.014 0.93 0.260™ 1.641 -0.009 0.006 1.49 0.154"
qGL12 7.886 0.056 0.063 0.57 0.377™ 1.979 0.008 0.014 0.25 0.563™ 1.622 0.011 0.006 2.31 0.075™

“indicating significance at p<0.01, “indicates significance at p<0.05, "™ indicates non-significance, 9 represented the predicted phenotype (including grain length, grain width, and grain thickness), X represented the genotype of DNA

markers, @ represented the constant term, 0 represented the regression coefficient, SE represented Standard Error, and R? represented the coefficient of determination.
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Wussieatuilulndvenndesmnefidulevesdu GL7 GS7 GWI0 way TGW6 daiian b wiafu -0.107 -0.107
-0.033 wag -0.027 AuddU wanin dlddadaninweriiniu 1 dada vildanuniauda (§) anasduieaiu iesin
b fanduau uazdlulndvsuedemwmnefduevesdu GL7 GS7 GWI0 uas TEWE @unsnesuienuiuulsaasninuniig
wan (R 16 50.54 46.31 4.16 waz 3.26% nua1du (Table 9) @rudlulndaosndswmunefiduedinde 24 sfuns
AuAnunsudeiinnuduiusedslifideddamiseia (0>0.05)

nansanwludnwazauuwEn wuin Slulndveadesmnefiduevesdu 8 funus AuAnuuLLEe

Heudusiusiuneans lnewu ulndveansomunefiouevesdu 6 dunds lawn GL7 gGL7-2 GS7 TGW6 GW6a wag

'
°o v a

GW10 fupnunutudaianuduiusiusdsldeddgdmneais (p<0.01) wazilulndveunsosmneiiduovesdu

o

< A

80 2 sunus tawn GL4 wag gGL10 Auarunutuanilnudunusogiided1Agyn1sads (p<0.05) Tnewuilulndves
WS amneRLEuevesiy GL7 §iAn a Wity 1.656 wazan b Wity -0.027 ldaun1sviung § = 1.656 — 0.027 GL7 ugasin
f3lulndveaedemuneiiduovedu GL7 Iidadannvefiudu 1 dada vilranumunude (§) anad 0.027 uy. uas
Fulndrenndomuneiiduevesdu GL7 aunsaeduisauiuwUsvesnnunuiwda (R 16 17.13% (Table 9) viues
WeatuiTulndveaas samunefduienesdu qGL7-2 GS7 TGW6 GWéa way GWI10 @ siid b iy -0.026 -0.026
-0.024 -0.019 wa -0.017 Muddu wanei1 aldsadanvieiuiu 1 dada ilvauvuiwsa (§) anaaguiieaiu
ilesnn b Fenduau wazdlulndveandemuefidueedu gGL7-2 GS7 TGW6E GWea way GWI0 d13nsnesuieniy

SuwUsvoInunuEn (R 18 16.27 14.52 13.17 7.44 1ag 6.06% aud1au (Table 9) Tunnsasaiudy lulndves

N

S eamnefSuevedu GL4 way gGL10 ailan b winfu 0.013 uay 0.013 audyu wansin d1ldsadaainweiinty
1 §ada vlfaruvuwda () Wndy 0.013 uay 0.013 mudy Wesen b fAnduuan wazilulndvesaisamuny
Aowevesdu GL4 uay qGL10 @nsneduigaudukUTresnunuLan (R) 16 3.73 way 2.92% auaisu (Table 9)
drwilulndveaiomuneiduweiinge 21 sumis furrumnudaiinuduiusesdlifideddyneada (0>0.05)
PNRansAnwanaegeg1sitsenieilulndvenaIosmnefiduevesdu 29 duvis furmnwdavesszins
wana Fs 1adunuin Sulndveusdemuneiduovesdu 7 sumis léwa GL7 gGL7-2 GS7 SMG1 TGW6 GWeéa wag GS5
fumnuewEadanuduiusfunsads vaefistulndveund osmunefiduevedu 5 sumds Wdud 6L7 gGL7-2 GS7
TGW6 wag GWI0 fuaruniraudafinanuduiusfun1eads wagdlulndvenndomunefiduovesdu 8 duvvs léud
GL7 qGL7-2 GS7 TGW6 GW6a GWI10 GL4 wae qGL10 fuaununudadaiuduius funisads Saiias e
ﬁLﬁuLamaﬁﬁmﬁmmxﬁamaawmm@haiﬁ Multiple regression \fiefnsanuduiussenindlulndvenedemnefidue
unnImTasums fuste 3 dnvar MnramsieTERimmaerssiunuduTugssrialulndveuate e S e
H19sfu wuin FlulndveanIeamnefiduievesdu GL7 g6L7-2 wag 657 vulastulend 7 farwduriusiugs Wwudeaty
Fulnduvenniomunefiduovesdu T6Ws uaz GWea vulasluleudi 6 Faflan r 11nndn 0.80 (Table 8) wiolilviAndaym

1w

multicollinearity {AnTuLilafiuusdasenanedafimdulseAnsanduius () Asut1ege Jedmasodudssansuaninis

AndulawazatUszunanismdsasatosiian (R fA1ae enawdsanlidniuusdass lufianuduiusmieada dionviilvins

Y

o

FaaulaRanaald SeldnsdenshuusinedSiiusuusdassuuuiudu (stepwise regression)
nMslineionnosnyaaiioviaduyseansnsdndulavessunuuiiaian edinev Slulnduesnieamng
Aoutovesdu 7 dunus taun GL7 qGL7-2 GS7 SMG1 TGW6 GW6a waz GS5 NUANEMEAINEIINAN HaUsIngi)
FulndvenmdomnefiBuevesdu 3 dumia Ao GL7 SMGI way TGW6 fnaseninueiwdnegrsfidoddnydomnadn
(0<0.01) uazaNInTINFUESUIBANLAULUSTRIRNEERLS 64.15% Tne@idlulndveuaiemnefiduevedu 6L7 i
NasioANNEILERLNTIaR FellAn b Wiy 0475 sesaan fe IlulndveweSemnefiduevestu SMGT way TGWs Bl

A1 b winiu 0.162 way -0.135 mud1ny leaunsviiune § = 7.519 + 0.475 GL7(X1) + 0.162 SMG1(X2) - 0.135 TGW6(X3)
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wansid3lulndeandosmunefiuedns 3 fumids wilouwsl (KOML 105-9351(57D)) A KK, KK way KK A21ae1is&n
() wiriu 7.519 wu. iedmuslidlulndeenndewmunefiduievesdu SMGI(x) uaz TGWE(Xs) Asii wazidadasnie
(Basmati) ¥091A3 0o Sulevesdiy GL7(x:) sty 1 §ada sevirlianueawda (§) wiindu 0.475 uy. Tuviues
ety efvualislulndeesaiemmnemsuevedu GL7X) way TGWE(Xs) Al wasiidadasnnevenad oy

a & ]

ABUDURITU SMG1(X) WiNTU 1 dada azvhlvinuenudn (§) W@y 0.162 uy. wiilaivuslidiulndveansaswaney
AOUBVDITU GL7(X) kA SMGI(X2) AST Laziidadaannneveuasamunenlduevesiu TGWE(Xs) LT 1 dada awyinli
AMUEIULAR (§) anag 0.135 uu. (Table 10) ey S1dosnsiinaLeuandasfndondy GL7 uwag SMGI Thildada

Willaune Aa Basmati wazAnaendu TGW6 tisaaawmilauld Ae KDML 105-9351(57D)

Table 10 Multiple regression analysis of the DNA markers located at or linked to the genes and their relationship

with three grain size traits in the F5 seed population

Traits DNA markers Regression models SE Adjusted P value
of genes (X) P =bytb;x;thyx,+. +byx; R2
£ GL7(X1) .
g o - ) 0068 06415  0.000
5 MGI0%) Y =7519 + 0.475 GL7(X1) + 0.162 SMG1(X2) - 0.135 TGW6(X3)
g TGW6(X3)
% qGL7-2(X4) o
2 o . Xy - ) 0016 05539  0.000
: GW100K6) ¥ =2.126 - 0.105 gGL7-2(X4) - 0.026 GW10(Xs) - 0.023 TGW6(X3)
S TGW6(X3)
5 GL7(X1)
C TS
< TGW6(X3) § = 1.684 - 0.028 GL7(X;) - 0.023 TGW6(X3) + 0.016 GGL10(X) 0009 03660 0.000
= qGL10(Xe) - 0.014 GW10(Xs)
5 GWI0(Xs)

"indicating significance at p<0.01, y represented the predicted phenotype (including grain length, grain width, and grain thickness), bo represented
the constant term, b represented the regression coefficient, Xz represented the genotype of the DNA marker of the GL7 gene, X2 represented the
genotype of the DNA marker of the SMG1 gene, Xs represented the genotype of the DNA marker of the TGW6 gene, X4 represented the genotype
of the DNA marker of the qGL7-2 gene, Xs represented the genotype of the DNA marker of the GWI0 gene, X6 represented the genotype of the
DNA marker of the gGL 10 gene, SE represented Standard Error, and R? represented the coefficient of determination.

dlotmszidlulndvenaIomunefiduevesdiu 5 dunis lowa GL7 gGL7-2 GS7 TGW6 way GWI0 fudnuos
aunadn sausingd Sulndvesadonunefduevesdu 3 dumis Ao qGL7-2 GWI0 way TGW6 dxareauniig
winegnafiveddyBmeadn (0<0.01) wazasaswiusiuemuiuwsveseun audnld 55.39% Taefislulndves
indesinefiduevesdu gGL7-2 fuaremnuniruudauniian e b iy -0.105 se%a9n Ae Flulndveusiesmune
MBueresdu GWI0 uaz TGWe Fadien b wiriu -0.026 wag -0.023 mugsu ldaun1sviune § = 2,126 - 0.105 gGL7-
2(X4) - 0.026 GW10(Xs) - 0.023 TGW6(xs) uansindnalulnlvenniemuneiduiens 3 dums mileuusl fo KK KK uay KK
Aun1aEn (§) Wity 2.126 uu. Werhuuelidlulndveadesmunefiduevesdiu gGL7-2Xs) way GWI0(Xs) asil uaz
fsadannnevoandsamunefiulevesdu TaWs(xs) 1iadu 1 §ada sxvinlianunirawsn ( y) anas 0.023 .

lwhuesfeaiu Wermwuelidlulndvesaiommnefdulevesdu qGL7-2(Xs) wag TGWE(Xs) Asil Lazlidadaaintioves

\AS BINUNEALOUBYDIBY GWIO0(Xs) WiNTU 1 dada agvilimunitaudn (§) anads 0.026 uu. visawilaivualdlulnd
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YOUAIDIMUEFSUEVRITU GWIO0(Xs) way TGWE(Xs) Aafi waviisadaainnovenadewmunefduievedu q6L7-2(xs)
Wisdu 1 Sada axvilanuniasn ( ¥ ) anag 0.105 w3, (Table 10) ot Erdsnsiiuenuniadedesdnidentuie
3 G AB gGL7-2, GWI0 waz TGWs Tnilsadamilounil As KDML 105-9351(57D)

dlodmszidlulndvenaiosnefiduevesdu 8 fuwnds Weun GL7 qGL7-2 GS7 TGW6 GW6a GWI10 GL4 waz
qGL 10 fudnuaizanuruudn wausngdn dlulndvesedesnefidulovesdu 4 dums Ae GL7 TGW6 qGL10 uay
GW10 finasierunuadnesadtodfydmneadf (0<0.01) uaganansasauiueduisanuiuulsvesamusdald
36.60% ln3lulndvesaiomuneiifuevesdu GL7 fnarenumuisdnuniian st b widy -0.028 sesasn e
Fulndvenndewmuneisuevesdiu TGWs, qGLI0 waz GWIO0 Faidn b winfu -0.023 +0.016 way -0.014 augddy
Tagunsyinuiy § = 1.684 - 0.028 GL7(X;) - 0.023 TGW6(Xs) + 0.016 gGL10(Xs) - 0.014 GW10(Xs) kansinadlulndves
W3pamneEuee 4 fumde wilouwsl fe KK KK KK wag KK @ (§) wihidu 1.684 wu. diemmualialulnd
Y04LA3 IR S oY GL7(X;) TGWE(Xs) waz GWI0(Xs) ATl wazdldadavinneveas sanunefiduevesiy
gGL10(Xe) WiuTu 1 Fada awlianumunda () wWindy 0.016 uu. widlefmualidlulndveneiemnefisue
veadu GL7(X;) TEW6(Xs) waz gGLI0(Xe) Al wazdldadasinnevenndemunediuevesdu GWIOXe) Wiy 1 sada
aehlinnunuadn () anas 0.014 wu. Twhweadeatu desmualilulndvewedomunefdwevesdu GL7X)),
gGL10(Xs) uay GWIO0(Xs) Asil wariisadannriovennIomneiiduevastu TEWE(Xs) Wity 1 ada axvilvianumn
Wi (y) anas 0.023 wu. wie Weruualidlulndvenademneiduevesdu TGWE(Xs), qGL10(Xe) ez GWI0(Xs) A
LaziisadannevennIomunediSuevesdy GL7(x) Wudu 1 §ada svsilvmnumuiudn (§) anas 0.028 uy. (Table
10) fathu Srdeamsiiumnuvunudadesdmdentu g6L10 Wisadawmileune Ae Basmat wardmdentu GL7 TGW6 uay
GWi10 Tviidadainiloun Ao KDML 105-9351(57D)

39150l

yundailudnvauzdAglunisusvlseiugimeiiunandauazaanind1 suinwdagnaiuaulneduraie

% a o a o

funis 91neAdedlafnumuduiussenindlulndvesnismmeiduendudiuniwiodafniudufinruauaun

2 o ° P v oA § A @ v I3 < A a o &
LANAIUIU 29 FINLLIALN ﬂ‘UWIuVLVI‘iJ A9 SNPUZAINUYIT AUNIN LATANUAUNNEA VBIUTEUINTINAA Fs YNAIINWUTLLN

o
v A Ya v

Ao KDML 105-9351(57D) fuwugwe Ae Basmati 1lea91nluauidediduldlivszvnsudn Fsdedsnsaunsdi
N9 UN554 (homozygosity) Useuad 93.75% Imﬁu%ﬁmﬁﬁﬂﬁamw homozygous 4 slnd1Agsiuanssiug RiLs
(recombinant inbred lines) fi§nsAuasiIMsiugnssEInnin 98% Fetlagiiuaneniug RiLs gniandnwinsmsumis
fumuudnvuzidanalufisnaudiouwnian desnidulssrnsfiansnsaismievsediniuadssnnsld
(511, 2566; 43W3, 2566) MNWANTIATITVANNALTUSN9ARRA 87T Multiple regression wuFTulndusuaieanane
Adueiidudunivdodefnfuuiinuauuunaudndiuam 6 dumis fe GL7 SMGI TGW6 qGL7-2 GWI0 uag gGL10 i
auduiusivnawdadna (Table 10) slneralundinsld Multiple regression wieTnszsinnuduiusseninadaus
Funanesandouiu Snidianusainszimududouresruduiusvenansenutuiauls (epistatic effects) Mifntu
szeianUsAuldunnda Simple regression 3o Simple interval mapping (SIM) filé3iAsziiunsasfudsdunen
A19VIN ANNANTIATITRALENTUSINIEdRne3S Multiple regression wudlulndaeaadewuneiduevesdu 6L7 §
auduTuSBauanduanueninde winduilenuduiudidauiuanumunudn wseonnemdue InDell Aldlunuddeil
Juademuneiiueusznn functional nucleotide polymorphisms (FNPs) fisniwnzfuBu GL7 (0s07¢0603300) Fsls
119N93Tv8e Zhang et al. (2020) Tnaip3omuefiduie InDel 1 fiaus gy 11 bp indel Tugumia -104 U3

5'UTR 48U GL7 Bazau1sauenauuane19ssninengud1udne1i 1wy Lemont Katy uas Della fungudniudndu
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Chau Zhenshan 978 uag Chuan 4 I¢f ileiSsuifisudduiuauiing 5'UTR vesdu 6L7 ludnwdasndinaiuasdniug
W Basmati Wun15u1aMIeues 11 bp Tuduuis -104 waziimaifintures 17 bp T -145 usilimunsdeuulas
voas 2 iwisilungudnamdadudanduasd1aiusud KOML 105-9351(57D) Wang et al. (2015a) s1891udrludn
winen7 indica aestug NIL-GW7™ fisushasdndssnidomniimiuaradifiutulufiamanuen susnderiuiing
wusadanaslufianiemiueing Sudunawainnisiudsuutacusiom 5'UTR ludunis -104 way -145 veadu GW7
(LOC_0s07¢41200/0507¢0603300) wazlinunsiladsuntasiilududndy indica Wug Zhenshan 97A, 93-11 uag
Minghuigé Feaenadasiuiinulunuisel anmanmsinszdanuduiuineaineds Multiple regression wuslulnd
TeuptomINEREwevesty GL7 faruduiudifianfuauenudn winduilanuduiusidauiuanumuniade fey
Sdmdenladusumlsiidu homozysous vasdada Basmati avvilaruenudaiiudu 0.950 ww. (b = 0.475) wdfidos
psywinimuveLudnazanas 0.056 uul. (b = -0.028) fe Fiuervezdoafiufulusumiduiiiauduiuslugs
vindemmudaddeietaaITe nLdaTianaly

Tumiaseidloimssimuduiusmeadnneds Multiple regression wuilulndveaedemneiiduovesdu
sMG1 fanuduiusidauintuanueaiwde uwilifanuduiusiuanuniiwazanumunudn wasdefeudiduiua
a1eludu SMGI (0s02¢0787300) voIWus kel KDML 105-9351(57D) AU UEWe Basmati WUAITUWANG19LUY
nonsynonymous 1 exon 1 #1uvitis cONA 7 41 Tae KOML 105-9351(57D) fivaiiu A finsulaswaidulusiu Glutamine
daulu Basmati dwaidu T wazulasiaidulusiu Leucine §931nn15@nw1ve9 Duan et al. (2014) 5189714373115
Wasuwaswedlaneud 135 9 GTC Tuidu ATC Tuanetugdnmdaidn smei-1 Fasnsarndrumdnens SFa3 uasnuns
Wit uvosua GG lusumisuadl 376 910 start codon yosaeuginudaidn smei-2 Gasnsa1n Nipponbare Tngdu
smel finaesitugiidwmalinishauinsumaiuiunueadunmieduhlidnivunauiadn mndduuaresiugusl
KDML 105-9351(57D) uagwugie Basmati Tusiuviislaneud 135 fwadu 6TC Faundlousudnmdasn sFa3 uazlu

sundaiuad 376 ravisaesiusiuadu GG Jawnilouu Nipponbare Jsdslaiuwudninnisiasuudasludumislovasiy

v
N 2 Y oA

sMG1 Flufinarenisasuntammaudalulssansananuided Seiesinsfnudeluluewan uiilosainuanis
inszimmnuduiusmadanuindlulnduveseiomnefiduevedtiu SMGI fruduiuddauintunnusriadn s
TunsusuugsiuguesUssrnsiiinnguauluauddod S1dalidu sMG1 By homozyeous vesdaia Basmati 2wl
ALETIEARLTY 0.324 1. (b = 0.162) warlifinansenuserunuaraanve e
PINHANITIATIERAMLFURUSINIEERE83S Multiple regression wudlulndvesaiosnefiduevesdu T6Ws
firuduiugSauiuinnuen anunde wazaTIWas annsieuleusiduiuavestiu TGWe (0s06¢0623700)
$e73193Tug wsl KOML 105-9351(57D) wagsiug o Basmati WUUTLIaL exon 1 fumLaLUai 546 650 waz 690 lu
KDML 105-9351(57D) fwalu T G wag T auadsu vaied Basmati fuandu C T wag G auddudaonadoiu Ishimaru
et al. (2013) Ais1va1uinludunisfananvesiug Kasalath fiwaidu TG wae T lneidudada tows finanswusuas
wisloududinulu KDML 105-9351(57D) dnilustug Nipponbare fiuafu C T wag 6 lneilusada T6Ws ivhamuuniuas
wileuruiinuly Basmati Tnedu tows ﬁﬂawaﬁuﬁfﬁﬁmaﬁaﬂmﬁummmuLLazmwm%wamﬁm Fadunaunnnisuus
wadiutusutdmafiusnueaduindulusseznsiauvenadnd Tnodada ToWs fivhauldavaing I1AA dasy
ponunAdluudansulasadunsmafiudunueadamalidiioundn weitsada tows finanetugasliaing 1AA Base

= o

sanudevilinisuungaduaznsiiuTwiuead ligndudsdwalidndeuinudns1iu (Ishimaru et al,, 2013)

¥
N A a ¢ ¥ v ¢ a v

Tuaruideiliflolmsgimanuduiusynisaifsnieis Multiple regression wuilulnidvesnIowanedduevesdu TaWe

o

TANuduiusIBeauiuieniue ANUnINe LagAnuruLLaa a1Anlrsusurdsiidu homozygous ¥899ada Basmati
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A liANLe1? ANNATe warANNRUILLARanas 0.27 0.046 WAy 0.046 wl. ANa1AU (b = -0.135 -0.023 uay -0.023
AuE1eU) AatiuspsAnidantyiey TGWs U homozygous vasdaaa KDML 105-9351(57D) Fsluivirlvivuinudnanas

v ¢

PNHANTIATIEI AN UFUTUSF833 Simple regression nuindlulndvenassamunefiduevesdu qGL7-2
JanuduwusiBsuanfuaueniuda a1 R2 windu 54.50% wailanuduiusi@saviuainuninuwagainuvuiiuan
fien R2 Wiy 50.62 waz 16.27% nuddu wazidlodinszsisngds Multiple regression nuindlulnidveaaiomnefidue
v098u qGL7-2 flauduiusidsauiupnuniaude warldfemuduiussuanueniuazanuunude Tnefiadesng
Aduie Indell Alddmsudu q6L7-2 Tduna1nauideves Shao et al. (2010) Fe51e91uiudiediaszsinae35 Simple
regression NuAMNFURUSUAUEINAAlUUTEINS F, WAy Fyps ﬁLﬁﬂmﬂﬁjmamzmwﬁmuﬁﬂgu HB277 (indica) Wag
$17100808717 D50 (javanica) §9iAn R? wiru 53.13 uaz 73.34% anuaisu WieilSsufisudiduuausinanadesmng
MBWo Indell w83 KDML 105-9351(57D) fudhawdndu HB277 wuinmileufiu uwazdduualuudnasinarives Basmati
witeutudaiudngnd D50 uenanil Shao et al. (2010) MesudrdduualuvInaina VeSS Lemont

willoufiureadniudngndiiug D50 MNNUIdTlAIATIZINNEERARIETS Multiple regression wuindlulnlvesa3esmune

o
v o Y

AdueUesdu gGL7-2 HanuduiusiBsauiuauninuubn Fadudrdmdenlitusunisiifu homozygous vedada
Basmati axyilwimnuniteanas 0.210 uu. (b = -0.105) FedesAnidenlidu gGL7-2 10U homozygous vessaaa KDML
105-9351(57D) 3slsivilianuninundnanas

Tumiddeiiflolinseiaeds Multiple regression nudlulnlasnaiemanefiduevediu GWI0 fanudug
Beausuitennuniiaranununude wildfauduiussuauen waznuiiusualvslunesvesdu awio
(Os10g0515400) vosWiugwsl KDML 105-9351(57D) uagiiugne Basmati fanduiuaunnsafiuvangsiiumis 3ns1e91ue9
Zhan et al. (2021) inuiniEnaluslunesfidums -049 -879 ua -1,227 veadu W10 Tumeiuginiudnidn NiL-gw10
fuadu C deletion T uay A audsy lusasiianefugdwdalg NIL-GWI0 (HIX74) fuadu T T wag G awddu
uanaNdamunsuIame 3.3 kb fisumis -2,281 Tuaewusdiadadn NILew10 udliwunsnameiluaeiugin
wialvig NIL-GW10 (HIX74) Femsdeuntadlusumisisnandmalianeiug NiL-ew10 Swdavunndn Tasdu Gwio 1
unumidsuanlunsmuauruiakag s auadaiiula BR Ssaumainuatsvesdiduuauinaluslumesiinanenis
AUANNTLARTEENYDIBY GWI0 Wefinsuanssengeazdsaliudntniiiunaeniwaen el saefidfinisuanseendsn
srdmaliudatnivunduunazuauas (Zhan et al, 2021) Mnaudseiidlolnssvinnsadisaeis Multiple regression Wu
Milndvesniommneidunvesdu w10 Saruduiuidsauiuiaunasaumuiada fafulunsfugaiug
FrUszansescddei Erdalrdusumisiidu homozysous vedada Basmati axvinliaruning wasmumundn
anas 0.052 uay 0.028 sial. Ay (b = -0.026 uay -0.014 muddu) fuiuazdosimdentyigu W10 ¥y homozysous
Yo39ada KDML 105-9351(57D) 3alshvildanuninsuazanumuiudnanas

MATERAUEITUSE@aARETS Multiple regression wossdsuinuilulndvonriemmneiuevesdy
qGL10 flaruduiusideuinduanununadn wilifanuduiusduanuenuaranunitaude WeSsuiisuusi
LUslumeosvesdu gGLI0 (Os10g0400100) vaaiugusl KDML 105-9351(57D) fiusiugwe Basmati wuldduluawansingiu
Na8AILNLS 91NN15ANEIVBS Chen et al. (2023) lauTsutiisuaiauiuausaluslumesuesdu qGL10/OsMADS56
(0s1090400100) w335 02428 (F11udndU japonica) uararewus LB3 dudu NIL fiina1n 02428 x Zhai-Ye-xi
(Zhai-Ye-Xi Mduiiugliinnueiwdn) wuitdrduiuavesaneiug LB3 d SNPs d1uau 15 dunmidluuinaluslumesvie
Uszanas 2 kb 970 start codon wagwudn SNP suvtiad 9 Snsidsuuuasminiua G Wy A Fedamasiesefunisuansoen
v038u OsMADS56 Tiindu Feilieuenmdaiutuluaeius L83 Tnefu qGL10/OsMADS56 fvunsavoslusiiu

MIKC-type MADS-box mauauaueiwaalaglinssnuseaunin naierdesiunsaivaunmsiaueaduealien
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wiamuenleglidsanensianadausnaas lWinavilimin 1,000 waadiudy (Chen et al, 2023) :nNUAde
H3mseineadfsaeis Multiple regression wudlulndasaadewmunefduievesdu g6L10 Aruduiusidauaniy
anumudn drdadenlrdusumistidu homozysous vasdada Basmati azsiildmumunsdauiiadu 0.032 ua. (b =
0.016) wazliifinansznusienuennarAUNIveLAn

910 Regression models (Table 10) a1un3a¥iuIgANe1? AINTI LagauvuLLdnueaUszansiiinain
ARANTENING KDML 105-9351(57D) fiu Basmati i Tnedmmualiduis 6 sumisdisiulnddu homozysous vesdada
KDML 105-9351(57D) Wanun fie GL7*SMG1"™* TGW6"qGL 7-2GW10qGL 10 @ansaviuneanuemaalaivingu
7.519 + (0.475x0(GL7)) + (0.162x0(SMG1)) - (0.135x0(TGWS)) + (0x0(gGL7-2)) + (0x0(GW10)) + (0x0(gGL10)) = 7.519 wu.
ALY 2.126 11, warAUMUINTY 1.684 1. drisunliEuiia 6 funmisdisulndidu homozysous vessada
84 Basmati v e GL7SMG1TGW6™qGL 7-2°56W10%qGL 107 @snsavuieanuemanlaviniu 8.523 wu.
AUNTINNAY 1,818 Hal. UATAMNUIYIAAY 1.586 iy, ann1svwetsdune faunlinidduis 6 sumisid
FulnUidu homozygous vesdada KDML 105-9351(57D) Midudausauiiisuninsgiu F1deensifiustannen
A1UNT9 WAEAUNULNARIEA pald ondadalWinunzaududunaazdunu 1wy 61aaE onld T3 lulndidu
GL7SMG1PTGWEqGL 7-2"GW10™qGL 10% agviliviuneanueuudnlamindu 8.793 ual. Fanuemasiinduandy
WIULEUnTsIL WAy 8.793-7.519/7.519x100 = 16.944% viruneanunawdaldvindy 2.126 uy. Ssanuninee
Lidsuwlandiisuiisusnnsgiu Ae SRy 2.126-2.126/2.126x100 = 0% uazyinueasmusdaldivinty
1.660 il $9AMUMUIAAIINFLUTIUITBULATEIU IHNFU 1.660-1.684/1.684x100 = -1.425% uagyitlivuniudn
WiatusndadTeudiouinnsgiu Wity 16.944+0-1.425 = 15.519% Auudguuuunsdndoniazannsoifiuvug
winldgega uimnugnwasisunniulueadulymilunssuiunsdnd mnedlethundndasyiliidinunnindn
whande lusswdlvedniugitndauunansdsdiudnem Sdianueneglutag 6.20 - 8.00 wu. fu Silndors
Jumadendnuuunis fie GL7“MGIPTEWE*gGL 7-2GW10qG6L 10% Faagyhlivinuneaueriwdaldvintu 7.843
111, Semmenaziutunnfisuiisunnasgiu wihiu 7.843-7.519/7.519x100 = 4.309% viungenuniiasdawiiu
2.126 w11, Ssmuniegliivdsunlasindisuiisuinasgiu fo dAwify 2.126-2.126/2.126x100 = 0% wagyinne
AruvERlFVIAY 1,716 wu. SsrumnaziutuaindauSeudiiouinasgusiniu 1.716-1.684/1.684x100 = 1.900%
wazvhlvmamaniut unandiUSeudisunnassiu whiu 6.209%

HagtuficAfednnulivesiinerom@nwmsvhnusuiuresduluiinuauunawin Insfnudvinaves
MsTNdadanndu 6 suvivs liun GS3 GS5 GS6 GIW2 GWS/OsSPL16 waw qSW5/GWS5 sadneasuunnuind s Faainua

! a 1Y

nsTufuresdadamaiifinuduiusedsildodrdynonisilasunlasaiuruinwdn (Lee et al, 2015) luideaiy

o o

ASANWINAYDINITTINAUVRITY 7 A wnud bewn GL7 GS3 GW8 GS5 TGW6 WTGI way An-1 AU 5 dnuwaednfy Ao

)
v

AU AN AUNLT SRTIAIUAMUEINAUNT taztiviin 1,000 Was nNan1sTINfuvesdadamainuin

o v [ [

HanuduiuderiidvdAgivauinudnt1i (Zhong et al., 2020) Lﬁmmﬂmmmmﬁm’mLﬁuﬁﬂwmu%w%mmgﬂmuqu
freBunanesuius Fuushwmienafiuamuenuilurasietufasanunnvesudadie uasnalnnisinusauiu
vosBuvanemumisdiarududoudidudodinisfnuluduiiady waruenanianmadouiinadovumvesuiadndie
ﬁaLﬂumimﬂﬁ%ﬁwmwmmLuﬁmié’gﬂé’a«,muﬁw 100% wsisegnslsinuedomuefiduevesduiiduiusivrunuda

Yoen1sNaaetiazgnidTniunsUTuUTiuguuuaaau Tunsusulseiuddininaneuansening KOML 105-9351(57D)

way Basmati LaAMLARNIATTVLIALAASI 1119 WaETUIAINARINISIBUNaNanT1 ldadeTlusyAnS A nnaziiadny

v

wiuguninisdadenaniflulndiiesegiafes wazaieiuginilannnssulgniudresnuidelaunsailUladu

q

v § val 2 v v U sl o A a 2 & vy I3 X vy 1 12 | & < v ]
G]'JIWFJ'UGU‘U'W]LNaﬂﬂUﬂJ"l'ﬂWUﬁqﬂWUﬁq@u N Wﬂﬂuq@LﬂiaﬂLaﬂIVﬂsﬂuqﬂL@Jaﬂim@y)muiﬂmqmmaﬂﬂqi LL@]QQ@EJ"NIiﬂ@'ﬁJLW@IVLLUT.’”\]'J']
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wisamunefdwefldlunisuiuusuiudaunsadndenligniewivduazilonauszaunaduSaasdnduavdeaiinig

Wisugudiuiuaseniaius idusasiugsu (Mudnasdsudse) Feneu lngazdedinsiuSeuliisuusnasiasiuia

q
o w i

vinalusluwmesvestuluiivseduiiaula iewnduuinanddysiensulssfauwasiettesiunisaivaunisuansesn

<

v038u FezamnsadinIsmmefdueiilaluldlunisuuugsiuguszensdu 9 10 dsluiagdueaildanelunseiugidu

wansdluadsaeas Jadunisieiagyilinisusulgsiudlutgtuasainuassinsiau wenanfidunsuuazisnism

3 L]

¥
a

\wimeRduevesduniduiusivrmawdndilaannuidetazduiiugruidmsuldlu nsusuugeiuddniugdu o

wazfivdu o illvuamdavseanvauzdu 9 amudesnisle

G

3

[

miﬁﬂmmmmmﬁmmﬁuﬁ:w fia KDML 105-9351(57D) Simanuen3 A9 L.Lawu%uﬁmaé‘h 7.20+0.11 2.12+0.03

€ 1 I

way 1.71+0.02 13, MUERU LagHuse Ao Basmati 4A111817 1119 WaznruLLaARAe 7.78+0.15 1.71 +0.03 uay

q

v a

1.58:0.02 131, AU Bednaita 2 fiuslidadevesunudaunndnatussaiifeddgyBmeadn Sgniuaad
Usgwnswda Fy dmsuldlunisfinu Geanudn Ussanswda Fy $a213877 @009 waganumunwdaied swinfu
7.95+0.63 1.99+0.14 war 1.63x0.06 Uil muaWU Wolnsesiseduuasfiamannuduius wud anunauagaiumn
windlsesumnudiusiugsluBsuan ( wiiu 0.699) vazfiauguasanunaudadissfunnuduiusfuiludsay
(r wifu -0.382) duarusnkaraumudalifinnuduiustuneeda lunuiseildsudfuuansdluivosd
Wugwal KDML 105-9351(57D) wagiugne Basmati wazthamuiualudiuves exon waglusluwesvestuluifaiuauwuin
yosudnindiuu 83 dundanidsuifisumiumisidanuunndassrinaiusuitagiugiie Mnsdumuagia
wSemneiiduefidudunimdedafafuiuls 29 fumiafiaunsonenmIuLANE19SERIIe homozygous ULELERRHIT
wilfudadaiugne uaz heterozygous vosdadasswinsiugualuaziugneld Juhunldnsiaaeuilulndlulszenswén F,
$1u3n 138 ne nMesgianuduRussenineilulndvenndemnefiduetudnuasanuen anuniie waray
vuwda §835 Simple regression wuin Slulndveaademunefduevesdu 7 duvs ldun GL7 qGL7-2 GS7 SMG1
TGW6 GS5 uae GWea fuanseaudaiauduiusiumeads sasdinuilulndveaniomnefiduevestu 5 dums
1§un qGL7-2 GL7 GS7 GW10 uae TGW6 fuauniadadeuduiusiuniad wasdlulndveandomunefiduoves
Bu 8 e l6un GL7 gGL7-2 GS7 TGW6 GW6 GWI0 GL4 waw qGL10 fupumunudadinuduiusiunicads deth
Mulndvourdemunefiduefidrnuduiusiv 3 dnvaue AINATIUTIATIENANBENYAMMETT Multiple regression WUI
Ao A

sUuuUATgn fie mslidlulnlveansemuefiduevesdu GL7 SMGI waz TEW6 suiu Sanuduiiusiuaueiwén

q

' '
v a aa a1 = 5|

pesiivadABaneata flan R? winiu 64.15% vauzfinisidalulndveanIewmnefduevesdu gGL7-2 GWI0 uway TGW6

o

o a a 5

AU TanuduiusiuanunIaudneg1aildedAgdanieans da1 R? wiinu 55.39% waznisivalulndusansoamune

)

aa a1

Mduevesdu GL7 TGW6 gGL10 war GWI10 sauiu fanuduiusiuanuvuwaneeaiideddydmisadia dan R? windu

= v o A

36.60% lagnu GL7 JAnuduiusiBeuiniuainueniude walanuduiusidauiuanuvuildn fondndenlvilsada
willouns A Basmati avifinanuenidnls usilianumnudaanadas diu SMGI SlanuduiudiBauintuauen
i uae qGLI0 fanuduiudiBauantuemumunudn dafu §l48u SMG1 uar qGL10 Yiuusiuguesusernsdiazsios
Fadenlriisadamilouns Ao Basmati Feasifiunnueniuayanuvunwdeld luvasst T6Ws fanuduiudi@auiusa
ALET AL warALIER Wuieaiu GWI0 Sanuduiudidauiuiennuniine waranumunde @ gGL7-
2 farwduitusifsaviuanunfaude dafu §1198u T6Ws GW10 uax q6L7-2 Uiuugsiuguastssnsiasdosinden
Iiiisadamiloun Ae KOML 105-9351(57D) fatfu msdmdendadaiivnzauvesdu 6 sumisdmiunsuiuusmiugiile

iinvnadsluUssansiiinanguanszving KOML 105-9351(57D) uay Basmati Ao 84 GL7 TGW6 qGL7-2 uay GWI0
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aesAmdenliilu homozygous vesdada KDML 105-9351(57D) dau SMGI uay qGL10 fesdadentiidu homozygous
vasdada Basmati Ssazannsaiiaiiniuen mnunine wazaumunde ddinavilivunmdniutuazaiaiiazsiild
dminvesudavienananvesiniiivtudie
faduaomnefiduevesBuiidiiusfuruamdaazgnldsmiunisusuuseiusuuudadn Tunsusuugeius
F12711An9ngNaALTEMINg KOML 105-9351(57D) way Basmati titednidenlvitadvuinudngnn nins warvunduly
ogaiiUsrdvBnmuagiienuuiug iy iefiunandndrirely wenaniesdanudildanmuideianduiiuguiinduty

nsiawuUTuUTIiugivseivdu q laluewan

AUBUAN
vavauAMvIgIN1sUTUUTITRETsEAUlang AugIngImans uningaeudld Neuwnseilvldaunsaliay

e o a o o <@ 1 25 a
a1saditunsyinsideauduiaaasiulanied

LANE1581984

574 AT9ATE. 2566. NI iunlidunaznsuszenaldlun1suTuussiugity (Gene mapping and application in plant
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