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Rapid generation advance technique in the study of photoperiod
sensitivity inheritance of early maturity genotype ULR368 and RD6 rice
varieties for out season evaluation
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ABSTRACT: Several studies of genetic inheritance of the photoperiod sensitivity trait in rice had been investigated.
The evaluation of photoperiod sensitivity in rice was necessary to assessed in the normal growing season (wet
season) due to off-season evaluation (dry season) was discrepancies, especially in the inheritance genetic studies.
The evaluation was done once time per year. Therefore, the objectives of this study were to evaluate the
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inheritance of photoperiod sensitivity in indigenous rice ULR368, insensitive and early maturity, and the cultivated
medium-sensitive variety RD6 using rapid generation advance (RGA) technique that controlled under short
daylength and to evaluate the possibility of RGA technique in photoperiod-sensitivity inheritance evaluation and
variety selection in breeding program. The day to flowering in F; generation and the ratio of F, population were
evaluated using RGA techniques with less than 10 hours daylength/day. The result found that RGA technique was
suitable for photoperiod sensitivity inheritance study between ULR368 and RD6 populations. The results were able
to clearly identify photoperiod and non-photoperiod genotypes. In F, population, they were evaluated during
January to April that dry season (long daylength) using RGA technique and found that 191 plants were sensitive to
photoperiod, and 177 were insensitive to photoperiod with the ratio of 9:7. The result indicated that photoperiod
sensitivity was controlled by two dominant complementary genes with epistasis interaction. In addition, 150 plants
were identified as insensitive to photoperiod and early maturity genotypes. So, the RGA technique could be used
to assess gene expression for the photosensitive in dry season or off-season and can be separated the early
maturity and medium-photoperiod sensitive genotypes. This technique can be used as a tool to shorten the
assessment time in photoperiod sensitivity trait in rice breeding program.

Keywords: flowering time; rice breeding; photoperiod-sensitive rice cultivar; short day condition

Unin

£ =

F1aiug nve Wudrimideaiugusuugsiinensnstisuvgnuin Tnsanzlunanziusenidoanie Weswindu

& Y a

wustTlinanangs wandannwAssuR uaziinduven (nsunsia, 2560n) oenslsiniu 1ug nus 1Wudndilse
Prauasunan Ssdidosindostiuianiamzdgn neugnlfiiesdasvisedilugaund fedu msufudsetniug nus
Tiidnvarldldetiuamuaragiiuifeidy azvilannsavgnldnasaisdlufiufinisugnuuuendetheadssyiu
ueN9IN# Ausaeennonuaziiuielldiss teanarudssinanzuddlurisuaneggugnluiuiiendorin s s
Usuugaiusiielilddnuasdnan sududemaniudniusiddnuuslilhvoruanazogfuieddu Fadaiug
ULR368 udnawmisniugiuiiosililvotiuamaroreiiuiendy nefegfufeszanm 100 fu fadudnuuei
ihaulalunsiansanfudiniug nue Wewmuiugin nus Widnuurlilldedwauasdongfufeduas

nsUsuUgsLging nae ilelldiusiliilidetnuamaroriiuiendu sulufesinutugnssunisdenon
anwuzauleYIuea LﬁaLi‘]m’fa;ﬁmﬁugﬂﬂumsmﬂLLNumaU%fUUa;aWuﬁ: FueeiinsAnwuaziinissonuin avuilasie
YIUAQNAIUANAILEULGIU 1-2 Aus (Chandraratna, 1995; Poonyarit et al., 1989) Tuvaiefuinsfnuitssau
1 BuiimuauenuliotiuadiedidududesuarBuiu Taedvs 1 uay 2 fumis unnstsfutuegfusiaiusuarsy fu
Aularet AU Houaz il (Sampath and Seshu, 1961; §54w$ waz S3im, 2555) Wy N1SHANTENINU1IBUAN
ouazwifisziumnulaidetisuawinefiu Afimsuanseeniunnsisruluusiayguay wenanil manauseEniediadeting
futnduing gnrauinazuansdnvazituiourerioumiiduaedmiaiudnvasiuiitunisuanseenvesinduing
(Sampath and Seshu, 1961) vt $1afuitrfudu (short day plant) Fsiimsnevaussietiuadasazesnaeniioldutas
wasdundn 12 Falus uitnluussnalnefinimevaussotisuamuandneiu 2 ndu Aewusiloanaenldluouditiamen
gosnanatu 11 dlus 40-50 wiit udmiiianuladetsuasion (weakly sensitive to photoperiod) wag ftugiioanaan
nglufouiifianmenveanatsiulszann 11 $2lus 10-20 Wit iduiugifianulasietsieasunn (strongly sensitive to
photoperiod) (N51N15917, 2560%) Bg13bsAin1u 81gaanuIu (flowering time) LarAa1ulamaY94as (photoperiod
sensitivity) 1udnuazfidudou Uiang et ai, 2007) %uagjﬁuﬂﬁﬁ%a'1ﬁmﬁuﬁ‘iwdwﬁuﬁ}l@xamwLmé’au (Shahidullah et
al,, 2009) lnganzdruamionnueniu fdvinasgrannluiusildetiuas uananil 33013 Twdstsnarlung
ey fallnasonisuanteanvesdnyeaulwieYIwaBniY

Taevhlu msvaaeuamilidedisuasazvaaeuluanineugiuund (natural daylength) Gsnsmaaeuluanin
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Haqiiu mslfinadiaissenyuie rapid generation advanced (RGA) Tagnsmuauaueafulidldsutuady (Verara
et al., 1982) vhlsiugiiliotisuasannsnoanaenld faunadai gninanllunsuiudseiustmegaunivans lidae
Hunamadeunandnsiuioignenuiu ilesntisanszeznammagey Ussvdamineinauaziunu mutaiiuseunis
Usuuseiugliiinnuiiamingitu (Collard et al, 2017) Bumuaunisniseenaeniinsniuauainuatsdulsiiagdu
Ehd1, Hd3a, RFT1, Hd1 sazuanansfuldidlefildSudaeiudy wse¥uens (Komiya et al, 2009; Kojima et al, 2002;
Yano et al., 2000; Tsuji et al.,, 2011; Hori et al., 2016) IﬂaiusﬁwaﬁuLﬁaqlmadauiwwjﬁﬁlﬁﬁiwmm@uﬁmuqumiaaﬂmaﬂ
wiogsla egnslsfimunisUssliuiugnssunisaienen nglanignisatevenaulieyiuasdlinsyssfiuluaninuas
Und ilesnndesnisndnidesaiuaaiaiadeuiieinisnisiseny iteliduiinueauaiulisetisuasaninsonanseanls
gndios vilvinsussiiudnwasdnandessetanatlumsUssidiuiivnza dwmaliseuvesnmsuiuussiugadieantd
Tnsamgludnguluas defu msfnuiiaihnmeaeuiusnssumsenendnuaganulworiuadugduaussning
g ULR 368 uazdnaiiug nu6 lngléinafin RGA muauauena fulidnldsuruasdy Wenaaeuussaniamaes
wailla RGA sion1suanteanvesdnuaizainiliriodisuas uarlilunisdnidongnuauiifidnvasliilrotisuauazorgifv
Aendulndifesiuiug ULR368 ilerluifuundsiugnssulunisusulaiugim nus dely

]

BmsAnen
wugdnaildlunisinen

nsnwadsilddnlstudesiug ULR 368 daduimilliletiuanazengiuifedu (egrenuiuade 70
) waztunauituguiuusiinensnsliengnaeius nve Faduimiihdetiauaniunas (eenaen 50% Uszanasfud
23-25 fanAu)
mia%'wgﬂwau%'qﬁ 1 (F, hybrid) wazn1sadIsUsEANSYIT 2 (F, population)

Ugninlatus ULR368 Wutusiudioaililinedrouamuasdniuaiuiug nue faduiususuussdilietaoua
denauiuglildgnuaudad 1 (7, hybrid) sdiunsluiafiousnsiau-seu 2562 Tnsvgnlunszanawarafinuunn 5 i

v v & 1

Wugay 4 ns¥a1e uazUanduau 1 dusenszans anuududauszeinsdan 1 Auiugual (ULR368) waziiugne (nw6) W
Ugniilensiadeuniseenaen tnsuaniuguiuaziugne fugar 4 nsva1s gnuauddn 1 91w 2 du Ugnlunseanswaiadin
a5 Tuazvannizansay 1 duuieafunmsdgniieasisgnuandai 1 dndunisluginfou Sguieu 2562 uaniu

Aeusdalduszunsdail 2 (F, population) $1u7u 368 #u (Figure 1)
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ULR368 X RD6

Planting F1 generation (3 plants)

F. hybrid
1 (22 June - 8 October 2019)
® 14 day after planting, light was controlled less than 10 hr/day
(light controlled for 65 days)
F, Population Planting F2 generation (358 plants)

(7 January - 4 April 2020)

14 day after planting, light was controlled less than 10 hr/day
(light controlled for 65 days)

Figure 1 Schematic of F, hybrid and F, population derived from a crossed between ULR368 and RD6

mimfmaaumsaanﬂan%aegnwau%‘ﬁ 1 (F, hybrid) wazUszynsdai 2 (F, Population)
A3IIAUNNTEENABNYDIUTEYINITIT 1 Tathganandaf 1 Aldainnsnausevineius ULR368 uaziiud nu6
uaiugrenarusliugnludeu fquisu 2562 TneUgnlunssanawanadinuunn 5 & Ugn 1 wisdenszans ndsgn 14
Fu ihlunszdulieonnenluviesiialagléinaia rapid generation advanced (RGA) TildFunasiuazlaiiiu 10 Falus
(Vergara et al, 1982) (luthsdunasdothdiiosnanniesiinldSunadduaninsssumd (Natural daylength) 91ndutuiin
foyanngnanuiu 50% (days to 50% flowering) ¥849199NNT2A1Y LATNITNTIVABUNITOONABNYBIUTLYINTHAT 2
fuflunssuieniugnuandai 1 Tnevihnsugndndad 2 1w 368 du siusuiuagiiugie Wuday 10 du naasulufiou

UNIIAY 2563 waztuiindeyaengnanuiu 50% Y8at1Innnszand

AN5IAIITAYUA

v

thieyaegnenuiu 50% vesUsswinsdadl 2, gnuandadl 1, Wug ULR368 wagiiug nv6 uniianeimiugnssui
muaudnuazauhiretisuaazdndiuvessz1ns®ai 2 lnsnsdurumeilaauads (Chisquare) tienaasy
Goodness of Fit vasdndrumuanufgiuindudu 1 dundsludadiu 3. 1 wioludu 2 dunds Tudadin 9.7
(Poonyarit et al., 1989) #3n15A52980U9LEUNTY 1 Funts udrdafuswuduiudias 1 dumds auldelaawasi
goNTUaANUAIY AlAauAIAUINANLIEYEY Gomez and Gomez (1983) 91ngns: X° = ¥ (O - EN¥/E]

e O = uusuNdanwuy lnadauwas (Observed number)

Ao o

E = Sruiumaningvesnuiiianuaglinediauas (Expected number)

HAN1INARBILALIATAING
9gnaNULYBIgNHANTIT 1, $129ug ULR368 uazwug nve

MsAIIREBUNTORNABNYBIgNNANTT 1 IWSsuIisufuug ULR368 Faduiudusinaziiug nus daduusmie
Mnmsmaaevluanwiiesiinlagltinaiin RGA ilonszduniseenaen wuitgnuandadl 1 fergasnuiutade 77 Ju G

Indldssiuiugnefeniug nve Nilengaenuiuade 77 Tu diuiuguslfeug ULR368 fengaanuiuade 72 Ju (Table 1)
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Table 1 Days to 50% flowering of F;, ULR368 and RD6 under short day condition using rapid generation advance
(RGA) technique

Number of plant

Fi, parent Ave. days to flowering Total plant
70-73 74-77 78-81
ULR368 (female) 71.3 3 - - 3
RD6 (male) 7.7 - 2 1 3
F1i-hybrid 77.0 - 1 1 2

218ABNUIUYDIUTEYINTTIM 2, WuF ULR368 uazwug nué

[

MIRTIEEUNTOBNABNTEIUIEI NN 2 Wisuisuiuiug ULR368 Jaduiuguiuaziug nue Jaduiugie

s '

WU Usevnstin 2 In13n5ea186I09018nanUIUAdLe 54 - 88 Tu uarliongnenuiwaie 66 Tu lurasiiugui Ao

]

ULR368 ddlalladetnanasiiongmenuiuadie 70 $u duiusriee nu6 duduiuglidetisuasdiongnonumiade 62 Yu 2y
lsegnenuuadsvesiugietiesninusuiilenaasutiafeunnsay ewnnsugnmaasudunisugnluaniw
vosiindenrunlvidnldurisuasdundt 10 Hluse fu uasnaaeuluiafeusniandadudisiinnuenaiudu (short
daylength) shltugedaduiusilwetaauaddzumanssfuandiuasdiuiusEuson Swonnenifaniinisugnlutas
Woufiguieu dwmaliitusreeenaoniiniuguiuandsinmnaseulutiadouiguisy vl Rertestunalnniseen
nonvestusaziug Tnougyie Ussvnsdail 1 wagUszninsdai 2 (191 du) Ahdetauaziinalnnsnovaussioris

wassaANNeYIuTdINasanalnnsanteanvesduniieidasiuniseannentudng tnedslasukaadunin 12 Falue (Ju

o '
[ o w v

du) BudrAgnaniinlidnesneenle fe Hd1, Ehd1, RFT1 way Hd3a azldsunisnszdulidninisasuanmludum

man (Endo-Higashi and Izawa, 2011) Tuvagiuguiwasuseainsdan 2 (177 au) Faldlidedrwuasdnaziinalnnisnis

'
P

avauguuil (degree days) Litawdguszegnisiasgiiulnanszeznisiasiulamedsudidszesnsiasaaulanimu

s v a ' o

duriug Tnelsuazangurinudtsusen Nldnuagiugazdenmseumgliavaudsiuluniseenaan (Yoshida, 1981)

]

o o

uenanil SaesendemavinnuvesBuiiaausuniseenaenituity TnsBuiiftunumadnivilitieonsenluanwiugld
o Ehd1 ((Endo-Higashi and Izawa, 2011) 67'15%Lﬂuﬁaﬂﬁsﬁummamaaﬂmm Hd3a %58 RFTI ¥nlAd1100naante Wb
amwi’umaé’faqmﬁamiﬂixﬁumﬂwawﬁumﬂﬂdﬂuamwi’uéy’u (Hori et al, 2016) 9zwuldin Erd1 Hududdayiis
Unumnseenaentaluan wiusway uduluvne i Hd1 avdudsnseennenluaniniudu (Zong et al,, 2021) vghdlsh
mu Maneaeumtlietuadlulszvnsifl 2 wudh Yssnnsdusnnidnuarlderisuanuazorgaenuulngifeaiu
itug nu6 Saduiituse (Table 2) wonani Ssudrdvssansludail 2 visiufioenaendiniwiusweiduituslwieta
wasU1UNAe NAABIINITNTEANLAIMUY transgressive ?jaﬁﬂﬂxwuﬁuﬁﬁﬂ’ﬁnizmaﬁaLﬁduﬁiumiﬂﬁmﬁué’wmamqmaﬂ
unilagldinaiia RGA denndasiunsssnuves Collard et al. (2017) uenanil engaenuiuvesdn enuinaindndna
Y038UBU 9 Arit (1987) wui mqﬂaﬂmumaﬁnﬁhmmLLaﬂ wldudvdnanndadedug Lidindunsasaivlamed
A (basic vegetative phase) Aubaratawas (photoperiod sensitivity) BuAluanANE1IIUINgA (critical daylength)

o

8udnv7149 (inhibitors genes) wavduTafiu (modifying genes) sIufisaninuindoy Isdamalitnudaziuiiongaenuiu

LANE9IUY
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Table 2 Days to 50% flowering of F,, ULR368 and RD6 under short day condition

Ave. days to 50 Number of plants
F,, parent ‘ Total
% flowering 54-60 61-65 6670 7175 7580  81-85 86-88
ULR368 (female) 70 - - 8 2 - - - 10
RD6 (male) 62 1 9 - - - - - 10
F,-population 66 31 160 118 32 12 9 6 368

SrunuBuuaznisuanseanvasBuiinruaudnuuzanladetiauadduissynadad 2 Tusnmiudu
nsmeaeumMILBuLar MILansoanuastuiimuaudnuuzaulwotuasmelfan Ly ludszansdad
2 $1uu 368 Fu wut 191 fu Tdnwarlrerisuas Sorgnonuiudaud 54 - 65 Yu uay fuszansiliilderauas 171
#u Baflengponuiusnni 66 Tutuly uandfiiudt dnwmrnisuannsirl (skewness) ludafifimsnsyaremaiugnsss
fuluiiezidunisuanseansenvesduiildlinuuuin (predominant role of non-additive gene action) Inedadiuves
Uszansuazuauduiimuaudnvazarailiretiuas fnsmenulugnauivieuasusifiralidetiuasuanseiu wui
anulidetisiasgnAluANAle Buified n3e 2 8u (Poonyarit et al., 1989) nstldwdeIn1Inaaeudnd1uvasseyIns
veauduludnaiu 3 : 1 uaznsdl 2 Su Tiedadou 15 : 1 (Sampath and Seshu, 1961) uaz 9 : 7 (Poonyarit et al., 1989)
uaneay %uag_jﬁ’ummlwiasmLtaqmaﬂﬁuﬁfWaLLasz ansinuaddl awiuldinismeaeulaaumslulssainsdagui 2
wuin duiilisetiauas : lallaetaauas seusuludadan 9 : 7 (Table 3) uanslvifiudn $1aviug nvs Tduwiu 2 fu Auaa

v
' o

auliserauatasdudnuar lilnaddudniiug ULR368 wazandadiu 9 : 7 uandliiuindumumia 2 Bufinisvinnu
JufulUU complementary gene action (Poonyarit et al., 1989; Usefiug, 2554) wazdiufjiseuuutudiug (epistasis)
anAdBITUNTINBNEYRY S5mT way S3¥ainl (2555) finudn dnvaglaroraauadudnifuguninenusd 105 Ty 2
fumiianauan (2 major dominant gene) wagauduiimuaumulilretiuadudiusgnssan 1 viliuszunstasu
i 2 Sanvaghuasdulibuadudndin 9 : 7 warufisewoduluuvuduiugiuiu feiidesan Frvus nve Wunan
nsnangiiuguestvInenuzd 105 laen1sl5ed (nsun1st, 2560) Favinlrdiugnssuuisdiu wu dnvazanuliseyis
wasilndidgsruinsiugunnnenuzd105 luvaedl msfinwves Poonyarit et al. (1989) nu luguauszuinsdniugitlsio
Prsuasiunansiuiniusiilaileruanarorgiuiendy mlreriuandudnuasiignausudeiudos Tagis 2
nsAnwldfinsmnaeulugguanund Aevgnluaniniuen egdlsfiniy lumsfnwedal ldmnasuneldaniniudulag
nsltinadia RGA Fanuin ﬂ'wLaﬁ&qumaﬂmummmm’mi%ﬁ 2 918ABNUIUYDINUT ULR368 uaziug nu6 a1uisauen

o

wardnnauaNuhmetisaslaagatn AL Dakdinasiin1suseuluY 1A aUNNTIANNANUENITITUSIEY Last1IlaSULLEd

q

v v
o a

Fufaud Fusen ufumsliivaia ReA Afiaunsausndszensnduilendu wasnduitluaseonls lnsussrinsdad 2 4
o1gaenuLlaitiu 65 Ju dadunauitlieraauas T51uau 191 du luvagiinguiforgasnuiuannniy 65 Ju dalungui
lailasiotauas uazdiannsodndonyszansdad 2 AldlwotiuauazorgiufedulndiAvsiuiug ULR368 dduau
150 ¢ fislengmenuu 66-70 3u azwiiulsdinnisliimadia RGA lunisAnwifugnssunisanevendnuuzaulisodisuady
Ananszvhetmiugilretimasunasiuiusdliletiuanarengiiuieadu Sussavsnin lnslawznismeaey
usngaUanUnd tfiurnuumnsraazamsasuunnguiusiilisetananazliliesiwasnglifidnsnavestade
5Un2u (confound effect) ldAninnisnaaeulusasiiiuaniniuend #a Collard et al. (2017) 5189771 RGA ansald

UsziliuuazAndonaeiudiiludnuaenianunsiiaunsoaieveanisiugnssulad wu dnvagergiuieddu (earliness)
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Y 4

Fudeanunsadndennguiugnfeanisia azanuisadllglusunsunisuiulsaiugaely wasdreguszeziianlunis

Andonls 1w nsuaundu (backcross) Audnaiug nu6 iedsulssiuglilidnvaldlrediuamazoneiuiesdu ngly
JupaunsUgniienaundu aunsaldinaila RGA HiglunisissengliamnsaiiuseunisuSulsaiuguazanseeziiainis

Uiudseiuglutumawiolulisaunnauld egalsinig nsfinwdidunisd nvianizluguausewinad1aiug ULR368 uaz

IR 4'

g N6 FeenalinsAnwilugnawaus lueunanieluTeuiieuiu esnludnusasiudiiugnssunaiunuanvauznis

3 3

fenenaNUlIsaYIaLANANaiyY

Table 3 Number of sensitive to photoperiod and insensitive to photoperiod plants and chi-square test for 3 : 1

and 9 : 7 ratio in F, population

No. of F, plants X
F, population Photoperiod  Photoperiod
Total 3: 1 ratio 9 : 7 ratio
sensitive insensitive
F, (ULR368 x RD6) 191 177 368 104.71%** 2.83ns

ns and ** is non-significant and significant at P< 0.01

X% at 3: 1 = accept 1 gene hypothesis, X? at 9 : 7 = accept 2 genes hypothesis ,P<0.01

G

HUINTIUNIAENENANBaNEANLINBYIMAITENIANENT1ITUE ULR368 U nu6 nudi ddusiu 2 Buaiua
aulanas Ussannsdail 2 fdndau Tawas : ldlwas 18u 9 ¢ 7 wazBuwiu 2 funtwiausiufuwuy complementary
uazfiufAzewvututiug nslimada RGA Wumadafiiuszavsamlunismeaeuiugnssunisaenendnuwazaiilasie

Franaasynineguand g ULR368 (ldluas oneed) wag nv6 (Liuasunany) waganunsadnngs uasAnidonyseving

o & oA
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