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DNA markers related to anthocyanin contents and pericarp color in F,
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ABSTRACT: Rice with purple pericarp has high anthocyanin accumulation. Anthocyanin synthesis is controlled by
OsB1 and OsDFR genes. In this study, relationship between the DNA markers of OsBI and OsDFR genes and
anthocyanin content was performed in 300 plants of F, populations of the cross between white pericarp rice as
female parent (Pathumthani 1) and purple pericarp rice as male parent (Kham Noi). Analysis of the relationship
between genotype of DNA markers and phenotype of anthocyanin content and pericarp color by simple regression
method was investigated. The result indicated that only OsBI, a functional marker, was highly related with
anthocyanin content and pericarp color which had R” equivalent to 31.9%. The segregation of pericarp color in F,
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population showed color: colorless ratio of 3:1 consistent with the genotypic ratio of OsB1 gene, suggesting that
pericarp pigmentation requires at least a single dominant allele of OsBI gene. Anthocyanin content in F, population
was analyzed by HPLC method and the result revealed that the highest cyanidin-3-O-glucoside (C3G) content of
39.52 mg / 100 g of DW was found in F, progeny with dark purple pericarp. Therefore, the DNA marker of OsB1 gene
could be used to select rice with anthocyanin content and pericarp color. This marker will be beneficial for marker-
assisted selection of rice plants at early stage of growth which will be convenient and shorten time for breeding rice
with high nutritional value.

Keywords: rice; DNA markers; anthocyanins; pericarp color; F, population
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41 (Oryza sativa L) \iusgyfiemdnfiddydmiunisuilarvesuszvinslan 41vand wu riderumdadun
ud thana 17 waed Tasuauauls wazlinnudesnmsiutunnguilaaialan Tnsangegisdedniugiudosis
Usnameulnlegndunazaaamislarunnsgs msufuussiuginiedivgamistarunnms iunsiiugadliiudn
uazfiudngnmnsutsiufusisssne uenanidaheliszmnadaunmilauysaiudauss (ol warse, 2553) woulnly
mﬁuLﬂumiﬁﬁﬁmwﬁﬁ%’maﬁiuadumaaﬂaw‘luuaaﬁ Tudamdueulnleeniundniinu fe cyanidin-3-O-slucoside (C3G)
uazfinuludautios Ao peonidin-3-glucoside (P3G) (Rahman et al, 2016) sansnguusulvloedudigvdfuoyyadass
PuvzasANUIAeLITeNYad andnsdsainiiialsaale wagsdulsaugis (Samyor et al, 2017)
nsdunszduoulnlssivludodundatndisauaudefundniiddy Ao OsBI uay OsDFR faaguy
Tasluleudl 4 uag 1 auddu Rahman et al. (2013) 51897431 8 OsB1 wagdu OsDFR §iN15Y9TULUY recessive epistasis
Tunsmuaudeuudadsieesing fu 0s81 Wudumuaunisaislusiu transcription factor fieglunga MYC basic
helix-loop-helix (bHLH) wazanmsanwawuiualuinadevumdndun wuin In1sifa 2-bp addition luusiim Lonwou
7 7 wildwuludrad esiuiudndsiag (Sakamoto et al, 2001; Wang and Shu, 2007) n5siauLA3 sananefiSulevin
Cleaved amplified polymorphic sequence (CAPS) was8u Os81 uldlunsinsziuszens F, wuin Bu OsBI ifieados

1Y b3 <

fuddoruwbn waglddndondnafileruwandiasld (Wang and Shu, 2007) uenanildanu 2-bp addition Tudhadedu
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Tslamasvesdnaiug Murasaki (Nakai et al., 1998)
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0sB1 1taednidenlunsuiusaiugdnlviidevumdndisuaziiueulnlesdugiaisuaunduld (Lee et al, 2018;
Rahman et al., 2013)
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Kitaake (Kit), Sasanishiki (Sasa), Nipponbare (Nip), N6 (RD6) LLava‘VlsqnéS (Taichung65) Wus:ﬁﬁlfjaﬁmLmﬁmﬁmﬂﬁuﬁaﬁ’l
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g Jaringlass lneidendlovuuanduriduiiugual Ae Uvusill 1 Ugndiwiu 20 du waztridevuuandiiaduiug
o fis Mtley Ugnduau 20 s Ingugnlulsaounvnine deudld daminledval Uan 1 dusie 1 nseae iivendngnuas
F371 1 (Fy hybrid) Tuga?l 1 w1 w.e. 2561 anduibwudn Fuvgnitendsudndail 2 (F, seeds) Tuggil 2 wiuss w.e.
2562 uarUgnian F, iiteas1auszanns F, ianua 300 du Tugail 3 unl we. 2562 Tneugn 1 dusie 1 nsea (Figure 1)

Tunsguadudni Ugnltuanmuindemdeiu nslidemiieuiunudieenisasyivlnvesiudn

In-Season 1 PTT1 (20 plants) X KNO (20 plants)
2018

-

Off-Season 2

2019

Selected by DNA markers —» F, — @ — F,
In-Season 3 l
2019 F, (300 plants)

v

Studied relationship between the DNA
markers and phenotype of anthocyanin
content and pericarp color
Figure 1 Schematic diagram showing the cross between white pericarp rice as female parent (Pathumthani 1) and

purple pericarp rice as male parent (Kham Noi) to produce F; hybrid seeds and F, population
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MInIAZaINEABUE waznTiTeRdfulUaUISEIuYasBY OsBI uas OsDFR

ihteya91ngIutona GenBank vost1u8ovuiudndsiag japonica #ug Murasaki (AB003495.1) (Nakai et al.,
1998) wosnuuulnsiwesiilfidunieminefidueviia Indel vosdu OsDFR USIR upstream 83 +1 uagiiAs1evilng
wo3lny OligoAnalyzer™ Tool (https://www.idtdna.com/pages/tools/oligoanalyzer) druipdemneiiduievesdu OsBI

a

1191N9UWIT8V09 Rahman et al. (2013) MIAATIZREIRULUAUNEIVDIEY OsBI uay OsDFR tapthdlufinfdueu iy
Usnasiiduesewmaiaiidganslagldlnswesidunegsadu (Table 1) inandafidorsuiwenu3anseeyn Universal DNA
Purification Kit (TIANGEN, China) d@33iasngvianauiuanuien 1% BASE (Malaysia) 31ntutafuiuaueadndiugaiig o 11

Wiguisuivguniilugiudeya GenBank lngldlusunsu Clustalx 1.8 uag GeneDoc 2.7

nsnsresaulameidueludiBefumanduouaziag anuey F, uazussyns F,

ihlugeuvestniugsing q Mflunaded suiddngnuay F, uastssans F, enguszann 15 Yu snadaluiing
BuLede3s CTAB dinuasmn Hwang and Kim (2000) ndsanntiuthunnsindeuirsemneidueswiolld th3luinfdu
unvisemaiafiderslasldinswesisunesedu (Table 1) 149 2x My Taq HS Red mix (BIOLINE, USA) Ujjizen
Usgnousefiduioyszana 100 uilundu lwswed 0.5 lulasluans Usunsgavine 20 lilasans dmiuieionsnefidue
938U OsB1 duneuofiseidensusuiigamgd 95 °C 3 wifl UfFSetamn 35 seu dutelull denaturation 95 °C
1 U1l annealing 55 °C 1 U9l extension 72 °C 1 U1l wag final extension 72 °C 5 W9l W wananfidersunnalioulesl
findwnz BamHl (Thermo Fisher Scientific, USA) uazasiagausiemaiinoznilsaaadianinslnida Idanududuaa 1.2

= s

Woesidud wardmiuinisanunefiduevesdu OsDFR fduneuvesujisenidonsisuduiigungd 95 °C 3 wail UiAsen

NanuA 35 50U AerelUll denaturation 95 °C 30 AW191 annealing 55 °C 30 U7 extension 72 °C 30 U1 wag final

extension 72 °C 5 y antiuinandniidenslunssaaumemaiinosnlsalaadaninsinsda anududuaa ¢ 1Weasidus

mswsiviinaseuTnlvedunamunlngds pH differential

thidauniiiiunseuuisiigamail 50 ssrwaidea lWua 3 Ju unginedensen Fahwinadn 100 un.
wiaualfazden wardnswiusinaueulnlesriiuiionun (Total anthocyanin content) Ine3d pH differential faudas
91N Lee et al. (2005) 14 Extraction buffer fiUsznaus8 80% wunuea wauiu 1% ninlelasnassn USuns 1,500
lulasans anihasatnuoulnleendudondnelitamnududuvosas de pH buffer (pH 1.0 uaw pH 4.5) u 1 sie 4
Unflgaumaiiviea 20 undi thluinnisganduuasiiniueniadu 520 wag 700 uilulns fela3es Spectrophotometer-
plate reader Ju SPECTRO star Nano (BMGLabTech, Germany) wazAuinusuaueuvlegdulumizedadnsusansy
Yo minuEaLis 100 N3 (Un./100 n. LWEALRS) 311@n35 Ao Anthocyanin pigment (cyanidin-3-O-glucoside (C3G)
equivalents, mg/L) = (A x MW x DF x 10%) / € x 1 187 A = ( Aszormn = Avoonm) ot 10 = Aszomm = Aroomm) s a5 MW

(molecular weight) = 449.2 ¢/mol, DF = (dilution factor = 1) Wlag € = 26,900 molar extinction ¥N15MAaDY 3 8

A5ATIZRUSNN C3G 1a8AT High Performance Liquid Chromatography (HPLC)

1a15119357U C3G (Chromadex, USA) 10 1n. 11azaialu 0.1% HCL Tu methanol Tildu3unns 10 wa. (Aaw
Wadu 1 0/ ndsntiuthunidenadistiinaulsldanududy 0,03, 0.11, 0.17, 0.22, 0.33 un./4a. LALnTBIRILTA
wosvun 0.45 lalasing thluliesgiviunn C3G domada HPLC ilearansmunmsgiu lng3dauuasan Ahmadiani

et al (2016) uarhansadawaulnleefiuilaainis pH differential 113wAszUTeuLisuiuasuinsgiu lngldinios
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Shimadzu modular HPLC (Japan) Usznaunae LC-20AD pump, CTO-20AC column oven, SPD-20A detector thag SIL-
20A HT auto-injector 3Lﬂ§13ﬁ%@gaiﬂﬂw LC station data processing program wazlvaauil Eurospher Il 100-5 C18
(KNAUER); (250 x 4.6 mm, 5 um) lagly mobile phase A8 1% acetic acid waz methanol (60:40) A88nsIN1ThHa (flow

rate) 1.0 18/UN% MTIVEDVAITNIANNENIAGU 520 WIS YINSVIRa0IRI9819aE 3 91

nsinzdrnuduiussaniaedssnefiduetulsnaseuinlvendululszens F,

Yuadewneidue Glulnd) vesdu OsBI uay OsDFR voslszanns F, umanuduiussuilulnd Ao Ysua
woulnlweniiu Tnslusunsu Minitab 15 fvualidlulndvessu F, fuanuaufiduemilouiudusiunusi 1 T3lulnduuy
Homozygous recessive (R) Widaydnwalifiu OsB1 = aa waz OsDFR = bb Tiazkuwdy 0 Fufiuanuaufiduievesiudusl
Unusndl 1 uaziugwertiesidlulyiuuy Heterozygous (H) Tidaudnuaidu OsB1 = Aa way OsDFR = Bb Tazuuudu 1
wagAufiuoufiduewmilouiugwennies F3Tulnuuy Homozygous dominant (D) TWdnydnwalidu OsB1 = AA uag
OsDFR = BB Tiaguuuidu 2 nsiesigvimanuduiusseninsdlulndduilulndussdsenns F, aensiasizviannee
(regression analysis) 10835 simple regression Lﬁamﬁuﬂizﬁwémimaaa (regression coefficient); (y = O + Bx) Way

duusz@nsnsinaula (coefficient of determination: R Square)

NaN1SAN¥ILALIRTR

a <

ATRATDIVUUALDULD LAZNITIATIZHAIAULUEUNEIUVDIEU OsBI waz OsDFR
a

1IufinAdueven Uwsizimematiafizesiasldlnswesndnnizaedy OsB1 NuLaUALSULDULA 1,200

Alua Welinseviaiduiua wud lengeuil 7 usuandiveseulesidndunig BamHi (GGATCO) finnsunsn 2 giua (2-

bp addition) Tudnadeiumdeadunaiudunusid 1 waznv-wild 2 saenndeaiud1ivriug Nipponbare (AP014960) us

Tinuludrideuudediasiugides mlve) uaglsdiuess (Figure 2) denadosiuamddefinuindiuivavesdiu OsB1 §

AnuuanARiusErid B eiuwaadviuazdad lnenwu 2-bp addition ludrudeuadedvriiliinnmsnaneiuguuy
frameshift Fslalansnsaasradnduoulnleedule (eusAung wazaue, 2562; Sakamoto et al., 2001; Wang and Shu,
2007; Lim and Ha, 2013; Sakulsingharoj et al., 2016)

A ATG JF TG R ®
OsB1 GGATCC

oor—t- AR 7T

ccetle c
R T N ‘n“ AfA A f A
— I Purple : KNO xn\ 1’\3] “\"\;,4), 8! ‘-“,\

satclctercaa

AWM

White : PTT1 [ /\/Y

Frame shift due to 2 bp addition in white rice

Frame shift due to 2 bp addition in white rice |

Figure 2 Partial nucleotide sequences of exon 7 in OsB1 gene. (A) Sequence aliénment of OsB1 gene frorﬁ white
rice cv. Nipponbare (AP014960), RD-MAEJO2, Pathumthani 1 (PTT1) and purple rice cv. Kham Noi (KNO),
Kham Yai (KY), Riceberry (RIB). The black box and dot line represented exon and intron, respectively. The
red box showed 2-bp addition (GT). (B) Sequencing chromatograms of OsBI gene from Pathumthani 1
(PTT1) and Kham Noi (KNO). The purple box indicated BamHI site (GGATCC)
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v <

Nakai et al. (1998) @nwnanduiuavesdiu OsDFR 990417 japonica Mldevuidndsiasiug Murasaki (AB003495.1)

q

wardn7 indica NTiBoRNNANFYTIIUG Teqing (U70541) wudn 8w OsDFR Usenausie 3 lenwau USLagd upstream 289 +1

AU -450 n154in 11-bp addition Tud3us Murasaki walinuludmiug Teging lunuwideiiFsesnuuulnsiwesivi

a

AseUARUUINafiinsUdsuLUasduLE (Table 1) wdrthunsivaeudafiugaie 4 wudn Sradeiuudnduninug

q

o

Kitaake, nu-uxlld 2 wazunusid 1 druderumdndsaeiiuguesds uasnilng iin 11-bp addition aenadesiudaniug

q

Nipponbare (AP014957) uay Murasaki (AB003495.1) uslsinuluiraiderumdndsisiugitiosuarlsdiuesidsliiia 11-

bp addition (Figure 3A) U3\aeuiiiin 11-bp addition agludu upstream vedlusluwmasuaslifinansenusianisinures

a o A

8u OsDFR (Nakai et al, 1998; Kim et al., 2017) ¢ty tASaanuneAdueimmuInanusnaildunsomnendnfnfudy

su a A v < <

OsDFR Wuwamnananuuanasluszaufiduedsetsazliduiudiudifonuudn agdlsionn wuin Sradeuudnden

o & AN oa - Mo Yy oA v & a1 o €0 Y v & = o s 8 v & a a
W‘Uﬁqﬂﬂqllﬁqu 1109 11-bp addition LLWI@JWUGLUGUTJLﬂ@ﬁﬂLNafﬂaﬂJ?ﬂW‘uqﬂ']u@ﬂ PNUU C'Nu’]vLW'ﬁLlla'ﬁJ’ﬂsULﬂULﬂﬁaQMNqﬂﬂL@u

103iin Indel va3du OsDFR iieldhanmnuuanseseninetiuguiunustil 1 wasiugwenidosls (Figure 3B)

Table 1 Primers used for DNA markers of OsBI and OsDFR genes

Forward primer Reverse primer Annealing  PCR product
Marker Gene References
(5'-3" (5'-13" temp (°C) size (bp)
OBlex6 F; = OBI1R; =
CAPS Rahman et
OsB1 GGGAGAAGCTCA  GGGTGGCAGATTCAT 55 1,200
marker al.,, 2013
ACGAGATG CACTT
dol OsDFR-662F; = OsDFR-426R; =
Inde
) OsDFR  AGATGTACAAATG GGGTCGGATGGAGTA 55 240, 230 In this study
marker
CGTGGGC GACAG
o ; 2 : H/ AT TiG ® (;SDFR

Purple 1 KNO - ! A} ‘I‘A““_‘L‘ V(\. 1”‘1,\,1 Wy

region (upstream of +1 at -450)

11 bp addition in white rice at promoter region (upstream of +1 at -450)

Figure 3 Partial nucleotide sequences of promotor region of OsDFR gene at -450 position upstream of +1 site. (A)
Sequence alignment of OsDFR gene from white rice cv. Nipponbare (AP014957), Kitaake, RD-MAEJO2,
Pathumthani 1 (PTT1), and purple rice cv. Murasaki (AB003495.1), Mali Dam (MLDUM), Kham Noi (KNO),
Kham Yai (KY), Riceberry (RIB). The black box and dot line represented exon and intron, respectively
The red box showed 11-bp addition region. (B) Sequencing chromatograms of OsDFR gene from

Pathumthani 1 (PTT1) and Kham Noi (KNO)
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nsnsIvFeuIAsssIneRBuelutleduanduiiuaziing uasgnuay F,

\orhieIosnefdueviin CAPS vasdu OsB1 wnsraaevuluiniugeing q wuin Srudeumdndun dun
Unusnil 1, Kitaake, Sasanishiki, Nipponbare, nu6, e 65 iauaufiduevuiauszana 1,200 g ﬁlﬂgﬂﬁﬂ@hﬂ BamHI
\fleaaniAn 2-bp addition lutduandweseuleidndine dndrideruudading ldun lediuess Ades weuida i
WBRAA Wil wasinelen nukauiiSuleuig 500 ALUE Uag 700 ALud Fuinannisdadae BamHl (Figure 4A)
Farfu LAdowmaneRSuonin CAPS va3du OsB1 ansnsakeneuuAnassziedBeiumdnduuaydinald aenndes
Aut17 indica (amﬁmg uazAnlE, 2562; Sakulsingharoj et al., 2016) Lax412 japonica (Lim and Ha, 2013; Rahman et
al, 2013; Lee et al, 2018) fidsrosannounthi LﬁGMiJQﬁaUIUQﬂNﬁu F, WULm‘uﬁLSuLaﬁlﬁamﬁuﬁ:Lmﬂnumﬁ 1 (1,200
duua) wazsiugianden (500 wag 700 gLua) (Figure 4B) Fsinasomunefiduovin CAPS vasdu OsB1 s mnasuly
Uszans F, sioly

White rice Purple rice
w A. © L F 3 .
| E l 1,200 bp
100005 Sompy R0
700 bp 700 bp 700 bp 700 bp
500 bp - 500 bp 500 bp—> 500 bp

Figure 4 Profiles of CAPS marker of OsB1 gene from white rice, purple rice and F; hybrid on 1.2% agarose gel. (A)
Band patterns of white rice (Lane 1-6) were Pathumthani 1, Kitaake, Sasanishiki, Nipponbare, RD6 and
Taichung 65, respectively and purple rice (Lane 7-12) were Riceberry, Kham Noi, Homnil, Kham Nong Tao
Kham, Nieow Dam and Kham Phayao, respectively. (B) Band patterns of parental varieties and F, hybrid.
PTT1 = Pathumthani 1. KNO = Kham Noi. M was 1 kb DNA Ladder

evhiaTemuneiifuesiin Indel vos8u OsDFR 1asIvaeulutIfussine q wuin Srudevumdndun Téun
Unusnl 1, Kitaake, Sasanishiki, Nipponbare, N6 uazlnys 65 IauauAduevnaUszanm 240 diva uazd1ieriuiudn
d1ie I lsdiues3 ffes veudia Avuessindl wiead wazimeien auauAiBuevauseaas 230 gua usidnn
fiuguzdc uazanlug nuuaudidulevuin 240 guua (Figure 5A) wansin 1a3eamnefidulesia Indel vos8u OsDFR
ansanenANLANANsEINsi L eumdndunfudiaunaiugly weduadesmnedisuenvasulugnnay F,
(Figure 58) 1171 @11150U8NALLANA195EMI WL U LAZTUSWaT flan1n Homozygous wazg AraNf dan1m
Heterozygous I Suhiasasnefdueviin Indel 1038y OsDFR wmageululszwns F, dely

White rice Purple rice

*) l 1

300 bp

200 bp

Figure 5 Profiles of Indel marker of OsDFR gene from white rice, purple rice and F; hybrid on 4% agarose gel. (A)
Band patterns of white rice (Lane 1-6) were Pathumthani 1, Kitaake, Sasanishiki, Nipponbare, RD6, and
Taichung 65, respectively and purple rice (Lane 7-15) were Riceberry, Kham Noi, Kham Yai, Mali Dam,
Homnil, Kham Nong Tao Kham, Nieow Dam and Kham Phayao, respectively. (B) Band patterns of parental
varieties and F; hybrid. PTT1=Pathumthani 1. KNO=Kham Noi. M was 100 bp DNA Ladder Plus
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NNASIVHRBULATEMNEABULLYRIEY OsBI way OsDFR Tuuszvns F,
INNNTATIVABULAS DU ALD WA CAPS v0a8u OsBI wazviln Indel vasdu OsDFR Tulsevns F, 113U

300 fiu wazthdeyadlulndvenaismnefiduenmeaaulaauas wuln Inisaenssvesaismnefdueilulunung
voduuaa Ao dnsiamdlulnd windu 1: 2: 1 dmsudu OsB1 § (2 = 1.920 (P>0.05) wardwsudu OsDFR i % = 2.580

(P>0.05) (Table 2) fatiu 1A3panMUBAOWOVDIBY OsBI waz OsDFR Tunwidedauisaldlunisusulgeiugdnanly

wWsaanefduetelunsAndanls

Table 2 Chi-square test of inheritance of DNA markers of OsBI1 and OsDFR genes in the F, population at a
significant level 0.05

F, segregation

Gene Symbol Number Total X2 (1:2:1) P-value
D H R

Observed 69 162 69 300

OsB1 A/a 1.920 0.383"™
Expected 5 150 75 300
Observed 80 157 63 300

OsDFR B/b 2.580 0.275™
Expected 5 150 75 300

"s non- significant (followed Mendelian law with the ratio of 1:2:1), D= homozygous dominant,

H= heterozygous, R= homozygous recessive

mewsiUsinaueulnleedunamunlulssvns F,

mseTeiUiinuueulnleeiuiemmalulssnns F, #1e33 pH differential wuin Wuguallyusnil 1 Wugriar
1eg Lavianvesdy F, JUsunuueulnleeniuwindy 0.00, 51.52 uay 13.29 un./100 n. WAAWSAS AUEINU IIARANNT
AasrzmudnvesUszans F, wudn dn1snszaevesaiuiunaueulnlseiu wuulivndlaenisnssaredadlunian
(Figure 6A) 1ps91nnsdansizsineulylvenduniunuseBuvaeg JsaenndosiunsdnuinisnszaeivesUiunauen
Inlwedululszans F, ¥4 zicaitai (Brassica rapa L. ssp. chinensis var. purpurea) (Guo et al., 2015) Toefidads M
gafign (Fudl 299) wazAdign (Fufl 219) WAy 6.12, 35.04 uay 0.27 un./100 A. WAL ANEIFY N1T3ATIEA
U3 €3G Tudsewns F, sae38 HPLC wudn C3G il retention time windu 2.7 widl Tuiuguaiunusiil 1 liwuans €36

'
§ 1o

ddniugrenides wazludnuesiu F, wuans C3G Wi 44.76 waz 11.85 1n./100 . WAAWAS aua1du dumdnves
Uszang F, finnsnszaneveuiunm C3G lnefirnads Angedian (Fufl 299) uazardndian (Fuil 203) wiidy 11.67, 39.52
way 0.2 1n./100 N. WEAWK AU (Figure 6B) nadinamaenndeiunuideves Somboon et al. (2017) fisne9u
lainuweulnlsefuludtuguyusi 1 nnenuiteinuinaeulnlsedulusdadniifideruudnding aeandosty
ffise9uinans 36 Wuneunlgedundnvewdnt nadiatuvdes (Rahman et al, 2013; Rahman et al, 2016; Lee
et al, 2018)

detharuSunaueulnleenfiufildanis pH differential waz HPLC w1iaszdaranduiug wudn daumadu

0.944 uanadn MIBATERUTIIALeUInlgelung 2 T8 Tanuduiusidadulusedugs uaslinnuduiusigauinysefianig



KHON KAEN AGRICULTURE JOURNAL 49 (5): 1301-1312 (2021)./doi:10.14456/kaj.2021.116.

1309

Wenusgsiived1Agmead (P<0.05) Aeu 35 pH differential a@nansaldinsiziusinaneulnlsedulundndila ds

ldazain 9057 wazUsendnelddng thundiedndeniugdnniueulnlsenugaionsusuusaiugle

(A)

PTT1 =

80

70 |

60 |

50

Frequency

40 |

30

0.00 + 0.00

Mean = 6.12 + 0.02

F, =13.29+0.05
v

Fy-299 = 35,04 + 3.16

(B)

KNO = 51.52 £ 0.08

sooce-|

DAt
PTT1

A oh

F,-203

C3G

i~
L N L T SR PPN |
; .

T T T T
H H £ 5

F,-299

r‘fl caG

20| - | C3G

10 | . m

s |
0 r—v—l ‘—v—| |
T T T T T T T [N
0 8 16 24 32 40 48 A
Anthocyanin content (mg/100gDW) S ) - S
B Y ORMN AR

Figure 6 Analysis of anthocyanin content in seeds of F, progenies. (A) Histogram showing the distribution of
anthocyanin content analyzed by pH differential method. Pathumthani 1 (PTT1) = female parent, Kham
Noi (KNO)= male parent, F, progeny no. 299 (F,-299). (B) Chromatogram of cyanidin-3-O-glucoside (C3G)
obtained from the HPLC method in Pathumthani 1 (PTT1), Kham Noi (KNO), F; and F, progenies (F,-299
and F,-203)

a I'4 o LV 4 1 o aa [ a
MM5AIATITHANNFIRUS STrdnATa N e AR uenUUSI e uInlweniululszvns F,
ANUELTUSsErIaAsenedue @llnd) veadu 0sB1 war OsDFR Auilulndusunawaulnlaefunlaain

o [

35 pH differential ¥Mn153AT197875 simple regression Wun 1ASpaLNRABUIEYDITU OsBI TuUsHuweulnleeiy

=

Iaunisanaesfifiaduuszansanaes (B) Wiy 0.055 un./100 . WanwRe wansn d13lulndvesiu OsB1 H5ada A
aghation 1 Sada TvhlrAusunameulnleeniiu (y) asdfind 0.055 1n./100 n. wWinwka (P<0.05) Fslumsyuesananadl
ANANALARBUNIATEIU (SE) WU 0.561 1n./100 n.LuAATAY LazauNsIANNsnosUIALRuL YT InaLe vl
e9iule 31.9% d1uiad osneRidulevestu OsDFR fudsunameulnlesniuldaunisanassiadulssansanasy (B)
Wiy 0.004 1n./100 ALudawis wansindlulndvesdu OsDFR laiflauduiusBadusuarusunaneulnlegiiiu (y)
(P>0.05) Gamnldaumsdsnarlunsiungagianuamandounnsgiu (SE) winfu 0.689 1n./100 n.dAL wagaung

JaSureanutunusveaUSunawaulntaefiulaiiies 0.3% (Table 3)
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Table 3 Simple regression analysis of DNA markers of OsB1 and OsDFR genes with anthocyanin content of F,

population
Gene/Marker (x) Regression coefficient (y = OL + Bx) SE R-Square (%) P-value
OsB1/CAPS Q=0.659, B=0.055 0.561 31.9 0.000"
OsDFR/Indel 0=1.026, B:0.0oq_ 0.689 0.3 0.388™

“significant, ™non- significant, y = anthocyanin content, x = genotype of DNA markers, SE = standard error

4 <

nsnagauladualsvesdibeviumanlulszyins F,

o

9
nsnssiillulnddileduudavesinuszens F, nudndeduudaiddui 231 du waylifidsiuau 69 du
Y

a P

meaeulaaunis neflauyfgiu Ao 3:1 (Color: Colorless) wuin nsnszaedwesddouuandulumunguasuuina

(X? = 0.640, P-value = 0.4237) (Table 4) @onAd a3 udns1duTlulndassdu OsBI fin A way aa WIAU 3:1 uay

A o v 4 @

danndodiuauATenivihnsnandNdileiuudndiiuazdvisenineiug Kewha fiu Kumgangbyeo 7inuin dnsidaud

q
v <

11991989717 WindU 3:1 wazlun1siind i eviuiwdnsnduasdeslifu OsBI wusg19iesuniladu (Rahman et al., 2013)

q
'3

wenINifaenndodiuauiTeves Yang et al. (2019) Anaud13us Donglanmomi FefiuSunaneulvloenfiugaiunug

]

Huanghuazhan @sdUsuaueulnleeiiu wazvinisvageulpauaidilouwdaludszyng F, wudn dasdwiilulngd

a0 v

vosiBeriumanidsedruboruudndun wiriu 3:1 uwansiiBu 0s81 funumddlunsdaasiziueulnleeduluge

P v [

b4 < v v 4' a S < v A v o A a
NUANYTI PRUU LATBINHIUALDULDVBNYU 0sB1 aziduusglesulunsAndentiniideruwaniduazivsunaueulnly

q

enflugalinmunssogiunan

Table 4 Chi-square test of pericarp color in the F, population with the hypothesis of phenotypic ratio of 3 Color :

1 Colorless

Pericarp color

Number Total X2 (3:1) P-value
Color Colorless
Observed 231 69 300
0.640 0.4237"™
Expected 225 75 300

"S non- significant (followed Mendelian law with the ratio of 3:1)

G

Tumiaseilgfmuiaiomunefiduesiin Indel ves8u OsDFR USas upstream 189 +1 Asuvs -450 thanld
\ueTeamnefiduelunisdmdendnififeruwdadineiiinanguanseninsiugunusiil 1 fuidesls edesmaned
Wuenlln CAPS vosdu OsBI uazin3esvnefduloniin Indel vosdu OsDFR 1HuenAuuAnssszrineinudeviuiudnd
Pnardiilunuideilld madieveneiesmnefiSuenesdu Oss1 uas OsDFR Wilumunguasuuaa nsaemaniily
Inddidorusdaluuszng F,wuin Snsndiunsiinduasliiied 1ulusunguesuiea e 3:1 (Color: Colorless) lag
nsiiedifevuudndndudesiisadainuvesiu Os81 etnses 1 §ada nsiiaszvivsunaneulnleedulagis pH

differential 1Husilesduiiedndontnfivsuueuinlesiuuas €36 galuderumdald Tunmsimaeianuduiug
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seni193lulndaesdu OsB1 way OsDFR AuUsunaweulnlgerfululszaing F, wulin da1 RAWIAU 31.9% uway 0.3%
AU waneinBu Os81 faruduiusiuliinaweulnleedy oy wniesmnefduesiin CAPS vasdu OsBI a@nsa
Tilefndentmiifasuoulnlvedunazdoruudaddls lnonsiAediderumdnmunuiesadainuvesdu OsBI oens
Tos 1 Fada indemueiiduevidadzdulselenilumslddmdendudildfourssozusnvesnisiasaivln azaan
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