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ABSTRACT: A study on inheritance of antioxidant traits in brown rice was an important basic genetic information for
estimating the possibility of rice selection with high antioxidant traits in the progeny population of “RD41” x
“Riceberry. This population was generated and planted at Pathumthani Rice Research Center between August 2016
and November 2017. The objective was to study the inheritance of antioxidant traits of brown rice in the F,
population derived from RD41 (P,) x Riceberry (P,). The brown rice of Py, P,, F;, and F, were extracted with 1% (v/v)
hydrochloric acid in methanol. Then, the content of the antioxidant traits including total phenolic content (TPQ),
total flavonoid content (TFC) and total anthocyanin content (TAC), and antioxidant activity including ABTS radical
scavenging assay (ABTS), and Ferric reducing antioxidant power (FRAP) were analyzed. The results found that the
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colors of rice pericarp were regulated by two recessive genes, and the frequency distributions of F,antioxidant traits
were continuous and non-normal distribution. Furthermore, the distribution showed transgressive segregation. The
high positive correlations between all antioxidant traits were detected (r=0.910-0.973, p=0.01). The genotypic
coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (H), and percentage of genetic
advance (%GA) exhibited the high value and ranged from 40.08-117.62, 44.13-124.35, 0.82-0.94 and 75.16-229.74,
respectively and the difference between GCV and PCV were low value and ranged from 1.57-6.73. The results
suggested that the antioxidant traits in this population were expressed by quantitative inheritance of polygene,
reculated by recessive genes, and indicated to be influenced by genes rather than the environment. Consequently,
the possibility of selection in rice cultivar for the antioxidant traits from this population was successful.

Keywords: Oryza sativa L.; antioxidant compound; antioxidant capacity; percentage of genetic advance;
heritability; Inheritance
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U%mmaﬁmuaﬂﬁgdwum (total phenolic content, TPC) mszTauaaéﬁgﬂwm (total flavonoid content, TFC) (Shen et
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M59USuuaNsAURBNTATY
msinusinaasilluanyiaue (total phenolic content; TPC)

nsinUTiuansiiludarianun shlne3s Folin-Ciocalteu method dsuUsuusea1n33uas Zhang et al. (2006) Tng
ihansafnainudnd1n 20 uL ldadunquues well plate Indufiuaisazats 10% Folin-Ciocalteu 100 pL waztindu
100 pL wanlmdndu uludida 1 undl divansazate 7.5% (wAv) Na,CO, 80 pL naulimdnu ﬂuﬁqmmﬁﬁaﬂuﬁﬁmﬂu
1281 30 w1 LLéJ’J’qJJG]ﬁ’]ﬂ’]i@JfﬂﬂamLE‘Nﬁ 765 nm sELA3es UV-visible absorbance microplate reader (SpectraMax® M3,
Molecular Devices, USA) YnsNAaRaLA 3 91 Tasazateunsgiu gallic acid vinisvaasaguheiudvalsann
Pndnduazaiiniunsgu dinansinainsgandunawesansatinnuandalSeudisuiunsnanmnsgiu e
AuUTUI TPC Tunidng me GAE/100g 911
miavsuaa e Iluees e (total flavonoid content; TFC)

nyinUsinamstaliusesianun TnennsUsuUs93sn15ues Herald et al. (2012) uaz Shen et al. (2009) ldans
afnannwandn 10 L Auasazans 50 % (v/v) GHsOH 200 ul wazansazans 5% (w/v) NaNO, 7.5 pL aslungquues
well plate Vanduiaan 5 undl iuansazans 10% (wa) ACL 15 L waaliidriu wasvuduiaan 5 undl anduiiy
a15a¥a18 1 M NaOH 50 pL Usiduiian 15 unil ’E’mﬂ'ﬂms@mﬂﬁuumﬁmmmmﬁ'u 400 nm #281A3 89 UV-visible
absorbance microplate reader (SpectraMax® M3, Molecular Devices, USA) WMn1snaaest e 3 91 1da1sazane
WINIFIW rutin YMsveasstuAgINuivasainaInwand @595 eI Yinan1svngeuvesansainnuandn
Wisulguiunsmannsgu wazAwiumiUsuna TFC luniae mg RE/100g 9717
minvsuaiasusulnleeiuimun (total anthocyanin content; TAC)

mMs¥aUsunaanswoulvleeiuianun #1635989 Ghasemzadeh et al. (2018) Yhansarnainudadna 200 L 1d
aslunquuas well plate LLa”ai’mmmmmi@ﬂnﬁuLLmﬁmmmaﬂﬁu 530 Waw 657 nm §IBLA309 UV-visible absorbance
microplate reader (Spectra!\/\ax® M3, Molecular Devices, USA) ﬁﬂmmﬂ%mmmiLLauiwlﬁliﬂﬂﬁuﬁgdumiuwﬂw mg/100¢
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AA = Aszp — 0.25(Ags7) (1)
=2 )
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TAC = AAXV XMW X100 (3)
eXIxn

Tned AA = ﬂ'wmmLLmﬂ@msdeﬂ"]mi@mnﬁuumﬁmmmaﬂﬁu 530 (Asso) WaE 657 (Agsy) Nm; V=
YSumsansannainuandilu 96 well plate (cm?); T= Aasfamendinddns (~ 3.14); r= Saflvosdaslu well plate
(cm); = ﬂ?ﬂh@ﬂ%@dﬁﬁiﬂﬁﬂﬁ]’lﬂLmﬁﬂ‘ﬁﬂi‘u well plate (cm); MW= 5mﬁfﬂmaqasuaﬂ Cyanindin-3-glucoside (449.2
¢/mol); €= ANUENINTAlUNMIRANTULAS (26,900); V= USinmnsvasansarinavan (mL)
mMsimsignssueandiadu
A8 ABTS radical scavenging (ABTS)

75 ABTS radical scavenging AnlUasa1n35ued Re et al. (1999) w3suaisazaie ABTS (ABTS™ cation radical)
laguna1sarane 2,2’-azino-bis-3-(ethylbenzthiazoline-6-sulphonic acid) diammonium salt A213LTUTY 7 mM Au
a158van8 K,S,0, Aududu 2.45 mM Tuiifiadunan 12-16 $alus L%'mN@’w’wﬁwné’u‘[ﬁﬁmms@@ﬂﬁmm 0.700 + 0.02
fiaueaau 734 nm

wansatinanuidndt 20 pL wawlidrivansazane ABTS 200 L lunauwes well plate Ualudifla 30 wift Saen
ﬂﬂi@ﬂﬂﬁuLLaﬂﬁﬂaﬂmaﬂjﬂgu 734 nm fewA3es UV-visible absorbance microplate reader (SpectraMax® M3, Molecular

Devices, USA) ¥1N15MAA0IINNA 3 21 @319051LIMTFIUINAMUTUTUYDI1Ta8a8 ascorbic acid wazAIUIU %
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AEAC/100 g 13

A;34 control—A;3, asataanin

% inhibition = x 100 (a)

A,34 control

18Tl Assg control = AN1IAANGUKATIAIINETIAGY 734 nm YasaTazane ABTS fiu 1% (v/v) HCL Tuwsues;

Azsy @NTARAUND = ﬂ"]msaﬂﬂﬁmmaﬁmmmmﬁu 734 nm YeIEN3araNy ABTS U @nsainaniuandn
75 Ferric reducing antioxidant power (FRAP)

38 Ferric reducing antioxidant power tJulun1335v89 Benzie and Strain (1996) Aign1sinseuasazae FRAP
InensuaNansazany 300 mM Acetate Buffer (pH 3.6) @15azaie 20 mM FeCl, Wazansazans 10 mM TPTZ ludnsaau
10:1:1 thluvaluedos water bath flgamndl 37 °C lunan 10 it lnedouseulniynadnismason

Wansannnudndt 50 uL naufiuaisavate FRAP 150 pL ldlumauaes well plate Vulufisle 4 wnil Sasnns
@Jmnﬁuuﬁnﬁmmm’m?{u 593 nm #a8LA3 89 UV-visible absorbance microplate reader (SpectraMax® M3, Molecular
Devices, USA) ¥n1snaaasvianun 3 91 a$19n51MuIm3g1U91N Trolox WIAINITRANG LAV TAARAINWAAT 17
Wisuiisutunsivbnasgiu wagduanngvisiusendiadulumitze mM TEAC/100g 412
NMFAATIZANSEDR

NAFBUSATIEI 9:3:4 Yesdnuwardveuderuindnanudatiindesvestnigu F, sensaaeu Chi-square
sRuAMUERTY 95% ad1anTMnsnszaneiauuualaunsuvesdnuae TPC TFC TAC ABTS waz FRAP MAdauNIs
ns¥eRvesteyainuni 1ngdd Kolmogorov-Smimova wagiiasedanduiusuasdnunsia 5 dnwasiiaaeis Pearson
correlation A8lUskAsy SPSS (IBM, 2013)

mﬁLﬂﬁwsﬁaaﬁﬂszﬂawwﬂ’uqﬂiimaa P, P, F,uay F, Lﬁla‘dizLfluﬂlﬁﬂﬁmLLUSUﬂuL‘ﬁaW’mWUQﬂiﬁJ (Vo) Loz
AMURUIUTINTRIT W UIINg (Ve) UssuiuA1dnsiiugnssuluwuining (broad sense heritability, H°) A3
Globerson et al. (1987) ﬁmﬂixﬁwﬁgmmLLiJi’LJﬂuLﬁlmmﬂwuuqmw (genotypic coefficient of variation, GCV) kay
é’mﬂiz?m%gmmLLiJiUﬁausuaﬁﬂwmwsmg (phenotypic coefficient of variation, PCV) #1135v84 Miller et al. (1958) wag
ﬂ'ﬁaaam’smﬁ'nwﬁmwﬁuqmiu (percentage of genetic advance, %GA) #1135U849 Johnson et al. (1955) AUELNNT
seldil

g2 =Ye (5)
Vp
GVC = % x 100 (6)
PVC = % x 100 (N
Kx,/[VpxH?

GA% = x 100 (8)

oot % = ﬁWLagamaﬂﬁﬂwmzﬁﬁﬂﬂ ; K= standardize selection differential at 5% selection intensity (2.06)

nansAn¥ILazIasal
nsnszaneRavasanvardvaulauuan

RD41 (Py) $1uay 20 sy Mdeviumdadudunn g RB (P, F1wau 20 diu fievuwdadudiiesh uagdngu F,
1w 15 du Siferusdaudiinanndu (Figure 1) vty F, fnsuanseenvesdifioviusdaiu fieh 102 fu
Fuinna 39 du wardenn 52 fu Hudhsdmidorudadiiett: dhea: 89190130 9: 3: 4 uasvaaeu Chi-square 7
szsuAIL ey 95% WU fiAn ¥?=1.382 (p=0.511) §9 p>0.05 (Table 1) LLamdﬂé’ﬂwmzﬁmmL?jaﬁmmﬁmﬁﬁumuau
11U 2 q uagdufisereiuwuy recessive epistasis Tnefl homozygous recessive YaBus Ul N wzdarIens
uanseenvesdnduanduvimils aenadesiunuideues Rahman et al. (2013) Aldnauiugd AT ovfudsiisdsiug
“Heugnambyeo” fudniifiBerumdadumanuiug wuirludnu F, Bendudeiuudadiah: dhma: fvmwhiu
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9: 3: 4 uennfignumsuazamy (2563) ldAnuAvead efumdavestngu F, Aldannisuauiug ssnnadiug
“Riceberry” U “Khao’Yipun DOA2” wuh Snsndrunesdideviumdndiaei Siana: dum wihi 9: 3 4 wudu Tneil
Snvazfevuudndshaiituassiumisvulaslulen 1 waz 4 fe Pp waz Pb (Ra) muddu FediufAzerdeiuuuy
recessive epistasis Ingfu Pp fnasonsazauveanoulnleeduludouimdnuazuaniooniuy incomplete dominant
Yauzdidu Pb fin1suansesniuy homozygous recessive Anasnonistaniolilidludevumdavesin vilrdlulnduuy
pbpb @11509AVININTLANIBNUBIEY PP denanonsidndiuvestndvridu 4 d@wulu 16 @2 (Rahman et al,, 2013;
Wang and Shu, 2007)

A

o/ ¢
U

1 cm.
Figure 1 The colors of the rice pericarps. (A) purple, (B) brown and (C) white.
Table 1 Segregation of the pericarp colors in 208 F, families from the cross of RD41 x RB.
‘ pericarp color Va
rice total P-value
purple brown white 9:3:4
RD41 (P,) 20 20
RB (P,) 20 20
F, 15 15
F, 109 39 52 208 1.342 0.511

The ratio was not significantly different at p>0.05.

n1snsEANERIanBzduaandntuluUEYINTIU F,

SnungduoendindulsznoufieuTinuasdueendiadu (TPC TFC uag TAC) uazqiduaendindu (ABTS
wag FRAP) luuszannsdngu F, fimsnszaneiedwieiloslidnuazidnisnnn liifuldsund (P=0.00) uifinnsnszanesh
vesdnunizdusendinduluuisiuesuszvnsgu F, innnindsiug RB (P,) Fauandliiiiiu transgressive segregation i
\inannisianguivsivesdiu (Figure 2) LanIndnuaETILALERNNSENenandUSinas (quantitative inheritance) Wuna
11INNIAIUANTDITUMAEH IS (polygenes) (Poehlman and Sleper, 1995) @anndasiuauidunouniinvalenuiy
Finudn §u17fmuqumié’qLﬂiwﬁmsé’maaﬂ%m%’uﬂszﬂa‘uﬁw structural genes way regulatory genes 1ag structural
genes vhutinfiadrseuleiisndusonisduasizdarsdusendindu (Shih et al, 2008; Park et al, 2016) structural
genes fiflunumdAgyienisiiuiinauansiusendiaduiiuandnsturesinidioruudndvn dunauazdiaiie Ad
gene Fadubuiiadraeuls dihydroflavonol 4-reductase Liaduaszailanoulnleefifu (eucoanthocyanidins) @13
Faudmsunsdaaseilusueulnlseniy (proanthocyanin)1uﬁﬂaﬁﬁL?Jaﬁ:MLm§m?lLLm way woulnleeiy (anthocyanin)
‘Lu%’nﬁﬁﬁaﬁ:muﬁ@ﬁmaﬁw (Furukawa et al., 2007) @1u regulatory genes ﬁmﬁwﬁa%’wﬂﬂﬁuﬁ%’muammsaamﬁama
WUFNIIUYDY structural genes 1ng regulatory genes ﬁﬁmﬁﬂﬁmu@umié’qLﬂiwzﬁuauiwlszjmﬁuiuﬁnﬁﬁL?J"av’juLuﬁmﬁ
1336 A Pb %30 Ra gene FadufuiiatslusiudiAsidestunismuaunszuiumsasasfaneiugnssuvesdudiaing
ulesisdusenisdansesiuoulylesniu (Sakamoto et al, 2001) uonandfistuminazane (2557) Idvimaaeunis
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TAC I vpuzitinTauazaniy (2560) 1Hwsealunsafnansanudndndsiamnsaindr TAC andmiifiderumdndyn

g1

8o RD41 (105.20)
P=0.000
70 ‘

(o8]

0 RD41 (332.40)
‘ P=0.000

50

@
-3

5)u F, (593.83)

5

4 (225.83)‘ ‘Fz (232.80)

RB (982.95)
RB (477.12)

Number of family
8
S

Number of family
8

20 ‘
10 10
o [
T R S L S 0 @8 @t @ @ o S e
6$.°‘ ,,’39‘ egp‘ 15.“‘ K A% el (’gp‘ ,Lgp‘ o " e B 45t 52> RO a®
¢ & & @ o « [Cal @ s e ¢ ¢ e @ o
TPC (mg GAE/100g) TFC (mg RE/100g)
C =7 JLRD41 (0.70) D w7 JlRD41 (564)
P=0.000 P=0.000
70
100 T
> > F, (16.71)
=l
g g - F, (14.66) ‘
b 27) ‘G ‘
e 60T F, (40.13 40
g “ 2 (40.13) 8
£ g 30
2 v Z

RB (160.81) 2

3

20 T

Y N Y N S N \y ) y Y CN N XN o) N N o o\ o
! o 91-“«‘@ s‘s-"”‘g s"’ﬁ 1“’39& 0\9:“’ s""ﬁ‘ \“""13 ‘1119‘ o 5‘3""\ \e‘\"j 19-"6’3 e"”es s“$§ 9-“6'\ \*a-"atl 19-"\?’ s-@p
o o & @ (\1-,11- \\5‘,9 \\9’." G,\g." \1«“’1. & © @ R 0}3 009 @q,." 867 & \6\9
TAC (mg/100g) ABTS (mM AEAC/100g)
E 920
J} RD41(23.35) P=0.000

a0+

70 T
>
£ ol
©
5 50 F. (47.74)“5 (49.26)
=
8 w7
E
3 307
z RR (101 57)

20

4

04

N N 1\ AN N ;0 1)} 1Y 10
51.3\5 S,\‘ub"’ "1_6‘3 “1_16-" s"‘q\"’ 1\0""' 1\1"" 1\36"' 1,@""
@b o 8o @V R 0\.‘: (@5!’ \\1\3 \ﬂ‘,.‘»

FRAP (mM TEAC/100g)

Figure 2 Frequency distribution of TPC (A), TFC (B), TAC (Q), ABTS (D) and FRAP (E) of 208 F, families from the cross

of RD41 x RB. The arrows indicat the average of antioxidant traits.
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dnwnigdueendintuvestngu F, fanuduiusludeuindedusgrefidoddameadaf p<0.01 fan r &1
0.910-0.973 (Table 2) dsfiodndud r figs uansiransiuoendiadululszvngtngu F, Tusuumsiueendindugsd
%ﬁqm%‘ﬁmaaﬂ%msﬁugﬂm}uﬁu Uathansdusendnduiiiidneamile TPC TFC uwaz TAC anunsneengnissueendindu
(ABTS uag FRAP) 167 detuilefuilnasudssmudniifiansiusendinduiussdussnoulutmaiigeansfuoondndy
wansufiareengquiiiueendinduldluszdugs aenndosiuauideves Umnajkitikom et al. (2013) Ald@nwansdtu
pondinduluinndeseniusmmesaziinfutmiitideumandsheh wuiid TPC SanuduiusluBsuindu ABTS lag
fifn r vty 0.844 wansiiluinndessentiusiaesafindislen TPC geanusaeongrisiueendnduldd vuiteves Jin
et al. (2009) Fs@nwiluuszans doubled haploid ﬁlﬁmﬂ@'wau “Zhai-Ye-Qing 8” AU “Jing-Xi” Wu11 dnway TPC &

AMUFUNUSNIUINAUANwaY TFC way ABTS lusyauuiunais taaflan r winnu 0.581 way 0.446 MIUa1AU LazdIIuIdY

oA

994 Phaiwan and Sudarat (2016) leiAnwauduiusvesdnwasz TPC TFC TAC ABTS uay FRAP ludniifiieviuwand
17 Buns uardsine nudyndnueiinnudiiuslumeuindedu wasdian r daus 0.703-0.962 druainfinuindnuas
TPC TFC waw TAC Sarwduiudfugvisuoondndufio ABTS uag FRAP lun1sBusuitmnnsufudseiuslidiuium
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Table 2 Correlation analysis of antioxidant traits (TPC, TFC, TAC, ABTS and FRAP) of 208 F, families from the cross

of RD41 x RB.

Traits TFC TAC ABTS FRAP
TPC 0.953" 0.942" 0.940" 0.973"
TFC 1 0.918" 0.910" 0.948"
TAC 1 0.939" 0.967"
ABTS 1 0.950"
FRAP 1

** significant for p<0.01

N1FAATIENRIAUTENBUNNUTNTTH

Uszanaurn H GOV PCV wag %GA vasdnuazUSunaansinuoendindy uasdnunzarsiueandindu fuansly
Table 3 9nMsfny Wi dnuuedueenBndunndnumeden GOV uar PCV SAdous 40.08-117.62 uay 44.13-124.35
paddu Tne TAC fif1 GOV uae PCV gefianfie 117.62 uay 12435 nud1dy uansidnuae TAC dlieumainuaegs
nanYaEsUeNTITUSY 9 (Ahmad et al,, 2016) LagAIALLANAINTZNING GCV fiu PCV mamné’ﬂwmxﬁmﬁm'jw 10
fausl 1.57-6.73 udnsiin1suanseanvesdnumeiueendinduiluamnandvinavestudinnniranwiindon (Ahmad et
al,, 2016; Sanghamitra et al., 2018; Roy and Shil, 2020; fananwaluazany, 2564)

o
v o 1 o '

A1ERTILENTINILLLINTY (H) vesdinwagiueanBnduyndnuusdA1a9iu 0.82-0.94 Tnadnuag TPC fiAN

H geitgn uavdnuag TFC den A Avign Wiuliediuan %GA Fedlmaaus 75.16-229.74 uansianvugdueendiaiues
Uszns F, vesananiugiuanieanaindnsnavesdu (Ahmad et al., 2016; Roy wag Shil 2020) @enndasiuuideves
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Table 3 Genetic variability parameters for antioxidant traits (TPC, TFC, TAC, ABTS and FRAP) of 208 F, families from

the cross of RD41 x RB.

Traits Mean+SD Rang pPCV GCV PCV-GVC H %GA

TPC 232.79+123.14 68.00-666.67 52.77 51.20 1.57 0.94 102.57

TFC 548.45+242.64 192.00-1420.00 44.13 40.08 4.05 0.82 75.16

TAC 40.13+50.02 0.16-307.81 12435  117.62 6.73 0.89 229.74

ABTS 16.71+12.87 0.59-65.99 76.81 71.98 4.83 0.88 127.38

FRAP 47.74+24.89 16.57-146.66 52.01 49.89 2.12 0.92 98.83
a5u
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