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Diallel Analysis for Cyanidin—3—glucoside Content in Pigmented
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ABSTRACT A complete diallel cross was performed to
determine the inheritance of 1,000 grain weight of brown
rice and cyanidin-3-glucoside (C3G) content and combining
ability of five pigmented rice that showed different level
of C3G content. Parents and F; of 20 crosses were eva-
luated for 1,000 grain weight of brown rice and C3G
content which extracted from pigmented rice grain with
0.1% trifluoroacteic acid (TFA) in 95% EtOH. For 1,000
grain weight of brown rice and C3G content, both additive
and dominant gene effects were detected and the domi-
nance was partial and there were more dominant alleles
than recessive ones. Genetic parameters pointed out that
there are significant additive and dominant effects and the
additive effect is bigger than the dominant one for both
grain weight and C3G content. The frequency of negative
alleles were higher than positive alleles. Narrow sense heri-
tability estimates were 0.66 for grain weight of 1,000 brown
rice and 0.70 for C3G contents. General combining ability
(GCA) effects and specific combining ability (SCA) effects
were highly significant and GCA effects were drastically
higher than SCA ones. It indicates that the inheritance of
the C3G contents is controlled mainly by additive genetic
factor.

Keywords : pigmented rice, anthocyanin, cyanidin-3-glucoside,
diallel analysis, combining ability

1915 A 2o ok

yahge] upel 4n)AE
E50) 877} Bohw

TCorresponding author: (Phone) +82-2-3668-4631
(E-mail) ryusn@knou.ac.kr <Received November 28, 2008>

CtEAOL gtEfFe| RTEM

Asgsx - Bas

Shaf, 334l Fkstel

Rice

Ak webs Hzo] ¥ §3 gz, EAFY R A
PP Sl W oh, 54 $E A FERY EF F
g Bug Az G S8, S e o
EAloPd e Gle} BT} 953 Ao R B, rEA
ohd wghy FAHMu] 4L 4 v Fjok FAAS &
o] ZA 7T ALoR 7|tfEct o]t FEAJobd A

58

2 80% A9 cyanidin-3-glucoside(C3G)2} peonidin-3-
selphinidin
1998;

gloucoside(P3G) 5%, malvidin, pelargonidin 2
52 3hg Aoz ®HiE Hf QJtHRyu et al.,

o< Tfdte

2006).

SAHTE

AogL MAao] Chromoge < YAdsk=
2 64/\]7]bA HApo] BE
ol o AujE|H, 4
& H% 785 AdAn 7} B
2 H tH(Kinoshita, 1984; Reddy et al., 1995). Jung et al.
(2000b)-& Z R F/IR70078-AC3(HHu]) Z3tofA] F, 1M
o] TALA . A =9 ;348 HaEe Huskg)
a1, Park et al.(2000)-2 S 39} ArafigFdu) Srfjo|A] oA
Zl 42530 C, 4, PI" A7 2AS gRlgh vt
t}.

Park et al.(2000)2 ZR1F wH|ZSHo| A F=2A 9] C3G
ol E AESto] 2| whet MAagd fAE0] &4
I} A AZo] tUE 7RsAS X A5, Kim et al.(2000)
< SAA] 37 FEAt wf el wet C3GEER o7t

3

o

:(o

2

32

o

i)
I



O|THIIHHO| O[St ZLX{AHO| OHEA|OPH EIZ¥O| QXA 59

2 A SA 5 EE W AT
Hsto] QojAl Fiol @At ShEAlobd apo] Tt
Mmie] 23see HEstel Rugich

2 Ul 7_—"5

9 Jlet A Ak EEA S Tt
2]
H

ARARA G2 247, BY, 23, Fees, 19U
o) HYZT FEAe] F3 BAste] Fio €3G M4g

ol EHOH 3RS 7 ZAfSHGITH

Fulo] g4 QHEAOP s F (3G A
Ryu et al.(1998)%] RS Witk S5 Adste] 17
ulafshe] B 2 gof 0.1% trifluoroacteic acid(TFA)/95%
EtOH &1 20 mLE 713t & g F=&3lch. 5942
50 mL2 ZA3}4] 0.45 um PVDF syringe filter=2 o 1}5}
o HPLC(Waters 501 pump, millipore gradient controller,
Waters 480 UV-Vis detector)& ©]-&3}o] A3}t HPLC
2L 0ODS-5(4.6 mm x 250 mm, Nomura Chemical Co.,
Japan) columng AFE3}% 1, 530 nm Ao 2 ATFSHY
t}h o]FAIS 2 0.1% TFA in water, liner gradient, 0.1% in
Acetonitrile S A3, 5452 1.0 mL/min®]¢lth

o] BA U GHMS =42 Hayman(1958)2] =
HoF sl on, 235 HAL Griffing(1965)2] HH-2
o gale] Sl i,

DHSED Fo| £2 SUSA U CIGE

mnEoR d8d FUF, S %—sﬂ%kfg»h &
213 9 C3GHi A% #& L3
1A K= wkel e, %%&} %umt -15—’%42

ZRo 7 8Y 50 &

A B Zupjo 8°J 1401 8 mﬁoﬂ % s}gil:}.
42 AalgFd L}sa} C3GHi7} 62-63 cm, 32159} 871
T 7578 cm, 5294255 = 83.7 cm HE L, 25
N wefRE B 21.0 em2 {1 "oty = Y

=1

42535 9} C3GHi= 8.07] Axo]il,
o B e Hot detee PB‘H%‘:@% 83. 47H, 4425
39} C3GHiE= 139702 yehygth Asiard o] dun] Agy
3304g 257 mujrE = o
494255, C3GHi, 3% &0
16~6 goliL, ol5 F5 B AT A=2 FoT A 2l
g = et
22 C3GHi7} 1,043.5 mg -4-3}
o] ]oH sH)] 7} =gt 2213,
= 247+ 165.7 mg, 157.3 mg, 142
ZAME AL, BAREA A0 AlE I
% o] Park et al.

o} Aok tha

asisio, BT 4RE Asi olHe A el
L Ao okEAlobd Fabol B, £, AW, Bk
O R715E 5 olel hX) 8015 GaFe 27 W) gE

o]th(Mazza & Miniati, 1993).

207 23} Fi9 ?ﬂﬂl%ﬂ%v— EHHE
fFEU FF
Q] 2ollM= F o] e ¢to] RESHYCE 53] S
Z9} C3GHI 232 AGuu) B%E woji(16.6 g 17.8
g)H Tt Eolxl 189 g, 192 go & RAME I, 6}6113&@1%
oF §a139 HAun) 2F o= wuRE(30.4 g, 27.2
g) Hot I o 227 g, 229 gO 2 ZAEI 237
W o)A Yo 2294255 /A FE L 2atoA] 25.1 go
2 71 =9k1, C3GHIAMEIFE Y 2gollA] 18.1 go&

7P WA debgth C3GEE2 C3GHI Al§o] HiEoR
ARG 292 ARt R 2ol A iﬁl‘%rﬂﬂ W
o], 494253 /4 8¢ 23
A Hlofid 54.7 mgO = LRI
o B HLEET o e 2dE2|sih 2070
£ SollA s dsFay 239 M 32 g
3L, C3GHI/E=12 2gol|A 7M=& C Z
CHTable 1).

207 =39 Floﬂﬁ =5 71,
olats:, HnlHYF

n vl UTh 2471E 0, 4 4

[
Q
ot
off

2 5 = o
o Hae B4t ol F2A FE T} Hxtoln)
dn] Aygol 166 golth FWAFS AalgELLe] An)



60 OHEIX|(KOREAN J. CROP SCI.), 53(5), 2008

Table 1. Mean value of major agronomic characters and cyanidin-3-glucoside content of parents and Fis.

Variety Il?:;’c?intg Culm length }Izglgctile Panic.le Spikelgt No./ ]if)oovgng;:;i C3G content
(day) (cm) (cm) No./hill Panicle weight (g) (mg/100 g)
Heugjinju (1) 92 75.5 20.7 9.0 117.6 16.6 214.7
Suwon425 (2) 112 83.7 21.3 8.3 138.8 23.8 157.9
Sanghae hyanghyulla (3) 115 63.0 21.3 11.3 83.4 30.4 142.0
Yongguem! (4) 91 78.3 21.0 9.3 109.8 27.2 165.7
C3GHi (5) 105 62.3 21.3 8.0 138.9 17.8 1043.6
AnOVa sk skesk _ sk kesk $esk ek
1x2 124 93.7 243 10.0 148.6 21.9 308.6
1x3 132 90.0 25.0 11.3 165.5 22.8 2533
1x4 90 65.7 20.7 6.7 109.4 19.2 3722
1x5 93 74.0 19.7 7.0 125.5 18.9 438.0
2x1 124 95.7 25.0 7.0 158.1 24.1 224.9
2x3 113 73.0 21.7 8.0 112.6 25.1 54.7
2x4 124 94.3 22.7 8.0 132.8 223 308.0
2x5 129 89.7 25.7 8.7 192.5 22.8 294.0
3x1 132 87.0 23.7 10.0 136.1 23.0 175.6
3x2 113 72.7 22.3 8.3 125.9 24.6 140.6
3x4 131 85.7 23.7 8.3 142.3 22.7 115.2
3x5 134 74.0 26.3 11.7 184.9 23.1 361.8
4x1 91 69.7 20.3 8.3 84.8 18.3 310.7
4x2 124 90.0 24.0 7.3 138.5 23.0 172.8
4x3 132 82.7 233 9.0 163.4 22.9 127.0
4x5 93 73.0 20.3 8.7 113.1 18.9 3134
5x1 94 71.0 21.5 10.0 128.5 19.2 2553
5%2 128 84.0 25.0 7.0 200.8 23.2 3577
5%3 93 71.0 21.0 8.0 108.3 18.1 294.9
5x4 131 74.0 22.7 9.0 164.5 22.5 512.9

Table 2. Correlation coefficients among six agronomic characters and cyanidin-3-glucoside content for Fis.

Culm length  Panicle length Panicles per Spikelets per 1,000grain weight C3G

plant panicle of brown rice content
Days to heading 0.62%* 0.87** 0.29 0.73%* 0.48* -0.14
Culm length 0.66** -0.04 0.54* 0.22 -0.35
Panicle length 0.28 0.83%* 0.35 -0.11
Panicles per plant 0.06 0.32 -0.16
Spikelets per panicle 0.09 0.24
1,000 grain weight of 0.49%

brown rice

* and ** indicate significance at 0.05 and 0.01 levels, respectively.
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Table 3. Analysis of variance for Wr+ Vr and Wr-Vr in 1,000 grain weight of brown rice and cyanidin-3-glucoside content
of 100 g brown rice.

1,000-grain weight of brown rice C3G content of 100 g brown rice
Wr + Vr Wr—Vr Wr + Vr Wr—Vr
MS F MS F MS F MS F
Block 49.487 ns 5.490 ns 638,414,003 ns 27,363,839 ns
Array 337.333 28.15%* 1.067 ns 20,731,099,426  34.12%* 97,698,433 ns
Error 11.984 1.516 607,590,543 43,850,337

Regression of Wr vs Vr

VVP \VP
2000 | 120000 [
Wr = V35.28 I - TR -
r w0000 - VI20TR T
15.00 | 3
80000 [
10.00 | 60000 [

40000 [ Wr = 176641 + 1.07Vr

500 | Wr = 258 + 1.07Vr

20000 [

0.00 | Vr 0r Vr
0.00 5.00 10.00 15.00 0 20000 40000 60000 80000 100000 120000
(a) 1,000 grain weight of brown rice. (b) C3G content per 100 g brown rice

Fig. 1. Covariance and variance (Wr-Vr) regression graph for 1,000 grain weight of brown rice and cyanidin-3-glucoside content
per 100 g brown rice. 1. Heugjinju 2. Suwon425 3. Sanghaehyanghyulla 4. Yonggueml 5. C3GHi.
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Table 4. Genetic parameters for 1,000 grain weight and cyanidin-3-glucoside content.

Genetic parameter

1,000 grain weight of C3G content

brown rice
D : component of variation due to additive effect 35.14+6.5 152,2254+427
H, : component of variation due to dominance effect 22.44+14.0 72,039+£794
H, © (Hi(1-(u-v)%) 14.28+10.1 44,654+567
F : mean of covariant of additive and dominance effects 28.90+14.7 121,1074£952
(H/D)" : mean degree of dominance 0.80 0.69
H./4H, : proportion of genes with positive and negative effect in parents 0.16 0.16
kD/kR  : proportion of dominant and recessive genes in the parents 3.12 3.78
hN : heritability in narrow sense 0.66 0.70
hB . heritability in broad sense 0.98 0.98
W: proportion of positive genes in the parents; v: proportion of negative genes in the parents.
Table 5. Analysis of variance in GCA and SCA for 1,000-grain weight and cyanidin-3-glucoside content.
1,000-grain weight of brown rice C3G content
MS F MS F
GCA 108.39 246.20** 442,056 134.64**
SCA 21.86 49.66** 70,264 21.44%*
Reciprocal 6.68 15.18%* 18,649 5.68%*
Error 0.44 3283
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Table 6. GCA and SCA effect of 5x5 diallel analysis for 1,000 grain weight of brown rice.

SCA
Variety GCA . Sanghae .
Heugjinju Suwon425 hyanghyulla Yonggueml C3GHi1
Heugjinju -2.03 -1.44 1.60 0.62 -1.65 0.87
Suwon425 1.36 -1.03 -0.80 -1.16 1.39
Sanghae hyanghyulla 2.21 3.86 -1.84 -1.84
Yonggueml 0.33 4.50 0.15
C3GHi -1.86 -0.58
Table 7. GCA and SCA effect of 5x5 diallel analysis for cyanidin-3-glucoside content.
SCA
Variety GCA . Sanghae .
Heugjinju Suwon425 hyanghyulla Yonggueml C3GHi
Heugjinju -7.81 -54.32 56.87 41.54 92.92 -137.01
Suwon425 -66.89 7.12 -16.15 50.95 -98.78
Sanghae hyanghyulna -103.92 65.22 -31.37 -59.25
Yonggueml -28.27 -62.43 -50.07
C3GHi 206.90 345.11
o] &2 Wi, FAF, #4255, Aoy, 8918 = L wHf e o] n] HYFL 16.6 g(S3F) - 30.4 (&
B gashs HFoR eyt E4xdsEds & sid@uwolal, dn 100 g C3G e C3GHI7F 5405
AFEa1s 23] 7 %3l 5415/C3GHI 9] =3t
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