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Analysis of Combining Ability of Antioxidant Active
Ingredients of Red Rice Parents

XIAO Chang-chun', CHENG Zu-xin’"*, HUANG Xin-ying”’, XIE Zhan-wen’, LIN Li-hui*"’
('Biotechnology Research Institute, Sanming Academy of Agricultural Sciences , Fujian Sanming 365500; > College of Agriculture,
Fujian Agriculture and Forestry University/Key Laboratory of Ministry of Education for Genetics , Breeding and
Multiple Utilization of Crops, Fuzhou 350002 ; *College of Agriculture,, Fujian Agriculture and Forestry University/Fujian
Engineering Technology Research Center of Breeding and Utilization for Special Crops, Fuzhou 350002 )

Abstract: This study analyzed the combining ability and heritability of the antioxidant active ingredients of
red rice, which will provide theoretical reference for breeding of hybrid red rice rich in functional nutrients. By
deployment of 6 three-line sterile lines and 8 red rice restorer lines to generate 48 hybrids of red rice following the
incomplete diallel hybridization 6 x 8 ( NCII ), the combining ability and genetic parameters of total phenols, total
flavonoids, procyanidins and anthocyanins were analyzed. The results showed that there were genetic differences
in the content of total phenols, total flavonoids, procyanidins and anthocyanins among the red rice hybrid
combinations, which were affected by the additive effects of the sterile line parents and the non-additive effects
between the combinations. The contents of total phenols, total flavonoids and proanthocyanidins were mainly
controlled by the non-additive effects of genes, and the content of anthocyanins was affected by the interaction of

additive and non-additive effects of genes. There was no direct correlation between the parental general combining
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ability ( GCA ) and the combined special combining ability ( SCA ), and there was no obvious correlation between

the female parent with different brown rice color and the special combining ability of the red rice combination.

The heritability analysis showed that the narrow-sense heritability of the four antioxidant active ingredients

ranged from 12.99%-48.29%, which should be effective for selection in the middle and high generations. The

contribution rate of the four antioxidant active ingredients of the sterile lines was greater than that of the restorer

lines. The selection of female parents should be strengthened in the breeding of red rice hybrid rice. The female

parents Yexiang A and Pinhong 1A were better in the breeding of red rice antioxidant active ingredients. Hybrid
combinations Yexiang A x 18Rr175 and Guang 8A x 18Rr178 had high special combining ability effect value and

great potential for production and application.

Key words: red rice; antioxidant active ingredients ; combining ability ; heritability
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Table 1 Test parent materials

o e il e B Eﬂﬁ’ﬂ%ﬁ
Type of materials Name Seed coat  The orlgm.al Yarlety of
color radiation
/ES 18Rr174 EAN 4K 3301
Restorer line 18Rr175 41 B 63
18Rr178 2L YK 63
18Rr190 41 HAK 1577
18Rr243 4r HK 527
18Rr250 Ea CDR22
18Rr274 AN WK 63
Jass £
RS ML 1A 7 11-32B
Male-sterile line Shel 2A 41 B
%5 9311A H
Hi A H
fEE A H
] 8A i

IR BRSO A RHE W 100 g 43R,
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7e, B, i 100 H G, TP A 6 o0 5
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Table 2 Variance analysis of 4 antioxidant active ingredients
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Table 3 Effect values of GCA of 4 antioxidant active ingredients in parents

ZHK Sy ST JEAET R e H
Name Total polyphenol Total flavonoid Procyanidine Anthocyanin
M4l 1A Pinhong 1A 1.634 5.158 1.734 9.482
M4 2A  Pinhong 2A 3.230 6.840 4.339 -2.972
#£9311A  Quan 9311A -1.617 1.362 -2.197 -2.796
B A Yexiang A 9.526 9.160 13.731 5.501
fEF A Hengfeng A -1.641 -6.700 -2.550 -3.151
J7"8A Guang 8A -11.382 -15.186 -15.121 -5.862
18Rr174 0.190 5.110 -3.870 -5.091
18Rr175 16.012 23.631 21.638 5.506
18Rr178 -4.320 5.981 7.187 —-18.499
18Rr190 8.320 -2.996 0.706 10.326
18Rr243 -2.964 -11.743 —-6.084 12.656
18Rr250 -10.974 -11.418 -13.226 0.703
18Rr274 -8.255 -12.381 -0.691 -19.230
J7413 %5  Guanghong 3 Hao 1.923 2.300 -5.820 13.084

2.3 45RELS BT

b3 2% 22 2H 4 ] 19 SCA HH X 4 07 18 45 5 I,
Fa, NFRATH, EAR GCA R ER 544 SCA
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9 =20.911~55.254, Ho rf B 45 A x 18Rr175 1Y &
it SCA BN fie s , AT A PR LR e sc LA
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Table 4 The effect values of SCA of 4 antioxidant active ingredients in 48 combinations

% e §sy3 ST JEAET R PIANGRER
Numbers Test combinations Total polyphenol Total flavonoid Procyanidine Anthocyanin
1 MhZl 1A x 18Rr174 7.301 1.859 13.408 6.536
2 AhZl 2A x 18Rr174 -4.147 -5.030 2.375 0.307
3 %5 9311A x 18Rr174 10.603 6.892 12.544 -7.223
4 HPH A x 18Rr174 -24.887 -24.149 -33.166 -8.061
5 fEF A x 18Rr174 10.554 14.431 8.345 9.834
6 J” 8A x 18Rr174 0.456 6.230 -3.625 -1.205
7 fnZl 1A x 18Rr175 -8.501 8.765 -4.755 -1.563
8 mnZl 2A x 18Rr175 -2.732 11.210 5.180 -1.499
9 £ 9311A x 18Rr175 -10.777 -20.108 -13.776 2.469
10 PP A x 18Rr175 55.254 28.897 49.937 28.444
11 A x 18Rr175 -20.911 -25.878 -29.854 -25.898
12 J" 8A x 18Rr175 -9.167 -5.229 -8.134 -2.597
13 mnZl 1A x 18Rr178 1.000 5.179 -6.188 -5.955
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F4(4)

G He psy7 ST JEAEEH R PIAER:S
Numbers Test combinations Total polyphenol Total flavonoid Procyanidine Anthocyanin
14 WL 2A x 18Rr178 -21.139 -21.020 -32.142 ~11.024
15 %5 9311A x 18Rr178 -19.886 -32.482 -30.880 -4.276
16 77 A x 18Rr178 1.303 18.617 25.192 -0.280
17 fHF A x 18Rr178 6.499 4.110 10.885 -5.431
18 ] 8A x 18Rr178 30.907 24,557 34.949 27.455
19 BRZL 1A x 18Rr190 8.841 5.826 14.688 -4.228
20 WAL 2A x 18Rr190 24.013 20.614 19.388 18.317
21 %5 9311A x 18Rr190 -13.777 -0.413 -7.965 4.549
22 7% A x 18Rr190 -17.842 -25.796 -26.608 -14.967
23 fi=F A x 18Rr190 5.159 12.160 13.862 10.253
24 ] 8A x 18Rr190 -7.393 -12.648 -13.357 -13.862
25 BRZL 1A x 18Rr243 3.420 6.595 8.717 14.345
26 WAL 2A x 18Rr243 6.941 9.160 11.886 -3.598
27 %5 9311A x 18Rr243 12.712 14.701 9.090 21314
28 7% A x 18Rr243 -2.777 ~14.642 -13.085 -12.584
29 fH=F A x 18Rr243 -5.587 -8.330 -9.265 ~7.548
30 I 8A x 18Rr243 -14.838 -8.915 -6.582 -11.891
31 SRZE 1A x 18R1250 5.775 -6.983 0.552 5.461
32 BT 2A x 18R1250 -0.835 -12.638 -1.723 -8.250
33 %5 9311A x 18Rr250 20218 34.560 31.786 1.407
34 77 A x 18Rr250 -12.847 4.424 -6.274 5.284
35 fE T A x 18Rr250 -14.838 -19.495 -19.614 -7.621
36 ] 8A x 18Rr250 2.831 0.904 -4.243 3.835
37 SRZL 1A x 18Rr274 1.233 2.181 -4.087 ~1.400
38 BRZL 2A x 18R1274 -4.938 ~7.546 -8.466 3.985
39 %5 9311A x 18Rr274 -11.897 -15.977 -14.865 -6.176
40 77 A x 18Rr274 4.494 4.471 4551 1.942
41 4= A x 18R1274 10.742 14.067 15.481 3.910
42 ] 8A x 18Rr274 0.366 1.565 7.642 -2.275
43 BREL 1A X [T 35 -19.517 -22.337 -21.781 -13.048
44 BREL2A X JTEL3 5 2.428 4.427 4.924 1.880
45 ZE9311AX J74L3 5 12.198 12.405 14.617 -11.879
46 i Ax JTLL3 5 -1.463 6.206 -2.517 -0.174
47 HEAX L35 9.517 7.405 10.991 22.187
48 JT8AX JTEL3 Y -3.393 -6.385 -6.447 0.795
AW 4H 4 Number of positive effect combinations 25 28 23 21
TN 64 Number of negative effect combinations 23 20 25 27

W

SOV AEAR % Effect value range —24.887~55.254 -32.482~34.560 -33.166~49.937 —25.898~28.444

2
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Table 5 Genetic parameters of 4 antioxidant active ingredients
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Genotypic variance

EPERY

T 25T (% )

Percent variance

AR (%)
Heritability

Active ingredients

d, d, O %2 Error Vg Ve, Ve, Vs th hN2
S Total
301.612 116.428 2688.778 110.632 13.46 9.71 3.75 86.54 96.56 12.99
polyphenol
ST Total
. 372.301 192.963 1105.643 74.513 33.83 22.28 11.55 66.17 95.73 32.39
flavonoid
JFAEH R
n%. 78.389 71.009 813.952 16.58 15.51 8.14 7.37 84.49 98.31 15.25
Procyanidine
A£(4 1 Anthocyanin 0.179 0.019 0.197 0.015 50.17 45.26 491 49.83 96.24 48.29
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