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Hybrid genetic analysis on popping traits of popcorn

WANG Xiao-bo, WANG Li-giang, Bl Cheng-long,L.I Chun-cheng,BAO He-ping

(College of Agriculture, Jilin Agricultural University ,Changchun, Jilin 130118 ,China)

Abstract; [Objective] The study aimed to clear-cut the genetic mode of popping characteristics of pop-
corn and provide theoretical basis for the breeding of popcorn and molecular marker-assisted selection
(MAS).[Method) We used 6 ancestry generation(P, ,F,.P,,B,.,,B,..,F,.5) of Ji popping 902( Ji 812 X
Ji 704) which is hybridized combination of popcorn,and applied the genetic model of major gene of plant
quantitative traits+ poly-gene mixed genetic to conduct joint analysis of multiple generations of popping
characteristics. [Result] The popping rate of the combination of popcorn Ji812 and Ji704 is controlled by 2
pairs of additive-dominant-epistatic major gene and additive-dominant-epistatic poly-gene. The major gene
heritability of popping rate of B,.,,B,., and F,.; of this hybridized combination is 74. 988 2% ,78. 345 1%,
62.332 9% ,poly-gene heritability 3. 118 9% ,3.515 8% ,6. 115 6%. In 2 pairs of major gene,additive effect
is negative value,and dominant effect is positive value. Absolute value of additive effect of the 1* pair major
gene is slightly greater than that of the 2™ pair major gene. Dominant effect value of the 1* pair major gene
is greater than the dominant effect value of the 2™ pair major gene, Interaction of dominant effect of 2

pairs’ major gene is significantly higher than interaction of additive effect. Interactive effect value of addit-
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ivity of the 1* pair major gene X dominance of the 2™ pair major gene is less than the interactive effect value

of additivity of the 2™ pair major gene X dominance of the 1* pair major gene. Popping fold is controlled by

the 1 pair of additive major gene and additive-dominant poly-gene, the major gene heritability is lower, the

additive effect of major gene is d=—0. 286 8. Popping volume is controlled by the poly-gene,the poly-gene
heritability of B,.,,B,., and F,.; is 10.49% ,65.52% ,28. 99% , which is also greatly influenced by environ-

mental factor. [Conclusion) The major gene heritability of popping rate traits is higher,so breeders should

carry out the selection of popping rate traits in the early generation. The major gene heritability of popping

fold traits is lower,so breeder should pay more attention to the accumulation of poly-gene during breeding.

The poly-gene heritability of popping volume traits of B;., is higher,at the same time environment also in-

fluences the popping volume greatly,so the breeders can use recurrent selection and early generation selec-

tion to improve the breeding effect.

Key words: popcorn; popping trait;major gene and poly-gene;genetic analysis
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Table 1 Jibao 902 crosses six generations pedigree inflated the number of the distribution of explosive character
[N i £t 40,9~ 47.2~ 53.5~ 59.8~ 66.1~ 72,4~ 78,7~ 850~ 91.3~ 97.6~ - s
Character Generation 47.2 53.5 59.8 66.1 72.4 78.7 85.0 91.3 97.6 103.9
P, 1 4 10 5 81.4 4.76
F 1 2 1 6 82.4 6.50
i s P, 3 5 9 3 90.8 614
Pop rate Bi:s 1 2 15 23 18 28 10 3 75.1 9.39
By 1 1 2 3 2 6 16 31 38 86.3  10.30
I 1 4 11 22 32 23 7 80.2 7.84
Tk 1 1.3~ 7.2~ 10.1~ 12.8~ 15.7~ 18.6~ 21.5~ 244~ 27.3~  _ s
Characters Generation 7.2 10.1 12.8 15.7 18.6 21.5 24.4 27.3 30.2 * h
Py 5 4 6 5 10.6 3.23
Fy 2 1 2 3 1 1 11.9 4.32
WAL P, 1 1 1 5 5 6 2 16.5  4.16
Expand
multpie Bi:2 22 32 27 12 6 1 9.9 11.89
By.» 3 5 6 15 12 24 30 3 2 14.8  23.73
Fyug 10 25 11 10 40 4 11.8 12,61
LEIN £t 80.8~ 102.4~ 124.0~ 145.6~ 167.2~ 188.8~ 210.4~ 232.0~ 253.6~ 275.2~ 296.8~ 318.4~ - S
Characters Generation 102.4  124.0 145.6  167.2 188.8  210.4 232.0 253.6 275.2 296.8 318.4  340.0 * ’
P, 3 5 8 3 1 128.57 13.42
F 1 1 3 4 1 145.88  23.89
B AR P, 1 3 3 4 1 3 2 188.75 44,77
Expand i _ ap 1o aa -
volume Bi:o 3 9 22 25 21 8 6 5 1 136.13 33.36
By:o 4 4 8 10 14 18 15 11 10 5 1 203.10  53.76
Fois 5 9 11 21 25 15 9 3 2 168.64  37.46
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Table 2 AIC value estimated by Jibao 902 hybrids with the ICEM algorithm swelling burst

characteristics of the different genetic models

FERR o BT B B e
Character Model Maximum log likeli hood value
HEAE# Pop rate E-0 —1214.716 7 2 465.433 4
D-2 —916.458 1 1 848.916 3
A A% %0 Expand multpie D-3 —915.880 2 1847.760 3
D-4 —915.911 9 1847.823 9
[ Ak 4& F1 Expand volume C-0 —1780.221 9 3570.443 8
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Table 3 Expansion explosion traits six generations model in the candidate’s suitability test

ERIN H AR

Character ~ Model  Generation Ui U Ui W? D,
D, 0.0000. 96) 0.01(0.93) 0.03(0. 87) 0.023(>>0. 05) 0. 088(=>0. 05)
F 0.26(0.61) 1.24(0. 26 6.15C0.01) 0.269(>>0.05) 0.338(>>0. 05)
A% o P, 0.2500.61) 1.26(0. 26) 6. 440,01 0. 262(>>0. 05) 0. 211(=>0. 05)
Pop rate B :» 0.02(0.89) 0.010.92) 0.02(0.90) 0.032(>0.05) 0.055(>>0.05)
B::» 0. 45€0.50) 0.41(0.52) 0.0000. 96) 0.186(>0.05) 0.110(=>0. 05)
Fs:s 0.3000.58) 0.0500. 83) 1.57¢0. 2D 0.074(=>0. 05) 0.071(>>0. 05)
P, 0.0000.99) 0.4000.53) 6.29€0.01) 0.184(=>0. 05) 0.187(>>0. 05)
F 0.01(0.93) 0.01(0.93) 0.00(0.98) 0.053(>0.05) 0.199(=>0.05)
D2 P, 0.84(0. 36) 2.47(0.12) 7.49€0.01) 0.302(=>0.05) 0.249(>0.05)
Bi:» 0.1200.73) 0.380. 54) 1.25(0. 26) 0.104(=>0. 05) 0. 084(>>0. 05)
By 0.32€0.57) 0.370.55) 0.04(0. 84) 0. 226(=>0. 05) 0.111(=>0. 05)
Fo.s 0.01¢0.91D) 0.04(0. 84) 0.14¢0.71) 0.033(=>0.05) 0.052(=>0.05)
P, 0.12€0.73) 0.08(0.78) 5.92(0.02) 0.18(=>0.05) 0.208(=>0.05)
F, 0.0300. 86) 0.0300. 86) 0.00(0. 99) 0.05(>>0. 05) 0.178(=>0. 05)
AR P, 1.3000. 25) 3.47€0.04) 9.14(0. 00) 0. 47(<20.05) 0. 268(>>0. 05)
Expand D-3 _
multpic B 0.13(0.72) 0.34(0. 56) 0.88(0. 35) 0.09(>>0. 05) 0.082(>>0.05)
By 1.17(0. 28) 1. 09¢0. 30) 0.00(0.99) 0.48(<20.05) 0.132(=>0.05)
Fs:s 0.0900.76) 0.240. 63) 0.59(0. 44) 0.054(=>0. 05) 0. 065(=>0. 05)
Pl 0.120.73) 0.08(0.78) 5. 93(0.01) 0.186(>0.05) 0.208(>>0.05)
Fy 0.03(0. 86) 0.03(0. 86) 0.00(0.99) 0.055(=>0.05) 0.177(>0.05)
P, 1.30€0. 25) 3.46(0. 04) 9.12(0. 00 0. 474(<20. 05) 0. 267(=>0. 05)
b Bi:» 0.13(0.72) 0.340. 56) 0.87(0. 35) 0. 094(=>0. 05) 0.082(>>0. 05)
B.., 1.15(0. 28) 1.08(0.29) 0.0000. 99) 0. 468(<20. 05) 0.131(>>0.05)
Fo.3 0.09(0.76) 0.24(0.63) 0.59(0. 44) 0.055(=>0.05) 0.065(>0.05)
P, 0.0000. 98) 0.36(0. 55) 5.25(0.07) 0.133(=>0. 05) 0.183(>>0. 05)
Fy 0.00€0.97) 0.12€0.73) 1.50(0. 22) 0.115(>>0.05) 0.227(>>0.05)
LR ) P, 0.06¢0. 81) 0.06¢0. 81) 3.47(0. 06) 0. 087(>>0. 05) 0.154(>>0. 05)
5;1?;:3 o Bi 0.16(0. 69) 0.2100. 65) 0.080.78) 0.058(>>0.05) 0.069(>>0. 05)
By 0.090.77) 0.1800. 67) 0.3200.57) 0. 089(=>0. 05) 0.078(=>0. 05)
Fo.3 0. 00€0.97) 0.00(0. 98) 0.01¢0.94) 0.033(>0.05) 0.047(>>0.05)

T W2 B 5% BEM N 0.461,U% Us F1 U3 £ 465 P9 5w b BLE 4 A fH .

Note: Values of ,W? 5% significance level is 0. 461; The number in brackets in U?,U% and U% column is the distribution value in theory.
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Table 4 Explosive expansion genetic parameter estimation

— NS % N —h S % N &% i stima
g omm o UER PR e i Estimate
< 15t order .. 15t order .. 27 order
Character Model Estimate Estimate B> By o Fy. 5
parameter parameter parameter “ - s
" — 1~
" 76.937°9 s 14518 o 88.9229  107.325 5 61.701 6
my 87.481 2 dy, —4.397 1
ms 91.560 3 ha, 11.096 8 Ol 66.681 7 84.084 3 38.460 4
my 77.558 9 b 9.676 0 e 2.773 4 3.773 4 3.773 4
PR AL % Eo i —0.932 6
Pop rate g ms 82.650 5 Jab 4,409 7 o7 19. 467 8 19. 467 8 19.467 8
e 78.488 3 I e 5. 886 2 R/ % 74.988 2 78. 345 1 62.332 9
! —147.223 4
ha/d, —2.492 7 W/ % 3.118 9 3.515 8 6.115 6
hy/d), —2.2005
m 13.411 0 [d] —3.913 6 o5 7.807 9 20.040 6 8.722 6
d —0.286 8 [n] —2.976 5 O 2.150 1 0.514 4 3.064 8
H%‘W%ﬁ& b e 4.000 0 17.868 4 4.000 0
LXPpan
mulftpic o 1.657 8 1.657 8 1.657 8
R/ % 27.537 5 2.566 8 19.005 8
W/ % 51.230 2 89.161 0 45.857 9
. m 128.567 8 m, 136.127 5 b 1113.07 2 889.92 1403.10
LTS o3 116.767 1 893.612 106,792 7
Expand  C-0 s 145. 875 0 ms 203.100 0 ’
volume of 996.307 2 996.307 2 996.307 2
ms 188. 750 0 me 168.639 0 hie /% 10. 49 65.52 28.99

TE ey ~me 3R ProFraPe B s B 1 Fo s BEA B IZARMAR - K B o 55 1 00 S DA D280 02 5 . 5% 2 68 32 B TR A 1P 280 5
P S5 1R 32 B TR PR S PSSO 5 Ay 55 2 %) SRR DRI S A AR 5 7. e DRUAI P BRI 5 £ 32 R DR S Atk AR AN 5 . B 10 R B PRI AL
E X575 2 0F 32 B PRSP O EL AR B0 5 v 55 2 0 B DRI DB 1 ko o e PR S P ) EL AR s b/ B 1 R R SRS s/l B
2 X FEE AL sm. 6 HEACT- I8 s . EZEDNA IR 5 [ ], 2 2 DR B0 P 2000 5 e ] 25 S PR % S P 200

Note:m; —mg. Respectively, Py, Fi, Py, By, 2,

Bs, 2 and Fs, 3 groups,the rate of the expansion explosion characteristics;d,. First pair of

major gene additive effect;d). The second pair of major genes of additive effect;h,. First pair of dominant major gene effect;hy,. The

second pair of dominant major gene effect;i. Major gene additive interaction effect;/. Dominant major gene interaction effects;j.,. No.

1 on the major gene additive effect X first two pairs of dominant major gene interaction effects;jp.. No. 2 on the major gene additive X

first 1 on the dominant major gene interaction effects;h./d,. Degree of dominance of the 1% pair major gene;hy/d). Degree of domi-

nance of the 2% pair major gene;m. Average of 6 generations;d. Additive effect of major gene; [ d]. Total additive effect;[ h]. Total

dominant effect.
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F T O, B A G AR AR SRR AR K, w2
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—2.200 5,2 X 3= H R R R Bk, T 902
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M 62.332 9% £ K K fE R AL 4 0k
3.118 9%,3. 515 8% M1 6. 115 6%, B,.,.B,.,
Foo s KA MAR M 32 3L 4 22 36 R4 43 il pe o T 4%
R F A TRy 78.107 1%, 81. 860 9% H
68.448 5%, ¥ A 21. 892 9%, 18. 139 1% M
31.551 S0 RAAE IR B N R iy, nl L
138 F KRR RN AL R 2 X RS+ 2 LR
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