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Genetic Analysis of Feathered-leaved Related Traits

in Brassica oleracea var. acephala

ZHU Pengfang, FENG Xin,CHENG Mingming,PAN Zhichao

(College of Forestry,Shenyang Agricultural University,Shenyang 110161, China)

Abstract: We constructed an F, genetic segregation population crossed by parents between a flat-leaved in-
bred line ‘0835’ and a feathered-leaved inbred line 0819”in ornamental kale(Brassica oleracea var. aceph-
ala). Four feathered-leaved related traits,i. e. leaf length,leal width,leaf index and number of serrated leaf
margin, were investigated at rosette stage. The genetic segregation analysis was conducted by using four
generations (P, ,P,,F, and F,) mixed major gene plus polygene inheritance model. The results showed that:
(1)there are prominent helerosis in the trait of number of serrated leaf margin. Meanwhile, these four char-
acters showed negative transgressive heterosis. (2) Genetic analysis of quantitative traits indicated that leaf
length and leaf width were both compatible with E-4 model characterized by two equal additive major gene
plus additive-dominant polygene. The heritabilities of major gene and polygene were 83.80% and 1. 05%,
respectively,in leaf length. The heritabilities of major gene and polygene were 22. 28% and 61. 92%, re-
spectively,in leaf width. (3)Leaf index and number of serrated leaf margin both meet E-1 model showing
two additive-dominant-epistatic major gene plus additive-dominant polygene. The heritabilities of major
gene and polygene were 93. 73% and 2. 59% , respectively,in leaf index. The major gene heritability was
91.18% in number of serrated leaf margin trait.
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Fig. 1 Phenotypes of parents and F,
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Table 3 Phenotypic statistic values for the four feathered-

leaved related traits in F, segregating population

4B 55 7 3 0980 8 U . T
LR 2 TR 3 2 (2 2) B ik Eigenvalue Leal length Leal width  Leal index lez?r;;qifgdm
A AR IR BE 05 AR L 1 78 88 P A H i 2R PR A i Maximum 9.0 1200 2 52 192,00
F, 4 AR A B A A (R 3D, X 5/ Minimum 4.6 2.30 1.10 34,00
AR ZFR (R0 By AUF BRBbe, & AHRAE 0 Ronae Wi e L
F, ﬁ%tlﬁﬁjﬁaﬂy‘f?‘r%ﬁfi 16. 87%~50. 71%:2[‘5]’ {8 Mean 11.54 6.67 1.66 145
B k5 1 P AT R T B e e TNV pe e LT
PR Hm —1.28 —0.36 —0.12 —15
B I I GRS B FL BB R ) T T e
YR 4 AYORE RO Z2 D IES AT ez sp 2,68 1.78 0.28 73.53
REIES A BSR4 D EREHE sRrgmovy 23.22  26.69  16.87 50.71
OVEIR B F 23 BB BRI . BOSP F, E Skewnes R
BV o 2 VIR 577 7 4R 27 A 1A T CEEI2) 43 g ik W% Kurtosis 0.03 0.29 0.47 0.79
R1 ANRMHEXERE ZHAES
Table 1 Heterosis of the four feathered-leaved related traits in F, generation
JEXIN 0819 0835 test FiokRME kAL RIS R R 5
Trait MPV Hm RHm/% Hop RHop/%
K Leaf length 17.63 8 19,317~ 12.82 2.06 —5.62 —8.973* * —31.37
98 Leaf width 7.68 6.37 3.997* 7.03 1.94 4.98 —3.146* —3.90
15 % Leaf index 2.30 1.26 33.805™" 1.78 1.43 —5.62 —12.457 —26.96
I 2 B %051 No. of serrated leafl margin 252 67 56.893* * 160 —2.09" 36.88 —3.636" * —13.10
s Flx = ARRIFR 0.05 F10.01 KFEEFBE, T,
Note: * and * * indicate significant differences at 0. 05 and 0. 01 levels, respectively. The same as below.
x2 4 NEREAHEXE
Table 2 Correlation co-efficients of the {our {eathered-leaved related traits
g ” e . 1 3 i 2% ke 20 %
4 Leaf length 1 0.834"* 0.982** 0.989"
55 Leaf width 0.834" * 1 0.720" * 0.767" >
H-JE 45 %50 Leaf index 0.982** 0.720"* 1 0.990" *
2% B Z1 5% No. of serrated leaf margin 0.989* * 0.767** 0.990* * 1
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Fig. 2 Frequency distributions for the four feathered-leaved related traits in F, segregating population
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Table 4 The estimation of max-likelihood-value and AIC value of the different genetic models

o e K Leaf length -9 Leaf width 45 %1 Leaf index 2% Bl %150 No. of serrated leaf margin
Model Code MLV AIC MLV AIC MLV AIC MLV AIC
A-1 IMG-AD —621. 86 1255.71 —507.98 1027.96 —127.99 267.98 —1 548.39 3 108.78
A-2 IMG-A —623.21 1256.42 —510.71 1031.42 —171.52 353.04 —1535.20 3 080. 40
A-3 IMG-EAD —640. 60 1291.21 —513.23 1 036. 46 —130.61 271.22 —1566.68 3 143.36
A-4 IMG-AEND —631.48 1272.97 —507.98 1025.97 —175.69 361.38 —1568.48 3 146.96
B-1 2MG-ADI —608. 96 1239.92 —497.45 1 016.89 —26.57 75.15 —1509. 87 3 041,74
B-2 2MG-AD —610. 66 1235.33 —497.67 1009. 34 —102.92 219.83 —1520. 39 3 054,78
B-3 2MG-A —614.19 1238.38 —500. 32 1010.63 —167.51 345.01 —1535.10 3 080. 21
B4 2MG-EA —614.19 1236.38 —511.99 1031.98 —167.51 343.01 —1556.93 3 121.86
B-5 2MG-AED —671.05 1352.09 —513.16 1036.31 —178. 44 366. 88 —1559.53 3129.06
B-6 2MG-EEAD —638.18 1284.37 —513. 36 1034.71 —163. 24 334.49 —1559.22 3 126,43
C-0 PG-ADI -605. 51 1223.03 —498.71 1009. 42 —138.19 288.38 —1526.32 3 064,63
C-1 PG-AD —606.47 1222.93 —498. 87 1 007.75 —149.05 308. 10 —1 548. 20 3 106. 40
D-0 MX1-AD-ADI —605.51 1227.03 —497.15 1 010. 30 —53.76 123.53 —1511.17 3 038.33
D-1 MX1-AD-AD —606. 11 1226.22 —497.18 1 008. 35 —147. 81 309. 62 —1524.63 3 063.26
D-2 MX1-A-AD —606. 44 1224.89 —498. 87 1009.74 —149.02 310.05 —1510.17 3032.34
D-3 MX1-EAD-AD —606.45 1224.90 —498. 88 1 009.75 —146.63 305. 27 —1 548. 20 3 108. 39
D-4 MX1-AEND-AD -606. 44 1224.88 —497.18 1 006. 37 —149.05 310.09 —1526.07 3 064,14
E-0 MX2-ADI-ADI —600.18 1224.35 —495. 35 1014.71 —27.57 79.15 —1 494,46 3012.91
E-1 MX2-ADI-AD —600.09 1218.18 —495. 40 1 008. 81 —32.46 82.92 —1494,97 3007.95
E-2 MX2-AD-AD —605. 84 1221.69 —496. 87 1003.74 —144.03 298.05 —1513.71 3037.42
E-3 MX2-A-AD —606. 36 1218.72 —498. 62 1 003. 25 —149. 01 304.02 —1510. 10 3 026,19
E-4 MX2-EAED-AD —604. 34 1212.67 —498. 84 1001.68 —149.01 302.02 —1525.20 3 054. 39
E-5 MX2-AED-AD —606. 83 1219.65 —499. 04 1 004.08 —137.91 281.82 —1527.89 3061.77
E-6 MX2-EEAD-AD —606.43 1216. 86 —498. 88 1001.75 —144.03 292.05 —1548.19 3100, 39

T MLV K B8R R AU E CF R & 3278 i/ AIC{ED s MG, 32 3R R 35 (L A 780 MX. 32 3k -2 SR PR IR A3 38 (G 780 s PG 20 SR TR il fERE Y 5 AL Ttk iz s D, i P &%
BT B AECRAHE) SN fiim s E. A4
Note: MLV, Max-likelihood-value (underlined mark show the smallest AIC values corresponded the best genetic models) ; MG. Major gene model; MX. Mixed

major gene and polygene model; PG. Polygene model; A. Additive effect; D. Dominance effect; L. Interaction (epistasis) ; N. Negative; E. Equal.
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Table 5 Text of goodness of fit of the selected genetic models

LN jigil] A 481+ Statistics
Trait Model Generation U,? U,? U,? AW D,
P, 0. 040. 84) 0.01¢0.09) 0.09€0.76) 0.10€0.58) 0.07(1.00)
F 0.10(0. 75) 0.01¢0.91) 0.560. 46) 0.10(0. 62) 0. 08(1.00)
£l P, 0.01€0. 92) 0.01€0.91) 0.67¢0.41) 0.11€0. 56) 0.14€0. 99)
F, 0.00€0. 96) 0.00€0.97) 0.00€0. 98) 0.05(0. 88) 0.00(1. 00)
P 0.37(0. 54) 0.23(0.63) 0.18(0. 67) 0.140. 44) 0.07(1.00)
Ik oy F 0.12€0.73) 0.160. 69) 0.06¢0. 81) 0.07¢0.73) 0. 08(1.00)
Leaf length P, 0.30(0.58) 0.08(0.78) 1.02(0.31) 0.14(0. 43) 0.13(1.00)
F, 0.01€0.93) 0.08(0.78) 0.55(0. 46) 0.07¢0.76) 0.00(1.00)
P, 0.360. 55) 0.22(0. 64) 0.18(0. 67) 0.13(0. 45) 0.07(1.00)
. F 0.11€0.74) 0.15(0.70) 0.06¢0. 81) 0.07¢0.74) 0. 08(1.00)
E6 P, 0.29(0. 59) 0.07¢0.79) 1.02(0. 31) 0.140. 43) 0.13(1.00)
F, 0.74(0. 39) 1.01(0. 32) 0.460. 50) 0.15(0. 39) 0.00(1.00)
P, 0.060. 81) 0.05(0. 82) 3.40(0.07) 0.12€0. 49) 0.22(0.75)
. F 0.01€0.93) 0.00€0. 99) 0.160. 69) 0.10(0. 60) 0. 08(1.00)
k2 P, 0.00€0. 99) 0.01€0.91) 0. 16€0. 69) 0. 060, 83) 0.08(1.00)
F, 0.01€0.91) 0.05(0.82) 0.21(0. 65) 0.08(0. 68) 0. 00(1.00)
P, 0.08(0.78) 0. 04(0. 85) 3.38(0.07) 0.13(0. 48) 0.22(0.76)
5 - F 0.00€0. 96) 0.00€0. 96) 0.15(0.70) 0.10(0. 60) 0. 08(1.00)
Leaf width P, 0.00€0.97) 0.02¢0. 89) 0.15(0.70) 0.060. 83) 0.08(1.00)
F, 0.44(0.51) 0.53(0.47) 0.11€0. 74) 0.15(0. 40) 0.00(1.00)
P, 0.08(0.78) 0.03(0. 85) 3.38(0.07) 0.13(0. 48) 0.22€0.77)
F 0.00€0.97) 0.00€0. 96) 0. 14€0. 70) 0.10€0. 61) 0. 08(1.00)
E6 P, 0.00€0. 96) 0.02(0. 89) 0.15€0. 70) 0.06(0. 83) 0.08(1.00)
F, 0.57¢0. 45) 0.65(0. 42) 0.09¢0.77) 0.160. 36) 0.00(1.00)
P, 0.26¢0.61) 0.210. 65) 0.02(0. 88) 0.05(0. 87) 0. 08(1.00)
F 0.20(0. 65) 0.95(0. 33) 4.64(0.03) 0.16€0.37) 0.05(1.00)
b P, 0.03(0.87) 0.20(0. 66) 1.31(0. 25) 0.05(0. 86) 0.23€0.77)
F, 0.000. 96) 0.00(0,95) 0.01€0.93) 0.02(1.00) 0. 00(1.00)
P, 0.00€0. 98) 0.01€0. 94) 0.05(0. 83) 0.03(0. 98) 0. 09(1.00)
e F 0.020. 89) 0.44€0.51) 4.43(0.04) 0.15(0.41) 0.06(1.00)
Illﬁfi%rl:fx £ P, 0.000. 96) 0.04(0. 82) 1.32(0. 25) 0.050. 86) 0.21(0. 86)
F, 0.00€0. 98) 0.00€0.97) 0.00(0. 95) 0. 01(1.00) 0. 00(1.00)
P, 0.00€0. 98) 0.01€0.91) 0.14(0. 70) 0.03(0. 98) 0. 09(1.00)
F 0.02¢0. 89) 0.35(0. 55) 3.45(0. 06) 0.13(0.47) 0.07(1.00)
£ P, 0.000. 96) 0.07¢0.79) 1.63(0. 20) 0. 060. 82) 0.22(0. 81)
F, 0.00€0.97) 0.01€0. 94) 0.02(0. 89) 0.02(1.00) 0. 00(1.00)
P, 0.00€0. 99) 0.26¢0. 61) 4.39(0. 04) 0.14(0. 43) 0.25(0.61)
F, 0.11€0. 74) 1.09(0. 30) 8.48(0. 00) 0.220.23) 0.02(1.00)
0 P, 0.00€0.97) 0.33(0.57) 5.96¢0.01) 0.260. 18) 0.30(0. 38)
F, 0.00€0. 99) 0. 00(1.00) 0.000. 95) 0.011.00) 0. 00(1.00)
P, 0.00€0.97) 0.31€0.58) 4.31(0. 04) 0.13(0. 44) 0.25(0.59)
L $7 &k F, 0.09€0.77) 1.07(0. 30) 8.89(0.00) 0.23(0. 22) 0. 03(1.00)
No. of serrated E-1
Jeal margin P, 0.00€0. 99) 0.39(0.53) 5.960.02) 0.260. 18) 0.30(0. 37)
F, 0.00€0. 98) 0. 00(1.00) 0.01€0. 94) 0.02(1.00) 0. 00(1.00)
P, 3.04(0.08) 1.87(0.17) 1.67(0. 20) 0.47(0.05) 0.15(0.99)
F 2.51(0.11) 4.35(0. 04) 4.83(0.03) 0. 38(0.09) 0.02(1.00)
£ P, 3.21(0.07) 1.93(0.16) 1.89€0.17) 0.59(0. 02) 0.18(0.93)
F, 0.69¢0. 41) 1.27(0. 26) 1. 65(0. 20) 0.25(0.19) 0. 00(1.00)

002U ? Us? B R R n W2 2 Smirnov #5585 D, 7 Kolmogorov K% ;U1 % Uy \Us® . W2\ D, JG 45 H 89807 AR KTE N T 0.05 B,
Note:U,?,U,?,Us? are the statistic of Uniformity test;nW? is the statistic of Smirnov test; D, is the statistic of Kolmogorov text; The number in parentheses

behind U 2,U,?,U32 ,nW? and D, means probability and indicates significant at level of P<C0. 05.
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Table 6 Genetic parameters estimation of optimal model

Genetic parameter Leaf length Leaf width Leaf index ; h;af ﬁlargin
m 12.63 6.98 1. 64 101. 14
d, 2.60 0.83 1.10 69. 14
dy 0.80 11.04
h, —0.22 —58. 62
hy —0.72 —19. 90
i 0.13 58.56
Ja —0.05 27.62
i —0.63 46.99
l 0.74 13.88
[d] —0.39 —1.01 —1.38 12. 69
(] —1.87 —0.54 0.26 182.97
oo 6.04 0.71 0.21 4915. 04
B/ % 83. 80 22. 28 93.73 91.18

oo 0.08 1.97 0.01 0.00
hie/ % 1.05 61.92 2.59 0.00
he /% 15.15 15. 80 3. 68 8. 82

T . HEARE RSP 3906 s o 6 DRI A0O0E (L 5 7 3250 PRS2 P 00 5 ). 22 0 DRI 50007 {5 [ ). 25 3 RSB A 20 7 £ 5 . 48 < 44 25 i

A8 5 7 IR X PO AEL 5 b

D T3 PR A% A s 1. 2230 PR 384 35 02

A IO 5 0. 5B X PRSI (8 0+ BE VR A 7 25 s e B HE DR 7 25 1 0. AR T 200 R BT 25
M7 22 R TT Z LB

Note:m. Population mean;d. Additive effect of the major gene;h. Dominance effect of the major gene;[ d]. Additive effect of polygenes;

[A]. Dominance effect of polygenes;i. Interaction effect between additive and additive;j.,. Interaction effect between additive and dominance; jy,.

Interaction effect between dominance and additive; /. Interaction effect between dominance and dominance; g,

2 .
» . Phenotypic variance; 8mg. Major

gene variance; d,q. Polygenic variance;d. . Environmental variance;h%y/%. Major gene heritability; h2,/%. Polygene heritability;h2/%. Propor-

tion of environmental variance and phenotypic variance.
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