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Study on Inheritance and Heterosis of Plant-type
Traits in Compact Rapeseed Lines

WANG Jun-sheng, ZHANG Wen-xue, TIAN Jian-hua and LI Dian-rong

(T he Hybrid Rapeseed Research Center of ShaanxiProvince Dali 715105, China)

Abstract: Heterosis and genetic effects of 14 quantitative-traits were studied in 6 different genesis cul-
tivars and their 30 Fi crosses in Brassica. napus L.. by ADM model and MINQUE (1) approaches.
The results showed that both additive genes and dominant genes controlled the traits of plant height,
effective branch height, pods of primary branches, pods of main raceme, No. of pods per plant, seeds
per pod, 1000-seed weight, length of pod, the angle between stem and primary branch. However
dominant effect was more important than additive effect for plant height, for others were opposite. It
was additive genes that mainly dominated length of main raceme, No. of primary branches, width of
pod and length of primary branch. Besides nuclear genes, maternal genes significantly affected No. of
pods per plant, seeds per pod, 1000-seed weight and length of pod. The mid-heterosis was negative in
No. of primary branches, pods of primary branches and the angle between stem and primary branch,
but it was positive in other traits. Only the angle between stem and primary branch was significant in
Fi and F2 generation at 0. 01 levels. Fi positive better-parent heterosis was significant only in plant
height and seed yield per plant, and which of seed yield per plant was better (29.5% and 12.0%) in
Fi and F2 generation. The negative less-parent heterosis of the angle between stem and primary branch

was highly significant in F1 and F2 generation (—20.6% and —17.7%). These results showed that
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only one compact parent was necessary to get compact F1 hybrd .

Key words: Com pact lines in Brassica. napus L; Quantitative- traits; Heterosis; ADM model; Genet-

ic effect
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Table 1  Average value of quantitative traits of 6 parents and their F
F. / / 1000- Ar{gle Seed
Parent P].ant Efﬁ?dwe Leng [.h No. of Lo ¢ No. of / seed Length Width ofLen. gtb Ofbelw een yield
height branch of main . Pods of Pods of ] SR . of pod prim ary per
and . primary . pods per Seeds weight p stem and
/ em height raceme [~ _ pramary main ) branch . plant
Fy branches plant per pod /g / em primary
/ cm / em branches raceme /em /g
branch
Py 131.50 36.53 49.10 8.84 216.07 56.63 317.37 25.23 2.84 6.03 0.51 52.80 27.92 22.72
P, 152.13 40.20 62.93  9.17 281.57 69.07 433.87 19.67 3.53 5.10 0.55 60.40 25.91 30.06
P;  138.53 35.00 68.37 7.17 276.60 94.43 391.73 18.47 4.14 5.51 0.59 69.40 29.10 29.90
P, 145.10 44.77 49.90 9.13 283.17 57.73 365.60 26.77 2.65 6.10 0.47 51.90 25.73 25.92
Ps 156.50 60.17 44.97  9.53 192.23 52.53 270.33 24.00 4.71 7.8  0.55 43.47 45.98 30.52
Ps 157.63 56.37 58.97  8.67 238.77 66.93 306.77 22.77 3.72 5.9 0.58 55.13 31.54 25.97
Fi(1) 159.67 52.03 57.01 9.41 271.32 66.11 371.10 25.50 3.37 6.27 0.54 56.59 27.48 31.39
Fi(2) 159.78 50.93 61.27 8.89 254.66 68.75 350.00 22.17 3.78 6.31 0.52 60.35 27.78 28.77
Fi(3) 159.65 50.43 65.16 8.39 268.91 78.86 378.46 22.55 4.18 6.24 0.57 63.51 29.63 34.55
Fi(4) 156.05 53.93 56.69 8.79 260.84 67.74 343.31 24.08 3.38 6.4 0.54 55.31 27.73 27.21
Fi(5) 163.92 56.08 56.08 9.62 232.73 67.42 332.78 25.57 4.46 7.75 0.57 52.58 33.32 37.53
Fi(6) 160.97 53.62 62.04 9.09 259.03 73.01 346.37 24.26 3.84 6.37 0.57 58.09 30.60 32.10
L O) Fi
Note: F; () indicated the average of all F| crosses from the parents in "( ) ". The unit of all traits are same in following tables.
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Table 2  Estimated proportions of variance components and phenotype variance and heritability for F; quantitative traits
T raits Vil V) ValVy V! Vo VeV, h?
Plant height 0.164 " 0.613 " 0. 042 0.181" 0.206 " *
Effective branch height 0.456 "~ 0.303 "~ 0.038 0.204"~ 0.493 "~
Length of main raceme 0.741 " 0. 068 0. 003 0.188 " 0.744 "
No. of primary branches 0.304 " 0.011 0. 196 0.489" " 0.500 " "
Pods of primary branches 0.582 " " 0.0743 " 0. 107 0.236 " 0.689 “ "
Pods of main raceme 0.765"" 0.048 ~ 0. 000 0. 187 0.713 "
No. of pods per plant 0.578 " 0.039 " 0.128" 0.255" 0.706 " "
Seeds per pod 0.437 " 0.182" 0.187" 0.193" * 0.625 "
1000-s eed weig ht 0.790 "~ 0.081 " 0.040 "~ 0.089" * 0.830 "~
Length of pod 0.768 ** 0.131 "~ 0. 050~ 0. 051 0.818 "~
Width of pod 0. 660 "~ 0.176 0. 031 0.132 0.692 "~
Angle between stem and primary branch 0.834 " 0.129 *~ 0.011 0. 025 0.845 "~
Length of primary branch 0.719 ** 0. 048 0. 000 0.232" * 0.719 **
Seed yield per plant 0.115 0.218 " 0.287 0.381" 0.40 "
VA Vo Val Vs Vil Vs Vel Vp s h? oo X XX 0. 05

0.01 s . Note: Vo/ Vps Va/Vyp Vi/Vpand V./ V, denote proportion of additive dominant, maternal, ran-

dom variances and phenotype variances respectively; A2 is narrow hereditary capacity. * and * * denote significance at 0. 05 and 0. 01

levels, The following tables are the same.
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Table 3  Estimated value of genetic effect for quantitative traits of all parents
Plant height brfnf(fflcillzic ht IimaNO.b?afnchPs Pods of malijr(l)(JrZotfrne Not;rUfk}l)r(ljtdS E:edrfd
Parent < 1ght p Iy 1% primary branches ceme per p. per p
Ai Dj Ai D Aii Di; Ai Dij; Ai Dij; Aii Di; M; Ai D M;
Pi -4.03 % #17.28 * * —1.05 —10.42*  0.00 —0.13  —16.68 —22.47 * *—4.17** —3.13 —19.45—16.61 * 24.95 0.92* —0.72 0.71
Py 0.32 —5.96* —4.07% —4.85*  0.17 0.03 25.34**  1.86 0.92 —0.30 50.01 * * 17.94 —34.29 *—0.56 *—1.43 * *~1.51 *
P;  —2.23—13.69 *=6.65 F ©6.42* ¥ —0.67 ** —0.14  16.54  —4.00 12.20 * 2.66  30.34 —6.38 —3.83 —1.76 *—1.70 * *—0.17
Py 0.05 —8.38* 1.82 —7.81% 0.26*% 0.02 11.59 6.88 —3.49%% —3.69 6.47 7.56 —10.11 2.22% * 0.40 —1.44*
Ps 1.97 —6.83 % * 7.37* —1.48 —0.08 0.01 —48.60% 1.19 —7.98* —3.83 —67.81* —1.93 39.49 —0.33 —0.57 1.64*
Pg  3.92%* —6.16 2.58% 0.27  0.32*  —0.17 1181 —18.03 * 2.524+ —4.36* 0.44 —19.44 *—16.20 —0.48 * —0.69 0.76 *
Length of  Length of Width of ~ Angle between g 1) 1000- seed
main primary od primary branch or plant weight Length of pod
Parent raceme branch P and stem perp &
Ai D Ai D Aii Di; Ai Diji Ai Diji Aii Dii M; Ai Di; M;
PI 1.8 —3.69" —1.37" —1.32 —0.02"" —0.01 —1.44"" 1.16" " —L94 —4.19"%0.29" " —0.19—0.21 ** —0.03 —0.16 —0.20 "
P2 2,627 7—0.347 3.027 —1.317  0.00 0.2 —203"" —0.10 108" —O0.11-0.2477—0.02 0.20 " *—0.54 **0.51 " " 0.15
P3  7.80" —2.09 6.84" —0.01 0.02" 0.00  —0.34* —0.17 2.35*" —4.87"%0.27" —0.17 0.10 —0.29* —0.34 " —0.08
Py —3.73%—2.03% —1.91 —0.91 —0.03%*% —0.03 % —2.58*% 0.17 —0.39  —0.70 —0.49 * ¥-0.20 * *—0.04 0.06 * * —0.30 *—0.11 *
Ps  —6.75%2.88% *—6.55*% —1.83 0.01** —0.02% 5.39%*% 574%* —1.03 —3.18 0.74** —0.22 —0.07 0.92% *—0.43 * ¥0.28 *
P 1.89% —2.69% —0.03 —1.48 0.03* —0.01** 1.00* 0.05 —0.07 —3.99% 0.0 —0.08 0.03 —0.12% —0.23 —0.05
: Aiis Dijs M; N .

Note : Ajs D;i and M; are additive . dominant and maternal effective value of parents respectively .
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Table 4 Average genetic performances of F; and F, for quantitative-traits in all crosses of rapeseed

Effective branch

No. of primary Length of primary

Pods of primary Length of main Pods of main

Ttem  Plant height height branches branch branches raceme raceme
Pre(F;)  162.09 * 53.96 " 8.55 " 58. 10 * 259,72 * 60.34 " 70.87 **
Pre(F,) 154.40 " 49.70 %" 9.29** 56.97 * 254,41 * 58.15 " 68.76 " *
HpmF,  0.093** 0.154 ** —0.002 0. 034 —0.041 * 0.074 * 0.076 *
HpmF, 0.047 ** 0.077 ** —0.001 0.017 —0.021 * 0. 037 * 0.041 *
HpbF,  0.058 * 0.028 —0.047 * —0. 069 —0.123 " —0.032 —0.169 *
Hpb I 0.011 —0.049 * —0.046 * —0.086 * —0.144 %" —0.069*  —0.182*"

Angle

Ttem Ng;eropf];gtds Length of pod Widthof pod Seeds per pod I?N()ggs}?fd andb?)tereZ:ySLerglnch S;ee;lp}]/zililtd
Pre(Fi)  354.86 6.615"" 0.553 "7 24,157 3.857 7" 29.09 " 32.50 77
Pre(F,)  351.59 6.349 "7 0.546 "~ 23.51°° 3.727°° 30.02° 7 29.99 * 7
Hpm Iy 0.014 0.078 °~ 0.022°"7 0.053 " 0. 065 * —0.058 " " 0.351°°
Hpm I, 0. 007 0.039 "~ 0.011 "7 0.026 " 0.033 * —0.029 """ 0.176 °~
HpbF,  —0.104 " —0.011 —0.033" —0.038" —0.077 —0.206 """ 0.295 *
HpbF, —0.111" —0.050 " * —0.044 % —0.064 " —0.10 * —0.177** 0.120*

: HpmF, HpmF, Fi ¥y ; HpbF, HpbF, F I

Note: HpmFjand HpmF; are m eanheterosise of Iy, F, generation respectively; HpbF, HpbF; arebetter-parent heterosis of Fy, Fp gen-

eration respectively.
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