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Genetic Analysis of Erucic acid in Brassica napus L. Using Mixed
Major Gene and Polygene Inheritance Model
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(‘Industrial Crops Institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002; “National Key Laboratory of Crop Genetic

Improvement, Huazhong Agricultural University, Wuhan 430070)

Abstract: [Objective] Erucic acid is an important quantitative trait of rapeseed. Genetic analysis of erucic acid will provide a
very important guidance for breeding of low and high erucic acid rapeseed. [Method] The joint segregation analysis method of
mixed major gene plus polygene genetic model was used to study the inheritance of erucic acid in Brassica napus L. Five
populations from each of the crosses (1141BXKen C;) were investigated. The five populations were the parents Py, P,, F;, F, and
F,.; (derived from F,) families. [Result] The frequency distributions of erucic acid in F,and F,.; family populations showed the
characteristics of mixture normal distribution, which indicated that inheritance of erucic acid followed the major gene plus polygene
model. Results showed that genetic model E-1 was the most fitted genetic model for the trait. In another word, erucic acid in oilseed
rape was controlled by two major genes with additive-dominance-epistatic effects plus polygenes with additive-dominance effects.
The estimated additive effects of the two major genes, d, and d, were -16.26 and -2.83, respectively. It indicates that loci of the allele
in parent 1141B decrease the erucic acid content, in parent Ken C, increase it. The dominant effects of the two major genes, h, and hy,

were 10.93 and -4.71, respectively. The additive and dominance effects of the two major genes were much higher than that of the
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second one. Therefore, the contribution to erucic acid of the first major gene is much higher than the second one. There is a
significant interaction between the two major genes. The interaction effect of the first major gene’s additive effect and the second
major gene additive effect (i) was -1.21. The interaction effect of the first major gene’s dominant effect and the second major gene
dominant effect (1) was -3.27. The interaction effect of the first major gene’s additive effect and the second major gene dominant
effect (jab) was -5.70. The interaction effect of the second major gene’s additive effect and the first major gene dominant effect (jba)
was -7.25. Erucic acid content was also controlled by polygene. The additive and dominant effect of the polygene were -0.08 and 2.32,
respectively. The major gene and polygene heritabilities in F, were 50.00% and 16.62%, respectively, and in F,; were 89.70% and
6.01%, respectively. [Conclusion] Inheritance of erucic acid followed by two major genes with additive- dominance-epistatic effects

plus polygenes with additive-dominance effects. And the contribution to erucic acid of the first major gene is much higher than the

second one. It would have a high efficiency when selecting in F,.; families for high and low erucic acid in breeding.

Key words: Brassica napus L.; Erucic acid; Mixed major gene and poly-gene genetic model; Heritability
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Table 1 Frequency distribution of erucic acid content in five generations
AR FF: & Erucic acid content (%) SEE
Generation 0- 5- 10- 15- 20- 25- 30- 35- 40- Mean
Py 5 0.18
F, 5 29.63
P, 3 2 39.90
F, 13 20 18 13 29 13 14 14 2 17.90
Fos 17 16 16 15 26 13 15 15 3 22.36
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Fig. Frequency distribution of erucic acid content in F, and F.5
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Table 2 AIC value of erucic acid content in major gene and polygene model

B BRI o X AIC {if B B o X AIC fif
Model code Implication of model AIC value Model code Implication of model AIC value
E-1 MX2-ADI-AD 1451.93 A-2 IMG-A 1639.66
E-2 MX2-AD-AD 1490.54 B-1 2MG-ADI 1680.98
B-2 2MG-AD 1498.98 A-4 IMG-AEND 1703.81
E-6 MX2-EEAD-AD 1500.97 A-3 IMG-EAD 1732.51
E-3 MX2-A-AD 1510.87 C-0 PG-ADI 1733.75
E-4 MX2-EAED-AD 1517.52 E-6 MX2-EEAD-AD 1754.51
E-5 MX2-AED-AD 1558.62 c-1 PG-AD 1754.60
D-4 MX1-AEND-AD 1569.77 D-2 MXI1-A-AD 2202.23
B-3 2MG-AD 1620.58 D-0 MX1-AD-ADI 2202.85
D-3 MX1-EAD-AD 1626.58 D-1 MX1-AD-AD 2203.93
A-1 IMG-A 1629.46

MG: THREFEFE A, MX: THE+Z R ARG BRI, PG ZIER RGBS, A 80N, D: BMERN: I HAE CEAZHED:
N: fili); E: HI5. W1 E-1 B MX2-ADI-AD 2755 2 50 1=k A0 32 8 DRl - 8k 22 8 K] ) 08 45 TR A S22

MG: Major gene model; MX: Mixed major gene and polygene model; PG: Polygene model; A: Additive effect; D: Dominance effect; I: Interaction(epistasis); N:
Negative; E: Equal. For example, model E-1=MX2-ADI-AD, means mixed model with 2 major genes of additive-dominance-epistasis effects + additive-

dominance polygene
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Table 3  Tests for fitness in some selected models

B A 2 MERIR K, T E-1 B 25 Gt
AT 10 MEB KT, BT E-1 BRI 8 ) A
EREA A a) (R TE A PR, i LI AIC {E S/
It B-1 BIROAIF IR & R ol S PERRY,  RITFIR &&=
WA 2 6Ntk B SRR D - e 22 R PRI
P

[l AR giili  Statistic

Model Generation U12 U32 nW2 D,

E-1 P, 0.018(0.7140) 0.182(0.4755) 2.152(0.2021) 0.0183 0.2362(>0.05)
Fi 0.059(0.6141) 0.215(0.4734) 0.203(0.4535) 0.4227 0.3131(>0.05)
P, 0.013(0.771) 0.103(0.6453) 1.361(0.1872) 0.0413 0.3153(>0.05)
F> 0.207(0.560) 0.106(0.6722) 0.331(0. 4617) 0.1742 0.1431(>0.05)
Fas 1.271(0.073) 0.267(0.3541) 0.312(0.5232) 0.2765 0.0416(<<0.05)

E-2 P, 4.510(0.0029) 3.096(0.0063) 2.354(0.0010) 0.1783 0.2644(<<0.05)
F, 0.016(0.8681) 0.1314(0.7132) 0.238(0.6031) 0.0798 0.3661(>0.05)
P, 1.001(0.3613) 3.099(0.0001) 1.003(0.3591) 0.1675 0.2514(<<0.05)
F> 3.191(0.1514) 0.073(0.7866) 0.403(0.5255) 0.1694 0.1112(<<0.05)
Fa3 11.013(0.0001) 3.313(0.0019) 2.763(0.0002) 0.2624 0.0991(<<0.05)

Giitht UL UL USRI h 8 MERoKOT, Dy e I 5 v i o 35 b

The value in parentheses behind Ulz, Uz2 and U32 means probability, behind D, means significance level
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Table 4 Genetic parameters estimated for the best fitness model

SR —BZ %0 1st order genetic parameter A THE
Parameler pib s G osm O
Value Parameter Value Parameter
w 038 o 40.11 m 15.52
" 26.18 s 1.00 d -16.26
s 3874 us 6.41 d 283
Hai 1.92 Us3 8.75 h, 10.93
Lz 626 s 21.16 hy -471
L3 967 s 2429 i -1.21
s 2234 s 34.08 i 5.70
s 24.35 ws? 35.61 iba -725
s 4250 s 3323 1 327
e 3652 pso 39.19 [a] -0.08
e 27.38 [d] 232

ZBrZ40  2nd order genetic parameter

Gmgz Gpg2 hmg2 hpg2
F, 3.35 1.12 50.00% 16.72%
Fas 23.43 1.57 89.70% 6.01%

m AT EIE [d)h 2R AN, a 4 THEDIINPEBONAA, [a]
NEFEFIMMERAE, s pos pas wa 285000 Piy Po Fy B Fo BERTY
(=l
m is a mean of population, [d ] means dominant effect of polygene, a means
additive effect of major gene, [a Jmeans additive effect of polygene. ui, o,
13 and w4 mean average values of Py, P,, F and Fa, respectively

(R AIPE R A R 24 45 1 R 53.75%. VEE N A
WFITE M0 2 4 3K S Anand 25078 H 85 8 h =2 b
RIS AN HIITIR S R, 2 5IFEH] 1% 10%-
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W—5, AW Z IR RN . k] DU
IR R R s T A o ARG A 10
AT Fos M AILRIEAL 14 89.70%8 18 1 T Fs
1) 3L RBAE 77 50.00%, 11 2 5E PR AL S WAH I, F,
T Fasr 209N 16.62%A1 6.01%. KL H AN
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