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Abstract: To elucidate the genetic mechanism of resistance to black spot disease in Chinese cabbage, this study conduct-

ed resistance identification using an indoor detached leaf inoculation method on a six- generation (P,, P, F, F,, BC/F,,

BC.F,) population constructed from the parental materials J406 and K23. The inheritance pattern of resistance was ana-

lyzed using the major gene plus polygene joint genetic analysis method. The results demonstrated that the genetic model

of black spot disease resistance in Chinese cabbage follows the MX2-ADI-AD model, which is controlled by two pairs of

additive- dominance-epistasis major genes plus additive-dominance polygenes. Further analysis of the heritability in the

three segregating generations (F,, BC\F,, BC.F,) revealed that the major gene heritability were 62.27%, 76.93% and

79.22%, respectively, indicating that the inheritance of resistance is primarily controlled by major genes. The findings clar-

ify the genetic pattern of resistance to black spot disease in Chinese cabbage and highlight the central role of major genes,

providing an important theoretical basis and scientific guidance for the mining of favorable genes, marker-assisted selec-

tion, and the breeding of new resistant varieties in Chinese cabbage black spot disease resistance breeding programs.
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Fig.1 Phenotypic identification of the resistant(J406) and susceptible (K23) Chinese cabbage parental lines in field and

detached-leaf assays
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Fig. 2 Classification standard for disease grade of black spot disease on detached leaves of Chinese cabbage
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Table 1 Descriptive statistics of disease index across different generations

X7 AR A (14 S8 B 3 155 i Bt AT 2 56 A+

1HAR HEE RN RAME I=ONI! V- E PRt A S A e J5E i
Generation Population size Minimum Maximum Mean Standard deviation CVI% Kurt Skew
P, 24 11.11 3333 27.32 5.44 19.91 2.13 -0.99
P, 24 55.56 100.00 86.11 13.65 15.85 0.31 -1.01
F, 24 40.74 66.67 50.00 7.80 15.60 -0.26 0.55
F, 980 3.70 100.00 45.30 15.47 34.15 0.44 0.56
BC/F, 390 11.11 92.59 46.00 21.06 45.78 -0.67 0.62
BC.F, 391 11.11 100.00 56.06 22.50 40.14 -1.10 0.22
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Fig. 3 Frequency distribution of the disease index across different generations
Z IR BB AR A . R aly AIC AT e Xof ik 126 398 A% 46 T BE AT 3 A PR 56 (USL U

e AR LR Gk R ), R ik H 2MG- ADI. U W H D), LGt 8 5 3 MK P S ik il

MX2-ADI-ADI. MX2-ADI-AD M {E @ A4 f & (R 3. 4R B x, & & 2MG- ADI.

(£ 2. MX2-ADI-ADI.MX2-ADI-AD ] & % 4t it & 45 5
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Table 2 Maximum likelihood function value and AIC value of candidate genetic models for resistance to black spot disease
in Chinese cabbage

it P RANIRAE AIC {H it P RANIRAE AIC 18

Model Maximum likelihood value AIC value Model Maximum likelihood value ~ AIC value
IMG-AD -7 952.61 15913.22 MX1-AD-ADI -7 851.06 15726.13
IMG-A -7 982.87 15 971.75 MX1-AD-AD -7907.78 15 833.56
IMG-EAD —7952.80 15911.60 MXI1-A-AD -7913.44 15 842.88
IMG-NCD -8017.29 16 040.57 MXI1-EAD-AD -7 859.41 15734.82
2MG-ADI -7750.27 15 520.54 MXI1-NCD-AD -7914.17 15 844.34
2MG-AD -7 954.15 15 920.30 MX2-ADI-ADI -7743.23 15 522.45
2MG-A -8 099.62 16207.24 MX2-ADI-AD =7 749.12 15528.23
2MG-EA -7977.26 15960.51 MX2-AD-AD -7914.17 15 850.34
2MG-CD —7955.50 15 919.01 MX2-A-AD -7 807.12 15 632.24
2MG-EAD -7967.36 15940.71 MX2-EA-AD -7913.10 15 842.19
PG-ADI -7 851.06 15722.13 MX2-CD-AD -9 080.26 18 178.51
PG-AD -7915.30 15 844.60 MX2-EAD-AD -7 868.82 15 753.64

MG A TR MX Oy E 3 K+ 2 BB A A8 PG A2 FEDIE AL s A D9 INPE80R - D D9 R MR8 1 o AL AR E A AS
Note: MG is the main gene model; MX is major gene+polygene mixed model; PG is the multi-genes model; A is additive effect; D is the domi-

nant effect; I is the epistatic effect; E is equal.
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Table 3 Suitability test of genetic model

RN v

Itjl:;(;e] (T::::ration ur us v o D.

2MG-ADI P, 1.866 4 1.953 4 0.089 7 0.581 7* 0.384 4**
P, 3.370 1 3.874 5% 0.583 1 0.569 3* 0.353 3**
F, 1.907 8 1.429 1 03223 0.349 8 0.269 5*
F, 0.0102 0.196 4 4.683 1* 1.847 1%* 0.114 3 **
BC/F, 0.069 4 0.0180 24254 0.583 4* 0.117 1¥*
BCAF, 0.005 4 0.090 5 0.8420 0.457 2 0.098 3%*

MX2-ADI-ADI P 0.060 4 0.005 0 0.449 1 0.406 3 0.274 4*
P, 0.253 6 0.1827 0.0579 0.220 1 0.247 3
F 0.050 4 0.025 6 0.053 0 0.163 7 0.178 6
F 0.1300 0.0222 3.970 0* 1.847 7% 0.114 5%*
BC/F, 0.792 5 0.054 9 6.305 4* 0.818 2%* 0.149 5%*
BC.F, 0.0255 0.033 6 1.8258 0.4222 0.101 6**

MX2-ADI-AD P, 0.730 2 0.902 6 0.2409 0.476 3* 0.348 7%*
P, 0.5932 0.526 4 0.006 5 0.262 6 0.268 7
F 0.2397 0.162 8 0.079 9 0.184 8 0.198 7
F, 0.014 4 0.137 1 37843 1.845 1%* 0.113 8**
BC/F, 0.0229 0.0659 2.601 6 0.584 2* 0.119 1#**
BC.F, 0.000 9 0.157 8 2.163 8 0.4303 0.099 8%**

WU U US RB AR S Gi v 5 5, 28 Smirnov A2 5648 11 : D, 24 Kolmogorov K38 4t 115 ; *3R/RTE 0.05 /KF 2 72 =+ RRTE
0.01 K EZEF R,
Note: U/, U;, Uy are the statistic of uniformity test; ,J¥ * is the statistic of Smirnov test; D, is the statistic of Kolmogorov test; * and ** indicate

significant difference at 0.05 and 0.01 level, respectively.

12,8 F1 7, Kt , MX2-ADI-AD R iz AR # A, B (R D, ST W 5RO AE (dody)
KA EBERPESZ B ISk B N-11.758 2, R 1R L S Fe 207 T oG [H]

SR - A 2 B TR 2 SN RN o X 3 B DR 5 1 RURAE Chan ) 3 39N
23 RMRBEEESHET 4.428 5 f1-15.322 2, H|h>|h), Vi B 25 — E LK

WA Fe Ui B MX2-ADI-AD i 53t 2 80 i SN AR S e AN LU AR [Au/d| <1

F4 HiBHEE MX2-ADI-AD H—M RS HEE
Table 4 First-order and second-order parameter estimation of the optimal model MA2-ADI-AD

—BrBH ik —BBH it “HBH flii{fi Estimated value

First-order parameter Estimated value || First-order parameter Estimated value || Second-order parameter F, BC.F, BC.F,

d, -11.758 2 i 5.3557 e 149.068 1 3413631 401.1308
dy -11.758 2 Jab 12.064 7 O 1.1986  13.2293  16.1035
ha 44285 b 31.8223 I %o 622661 769302  79.2165
hy -15.3222 / 12.306 2 ) 0.500 7 29814 3.1802
|ho/d.| 0.376 6 [d] -49114

|h/d)| 1.303 1 [A] -2.5499

T dond, FRon EFED ab KIINERLISE s hos by 08 FIE a b RAERS : ()2 2 FE IR R s ()22 2 FE DR SR PR AN 5 s M o 0%
DL A < P A 2R o 2 73 PR 2 58 TP < S P LA R8I ¢ 30075 1R 8 21 B A1 S P I e AT 2808 5 7 307 198 % =3 R P A W A 2
L5 8 TN EBEIR T 725 87 RN 2 BE K 5 78 5 I, 7R L BE R IGAL 56 s 0, FROR 2 BE R AR 6

Note: d., d, represents the additive effect of major gene a and b; /.. 4, represents the dominance effect of major gene a and b; [d] represents the
polygenes additive effect; [A] represents the polygenes dominance effect; i represents the additive xadditive interaction effect between the two major
genes; j., represents the additivexdominance interaction effect of the two major genes; i, represents the dominancexadditive interaction effect of the
two major genes; / represents the dominance x dominance interaction effect of the two major genes; &, represents the variance of major genes; &,

represents the variance of polygenes; /., represents the heritability of major gene; /i°,, represents the heritability of polygenes.
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