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Analysis of major genes plus polygenes mixed inheritance for
resistance to chocolate spot on faba bean

DU Chengzhang', LONG Juechen', GONG Wanzhuo', ZHU Zhendong?, ZONG Xuxiao’, ZHANG Jijun'
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Abstract Chocolate spot is one of the main diseases in the faba bean production areas in the world, which seriously
threatens the production of faba bean. To confirm the inheritance of the resistance of faba bean to chocolate spot,
the chocolate spot highly resistant varieties ‘ Tongcanxian No.8” and ‘Qidou No. 2” were crossed with the highly
susceptible varieties ‘Chenghu No. 10" and ‘Chenghu No. 14”, and the major gene plus polygene mixed genetic
model was used to conduct a genetic analysis of the 2 cross combinations for 6 generations (P, , P,, F,, F,, BCP,,
BCP;). The results indicated that the most suitable genetic model of faba bean chocolate spot resistance is E-0
(two addictive-dominant-epistatic major gene + addictive-dominant-epistatic polygene). Additive effect values of
the two major chocolate spot resistance genes in the above two combinations were —40.43, 2.16 and —36. 31, —
3.86, and the dominant effect values were —15.22, —15.72 and —5.98, —6.48, respectively. The inheritability
of major genes in the above two combinations was 19.05%, 51.99%, 70.90% and 19.29%, 52.13%, 77.35% in
BCP; , BCP; and F,, and the inheritability of polygene was 0, 0, 19.9% and 0, 0, 21.06% , respectively. There-
fore, chocolate spot resistance in faba bean might be controlled by two major genes, and modified by polygenes at
the same time, while the environment had less impact on it. The susceptible parents had a negative effect on their
derived generation’s resistance. In the breeding practice, it is required to improve the resistance of susceptible
parents so as to improve the next generation’s disease resistance.
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Table 1 Frequency distribution of chocolate spot severity in the populations of six generations

HAFEA AR R It B AR Incidence frequency EEL S B T AR o AR 4 b/ 6
Cross population Generation 14 L5 L6 L7 1.8 Number Percentage of lesion area
| Pi(S) 0 0 0 0 10 10 (74.54+1. 72)A
Py (MR,) 10 0 0 0 0 10 (31.741. 25D
F1(Si XMR;) 0 20 0 0 0 20 (44.20+1.51)C
BCP, (S1/MR, //S)) 0 0 60 0 0 60 (54.8241.50)B
BCP; (S; /MR, //MR;) 0 60 0 0 0 60 (44. 201, 45)C
F, (S X MR;) 19 82 8 1 7 120 (46.10+9. 28)C
Il Pi(S) 0 0 0 0 10 10 (74. 9040, 99 A
P, (MR;) 0 10 0 0 10 (44.00=£1. 05)C
F1 (S; X MR3) 0 20 0 0 0 20 (46.55=+1. 28)C
BCP; (S;/MR; //Ss) 0 0 60 0 0 60 (57.48+1.07)B
BCP; (S /MR; // MR3) 0 60 0 0 60 (44.134-1. 38)C
F2(S; X MR3) 0 15 93 1 11 120 (56.0547.58)B
D) RFEAE B S . L0, 11,12, L3, 19,110 3X 5 A5 919 A5 R AR Ry O AR KPR FEFI . KR FEH AR T

BEATREEHT . KRG FHFORTE 0. 01 KF-2E Rl B

Data in this table are mean ==ST. The frequencies of L0, L1, 1.2, L3, L9, L10 are all 0, not listed in this table. The significance of differ-
ence is analyzed statistically in the same group. The uppercase letters indicate significant difference at 0. 01 level.
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Table 2 AIC values of the genetic models from S; X MR, and S; X MR,

K ' *&jﬂiﬁfﬂ%ﬁ /\EC fH Hm A T))’dﬁﬂ‘ﬁ@%ﬁ /\EC fH
el Maximum log-likelihood value AIC value Voo Maximum log-likelihood value AIC value
1 II 1 Il 1 I 1 II
A-1 —883. 53 —787.32 1775.07 1 582. 65 D-0 —690. 94 —666. 60 1 405. 88 1 357. 21
A-2 —944. 70 —833. 94 1 895. 40 1673.87 D-1 —644. 74 —632. 01 1 307. 48 1 282.03
A-3 —999. 30 —951. 31 2 004. 60 1 982. 37 D-2 —644. 74 —632. 01 1 305. 48 1 280. 03
A-4 —880. 49 —869. 55 1 766. 98 1 688. 66 D-3 —753. 61 —729. 28 1523. 22 1 474,55
B-1 —665. 25 —644. 64 1 350. 50 1 309. 27 D4 —644. 92 —632. 02 1 305. 84 1 280. 04
B-2 —681. 11 —725. 06 1374, 22 1462.12 E-0 —640. 55 —626. 66 1317. 10 1 289. 32
B-3 —947.73 —909. 16 1 903. 45 1 826. 32 E-l —697. 56 —640. 18 1425.12 1 310. 37
B4 —905. 15 —889. 54 1 816. 30 1 785. 08 E-2 —759. 22 —737.53 1 540. 45 1497. 07
B-5 —990. 21 —950. 35 1 988. 41 1 908. 71 B3 —750. 94 —727. 38 1 519. 89 1472.76
B-6 —879. 47 —857.59 1726.18 1 628. 37 E-4 —759. 22 —737.54 1534. 45 1 491. 07
G0 —690. 86 —666. 53 1 401. 73 1 353. 05 E=5 —759. 22 —737. 54 1 536. 45 1 493. 07
C-1 —753. 41 —735.02 1 520. 82 1 484. 04 E-6 —4 281. 83 —4153. 56 8 579. 67 8 248. 48
3 HFIEEE E-0.D-1.D-2,D-3.D-4 fiE SRR
Table 3 Tests for goodness of fit of model E-0, D-1, D-2, D-3
oL ) , , ‘
LEo:s 1\%):{;] Pofj fii on Uf Ué Ué i D.
1 E-0 S1 0. 093 0.103 0.011 0.126 6* 0.258 5~
F1 0. 241 0. 506 0. 896 0.310 2* 0. 330 6
S2 0. 000 0.017 0. 270 0.185 3* 0. 300 0*
BCP1 0. 056 0. 050 0. 000 0. 607 0 0. 263 5
BCP2 0. 404 0. 802 1. 252 0.510 7 0. 230 6
F2 1. 305 0. 836 0. 587 0.522 3 0.162 7
D-1 S1 0. 059 0. 139 0. 304 0.124 8* 0.263 0"
F1 0. 156 0. 226 0. 139 0.274 5% 0.311 5"
S2 0. 000 0. 039 0. 633 0.185 5~ 0. 300 0%
BCP1 42. 390 % 40. 382" 0. 041 5.0150 0.540 2
BCP2 0. 234 0. 426 0. 548 0.517 6 0.255 5
F2 6. 364" 10. 662~ 10. 826 1. 261 4 0. 205 4
D-2 Sl 0. 059 0. 139 0. 304 0.124 8* 0.263 0*
F1 0. 156 0. 226 0. 139 0.274 5% 0.311 5~
S2 0. 000 0. 039 0. 633 0.185 5 0. 300 0
BCP1 42.390* 40, 382~ 0. 041 5.015 0 0. 540 2
BCP2 0. 234 0. 426 0. 547 0.517 6 0. 2555
F2 6. 362 10. 660 10. 831 1.261 4 0.205 4
D4 S1 0. 059 0. 140 0. 304 0.124 9* 0.263 1"
F1 0. 156 0. 226 0. 138 0. 274 4* 0. 311 4~
S2 0. 000 0. 039 0. 633 0.185 5~ 0. 300 0*
BCP1 42. 389 40. 382~ 0. 041 5.014 9 0.540 1
BCP2 0. 232 0. 424 0. 547 0.517 3 0. 255 4
F2 6. 461" 10. 726 ¢ 10. 598* 1. 260 1 0. 205 2
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£33 Table 3(Continued)
A 5 71 ¢k ‘
(:,ﬂ;(;s l\tlioil P ()ff fﬁion Uf Ué Ui A D
I E-0 S1 0. 093 0.103 0.010 0.126 7* 0. 258 4*
F1 0. 242 0.511 0. 909 0.310 8* 0.330 9
S2 0. 000 0.017 0. 266 0.185 3* 0. 300 0%
BCP1 0. 060 0. 065 0. 005 0.612 3 0.265 1
BCP2 0. 488 1. 016 1.762 0.524 5 0. 230 6
F2 5.772*% 4,667 0. 440 1.391 7 0. 254 2
D-1 S1 0. 059 0. 139 0. 304 0.124 8* 0.263 0%
F1 0. 156 0. 226 0. 139 0.274 5% 0.311 5"
S2 0. 000 0. 039 0. 633 0.185 5~ 0. 300 0%
BCP1 42. 390 40, 382" 0. 041 5.0150 0. 540 2
BCP2 0. 234 0. 427 0. 548 0.517 7 0. 255 5
F2 2. 674 6. 441" 14. 585* 1.336 9 0. 270 2
D-2 S1 0. 059 0. 139 0. 304 0.124 8 0. 263 0
F1 0. 156 0. 226 0. 139 0.274 5 0.311 5
S2 0. 000 0. 039 0.633 0.185 5 0. 300 0
BCP1 42.390* 40, 382~ 0. 041 5.0150 0. 540 2
BCP2 0. 234 0. 427 0. 548 0.517 7 0. 255 5
F2 2,674~ 6. 442~ 14.585% 1.337 0 0. 270 2
D4 S1 0. 059 0. 140 0. 304 0.124 9~ 0.263 1*
F1 0. 156 0. 226 0. 138 0. 274 4~ 0.311 4~
S2 0. 000 0. 039 0.633 0.1855* 0.300 0*
BCP1 42.389* 40. 382~ 0. 041 5.014 9 0.540 1
BCP2 0. 232 0. 424 0. 547 0.517 3 0. 255 4
F2 2.673*% 6.439* 14, 577~ 1.336 2 0.270 1

D U U3 USR5 R 34t nW2 Oy Smirnov #3643k D,y Kolmogorov 34k . * 7R 0. 05 K F- R R BE.

U?, UZ, U are the statistics of uniformity test; nW2 is the statistic of Smirnov test; D, is the statistic of Kolmogorov test.

ferent significance at P<Z0. 05 level.
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Table 4 Estimates of univalent parameters for resistance of
melon powdery mildew under the E-0 model

—BH fliiH{H Estimate
Univalent parameter S; X MR, S; X MR;
@ —40. 43 —36. 31
dy 2.16 —3.86
ha —15.22 —5.98
Iy, —15.72 —6. 48
i —15.19 —5.88
Jab 7.85 1. 89
Jta —0.12 5.99
l 15. 85 6.73
he/ds 0. 38 0.16
hy/dy =17, 27 1. 68

1) dady 55— FFEE B IPERON 5 ha Sho < S — 32 3 R S
BT 5722 A~ BE P 22 (BT I > ik BAE RO 5 jo 2 2 4> F2
ZIRI NP X A AU 5 o - 2 A 35 R 22 R S >k
HARRIN 5 £:2 4> EEEH Z [ 09 T X R AR s ha /da s 5 —
TR BARE G shs / dy - 55 — LA BE L (E
d., dy: Additive effects of the first and second major genes;
has hy: Dominant effects of the first and second major genes;
The epistatic effect of additive X additive between two major
genes: ju: The epistatic effect of additive X dominant between
two major genes; ji : The epistatic effect of dominant X additive
between two major genes; [: The epistatic effect of dominant X
dominant between two major genes; h,/d,: Dominant potential
ratio of the first major genes; h;/d;: Dominant potential ratio
of the second major genes.

F5 REELEE ETREIZRIERTIEN
— S B i
Table 5 Estimates of bivalent parameters for resistance of
melon powdery mildew under the E-0 model

—HEE AR fliiiHE/ % Estimate
Bivalent parameter Generation S; X MR, S; X MR,

FeHI )72 (6%) BCP, 1. 14 1. 14
Phenotypic variance BCP; 1.91 1.91
F; 86. 17 57. 44

EREFE () BCP, 0.22 0.22
Major gene variance BCP; 1. 00 1. 00
F, 68. 11 44,43

LHFETTE () BCP, 0. 00 0. 00
Polygenic variance BCP; 0. 00 0. 00
Fy 17. 15 12. 10

R G BCP, 0. 92 0. 92
Environment variance BCP: 0.92 0. 92
Fy 0. 92 0. 92

FIHER AL R (W) / % BCP, 19. 05 19. 29
Major gene heritability BCP; 51. 99 52.13
Fy 70. 90 77. 35

ZILFIBIER (h2y) /% BCP, 0. 00 0. 00
Polygenic heritability BCP; 0.00 0.00
F; 19. 90 21. 06

D) o} R I 22500, : BIHTT 2500« FIREHTT 25 500 NI 7 255
hie (V0D EFIEH AL F b3, (V) ZIEPFBIE R, of: Pheno-
typic variance; o, : Polygenic variance; of,: Major gene vari-
ance; ¢%: Enviroment variance; hZ, (%) : Major gene heritabil-
ity; h3, (%) : Polygenic heritability.
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T E B R R SIS EARI A I A SCRTIE B
&5 eXT 4 E T EE St E R EA TR TR L.

ARSOKG A AR B RN FEEE R 3k 11 A5 9
L5300 6 MG iR M i TR A
2 AN ERENS EE P A 3A TEOIORS UL RE SR S T
TME LS 1 B R R A 2 T A i T A AT
LRI HERRME .

ASCHHER A2 A BCPy F1 BCP, X 25 595 1Y
YUPER RN RS AN E L5070 Fo SRS R IELE AR
H B /R0, v I -+ 2 FE B R 1 T ot AL A Al
AR AT 20 . AWFR S5 R R, 78 SR
YU RF A PR - S - 7 M 32 R+ -
- AR (E-0) RS, 3235 38 R 1Y) 35t % DT ik
e o St 1 o = T o PN L 1K o AN TR e 5 O I |
TEEER, ZREREZFEMERH . X5 Noorka
IR A A —EG M AN G BRI R
BASLIR B M AL ARAE . AR SCAYSE S Beyene S5
HIBFFEEE FAR I A T R A AR BEE PR 8 T80
PEIRIBE s FEAEEAA BN IR T PR 7
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