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Genetic analysis of main plant type characters in mung bean

XU Ning. QU Xiangchun, WANG Minghai, DENG Kunpeng. BAO Shuying, WANG Guifang.
DOU Zhongyu, DOU Jinguang, GUO Zhongxiao"

(Institute of Crop Germplasm Resources, Jilin Academy of Agricultural Sciences, Gongzhuling 136100, China)

Abstract In order to provide a theoretical basis for breeding erect varieties of compact plant type, the main plant type
characters in mung bean were explored. Six generations (P, ,P,.F,,F,.B; and B,) produced from a cross between
semi-erect variety Taolyu 218 and erect variety Jilyu 10 were used to analyze inheritances of plant height (PH) ,number
of branches (BN) .node number of main stem (MSNN) ,and branch angle (BA) by the mixed major gene plus polygene
inheritance model. The results showed PH. BN, and BA were dominated by two pairs of major gene with additive-
dominance-epistasis effects plus polygenes with additive-dominance-epistasis (E-1 model) . The additive effects of the
two major genes of PH were both 7.27,and the dominance effects of the two major genes were 0.03 and — 0. 13,
respectively, the heritability in B, ,B, ,and F, was 59.35% .,8.23% .and 41.45% .respectively for the major genes, and
2.40% ,0% ,and 0% , respectively for the polygenes. The additive effects of the two major genes of BN were both

0.33.and the dominance effects of the two major genes were —0.74 and — 1.55,respectively. The heritability of major
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genes in By ,B,,and F, were 3.26% ,7.69% ,and 53. 10% ,and were 51.39% ,56.36% ,and 0% ,respectively for the

polygenes,respectively. The additive effects of the two major genes of BA were both 2. 10, and the dominance effects of

the two major genes were — 0.94 and — 1. 38, respectively. The heritability of major genes in B;,B,,and F, was

48.11% ,32.45% ,and 64.54 % ,respectively. The heritability for polygenes was 0% . MSNN was dominated by a pair of

major gene with additive-dominant effects plus polygenes with additive-dominance-epistasis effects (D-0 model). The

additive and dominant effects of major gene of MSNN were 0. 10 and —0.01. The heritability for major gene in B, ,B;,
and F, were 1.39% ,1.27% ,and 0.63% ,and were 65.39% ,10.81% ,and 47.08% for polygenes, respectively. It was
found that BN and BA with high total heritability in “ Taolyu 218 X “Jilyu 10’ should be selected in early generation. PH

and BA were mainly dominated by major genes,and BN and MSNN were mainly dominated by polygenes. The roles of

major genes and polygenes,and environmental conditions should be comprehensively considered in plant type breeding

of mung bean.

Keywords mung bean; plant type; mixed inheritance modal; genetic analysis
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Table 1 Frequency distribution of PH,BN, MSNN,and BA in populations of P, ,P; ,and F,
. - B Rt
e & /cm Plant height ¥t
) ) Sample
Generation 5660 60~70 70~80 80~90 90~100 100~110 110~120 120~130 130~140 140~150 .  ean
P, 4 6 6 12 13 7 4 1 53 108.8 A
P, 3 25 19 3 1 51 71.8 B
F, 3 14 8 5 1 31 81.3
‘ gy FEA
i1t /3 K %0 No. of branches ¥
o . Sample
Generation 0 1 9 3 4 5 6 7 8 e Mean
P, 1 2 5 15 14 8 6 2 53 4.8 A
P, 9 6 9 18 7 2 51 2.3B
F, 1 2 9 14 4 1 31 3.7
N e e . ﬁz’g%
e F 22754k Node No. of main stem S Py
. . Sample
Generation 1y 15 13 14 15 16 17 18 19 e Mean
P, 3 4 6 12 17 10 1 53 16.3 A
P, 4 7 21 12 6 1 51 13.2 B
F, 11 12 13 14 15 16 17 31 14.5
. 4 A/ (° ﬁz’iﬁ
T Sy A% A E /() Branch angle SV (i
. . Sample
Generation 94__30 30~40 40~50 50~60 60~70 70~80 80~90 90~100 100~110 size Mean
P, 4 8 28 49 62 60 34 7 2 254 68.4 A
P, 12 36 45 17 5 1 116 44.9 B
F, 10 22 36 32 10 3 1 114 49.4

TE Py BEAR, CPkER 21875 P2 AUA, S AR 10 575 Fr R Py g BEA, B Py W AUAR R ACARAF A28 38Rl . R Rl A AR [R5 B B BB R R 78

0.01 KV TFZRBEE.

Note: P, :female parent, ‘ Taolyu 218 ; P, : male patent, ‘Jilyu 10’ ; F; : hybrids with Py as female parent and P, as male parent. The same

below. Values of followed by different letters show extremely significant differences at the 0. 01 probability level.
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By ,backcross generation with Fy as female parent and P; as male parent;B; ,backcross generation
with F; as female parent and P, as male parent;F,,progeny population inbred by F;. The same below.
1 RF22E X ERI0S RRAESINTBHRABEKRSHREDH
Fig. 1 Frequency distribution of plant height in B, ,B, ,and F, populations

from the cross of ‘Taolyu 218’ X “Jilyu 10’
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Fig. 2 Frequency distribution of number of branches in B, ,B, ,and
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F, populations from the cross of ‘Taolyu 218 X Jilyu 10’
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Fig. 3 Frequency distribution of node number of main stem in B, ,B,,

and F, populations from the cross of ‘Taolyu 218" X *Jilyu 10’

300

% FB, @B, EF
250 f
g 200
E m
= [
s 150
z
ﬁ
2; 100 F
o= ;
R /
] -] 2
L ﬁ
L flln BB A el em. _
10 20 30 40 50 60 70 80 90

ﬁ*)‘(fﬁ}}{/(o) Branch angle

4 “RF2USX'EFEZRI0SEZTHEGINTBEERBEIREANRESH
Fig. 4 Frequency distribution of branch angle in B, ,B, ,and F, populations

from the cross of ‘Taolyu 218" X ‘Jilyu 10’
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Table 2 AIC value and max log likelihood value of different genetic model
AIC {4 S ONVET R4

- AIC value Max log likelihood value

i :ﬁ%gf EEH EEWH

R e L O 2
code Plant No. of of main Branch Plant No. of of main Branch

height branches angle height branches angle
stem stem

A-1 1MG-AD 4373.80 1913.58 2110.27 8789.43 —2182.90 —952.79 —1051.13 —4390.72
A-2  1MG-A 4 448,48 1 911.65 2 134.73 8870.26 —2221.24 —952.83 —1064.36 —4432.13
A-3  1MG-EAD 4615.14 1934.91 2 228.90 9 116.20 —2 304.57 —964.45 —1111.45 —4 555.10
A-4 1MG-AEND 4384.09 1941.77 2101.52 8791.29 —2189.05 —967.89 —1047.76 —4 392.65
B-1 2MG-ADI 4.369.45 1905.52 2 115.26 8780.71 —2174.72 —942.76 —1047.63 —4 380.35
B-2 2MG-AD 4.394.77 1907.63 2130.07 8805.28 —2191.39 —947.82 —1059.04 —4 396.64
B-3 2MG-A 4521.58 1916.42 2 263.30 8959.55 —2256.79 —954.21 —1127.65 —4475.78
B4 2MG-EA 4 436.50 1900.41 2 137.43 8876.13 —2215.25 —947.21 —1065.72 —4 435.07
B-5 2MG-AED 4590.45 1928.81 2222.67 9107.28 —2291.22 —960.40 —1107.34 —4 549.64
B-6 2MG-EEAD 4588.45 1926.81 2 220.67 9105.28 —2291.22 —960.40 —1107.34 —4549.64
C-0 PG-ADI 4364.65 1875.94 2109.49 8773.52 —2172.32 —927.97 —1044.74 —4 376.76
C-1 PG-AD 4391.34 1870.22 2 118.77 8827.83 —2188.67 —928.11 —1052.39 —4 406.92
D-0  MXI1-AD-ADI 4 380.55 1873.63 2099.58 & 782.28 —2178.28 —924.82 —1037.79 —4379.14
D-1  MXI1-AD-AD 4399.61 1876.79 2120.82 8833.90 —2190.81 —929.40 —1051.41 —4407.95
D-2 MXI-A-AD 4392.00 1874.81 2 116.34 8804.69 —2188.00 —929.40 —1050.17 —4 394.34
D-3 MXI-EAD-AD 4 404,00 1874.88 2120.65 8823.84 —2194.00 —929.44 —1052.32 —4403.92
D-4  MXI-AEND-AD 4 406.00 1872.09 2 106.29 8822.04 —2194.00 —928.05 —1045.14 —4 403.02
E-0 MX2-ADI-ADI 4380.04 1885.63 2104.61 8 794.28 —2172.02 —924.82 —1034.31 —4379.14
E-1 MX2-ADI-AD 4364.24 1871.13 2 101.67 8759.90 —2167.12 —920.56 —1035.83 —4 364.95
E-2 MX2-AD-AD 4410.00 1880.88 2 126.64 8829.84 —2194.00 —929.44 —1052.32 —4403.92
E-3  MX2-A-AD 4.390.41 2040.95 2 123.82 §8827.85 —2186.20 —1011.47 —1052.91 —4404.92
E-4 MX2-EA-AD 4 404.00 1874.88 2120.46 8823.84 —2194.00 —929.44 —1052.23 —4403.92
E-5 MX2-AED-AD 4 406.00 1876.88 2 122.64 8825.84 —2194.00 —929.44 —1052.32 —4403.92
E-6 MX2-EEAD-AD 4 404.00 1 874.88 2 120.64 8823.84 —2194.00 —929.44 —1052.32 —4403.92

TE MG, F I BB R s MX, 3238 B+ 2 3R R A AL PG, 22 58 PR 3t A B RS s AL AR RIORE s D SEPERLNE 5 T, B4 s N B il s EL AR S 6 4 E-1
FA MX2-ADI-AD, 278 2 X6 i - 8 M- b A0 Pk R R 4 in k- v 22 0 RNR B st A 8 5 R R 2 R ATC fELdRc /) o T T d 36 33t 14 462 281

g, T,

Note: MG, major gene model; MX, mixed major gene and polygene model; PG, polygene model; A, additive effect; D, dominance effect;I,

interaction; N,negative; E,equal;e. g. Model E-1=MX2-ADI-AD, means mixed model with two major genes of additive-dominance-

epistasis effects plus additive-dominance polygene. Minimum AIC value in each cross is underlined, which is used asgood-fitting

model. The same below.
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Table 3 Test of goodness-of-fit in the selected genetic models from the cross of ‘Taolyu 218’ X *Jilyu 10’

R B R

Trait  Model Generation U v v W P

B, 0.099(0. 754) 0.020(0. 888) 0.428(0.513) 0.069(0.766)  0.016(1.000)

C-0 B, 0.023(0. 881) 0.163(0. 686) 1.071(0. 301) 0.128(0.467)  0.009(1.000)

B F, 0.251(0.617) 0.479(0. 489) 0. 686 (0. 408) 0.111€0.542)  0.004(1.000)
PH B, 0.436(0.509) 0.463(0.496) 0.027¢0. 870) 0.055(0.844)  0.011(1.000)
E-1 B, 0.030(0. 863) 0.015(0. 902) 1. 349(0. 246) 0.120€0.500)  0.009(1.000)

F, 0.282(0.595) 0.286(0.593) 0.007(0. 935) 0.081¢0.685)  0.003(1.000)

B, 47.727(0.000)  3.182(0.075) 385(0.000) ™ 10.394(0.021)* 0.013(1.000)

C-1 B, 2.087(0.149)  15.707(0.000) 460(0.000) ™ 7.841(0.010)** 0.010(1.000)

SR B F, 0.013(0.911)  76.574¢0.000)" 1 195(0.000)* 19.918(0.066)  0.004(1.000)
BN B, 0.935(0. 334) 1. 087(0. 297) 0.181(0.671) 0.472(0.048) " 0.024(1.000)
E-1 B, 0. 949(0. 330) 3.938(0.047)" 17.351€0.000) "  0.998(0.003) " 0.011(1.000)

F, 0.100(0. 752) 0.032(0. 859) 0.263(0. 608) 1.811€0.000) ** 0.005(1.000)

B, 3,574(0.059) 2.193(0.139) 1.955(0. 162) 0.608(0.022)* 0.008(1.000)

A4 B, 3.948(0.047)°  4.700(0.030)"  0.953(0.329) 0.856(0.005) ** 0.007(1.000)

EEStT 4 F, 0.479(0. 489) 0.813(0. 367) 0.857(0. 355) 0.670€0.015)* 0.003(1.000)
MSNN B, 0.399(0.527) 0.005(0.944)  7.456(0.006)  0.424(0.065)  0.031(1.000)
D-0 B, 0.001(0. 976) 0.016(0. 899) 0. 388(0.533) 0.451(0.055)  0.009(1.000)

F, 0.378(0.539) 0. 438(0.508) 0.072(0. 789) 0.695(0.013)* 0.004(1.000)

B, 10.030(0.002) ™ 8.950(0.003)*  0.089(0. 765) 1.452(0.000) * 0.003(1.000)

C-0 B, 0.448(0.503) 0.425(0.514) 0.000(0. 986) 0.342€0.109)  0.005(1.000)

43K e £ F, 0.165(0. 685) 0.297(0.586) 0.369(0. 544) 0.326(0.121)  0.009(1.000)
BA B, 0.252(0. 616) 0.136(0.712) 0.219¢0. 640) 0.325(0.121)  0.002(1.000)
E-1 B, 0.327(0.567) 0.259(0. 611) 0.033(0.857) 0.331(0.117)  0.005(1.000)

F, 0.510(0. 475) 0.467(0.495) 0.001¢0. 973) 0.354(0.101)  0.007(1.000)

TE:UT U U AR S 5 i 6t 5, W2 S Smirnov #3558 i1 it 5 D, i Kolmogorov #5 30 Se it i s 65 A BT M BB A A (. % L =

43 ) R 25 F AR B B 35 (P<C0. 01) B3 (P<C0. 05) K-,
Note:U?,U% and U3, statistic of Uniformity test;, W?, statistic of Smirnov test; D, , statistic of Kolmogorov; The numbers in brackets are
the distribution values in theory. ** and * mean extremely significant differences at the 0. 01 probability level and significant

differences at 0. 05 probability level, respectively.

ik B KGR DR RO, EEE R 2.2.3 @R SHORER

RS D-0 (1 X i - 2 32 366 DA A+ - S k- AR A TR A58 280 v AN [ )80 o3 Al 2 80 A 5 4 A
AL EEDD s B A C-0 BRI A 3 AEEiE ARBMEIR A — B A B R SR GR 4 IR 5)
T 28 7 IR B4R B K P E-1 B R A gt i P PR B9 2 X 325 D B SO K O 7. 27

(28 S IR B B K Bl I Bl B O Bl RBUIE M A, 2 0 KR IR Y SV ARV (LB
(2 X Jnp- i - B F2 e PR k- A2 A D 2 3% F2 RE DAY I EL AR RN R 15, 06 4 K P HL AR AL
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Table 4 First order genetic parameters estimated for the fitting models of plant type traits from ‘Taolyu 218" X *Jilyu 10’

PR IR B2t 1 2t LHEH EHH
" X X : i e X X BAEX Bes
GRAD  FHM EREN EREN ERN e B I o e Rk b /d b /d
’ NI ¥ R (9 « 1 )
Trait  WOEE RO B RAE M A L v
A > Jab > Jba
(Model) % do %% dy RN he 3 hy T g 4] [A]
1] 7.27 7.27 0.03 —0.13 15.06 1. 85 —2.68 —5.71 4. 30 12.32 0. 00 —0.02
PH (E-1)
4y ki % BN 0.33 0.33 —0.74 —1.55 —0.53 0. 64 —0.16 1.94 0.60 —0.10 —2.24 —4.70
(E-1)
F 5 0. 10 —0.01 —0.10
MSNN
(D-0)
Ay ki JE f BA 2.10 2.10 —0.94 —1.38 16.06 —2.95 —3.53 —5.54 7.47 17.10 —0.45 —0. 66

(E-D

x5 KEFE218X‘FHF 102"
Table 5

TAGHEMERN ZHBEESHMEITE

Second order genetic parameters estimated for the fitting models of

plant type traits from ‘Taolyu 218’ X ‘Jilyu 10’

PER (LA AR FMIy . FIREWITE ZIMIE ERMNBET /% ZEHEE N/ %
Trait (Model) Generation op Ol P Rz, ",
. B, 325. 24 193. 05 7.79 59. 35 2.40
B
B, 131. 06 6. 66 0. 00 8.23 0. 00
PH (E-D
F, 203.75 79. 35 0. 00 41.45 0. 00
. B, 2.34 0.08 1.20 3. 26 51.39
I3 B
B, 2.95 0.23 1. 66 7.69 56. 36
BN (E-1)
F, 1.75 0.69 0. 00 53. 10 0.00
o B, 5.09 0.07 3.33 1. 39 65. 39
FEETH
B, 1.92 0.02 0.21 1.27 10. 81
MSNN (D-0)
F, 3.23 0.02 1.52 0.63 47.08
B, 243. 39 113.62 0. 00 48.11 0. 00
IR
B, 179. 00 49.23 0. 00 32.45 0. 00
BA (E-1)
F, 190. 62 60. 85 0. 00 64. 54 0. 00
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