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Segregation Analysis for Inheritance of Protein Related Traits in Soybean
[Glycine max (L.) Merr.]
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Abstract: The quality and processing property of soy protein depend on its constitution of components and subunit groups, as
well as their related traits. The recombinant inbred line population (RIKY) derived from Kefeng 1xNannong 1138-2 and
backcross inbred derived line population (BIEX) derived from (EssexxZDD2315)xZDD2315 were tested for their 16 traits related
to protein components and their subunit groups, including protein content, protein plus fat content, 11S, 7S, 11S/7S ratio, four 11S
subunit groups and six 7S subunit groups, by using Kjeltec, Soxtec and SDS-PAGE analysis. The data obtained were analyzed for
the inheritance of the 16 traits by using segregation analysis based on mixed major gene plus polygene inheritance model. The
results showed that there existed transgressive segregations in all the traits, which indicated the mutual complement among loci
between the parents. One major gene plus polygene mixed model was detected for protein content in both populations with major
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gene heritability (MGH) 31.3-40.9% and polygene heritability (PGH) 37.2-53.7%; three major genes plus polygene model for
protein plus fat content with MGH 59.9-66.6% and PGH 23.2-27.9%; two to three major genes plus polygene maodel for oil
content with MGH 48.6-71.7% and PGH 4.2-29.7%. Three major genes plus polygene inheritance model was detected for 11S
protein content with MGH 14.3-60.7% and PGH 17.0-50.7%; three major genes plus polygene model for 7S protein content with
MGH 34.5-44.1% and PGH 21.5-45.1%; two major genes plus polygene model for 11S/7S ratio with MGH 56.6-74.8% and
PGH 10.1-20.1%. Two to three major gene plus polygene, two major genes plus polygene, two major genes plus polygene and
two to three major genes plus polygene inheritance models were detected for 11S-1 through 11S-4, respectively; one to two major
genes plus polygene, two major genes plus polygene, two to three major genes plus polygene, three major genes plus polygene,
one to two major genes plus polygene and two major genes plus polygene inheritance models were detected for 7S-1 through 7S-6,
respectively. All of 16 traits are controlled by both major genes and minor genes. Among them, ten traits are controlled by same
numbers of major genes in both populations and for the other six traits there is one major gene difference between the two
populations. Thus, between the two populations, for each trait, the inheritance model is mainly similar in number of major genes
while somewhat different in gene effect for those with same major gene numbers. Therefore, plant breeders have to pyramid both
major genes and polygenes in breeding for protein content and related quality traits.

Keywords: Soybean; Protein content; Protein plus fat content; 11S; 7S; 11S/7S; Subunit group; Segregation analysis based on
mixed major gene and polygene inheritance model
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Table 1 Frequency distribution and statistical analysis for content of protein, protein plus fat and related component
traits in RIKY population
v o T o T e T e e 1w s et et
P. 42.60 17.60 60.20 60.00 27.80 2.2 14.1 12.3
P, 43.80 19.80 63.60 53.50 39.70 1.4 20.3 0.0
38.35 2 15.95 1 5785 14 47.30 1 16.20 2 16 2 18 7 00 48
mig[gsosim 39.65 10 16.45 18 59.15 20 50.70 2 19.20 7 20 46 5.0 1 58 50
40.95 20 1695 29 6045 38 54.10 3 2220 9 24 53 8.2 1 110 52
4225 35 17.45 43 6175 39 5750 15 2520 30 2.8 47  11.4 2 150 22
4355 34 17.95 37 63.05 40 60.90 31 2820 49 3.2 23 146 8 200 2
4485 32 1845 26 6435 22 6430 50 3120 49 3.6 4 178 29  25.0 3
46.15 31 1895 20 65.65 7 6770 53 3420 27 4.0 4 210 52 30.0 6
47.45 16 19.45 8 66.95 2 7110 21 37.20 9 44 5 242 48  35.0 1
48.75 3 19.95 2 68.25 1 7450 5 40.20 2 27.4 24
50.05 1 69.55 1 77.90 3 30.0 12
x 43.50 18.10 61.80 63.80 27.90 2.4 20.6 7.8
W 86.80 78.60 84.50 85.80 85.30 88.0 85.1 88.0
F 7.70" 3.90™ 6.90" 6.00" 5.80" 7.3” 5.8 7.1”
it o0 T o T em T T e T ea 7 w7 ey
P. 10.6 24.0 4,00 5.2 8.20 0.0 4.9 5.5
P, 7.0 26.2 5.50 13.0 6.60 7.9 0.0 6.7
3.9 1 65 5 0.00 89 0.0 43 000 26 0.0 97 0.0 42 0.0 118
miglgsos‘im 8.7 12 93 78 355 3 39 17 2.75 3 20 1 24 1 27 1
13.5 20 121 45 485 8 53 29 445 29 40 1 38 1 44 1
18.3 14 149 14 6.15 16 6.7 37 615 42 6.0 11 52 1 6.1 3
23.1 10 177 1 745 25 8.1 30 7.8 15 8.0 16 6.6 20 7.8 19
27.9 37 205 13 875 24 95 11 955 36 10 31 80 22 95 28
32.7 67 233 10 1005 17 109 5 1125 23 12 18 9.4 36 11.0 10
37.5 20 261 11 1135 2 123 6 12.95 5 14 8 108 30 13.0 3
42.3 3 289 4 13.7 6 14.65 4 16 1 122 16 15.0 1
31.7 3 16.00 1 13.6 5
X 26.0 13.4 4.30 6.1 7.60 4.7 7.6 4.1
s 94.1 91.6 95.70 87.4 86.20 87 85.9 95.0
F 14.1" 11.2" 28.00" 7.4 6.30" 6.7 6.2 21.5"
Py 1 P, 1138-2 f 184 Pr Fat PF

P;: Kefeng 1; P,: Nannong 1138-2; f: frequency, total frequency is 184 in each trait; Pr: protein content; Fat: fat content; PF: protein
plus fat content.

2.6 11S/7S
RIKY

E-1-7,

74.8%,

3)

E-1-6,

BIEX

20.1%

56.6%,

2.7 11S

(

4)

2.7.1 11S8-1

2

10.1%

RIKY

+

E-1-6,



1962 35
®2 BIEXHEUAXEEZELAR. EHRAXTEESENREABERITSF
Table 2 Frequency distribution and statistical analysis for content of protein, protein plus fat and related component
traits in BIEX population
R A N A A A N
Py 42.0 20.8 62.8 745 25.3 2.9 8.1 12.0
P, 47.0 15.7 62.6 62.7 37.3 17 9.5 8.5
40.8 1 14.9 6 58.9 1 50.9 3 22.6 3 14 3 6.0 1 4.9 4
?n'ladss 418 5 159 20 599 14 535 7 246 4 16 7 80 14 63 5
point 42.8 14 16.9 34 60.9 14 56.1 15 26.6 11 1.8 15 10.0 12 7.7 23
43.8 21 17.9 31 61.9 29 58.7 27  28.6 17 2.0 27 12.0 17 9.1 34
44.8 37 18.9 21 62.9 23 61.3 19 30.6 16 2.2 19 14.0 10 11.0 18
45.8 23 19.9 0 63.9 22 63.9 14 32.6 22 2.4 14 16.0 23 12.0 15
46.8 10 20.9 0 64.9 8 66.5 15 34.6 21 2.6 15 18.0 17 13.0 3
47.9 3 21.9 2 65.9 2 69.1 7 36.6 10 2.8 7 20.0 11 15.0 7
66.9 1 71.7 3 386 6 3.0 5 22.0 6 16.0 4
74.3 4  40.6 4 3.2 2 24.0 3 18.0 1
X 45.0 17.6 62.4 2.2 32.0 2.2 14.7 9.0
W 64.1 66.5 65.5 88.4 84.1 71.8 97.0 90.0
F 1.8” 1.9” 1.97 30.8™ 537 257 28.6™ 247
v o0 e e T e T e T e T ey e S
Py 41.7 10.4 0.0 0.0 7.6 9.8 9.1 0.0
P, 34.9 10.6 6.1 6.2 6.1 135 0.0 12.0
20.6 3 45 1 0.0 47 0.0 66 0.0 3 0.0 23 0.0 23 0.0 65
?n'fjs 222 2 65 4 25 7 40 5 24 2 30 2 10 1 15 1
point 23.8 8 8.5 28 4.5 23 5.0 11 4.8 49 4.0 2 3.0 1 35 1
254 12 10.5 28 6.5 22 6.0 15 7.2 36 5.0 5 5.0 2 55 4
27.0 19 125 14 8.5 7 7.0 9 9.6 12 6.0 2 7.0 18 7.5 13
28.6 14 14.5 7 10.5 7 8.0 6 12.0 4 7.0 1 9.0 24 9.5 21
30.2 17 16.5 8 125 1 9.0 2 144 3 8.0 8 11.0 36 12.0 9
31.8 8 18.5 9 16.8 5 9.0 15 13.0 6
334 7 20.5 5 10.0 27 15.0 2
35.0 12 22.5 5 11.0 16 17.0 0
36.6 5 245 5 120 13 19.0 1
38.2 7
X 29.9 11.9 3.9 3.2 6.4 8.6 8.1 4.1
n? 88.1 95.2 98.2 95.6 91.5 94.5 94.9 98.0
F 177" 97.3" 48" 73" 99" 173" 383" 432"
P;: Essex; P,: ZDD2315; 114 P;: Essex; P,: ZDD2315; Total frequency is 114 for each trait.
, : 3 77.9%, 8 45.4%,
155 % 53.3% 3 ,
: ( 3 (4
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; , 2, : 2 67.8%,
62.7%, 30.5% 30.0% ,
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Table 3 Estimates of genetic parameters of protein content and related traits of RIKY population in soybean
(%) Additive effect
MG PG MG(a, b, ¢) PG
Pr D-1 44 1 31.29 53.71 1.10 -1.23
Fat E-2-5 18.2 2, linked 4858  29.74  0.66(a), 0.63(b)  -2.21 35.50%(R)
PF G-2 61.8 3 66.64  23.23 1'47(0'3")8'20('(:331@)’ -3.50 g:ggggg—o.zzwc), 0.29(be),
118 G-2 63.8 3 1433 50.66 0'71%61_)2' ﬁ;“b)’ 6.52 96?35):122),030.01(@), 0.01(be),
7s G-2 27.9 3 3452 45.07 2'34(0'3")7'61('07)9@)’ -11.90 Bf)ﬁ?a(gi’))' —0.06(ac), 0.14(be),
11S/7S E-1-6 2.6 2 74.81 20.11 0.41 0.79 0.18(i)
11S-1 E-1-6 17.4 2 77.93 15.48 4.50 -6.18 -4.50(i)
11S-2 E-1-3 7.2 2 45.23 41.18 2.92 11.30
1183 E-2-9 20.4 2, linked 5741  36.85 3.60 8.67 (i"), 43%(R)
11S-4 E-1-6 8.8 2 64.38 29.73 -3.50 -2.20 3.60 (i)
7S-1 D-1 4.0 1 67.78 30.01 -3.50 1.50
7S-2 E-1-6 2.4 2 51.82 36.93 1.81 -7.80 -0.48(i)
753 G2 71 3 3930 4385 3'01%61_)&_;11('01)4@)’ -1.90 813;?232)) ~0.51(ac), 0.00(be),
754 G2 3.9 3 38.91 4550 3'29(15")1'61('01)6@)’ -6.90 Sb?gggg;cg-%wc)v 0.00(bc),
755 E-2-8 4.6 2, linked 59.49  29.19 3.90 3.99(i"), 49%(R)
75-6 E-2-5 2.4 2, linked 6050  35.98 —4.10(a), 2.10(b)  -3.50 25.90%(R)
MG: ; PG: P R: (%); a, b, c: ; ab, ac, bc, abc: K i

MG: major gene; PG: polygene; R: recombination value (%); ab, ac, bc, and abc: interaction between or among major genes; i: epistasis

value; i": additive by additive interaction mixed with additive value.
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Table 4 Estimates of genetic parameters of protein content and related traits of BIEX population in soybean

h?(%) Additive
Trait  Model Mean Major Additive by ad'diti\'/e interaction
genes MG PG MG PG or recombination value
pairs
Pr D-1 44.4 1 40.9 37.2 1.00 -5.05
Fat G-2 17.9 3 71.1 4.2 1.40(a), 1.00(b), 0.65(c) 5.09  0.25(ab), 0.25(ac), 0.25(hc), 0.30(abc)
PF G-2 62.3 3 59.9 279 1.36(a), 0.82(b), 0.30(c) 27.86  0.27(ab), —0.21(ac), 0.28(bc), —0.25(abc)
11S G-4 64.0 3 60.7 17.0 -7.30(a), -2.30(b), -1.90(c) -11.80  —0.30(ab), —-0.70(ac), 1.70(bc), 0.90(abc)
7S G-2 30.7 3 441 216 2.82(a), 1.40(b), 1.40(c) -11.97  1.40(ab), 1.40(ac), -0.03(bc), —0.03(abc)
11S/7s  E-1-7 2.3 2 56.6 10.1 1.26 0.35(i")
11S8-1 G-2 13.8 3 454 534 3.83(a), 2.15(b), 2.15(c) -1.43  0.83(ab), 0.83(ac), —0.85(bc), 0.48(abc)
11S-2 E-1-7 12.0 2 67.6 26.6 -3.80 2.71(i")
11S-3 E-1-7 316 2 62.7 305 -9.90  3.92(i")
11S-4 G-4 13.4 3 50.1 456 5.30(a), 2.50(b), 2.00(c) -13.00  1.20(ab), 0.60(ac), 0.60(bc), —0.70(abc)
75-1 E-1-5 2.5 2 76.2 222 3.31(a), 1.66(b) -5.06
7S-2 E-1-7 2.6 2 90.0 8.9 -5.19 2.59(i")
7S-3 E-1-7 9.8 2 81.9 16.1 -1.50  4.28(i")
75-4 G-4 6.4 3 79.8 138  -4.80(a), -1.20(h), -0.70(c) -3.80  1.20(ab), 0.70(ac), —0.20(bc), 0.20(abc)
7S-5 D-1 5.7 1 86.6 11.9 5.55 8.08
75-6 E-1-7 4.7 2 92.6 5.0 -13.06  -4.73(i")
MG: ; PG: i R: (%); a, b, c: ; ab, ac, bc, abc: i i

MG: major gene; PG: polygene; R: recombination value (%); ab, ac, bc, and abc: interaction between or among major genes; i: epistasis

value; i": additive by additive interaction mixed with additive value.
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