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Screening and Analysis of Excellent Germplasm Resources with
Elite 11S/7S Protein Subunits
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Abstract: The beany flavor and potential allergenicity of soybean caused by Lox and 7S globulin limit
human consumption. Breeding for soybean varieties with Lox and 7S globulin deficiency or high 11S/7S ratio is,
therefore, of interest to improve the nutritional value and process different soybean products. In this study, the
protein subunit composition of 2713 soybean germplasms was determined by the optimized soybean protein SDS-
PAGE extraction method. The soybean germplasm resources with different protein subunit composition types
were excavated, and the genetic and environmental factors affecting the protein subunit content were analyzed.
The results identified a significant negative correlation between 7S globulin and 11S globulin. The 11S/7S ratio
of local varieties was higher than that of modern varieties. A significant difference on the content and ratio of 7S
and 11S globulin were observed in samples harvested from years. There was no significant correlation between
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7S and 11S globulin and their subunits and protein and oil content. A total of 15 soybean germplasm resources

with specific composition of soybean protein subunits were screened, including four showing 11S/7S ratio

greater than 3.0 without subunit structural variation, five with Lox deletion, one with o' subunit deletion, two

with o subunit deletion, one with B subunit deletion, one with 11S/7S ratio greater than 3.0 and Lox deletion,

and one with complete deletion of 7S subunit. The identification of these germplasms laid a material foundation

in breeding of high-quality soybean varieties applicable for different soybean products.

Key words: soybean protein subunit; 11S / 7S ratio; excellent germplasm resources
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Fig.1 Comparison of 11S/7S ratios with
different sample weights
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Table 1 Reagent dosage required for different sample

amounts
P MEMEE(mg)  EAREGKE(UL)  FEELEE(uL)
No. Sample account Protein extract 2-Mercaptoethanol
1 1 98 2
2 3 294 6
3 5 490 10
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Table2 Subunit content analysis of 7S and 11S proteins in soybean germplasm for 2 years
AR 28 o WHRGE (%) alHEITE(%) B (%)  ASWIHEDN (%)  ASWEEF (%)
Year Parameter o' unit content o unit content f unit content A3 unit content AS unit content
2021 AR I 4.9~16.5 5.2~14.3 4.6~31.1 4.3~21.1 12.4~25.3
AR 22 9.3+1.8 10.0£1.6 13.8+2.4 11.3£2.5 20.0+1.9
5 7 E(%) 18.9 16.2 17.1 224 9.3
2022 Al 43~24.2 3.4~15.7 5.8~28.0 4.5-20.7 9.4~23.7
R RCES AN 9.842.1 8.942.1 12.742.5 10.9+2.2 18.142.6
5 Z K %) 21.1 26.4 19.8 19.7 14.4
PIAEF-1 AR 43~24.2 3.4~15.7 4.6~31.1 43~21.1 9.4~253
Two years mean SEH b2 9.5+1.9 9.5+2.1 13.242.5 11.1+2.4 19.1£2.5
5 R %) 20.3 222 18.9 212 12.9
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F2(41)
AR ZH BSWHA (%) ASWIHETR(%)  BISTR(%)  MUSER(%)  11S/7SHH
Year Parameter BS unit content A5 unit content 7S content 11S content 11S/7S ratio
2021 AR 17.2~32.2 5.0~25.7 24.6~47.7 52.3~75.4 1.1~3.1
PERIE 2 24.142.7 11.6+2.7 33.143.2 66.9+3.2 2.0+0.3
5 2 (%) 11.3 23.6 9.6 4.7 14
2022 Gl 9.7~31.5 4.5~209 24.8~43.8 56.2~75.2 1.3~3.3
- pRERE 20.3+3.8 11.8+2.7 31.4+0.35 68.6+3.5 2.240.3
5 2 H(%) 18.7 23.1 11.1 5.1 15.7
PHAEF-3 gl 9.7~32.2 4.5~25.7 24.6~47.7 52.3~75.4 1.1~3.3
Two years mean YRS 22.243.8 11.7£2.7 32.3+3.4 67.7+3.4 2.1+0.3
5 F (%) 17.2 233 10.6 54 15.5
450r GYHT, R Gy AN 11S/7S BRI K Fik
H00r o oA, BBFREB R TIET WA (R 4) , HE7RH
o 20 T A IR E A E R AR N FRAE S
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sol A6 99 153, FRE 250k 322 4y, FP R B E 138 4y,
T e e e s, BN 094, RRRAMEDR A
1SS HLi URE9 11S/7S FLAEHEA 720 BT (181 5) , 45 SRR BRI T
H1S/7S ratio A Jb i IX R 5L 11S/7S HfEF 32 2.076, K I8 T

El4 XEREFM11S/7S LLERES
Fig.4 The frequency distribution of 11S/7S ratio of
soybean in 2 years
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ARACHL X K E 11S/7S HAE 388 1,747, KI5 F
HOUE L X () K & 11S/7S F 35 1,952, R I8 F
HE g b X K R 11S/7S HE B340 1.939, SR I T
[l A0 3th X4 K 11S/7S FAE 2R 2.046, 26 B
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Table3 Analysis of variance of protein subunit content in soybean grain storage protein between years

FE 7 Index A B df B2 HISS 75 MS F Pr>F
11S/7S HAE 118/7S ratio 1 7.69 7.69 75.76%* <0.01
S 11S F & 118 content 1 0.072 0.072 65.38%* <0.01
JL7S T & 7S content 1 0.072 0.072 65.38%* <0.01
o P HE o unit content 1 0.008 0.008 20.65%* <0.01
o IV 2 1 o unit content 1 0.031 0.031 75.09%* <0.01
BV 5 B unit content 1 0.032 0.032 54.09%* <0.01
A3 AL 5 A3 unit content 1 0.04 0.04 6.92 0.09
AS T & AS unit content 1 0.095 0.095 185.81** <0.01
BS V7 5 BS unit content 1 0.371 0.371 338.11%* <0.01
A5 W5 5 AS unit content 1 0.002 0.002 2.828 0.093

L TE P<0.01 K FAFTER R 2% 5%, T[]
**. Significant different at P<0.01 probability level, the same as below
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Table 4 Variation analysis of 11S/7S ratio of storage protein in landrace and cultivar soybean

REA B AR FHE A RE(%)
Material type Number Range Mean cv
)7 i F Landrace varieties 223 1.20~3.01 2.11 14.6
VEF AR Cultivar varieties 569 1.35~3.19 2.06 13.1
MK Total 792 1.20~3.19 2.08 13.7
A B C
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A SR B Hp EZRACHL X C: L X ; D Ho AR R HBIX S B [ AM B X
A : North China ; B : Northeast China; C : The Huang-huai area of China ; D : South China ; E : Foreign area
E5 ARMEXXEMERETIR11S/7S LLEUR S

Fig .5 11S/78S ratio frequency distribution map of soybean germplasm resources in different regions
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Table S Analysis of 11S/7S ratios from different geographical sources
FF5 Hhy Hik L Pt | FS “h Heht R ERVA ¢
No. Province Number Average Median No. Province Number Average Median
1 LR 25 2.133 2.112 7 S 36 2.084 2.018
2 Jext 21 2.087 2.025 8 Bl 69 2.011 2.014
3 F 24 2.076 2.020 9 L] 7 1.966 2.012
4 il 9 1.886 1.937 10 IR 113 2.083 2.090
5 IR 2 1.894 2.000 11 L 73 2.016 2.160
6 i) 7 1.992 1.989 12 i 47 2.155 2.093
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i

F5(4)
Frs Ay Kkt FHIE b || By Bkt I H AL
No. Province Number Average Median | No. Province Number Average Median
13 L 92 2.029 2.021 3] 44 2.103 2.077
14 YL 56 2.074 2.033 22 pspl)| 106 2.11 2.09
15 panii 17 1.955 1.882 23 P 2 2.288 2.288
16 i 117 2.074 2.067 24 P 3 2.108 2.045
17 R 8 1.955 1.882 25 Wi 14 1.989 2.023
18 TH 9 2.197 2.066 26 i 2 2.120 2.12
19 7R 18 2.183 2.186 27 B 1 2.115 2.115
20 1) 25 2.052 1.987
Il Hgggtﬁ 25 USFTSTEEMEMNSERLESES.HTH
s EESEZRE
1.5~2 i Ff] SPSS Statistics25 (IBM Software ) F {4 X}
ros RELEEFTS A IS BREE (AL £k K H 5
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The size of the pie represents the number of accessions in the location
6 HEXEMEFIR11S/7S LLEMES
Fig. 6 Geographical distribution of 11S/7S ratio of

soybean germplasm resources in China
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Table 6 Correlation analysis of relative content and ratio of soybean protein subunits with protein and oil content

o A [V 5 B3

A3EE  ASWEHE BSIEAE AS AL

BS HEAK o

PEAR USASILE  wE R R gR gR oR O aR WISHR AR gR o

Traits 11S/7S ratio o' unit o unit B unit A3unit  ASunit BSunit A5unit 7Scontent 11S  Protein  Oil
content content content content content  content content content content content

11S/7S H.fE 1

11S/7S ratio

o W -0.52%% 1

o' unit content

oA -0.55%* 0.12%* 1

o unit content

BV AL -0.55%%  L0.18%*  0.90%* 1

B unit content
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=6 (4)
o' HE o 3% B  A3WAE  ASWFIE BSWAE A5 B1S EAR s
PR LS/7SHAE & i T o o FE e RBISEHER fE 0 SE A=
Traits 11S/7S ratio o' unit o unit B unit A3unit  ASunit BSunit ASunit 7Scontent 11S  Protein  Oil
content content content content content content content content content content
A3 W 5 0.37%* -0.21%* 0.28%*  -0.11%* 1
A3 unit content
AS AL Er i 0.76%* 0.70%* 0.18%%  -0.34%*%  -0.32%* 1
AS unit content
BS WAL 033%%  L0.27F%  L0.19%%  -0.13%F  _0.28%%  -0.67** 1
BS unit content
AS WIS 0.42%%  -0.19%*%  -0.33%F  _0.]7** 0.17 S0.23%F  -0.34%% ]
A5 unit content
7SR -0.99%* 0.53%%* 0.56%* 0.55%%  -0.36%*  -0.95%  -0.35%% -0.4]%* 1
7S content
M1S &t 0.99%%  _0.53%*%  _0.56%F  -0.55%* 0.36%* 0.95%%  0.35%% 0.41%*% -1.00%* 1
11S content
E{=loigsy -0.43 0.34 0.35 0.35 -0.28 0.52 026 -0.61 0.63 -0.63 1
Protein content
WA 0.36 0.17 -0.13 -0.34 -0.20 0.13 026  0.26 0.10 -0.10  -0.86%* 1
Oil content
*7E P<0.05 K F a5
*: Significant different at £<0.05 probability level
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Table 7 The list of screened elite soybean germplasm
5 R FAl i 118/7S H Al
No. Name Phenotypes Origin region 11S/7S ratio
1 YJ012348 11s/7s /5 [ 71 5 3.10
2 T 41 11s/7s 5 [ A IR 3.07
3 g NS 11s/7s %5 =] A IR 3.01
4 Trisomic C 11s/7s 1% ESPANAR 3.19
5 INEERR 11s/7s /&5 H. Lox itk ] PN I 3.15
6 IR Lox itk SRR 2.09
7 HN3H-11 Lox fijgk ] P I 231
8 KRGS Lox 4k ] P I 2.48
9 WESS Lox 4k ] P 7 5 1.95
10 KEE3IS Lox filt4k ] N B R 1.54
11 7 o BRI ] A I 2.62
12 Norchief 7S B ESPNAR —
13 ol 18 J51C ok AT A 3.35
14 7517-367 J51% RS N T A 2.60
15 Hnr 43 510 Bk N T A 3.25

—:Norchief b 7S £ WAL H , JEi T 44 11S/7S HfA

—:Norchief was all 7S subunits lossed, resulting it impossible to calculate the 11S/7S ratio



6 34 7% € FPNC]

11S/7S 2 H WAL S Fp B gt IR 28 550 B 1599

CK Lox—null OL' —null o-null B-low 7S-null kDa
Lox —120

% - -‘ - —70
—55

A3 a2
S, —:25

T e - — —

15
AS

b
&Q

7

wn

11S

@‘b&\é’
CK: BEHE506; 1: AR B 53455 2: UL 153 I 18514 4. 21T 43
J54%;5: Norchief
CK: Wanhuang 506 ; 1:Dongfudou 3 ; 2: White skin ; 3:Heihe 18
descendants ; 4:Heihe 43 offspring ; 5:Norchief
E7 LERKHAEFHFIERE S BIKEL
Fig .7 Electrophoretic map of soybean seed storage
protein with subunit deletion
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