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Abstract T he contents of 7S and 11S globulins and their respective subunits, and the 11S /7S ra
tios were tightly associated with the nutrition and processing properties of soybean protein. For
improving the nutritional qualities and the functional properties of soybean seed proteins, obtat
ning germplasm with different contents of 7S and 11S globulins and their respective subunits and
different ratios of the 11S/7S is a desirable objective. 706 accessions from Chinese germ plasm
were investigated by Sodium dodecyl sulfate — polyacrylamide gel electrophoresis (SDS —PAGE).
The results showed that 7S globulin was divided as three subunits (a, & 3), and 11S globulin was
divided into three bands which were represented as A3, AiaAibA2A4 (Acid subunits) and
BiaBi bB2B3 B+ ( Basic subunits), respectively. There were great genetic diversity of the relative
contents of 11S, 7S globulins and their subunits in 706 Chinese soybean germplasm. Remarkably
negative correlation between the relative contents of 7S and 11S globulins (r= -1. 00, P<<0.01)

existed. The average and variation range of the relative content of 7S, 11S fraction of 603 Chinese

landraces and 103 cultivars were 40. 00%5, 20. 58% ~ 56. 65 %, 60.00%, 43.35% ~79.42% and
38.21%, 30.33% ~52.67%, 61.79 %, 47.33% ~69. 67%., respectively. The average and varia
tion range of the 11S /7S ratios of 603 Chinese landraces and 103 cultivars were 1. 54, 0.77 ~3. 86
and 1.65, 0.90~2.30, respectively. 63 accessions screened from 706 germplasm showed poly
morphism of band type for the subunit relative contents.
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Soybean is one of the major protein sources for (Fukushima et al., 1991; Liu et al., 2000; Jiang

human and livestock. Soybean protein has the et al., 2000). The major components of soybean
physiological and healthful functions, such as anti seed proteins are 11S globulin (glycinin) and 7S
cancer, preventing heart and vein diseases, and the globulin (b conglycinin), which account for about

properties related to food hobby and processing 70 % of the total seed protein and are tightly cor

. 2005 — 08 — 31
“948” (2001 - 207), “« o (Q200126)
(1965-), . . . Tel: 025— 84395324, E —mail: Lq nesi@ njau.

edu. cn



12

relative to the nutrition and properties of protein
such as gel making ability, thermal stability, and
emulsifying capacity (Fukushima et al., 1991;
Kitamura et al., 1995; Yagasaki et al., 2000).
Compared with the 7S globulin, the 11S globulin is
relatively rich in sulfur containing amino acids,
which are restrictive amino acids of soybean pro
the 11S globulin
shows superior functional gel and film properties to
those of the 7S globulin, and the 7S globulin
shows superior functional emulsifying capacity to
the 11S globulin. The 11S/7S protein ratio has

been reported to correlate positively with many

tein nutrition. Furthermore,

functions and properties of soybean protein, and
used as a simple index to evaluate the relation be
tw een the contents of protein compositions and the
functions and properties (Kitamura et al., 1995).
For improving the nutritional qualities and the
functional properties of soybean seed proteins, ob
taining germplasm with different contents of 7S
and 11S fraction and their respective subunits, and
different ratios of the 11S globulin/7S globulin is a
desirable objective (Ogawa et al., 1989; T sukada
etal., 1986; Fukushimaetal., 1991; Kitamura et
al., 1995; Hajika et al., 1998; Yagasaki et al.,
2000).

Kitamura et al. (1981) found the average
11S /7S ratios to be 1.2 in 1700 germplasm, and
obtained 2 accessions with high ratios. Xu Bao
(1990) analyzed the 11S/7S ratios of 213 wild soy
bean accessions and found the ratio variation range
to be 0.36 ~4.40. Wang Lixia et al. (2004) found
the average 11S/7S ratios to be 1. 885 in 1757
germplasm. T he content variation of 11S and 7S
globulins and their respective subunits, and their
ratios in Chinese germplasm are still known little.
Therefore, to evaluate properly the content varia
tion of 11S, 7S globulin and 11S /7S ratios of Cht
nese germplasm, and to excavate the elite of the
protein subunit mutants, are necessary for the pur
poses of the genetics and breeding research (Wang
et al., 2004). In this paper, we present the rela
tive content variation of 11S and 7S globulins and

their ratios of 706 Chinese germplasm, and the

content mutant types of protein subunits screened

out.

1 Materials and Methods

1. 1 Materials

706 Chinese germplasm were included in this
study. The 603 accessions of them came from dif
ferent ecotypic region of China, and 103 were the
cultivars released or great extended recently in Chi
na. All accessions were planted in June, 2002,
with two replications at Jiangpu Experimental Sta
tion of Nanjing Agricultural University, Nanjing,
China. Each of accessions was grown in three row
plot 1.5 m long with 0.4 m between rows. The
soil was the clay loam with 7.1pH, which con
tained 0. 67% organic matter, 0. 11% total nitre
gen, 0. 052%0 rapidly available phosphorus and
0. 72 %o rapidly available Potassium. The plots
were harvested and the seeds were used as materi
als for protein SDS PAGE in Lab.
1. 2 Protein sample preparation

The defatted soy flour was obtained by pulver
izing the peeled soybean seeds of experimental ma
terials, degreased with aether (w /v=1:3) over
night. 0. 25g of soybean meal were homogenized
with 5 ml of 0. 05 M tris hydrochloric acid ( Tris
HCI1) (pHS8.0) containing 0.01 M 2 mercaptoetha
nol, extracted for 1 hr under room temperature
and centrifuged for 15 min (5000rpm). Total glob
ulins were precipitated by adjusting pH of the su
pernatant to 4. 5 and centrifuging for 10 min
(5000rpm ), and then freeze dried and stored at 4 C
until analysis. The total globulin fraction was dis
solvedin 1.0 ml of 0. 1 M tris hydrochloric acid so
lution (Tris HC1) (pH8.0) containing 0.2 % sodi
um acetate buffer (SDS), 0.01 M 2 mercaptoetha
nol, 30% sucrose, and 5 M urea. 10¢1 of the solu
tion was applied to the gel.
1.3 Sodium dodecyl sulfate — polyacrylamide gel e

lectrophoresis

The protein was fractioned by SDS polyacryl
amide gel electrophoresis using a condensed gel

concentration of 5% and a separation gel concen
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tration of 9. 5%. Electrophoresis was carried out
at 12 mA for 1 hr, then 25 mA for 4 ~5 hr, with
0.025M tris hydrochloric acid solution ( Tris HCI)
as the electrode buffer.

The gel was stained for half an hour in 0.2 %
Coomassie brilliant blue G250 in water methanol
acetic acid (50: 43;7) and destained with water —
methanol — acetic acid (17: 2: 1) overnight.

The electrophoretic patterns were analyzed by
ImageMaster VDS of Pharmacia Biotech with Imr
ageMaster 1D Elite V4. 00 soft. The relative pro
tein quantity of each subunit (protein band) of 11S
and 7S fraction was calculated from their respective
percent area on the densitograms against the total
subunits area of 11S and 7S globulin, and then the

11S /7S protein ratios were estimated.

2 Results and Discussion
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Fig. 1

2.1 SDS-PAGE patterns and scanning profiles

Fig. 1 showed the SDS PAGE patterns and
scanning profiles of the 11S and 7S fractions of
soybean major storage protein. The protein bands
were basically similar among all 706 Chinese soy
bean germplasm. The subunits of 11S and 7S glob
ulins were well separated by SDS — PAGE. The 7S
protein fraction (3 — conglycinin) was separated in
to three band types (a #, e, B subunits). The
11S protein ( glycinin) was separated into three
band types (an acidic A3 polypeptide, a group of a
cidic polypeptides ( A1aAisA2A4) and a group of
basic polypeptides (B1.Bin B2B3Bs)). The As poly
peptide and the polypeptide group of Ai1aAi1bA2A4
formed the acidic subunits. The polypeptide group
of BiaB1sB2B3B4 formed the basic subunits. These
results were basically consistent to earlier reports
(Xu Bao et al., 1990; Ogawa & Tayama et al.,
1989; Hajiki et al., 1996).

SDS - PAGE pattern and scanning profile of 11S and 7S fractions of soybean seed storage protein

(Note: A and B indicated the polypeptide groups of A ,A ,A2A, and By, B, B2B; By, respectively)

2.2  Quantification of 11S and 7S proteins and their
subunits by densitometry
The 706 germplasm were divided into two
groups for data analysis. One group (Group I) is
the 103 cultivars released or extended recently.

Another group (Group I1) is the landraces (603 ac

cessions ). The results of statistical analysis
showed that ( Table 1).
2 2 1. There were great genetic variations of the

relative contents of 11S, 7S globulins and their re

spective subunits in soybean germplasm, especially

for that of Basic subunits (11. 34% ~ 40. 54% for

the cultivar group; 10.23 % ~46.59 % for the land
race group). All of the frequency distributions of
the relative content of 11S, 7S fraction and their
subunits appeared to be normal distributions (Fig.
2: A,B).

2. 2.2 The relative content variation ranges of the
7S, 11S globulins and their respective subunits of
the landraces group (G roup I1) were basically grea
ter than that of the cultivars group (Group 1), ex
cept for that of A1aA1bA2A4(A). This indicated
that the genetic diversity of 7S, 11S globulins and

their subunits of the landraces were not yet made
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the best of in our soybean breeding.

2 2.3 The variation coefficient of 7S protein frae
tion was great than that of 118 protein fraction.
224
11S /7S ratios of the landraces group (0. 77 ~ 3. 86,
21. 36%) were great than that of the cultivars
group (0. 90 ~2.30, 18.06%). 18 accessions with

low ratios (minor than 1) and 4 accessions with

The variation ranges and coefficient of

high ratios ( more than 2.5) were identified from
the 706 germplasm, especially for one with the ra
tio of 3. 8. The average 11S/7S ratios of the

groups of 603 Chinese landraces ( Group II) and

103 cultivars (Group I) was 1.54 and 1. 65, respee
tively. and both great than that (1. 12) reported by
Kitamura (1981) in investigation of 1700 landraces
and minor than that ( 1. 85) reported by Wang LX
et al. (2004) in investigation of 1757 landraces
with the same method.
2. 2.5 The frequency distributions of 11S/7S rati
os of 706 germplasm appeared to be normal distri
butions (Fig.2: C).

The investigating results indicated that it is
feasible to excavate the content variation elite of

soybean protein subunits from Chinese germplasm

Table 1 The relative content variation of the 11S and 7S, and 11S/7S ratios of soybean seed storage proteins

Group Hem No. of Range of Ml enn -5 Coefficient of
accession s variation variation
7S fraction 103 30.33% - 52.67% 38.21% +4.59% 12.01%
o 103 5.19% - 15.96% 9.37% +1.84% 19. 68%
a 103 11.08% - 25.24% 17.10% +3.07% 17.96%
B 103 7.712% -17.54% 11.74% +2. 04% 17.38%
I 118 fraction 103 47.33% - 69.67% 61.79% +4.59% 7.43%
As 103 7.03% —13.84% 9.48% +1.59% 16.76%
AraA 1 AsAL(A) 103 15.93% - 33.20% 23.88% +3.41% 14.26%
Basic subunit( B) 103 11. 34% - 40. 54% 28.43% +5.91% 20. 80%
11S /7S ratio 103 0.90 -2.30 1. 6540. 30 18.06%
7S fraction 603 20. 58% - 56. 65% 40.00% +5. 00% 12.50%
o 603 4.27% - 16.59% 10.53% +1.93% 18.32%
a 603 5.90% -27.01% 16.87% £3. 08% 18.28%
B 603 6.9% -22.77% 12.60% £2.29% 18.16%
I 118 fraction 603 43.35% -79.42% 60.00% £5.00% 8.33%
As 603 0-16.99% 9.48% +1.90% 20.00%
AraAA2AL(A) 603 10.95% -32.11% 22.54% +3.31% 14. 68%
Basic subunit( B) 603 10.23% - 46.59% 27.98% +6.01% 21.46%
118 /7S ratio 603 0.77-3.86 1.54740.33 21.36%

Note: Group I and Group II representeded the 103 cultivars released or great extended recently in China and the 603 landraces, respective

ly.

for the study and utilization of genetics and breed
ing.
2.3 Correlation analysis

The correlation analysis among the relative
contents of the 11S, 7S protein fractions and their
respective subunits showed that (Table 2).
2 3.1 Significant positive correlation among the
relative contents of 7S protein fraction and its re

spective subunits, and among the relative contents

of subunits of 7S protein fraction existed, except
for no significant correlation between " and & sub
unit (r=0.048).

2 3.2 Significant correlation among the relative
contents of 11S protein fraction and its respective
subunits, and among the relative contents of the
subunits of 11S globulin existed, except for be
tween that of A3 polypeptide and 11S protein frac

tion (r= —0.038). Moreover, the significant cor
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relation between the relative contents of the basic
subunit and the acidic subunits, A3 polypeptide (r
= -0.585,P<0.01) and the polypeptide group of
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Fig.2 The frequency distribution of relative contents of 11S and 7S globulin and their subunits for 706 germplasm

A: The relative content distribution of @ 4, @, B subunit, A; — polypeptide, a polypeptide group of A;,A1,A,A4 and the

basic subunit ( B;,B,,B,B3B;)
B: The relative content distribution of 7S and 11S globulins
C: The distribution of the 11S /7S ratios
2. 3.3 The correlation among the relative contents
of the subunits of 7S fractions and 118 fractions ap
peared to be remarkably negative, but no signifi

cant correlation between the relative contents of

As polypeptide and o’ subunits (r=0.054) was de
tected, and a remarkably positive correlation be
tween the relative contents of As polypeptide and 3
—subunit (r=0. 260, P<<0.01) existed.

Table 2 The correlation among the relative contents of the 11S, 7S fraction and their composing subunits

o« a B S As Al A AsAy Basic 118
subunit

a 0. 048

B 0.276° " 0.250" "

78 0.542" " 0.750 " " 0.718 " "

As 0.054  -0.165" " 0.260" " 0.038
AtaA1bA2A4(A) -0.197** -0.227"" -0.162%* -0.290** 0.431" "
Basic subunit( B) -0.360 " *  -0.447°* —0.591"* -0.685"* -0.585"" ~0.445" "

118 -0.542"* -0.750** -0.718"* -1.000**  -0.038 0.290 * * 0.685 " *

11S /78 ratio -0.533**  -0.744** -0.681"* -0.976**  -0.059 0.260 * * 0.688**  0.976* "~

Note: * * indicated significant difference at 0.01 level.

2 3. 4 A remarkably negative correlation among
the relative contents of 11S protein fraction and the
subunits of 7S protein fraction, and among the rela
tive contents of 7S protein fraction and the subunits
of 11S protein fraction existed, except between As
polypeptide and 7S protein fraction ( =0.038) was
founded.

2 3.5 A remarkably negative correlation between

the relative contents of 7S and 11S protein fractions
(r= =1.00, P<0.01) was identified. This result
was consistent to that of Ogawa et al. (1989).
Ogawa et al. supposed that there existed reciprocal
compensatory relationship between 11S globulin
and 7S globulin, and the relationship ensured that
the content of the total seed storage protein re

mained steady. This reciprocal compensatory rela
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tionship between 11S globulin and 7S globulin was
very interesting and would been very important for
soybean improvement on protein subunit quality.
Table 3 The polymorphism of the subunit
relative contents of 11S, 7S globulins

Ty pe Characteristics Note

1 High level of 7S globulin ( 3)
2 Low level of a", a subunit (1)
3 Absence of a", a subunit (1)
4 High level of B subunit ( 2)
5 Low level of B subunit (20)

T he separation of 3 subunit into

8 andB’ subunit (3) repo rted( 2004)

7 Low level of 11S globulin (22)
8 Low level of Az polypeptide ( 5)
9 Absence of A3 polypeptide ( 6)

Note: The number in brackets was the accession number.

2.3.6 There existed remarkably negative correla

tion between 11S /7S ratio and the relative contents
T here

existed remarkably positive correlation between

of 7S globulin and its respective subunits.

11S /7S ratio and the relative contents of 11S pro
tein fraction and its polypeptide group of
A1.A1bA2A4(A), and the basic subunit (B).
significant correlation was found between 11S/7S
ratio and As polypeptide (= -0.059).
2.4 Polymorphism analysis of subunit contents

63 accessions screened from 706 germplasm
showed polymorphism of band type for the subunit
contents, and the result was listed in Table 3 and
Fig. 3. Some electrophoretic variants of soybean
seed storage protein have been used in genetic and

breeding research, and the results will be reported

later.

Fig. 3 Profiles of relative content variation of 11S, 7S globulins and their subunits of soybean seed storage protein

(a):lane 1, 2. low level of B subunit; lane 3, 6, 12. high level of B subunit; lane 3 4 5.
lane 2: low level of a4, & subunit, high level of 3 subunit

lane 12; absence of A3 polypeptide (b):
(¢): lane 2.
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