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The agronomic performance and storage proteins of high seed protein lines of soybeans [Glycine
max L. (Merr.)] were investigated to determine if the two major storage proteins, â-conglycinin and
glycinin, contribute to the increased protein content of high seed protein lines. Subunits of these
two major storage proteins were estimated by scanning SDS-PAGE gels by scanning densitometry.
The relative rankings of the lines with respect to seed size and protein content were not different
between years in one environment over 5 years, but oil and total protein and oil contents and the
ratio of protein to oil differed. The R′, R, and â subunits of â-conglycinin were significantly higher
in the high-protein lines except CX797-115, CX804-108, CX804-3, D81-8498, and NC-2-62. The acidic
A3 polypeptide of glycinin was significantly higher in high-protein lines except 76-48773, CX804-
108, CX804-3, D81-8498, and NC-2-62, whereas the acidic polypeptides A1,2,4 of glycinin were
significantly higher in all of the high-protein lines. The basic polypeptides of glycinin were
significantly higher in all high seed protein lines except D81-8259. In conclusion, high-protein lines
appear to contain more â-conglycinin and glycinin than normal-protein soybean lines, and the
amounts of subunits and polypeptides differ among lines.
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INTRODUCTION

Soybeans seeds contain more protein than any other
cultivated commercial crop. Approximately 41% of the
dry weight of the soybean seed is storage protein, and
21% is oil. The primary products resulting from process-
ing soybean seed are crude soybean oil and protein meal.
The oil is refined and used mainly for human consump-
tion, and the protein meal is a source of high-quality
protein for animal husbandry.

Historically, soybeans have been bred to increase seed
yield and oil content. More recently, with an increase
in the worldwide standard of living and a concomitant
increase in the consumption of meat, the demand for
protein in animal husbandry has increased. Smith (1)
concluded that 65% of the value of soybean seeds is now
attributable to the protein fraction.

Soybean accessions exist that have seed protein
content >50%. Breeders have used these accessions and
released high seed protein lines in which the protein
component exceeds 50% of the seed dry weight (2, 3).
However, two major obstacles have hindered the devel-
opment of high-protein soybeans for commercial use.
Soybean protein is negatively correlated to seed oil and
to yield (4). These correlations are deterrents to the
commercial use of high seed protein lines because
soybeans are bought and sold on a weight basis and the
high seed protein lines yield less and contain less oil.

The two main seed storage proteins in soybean are
glycinin and â-conglycinin (5, 6). The glycinins are 11S
hexamers with molecular masses reported to be between
320 × 103 and 375 × 103 (7, 8). Each hexamer is com-
posed of two trimers that are rotated 60° with respect
to each other to form a triagonal antiprism (9, 10). The
trimers consist of three monomers. The monomers
consist of subunits that are composed of a specific acidic
(A) polypeptide chain (Mr 40000) linked by disulfide

bonding to a specific basic (B) polypeptide chain (Mr
20000) and can be one of any of five subunits (A1aB1b,
A2B1a, A1bB1a, A5A4B3, and A3B4) (5, 6). The â-congly-
cinins are 7S trimers with molecular masses of (150-
175) × 103 (11, 12). They are formed by various
combinations of three nonidentical but homologous
polypeptide subunits: the R′, R, and â subunits (13) with
Mr ) 76000, 72000, and 53000, respectively (14). The
two major storage proteins do not contain many sulfur
amino acids, although glycinin contains more than
â-conglycinin.

Wilcox and Cavins (15) found that the protein com-
ponent of the soybean seed could be increased without
significantly affecting yield. This realization has caused
an increased interest in high seed protein lines because
the negative relationship between yield and protein
apparently can be moderated. Relatively little is known
about which storage proteins are increased in high seed
protein lines. We recently found (16) that the quantity
of a major soybean seed allergen (P34) was not increased
in high seed protein lines relative to normal-protein
lines. However, P34 accounts for only 1-2% of the seed
storage protein. Alternatively, the two major storage
proteins (glycinin and â-conglycinin) constitute ∼70%
of the storage proteins in normal soybean lines. There-
fore, a study was undertaken to determine if an increase
in these storage proteins could be detected by using
scanning densitometry and immunoblotting to estimate
the subunit quantity of â-conglycinin and acidic and
basic polypeptide content of glycinin in normal and high
seed protein lines.

MATERIALS AND METHODS

High seed protein lines were obtained from several soybean
breeders. Seed for the northern-type high seed protein lines,
CX797-21, CX797-115, CX804-3, and CX804-108, were ob-
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tained from J. R. Wilcox, USDA-ARS, Purdue University, and
76-48773 was obtained from A. Matson, Soybean Research
Foundation. Seed for the southern-type high protein lines,
D76-8070, D80-6931, D81-8259, and D81-8498, were obtained
from E. E. Hartwig (deceased) USDA-ARS, Jamie Whitten
Delta States Research Center, and NC-2-62 was obtained from
J. W. Burton, USDA-ARS, North Carolina State University.
The high seed protein lines, BARC-6, BARC-7, BARC-8, and
BARC-9, were from R. C. Leffel, USDA-ARS, Beltsville, MD.
Several normal seed protein lines (Essex, Williams, Miles, and
Clark) were included in the study. The non-nodulated line,
Clark rj1, which is nitrogen deficient during seed fill, was also
included.

The soybean lines listed above were grown using normal
agronomic procedures (17), for 5 years (1994-1998) at Belts-
ville, MD. Samples of harvested seed were stored at 4 °C until
analyzed. Seed size was determined gravimetrically from three
100-seed samples of each line. Protein and oil content were
determined for a single sample of each line by infrared
reflectance by the National Center for Agricultural Utilization
Research, USDA-ARS, Peoria, IL.

Seeds grown in 1996 were used to estimate â-conglycinin
and glycinin contents. Ten seeds from each line were ground
in a Wiley mill and passed through a 30-mesh screen. Seed
powder was weighed (21 mg) in an Eppendorf tube to which
was added 840 µL of extraction buffer [0.17 M sodium dodecyl
sulfate, 6.0 M urea, 0.57 mM 2-mercaptoethanol, and 0.05 M
tris(hydroxymethyl)aminomethane, pH 6.8]. The protein was
extracted by treatment for 45 min in an ultrasonic water bath.

Electrophoresis SDS-PAGE was carried out according to the
procedures of Laemmli (18) in 1.5 mm thick gels with 12.5%
(w/v) separating gels and 4% (w/v) stacking gels. The gels
contained 15 wells; one of the outside wells was used for
molecular weight standards. The ratio of the storage proteins
of the high seed protein lines relative to the cultivar Essex
was determined in this manner. The two wells next to the
molecular weight standard and the last two wells at the
opposite end of the gel contained protein extract from Essex
(the control soybean line, used for comparison and ratio
calculations). Each group of two of the remaining inside wells
received extract from a specific soybean line, allowing five lines
to be compared to Essex in each gel. A 12 µL sample of the
extract was loaded onto each well. The amounts loaded were
equivalent with respect to weight of the ground seed. The gels
were run in a buffer solution [0.19 M glycine, 0.1% sodium
dodecyl sulfate, 0.025 M tris(hydroxymethyl)aminomethane,
pH 8.3] for 4-5 h to completion and then were stained with
amido black 10B (1.0 g/L). The protein bands on the destained
gels were quantitated in a Molecular Dynamics scanning
densitometer. Lanes 3 and 14 were used to obtain a value for
the protein bands of Essex. Relative mobilities from published
photographs of soybean seed SDS-PAGE gels (19-21) were
used to identify the protein bands that were the subunits of
â-conglycinin and the acidic and basic polypeptides of glycinin.
The amount of protein was determined relative to the amount
present in the cultivar Essex. To quantitate the various protein
bands from each soybean line, the area of a specific protein
band of a soybean line was compared with the area of the
protein band for Essex and a value (ratio) relative to Essex
was obtained. Four, 10-seed replications for each line were run
and quantitated in this manner.

For immunostaining, gels were prepared as above and the
fractionated proteins were electroblotted to Immobilon-P
transfer membranes (Millipore Corp., Bedford, MA) in a 10

mM Tris-sodium borate 20% (v/v) methanol, pH 8.2, transfer
buffer (22). Blots were either stained with amido-black to
visualize proteins or immunolabeled. For immunolabeling, air-
dried blots were wetted in methanol and washed several times
in transfer buffer, washed in TBS [Tris-buffered saline, 100
mM tris(hydroxymethyl)aminomethane, 150 mM NaCl, pH
7.5], and washed and blocked in TBS containing 5% w/v
powdered milk for 3 h. Antibodies against glycinin and
â-conglycinin, which were provided by Dr. Anna L. Tan-Wilson,
were prepared as described in Wilson et al. (23). For immu-
nolabeling a 1:2500 dilution of the anti-glycinin serum and a
1:12500 dilution of the anti-â-conglycinin serum were added
to the blots in TBS containing 5% powdered milk overnight
and washed in TBS. Immunoreactive bands were visualized
by labeling the blots in TBS containing 5% powdered milk with
a 1:2000 dilution of anti-rabbit immunoglobulin G (IgG)
alkaline phosphatase and development with chromogenic
substances 5-bromo-4-chloro-3- indolyl phosphate and ni-
troblue tetrazolium.

The variables including seed size, protein, oil, total protein
and oil, and the ratio of protein to oil were analyzed as two-
factor main effects as a general linear model using PROC
MIXED (24). The fixed effects were cultivar and year. Slight
variance heterogeneity occurred in the analysis of the protein-
to-oil ratio data. To correct for this, the data were transformed
using the natural logarithm and then analyzed. Means were
compared using pairwise contrasts and are reported in their
original units. Means were compared using the LSD (P < 0.05).

The values of the dependent variables (seed storage protein
bands) were standardized to the values of the soybean line
Essex as the relative variable ) (variable value/Essex value)
× 100. The standardized variables were then analyzed by
mixed model analysis of variance techniques (24) to determine
the fixed effects of soybean lines with four experimental
replications (random effect). Assumptions of the analysis of
variance were examined and found to be satisfactory. Pairwise
means comparisons for significance between Williams and all
other lines were carried out.

RESULTS AND DISCUSSION

Soybean breeders have found that genetic traits to
increase the seed storage proteins are easily transferred
to acceptable agronomic lines suitable for cultivation.
However, problems remained with yield depression and
reduced oil content in the high-protein lines. Recently,
Wilcox and Cavins (15) demonstrated that both yield
and protein content can be increased in a soybean line,
indicating that yield depression can be moderated.

Table 1 illustrates that no significant year-to-year
differences in seed size and protein content occurred
over the five years of field testing. Likewise, no signifi-
cant year interaction occurred in the analysis of vari-
ance (ANOVA) for either variable (data not presented),
indicating that the relative individual protein content
and seed size of the 19 lines tested were stable in the
one environment from year to year. Piper and Boote (25)
found that cultivars maintain their ranking across
environments with respect to seed oil and protein
composition by studying results from check cultivars
used in the Soybean Uniform Tests. The results pre-

Table 1. Means over Years for Seed Size, Protein, and Oil Content of 19 Normal and High Seed Protein Soybean Linesa

year observations
100-seed

wt, g
seed protein,

g kg-1
seed oil,
g kg-1

total protein
and oil, g kg-1

protein/oil
ratio

1994 19 15.2 a 486.1 a 173.7 b 659.8 b 2.96 b
1995 19 15.3 a 485.7 a 183.4 a 669.1 a 2.77 b
1996 19 14.9 a 481.8 a 174.1 b 655.9 b 2.91 b
1997 19 14.8 a 482.2 a 160.4 c 642.6 c 3.21 a
1998 19 15.9 a 472.1 a 169.3 b 641.4 c 2.90 b

a Means followed by the same letter within the same column are not significantly different at the 0.05 probability level.
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sented here, which concur with those findings, indicate
that specific end uses that require norms of seed size
and protein content are attainable with soybean lines
that contain high seed protein content.

A strong negative correlation exists between protein
and oil content in soybean seeds (4). Normal seed
protein lines generally have an average oil content of
>200 g kg-1. The average value of the oil content of the
lines tested (Table 1) differed between years and was
less than the oil content of a normal seed protein line.
The ANOVA also showed a highly significant year effect
on oil content (data not presented). The oil content of
the seed is partially affected by the environment. Howell
and Cartter (26) found that under controlled conditions,
plants at 29 °C produced seeds with oil percentages
2-3% higher than that of plants grown at 22 °C. Howell
and Collins (27) showed that changes in temperature
affected the composition of the oil.

The total protein and oil content and the protein-to-
oil ratio also differed between years (Table 1). Average
total protein and oil content of normal soybean lines is
∼610 g kg-1 (unpublished data, R. W. Yaklich). The
values for the high-protein lines presented here are 3-5
percentage points higher than those of normal soybean
lines. Normal soybean lines have a protein-to-oil ratio
of 1.99 (unpublished data, R. W. Yaklich), whereas the
lines tested here had a protein-to-oil ratio approaching
3.0. The data presented in Table 1 indicate that the
protein content of a line is more stable than the oil
content from year to year.

The average 100-seed weight of the individual lines
(Table 2) established that CX797-21 was the largest
seeded followed by BARC-6 and CX797-115. The small-
est seed size was D81-8259 preceded by NC-2-62. These
results indicate that the range in seed size that exists
for the high seed protein lines may be useful for cultivar
improvement or specialty product applications. The
average protein content of most of the high seed protein
lines was >500 g kg-1 (Table 2), as compared to 420 g
kg-1 for the normal seed protein cultivars and 340 g
kg-1 for the non-nodulating line Clark rj1. BARC-8 had
the highest 5-year average protein content of 545.2 g
kg-1 or ∼125.0 g kg-1 more seed protein (30.0%) than
the normal cultivars. Oil content varied from a high of
250.4 g kg-1 for Clark rj1 to a low of 134.6 g kg-1 for

BARC-8. As mentioned previously, year-to-year vari-
ability occurs in oil content that can be attributable to
environmental causes. Total protein and oil content was
highest in CX797-115 followed by BARC-9 and BARC-8
and lowest in Clark rj1, the non-nodulating line. Even
though a substantial difference exists between the
protein content of high seed protein lines and com-
mercial cultivars, the increase in total protein and oil
content present in the high seed protein lines compared
to the normal seed protein lines is only ∼40 g kg-1. In
normal seed protein lines, the protein-to-oil ratio is 2
to 1. The data in Table 2 for the protein-to-oil ratio in
the high protein seed lines indicates that most of the
lines produce 3 units of protein to 1 unit of oil.
Furthermore, over 5 years, BARC-8 averaged 4 units
of protein to 1 unit of oil.

An SDS-PAGE gel of the high-protein lines and Essex
(Figure 1) illustrates that the protein bands were
similar in the soybean lines. Two bands [Mr of ap-
proximately 28400 (upper) and 27300 (lower)] were
either present or absent in a particular soybean line.
The R′, R, and â subunits of â-conglycinin have Mr
values of approximately 76000, 72000, and 53000,
respectively. The acidic 3, acidic 1, 2, and 4 (grouped
together), and basic polypeptides of glycinin have Mr
values of approximately 43000, 40000, and 20000,
respectively.

The most logical reason for increased seed protein
apparently results from increased quantities of the two
main storage proteins, glycinin and â-conglycinin. The
results of the scanning densitometry, presented as least-
squares means in Table 3, show that of the high-protein
lines, D81-8498 contained the greatest amount of R′ and
R subunits of â-conglycinin and CX804-3 contained the
least. All of the high-protein lines except CX797-115,
CX804-108, and CX804-3 contained more of these
subunits than Williams. The â subunit of â-conglycinin
was highest in D81-8259, and in the high-protein lines
CX804-3, D81-8498, and NC-2-62 were not significantly
different from Williams.

The values for glycinin (Table 3) indicate that for the
acidic 3 (A3) polypeptide of glycinin, BARC-9 had the
highest value, and the high-protein lines 76-48773,
CX804-108, CX804-3, D81-8498, and NC-2-62 were not
significantly different from Williams. The acidic 1, 2,

Table 2. Means over 5 Years for Seed Size, Protein, and Oil Content of 19 Normal and High Seed Protein Soybean
Linesa

line observations
100-seed

wt, g
seed protein,

g kg-1
seed oil,
g kg-1

total protein
and oil, g kg-1

protein/oil
ratio

BARC-6 5 18.2 a 508.0 cde 159.8 f 667.8 b-e 3.21 cd
BARC-7 5 15.3 cd 493.6 de 147.0 g 640.6 ghi 3.39 cd
BARC-8 5 13.0 fg 545.2 a 134.6 h 679.8 abc 4.07 a
BARC-9 5 15.4 c 540.0 ab 141.8 gh 681.8 ab 3.83 ab
CX797-115 5 18.1 a 502.8 cde 184.0 e 686.8 a 2.74 ef
CX797-21 5 18.3 a 502.8 cde 161.8 f 664.6 cde 3.11 de
CX804-108 5 15.3 cd 495.2 de 178.4 def 673.6 a-d 2.79 ef
CX804-3 5 17.1 ab 507.0 cde 160.2 f 667.2 b-e 3.20 cd
D76-8070 5 17.5 ab 485.8 ef 159.0 f 644.8 fgh 3.08 de
D80-6931 5 13.9 def 512.4 cd 145.2 gh 657.6 def 3.57 bc
D81-8259 5 11.8 g 519.0 bc 136.6 gh 655.6 efg 3.87 ab
D81-8498 5 12.5 fg 512.4 cd 145.6 gh 658.0 def 3.54 bc
NC-2-62 5 12.2 g 520.8 bc 146.8 g 667.6 b-e 3.60 bc
76-48773 5 16.0 bc 466.2 f 189.8 de 656.0 efg 2.46 fg
Clark 5 16.0 bc 419.2 g 212.8 b 632.0 hi 1.97 h
Clark rj1 5 13.0 fg 342.4 h 250.4 a 592.8 j 1.37 i
Essex 5 13.8 ef 429.4 g 197.8 cd 627.2 i 2.17 gh
Miles 5 14.7 cde 423.4 g 206.4 bc 629.8 hi 2.05 h
Williams 5 17.2 ab 424.6 g 213.2 b 637.8 hi 1.99 h

a Means followed by the same letter within the same column are not significantly different at the 0.05 probability level.
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and 4 (A1,2,4) polypeptides of all the high-protein lines
were significantly different from those of Williams.
Comparing the high-protein lines, BARC-9 contained
the most and 76-48773 contained the least of the A1,2,4
polypeptides. All of the high-protein lines contained
significantly more of the basic polypeptides of glycinin
than Williams with the exception of D81-8259. BARC-9
contained the most basic polypeptides of glycinin.

The above results indicate that glycinin and â-cong-
lycinin are increased in the high seed protein lines.
Comparison of the values for the subunits and polypep-
tides with protein data in Table 2 indicates that D81-

8498 and D81-8259 were the highest for the R′ and R
and â subunits of â-conglycinin but were the sixth and
fourth highest in protein content, respectively. For the
polypeptides of glycinin, the acidic and basic polypep-
tides were highest in BARC-9, which was the second
highest in protein content (Table 2). In contrast, BARC-
8, which was highest in protein content was 10th, 11th,
7th, 3rd, and 4th in R′ and R, â, A3, A124, and basic
protein contents, respectively. The high-protein seed line
with the lowest seed protein content, 76-48773, was 9th,
8th, 12th, 14th, and 12th, in R′ and R, â, A3, A124, and
basic protein contents, respectively. The data indicate
that glycinin and â-conglycinin are increased in the
high-protein lines; however, estimating the quantity of
subunits and polypeptides of these two protein lines did
not agree totally with the total protein content of the
seed. BARC-9 was second highest in total protein
content (Table 2) and contained the highest amounts
of subunits of glycinin, indicating that the SDS-PAGE
method agreed with the 5-year mean of protein content.
The line 76-48773 contained the least total protein of
the high seed protein lines, and its glycinin polypeptides
were among the lowest of the high seed protein lines.
In contrast, BARC-8 had the highest 5-year average
protein level, and the subunit and polypeptide values
were not indicative of its protein content. These dis-
crepancies could be due to experimental error in the
procedure. The acrylamide gels were prepared using
standardized procedures and exact times of polymeri-
zation and staining in order to reduce the variability
inherent in an analysis consisting of multiple gel
determinations (28). It is known that the quality and
quantity of subunits and polypeptides may differ in
â-conglycinin and glycinin (29). Serretti et al. (30) noted
that the BARC-8 and BARC-9 lines differed from each
other in amino acid content but that these differences
were not significant. The BARC lines differed from
normal-protein cultivars in that they contained more

Figure 1. SDS-PAGE gel of the high-protein and Essex soybean lines. The principal protein subunits of â-conglycinin are the R′,
R, and â subunits, and the principal polypeptides of glycinin are the acidic A3 and A1,2,4 and basic polypeptides. The lanes contain
extract from equivalent weights of seed tissue and represent, from left to right, D80-6931, D76-8070, CX804-108, D81-8259,
CX804-3, NC-2-62, CX797-115, CX797-21, 76-48773, D81-8498, BARC-6, BARC-7, BARC-8, BARC-9, and Essex, respectively.
The white arrows point to two protein bands of Mr 28400 (upper) and 27300 (lower). The soybean lines contained either one or
the other protein band.

Table 3. Least-Squares Means for the Area of the r′, r,
and â Subunits of â-Conglycinin and the Acidic 3, Acidic
1,2,4, and Basic Subunits of Glycinin Seed Storage
Proteins of Soybean Linesa

%

â-conglycinin subunits glycinin polypeptides

line R′ and R â A3 A1,2,4 basic

BARC-6 100.4* 110.3* 143.6* 125.9* 124.7*
BARC-7 119.8* 108.1* 145.4* 124.9* 118.3*
BARC-8 107.1* 95.5* 134.8* 135.7* 127.1*
BARC-9 108.6* 111.8* 154.9* 156.3* 139.8*
CX797-115 96.4 98.1* 132.0* 109.7* 110.4*
CX797-21 110.3* 111.1* 132.3* 126.5* 128.7*
CX804-108 91.3 101.4* 126.4 116.7* 121.4*
CX804-3 83.3 88.5 119.6 110.9* 115.8*
D76-8070 118.7* 110.3* 136.5* 134.1* 131.4*
D80-6931 113.0* 115.3* 149.5* 141.2* 114.8*
D81-8259 111.0* 122.3* 136.0* 120.3* 89.1
D81-8498 126.6* 88.3 126.0 122.8* 110.3*
NC-2-62 108.2* 82.0 123.3 126.9* 113.0*
76-48773 107.8* 104.4* 125.1 109.4* 111.1*
Clark 73.2 68.2 96.7 67.8 83.5
Clark rj1 53.6* 47.1* 70.1* 50.7* 53.8*
Miles 78.7 75.0 97.1 74.8 86.1
Williams 82.4 73.2 105.1 75.0 89.0

a The asterisks indicate significance between the value and that
of Williams at P ) 0.05 according to the t test.
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arginine and glutamic acid. Whether these differences
in amino acid content account for the levels of â-cong-
lycinin and glycinin measured in BARC-8 is not known

Figure 2 illustrates an SDS-PAGE gel of a few of the
high seed protein lines and the cultivar Williams stained
with amido-black. Comparison of bands for the subunits
of â-conglycinin and acidic and basic polypeptides of
glycinin shows that those for BARC-8 and BARC-9 are
wider and more intensely stained than those for Wil-

liams. Wider and more intensely stained bands of
â-conglycinin are also observed for CX797-115 and 76-
48773 as compared to Williams, but differences are not
as easy to visualize for the acidic and basic polypeptides
of glycinin. Western blots of the lines Clark rj1, Wil-
liams, BARC-8, and BARC-9 stained with amido-black
(Figure 3a) also show that the width and intensity of
the bands for â-conglycinin and glycinin are more
pronounced in BARC-8 and BARC-9; similarly, the

Figure 2. SDS-PAGE gel of soybean lines. The principal protein subunits of â-conglycinin are the R′, R, and â subunits, and the
principal polypeptides of glycinin are the acidic A3, A1,2,4, and basic polypeptides. The lanes contain extract from equivalent weights
of seed tissue and represent, from left to right (duplicate lanes), BARC-8, Williams, BARC-9, Williams, CX797-115, Williams,
and 76-48773.

Figure 3. Immunoblot analysis of seed extracts of soybean: (A) amido-black stained blot of total proteins; (B) replicate blot that
treated with anti-â-conglycinin seruml (C) replicate blot that treated with anti-glycinin serum. Lane 1 represents Clark rj1 followed
by duplicate lanes of BARC-8, Williams, and BARC-9.
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immunoblots from the two proteins for these two high-
protein lines (Figure 3b,c) are more intense than those
from Clark rj1 and Williams. For some reason, the
antisera for glycinin did not detect the A3 subunit and
showed low affinity for the acidic polypeptides. These
indirect methods agree with the results from scanning
densitometry and indicate that â-conglycinin and gly-
cinin, the two major seed storage proteins, are increased
in high seed protein lines and contribute to the in-
creased protein content of these lines.

The data presented in this study indicate that quan-
titative differences exist in protein bands of two major
seed storage proteins, â-conglycinin and glycinin, that
were analyzed in the high seed protein lines. These
results indicate that there are differences in the genome
that are responsible for synthesis of different quantities
of subunits and polypeptides. Soybean proteins, and
other types of legume seed proteins, are known to be
deficient in sulfur amino acids, and â-conglycinin con-
tains less sulfur amino acid than glycinin (29). The data
indicate that some of the BARC high seed protein lines,
which have a higher percentage of glycinin polypeptides
than most of the other high seed protein lines, would
be beneficial in breeding programs designed to change
seed storage protein composition.

The types of amino acids present in the BARC lines
have been analyzed previously (30). The concentration
of cysteine of BARC-8, 13.7 g kg-1 of protein, was higher
than that of any other entry. The methionine concentra-
tion of BARC-7 (10.8 g kg-1 of protein) and the lysine
concentration of BARC-9 (55.0 g kg-1 of protein) were
significantly lower than the two normal protein lines
used as controls. Subunits of glycinin differ in the
amount of sulfur amino acids they contain (31). The
results of Serretti et al. (30) indicate that the high-
protein lines may differ in subunit composition and also
that the concentration of particular subunits is a
heritable trait that can be transferred into high-protein
lines. Perhaps conventional breeding could also change
the subunit structure of normal-protein lines.

Nielsen and co-workers (35) have deduced that five
genes regulate the production of the subunits of glycinin,
and Harada et al. (33) showed that three genes regulate
the production of the subunits of â-conglycinin. The
acidic and basic polypeptides of each subunit of glycinin
are specific to each other because they are synthesized
by the same locus. The combinations of these acidic-
basic pairings form the subunits of the glycinin molecule
in vivo as do the combinations of the R′, R, and â
subunits of â-conglycinin. Nielsen (5) found that the
various subunits of glycinin contain different quantities
of sulfur amino acids. For this reason Marco et al. (34)
and Staswick et al. (31) studied the A2B1a subunit. The
data presented by Serretti et al. (30) also indicate that
the BARC lines contain different amounts of the glycinin
subunits because of the differences in sulfur amino acids
measured between the BARC lines and the check
varieties that were used. Further studies to determine
the amounts and types of glycinin subunits present in
the high-protein lines would be beneficial in soybean
breeding because the data presented here show that the
amount of glycinin subunits as measured by their
polypeptide content is expressed differently and in
greater quantity in high-protein lines. Knowledge of
subunit concentration and the factors leading to pref-
erential subunit production could significantly affect the
quality of protein stored in the soybean seed.
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