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Seed protein concentration of commercial soybean cultivars calculated on a dry weight basis ranges
from approximately 37 to 42% depending on genotype and location. A concerted research effort is
ongoing to further increase protein concentration. Several soybean plant introductions (PI) are known
to contain greater than 50% protein. These Pls are exploited by breeders to incorporate the high-
protein trait into commercial North American cultivars. Currently, limited information is available on
the biochemical and genetic mechanisms that regulate high-proteins. In this study, we have carried
out proteomic and molecular analysis of seed proteins of LG00—13260 and its parental high-protein
lines Pl 427138 and BARC-6. Sodium dodecyl sulfate polyacrylamide gel electrophoresis analysis
revealed that the high-protein lines accumulated increased amounts of -conglycinin and glycinins,
when compared with Williams 82. High-resolution two-dimensional electrophoresis utilizing pH 4—7
and pH 6—11 ampholytes enabled improved resolution of soybean seed proteins. A total of 38 protein
spots, representing the different subunits of S-conglycinin and glycinin, were identified by matrix-
assisted laser desorption ionization time-of-flight mass spectrometry. High-protein was correlated
with an increase in the accumulation of most of the subunits representing 5-conglycinin and glycinin.
Comparisons of the amino acid profiles of high-protein soybean lines revealed that the concentration
of sulfur amino acids, a reflection of protein quality, was not influenced by the protein concentration.
Southern blot analysis showed the presence of genotypic variation at the DNA level between PI
427138 and BARC-6 for the genes encoding groupl glycinin, S-conglycinin, Bowman—Birk inhibitor
(BBI), and the Kunitz trypsin inhibitor (KTI). LGO0—13260 inherited the allelic variants of the parental
line Pl 427138 for glycinin, S-conglycinin, and KTI, while BBI was inherited from the parental line
BARC-6. The results of our study indicate that high-seed protein concentration is attributed to greater
accumulation of specific components of 5-conglycinin and glycinin subunits presumably mediated by
preferential expression of these genes during seed development.
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INTRODUCTION production to the upper Midwest and continued emphasis on

A preponderance of the world’s vegetable protein is supplied breeding for yield rather than quality threatens to lower this
by soybeans, the majority being used to formulate rations for percentage of proteinl( 2). A concerted effort deemed the
domestic livestock and poultry and the remaining utilized for Better Bean Initiative was inaugurated in 2002 by the United
human consumption. Presently, soybeans grown in the United States Soybean Board to facilitate improvements in soybean seed
States have an average protein content of 40%, but shifts incomposition (1). One major objective of the Better Bean
Initiative is to develop high-protein soybeans that could facilitate
cost-efficient production of high-protein meals containing at least
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A major impediment to increasing soybean protein through 1% DTT] followed by sonication for 30 min. Non-proteinaceous
selective breeding lies with the inverse relationship existing material was removed by centrifugation at 20 88@g20 min at 4°C,
between protein content and yield (4—7). In the past 60 years and the supernatant was used in 2-D-PAGE analysis. The concentration
of soybean breeding, the focus has been primarily on yield using of prot_elns e>§tracted by the modified TCA/ac_etone method “was
elite domestic cultivars as parents. This selection regime hasfjll‘sterm'ned “fs'”g éhe Er%dfard mfth@g\ and using a commercial
resulted in a narrow genetic base that potentially could limit ye reagent from Bio-Rad (Hercules, CA).

h . in vield . d oil 2-D-PAGE Analysis The first dimension, IEF, was performed using
the concurrent improvement in yield, protein, and oll contents ;3 ., pH 4—7 and 6—11 linear IPG strips in the IPGphor apparatus

(8—11). To overcome this problem, parental lines from plant (Gg Healthcare, Piscataway, NJ), according to the manufacturer's
introductions (PI) have been employed to expand the geneticrecommendations. For the second dimension, the IPG strips were
base and ostensibly improve the soybean seed compositionincubated with 50 mM Tris-HCI pH 8.8, 6 M urea, 30% glycerol, 2%
Although extensively time-consuming, the use of Pl as a parent SDS, 0.002% bromophenol blue, and 1% DTT for 15 min and
in backcrossing or in recurrent selection has in some cases beencetylated with iodoacetamide and subsequently placed onto 12%
successful in overcoming the negative genetic correlation Polyacrylamide gels as described by Laemi)( The electrophoresis
between protein and yields(12—14). There are high-protein ~ Was performed using a Hoefer SE 600 Ruby eIectrophoresns, unit (GE
cultivars and experimental lines that can serve as parental lines ¢althcare, Piscataway, NJ) according to the manufacturer's recom-
for further varietal development. Examples of such high- gend_atlons. The 2-D-PAGE gels were visualized by staining with
- . . olloidal Coomassie Blue G-250 as described by Newsho@8¢. (
protein lines include Prolina, D7070, BARC-6, BARC-7, The gels were stored in 20% ammonium sulfate solution and scanned
BARC-8, BARC-9, and S96—2461 (15-19). using laser densitometry (GE Healthcare, Piscataway, NJ). Triplicate
The work of Wilcox and Cavinsg) showed definitively that ~ samples were used for soybean seed protein extraction and 2-D-PAGE
the protein content could be increased without sacrificing yield. analysis.
Currently, limited information is available on the biochemical Various isoelectric forms of glycinin ang-conglycinin were
and genetic mechanisms that regulate high-seed protein conidentified by comparing the matrix-assisted laser desorption ionization
methods to determine whether the high-protein lines preferen- Biotechnology Infor_matlon nonredundant database as described egrller
tially accumulate specific proteins and to compare the relative (26): Image analysis of 2-D-PAGE spots was performed as described

mulation of amin ids in the high-protein lines. Our dat by Hajduch et al. Z7) with ImageMaster 2-D Platinum software version
accumuiation of amino acids € high-prote es. uraata g, (Amersham Biosciences, Uppsala, Sweden). This software performs

provide increased knowledge of the variability of protein and _p spot analysis, background subtraction, and spot matching among
protein subunit accumulation among high-protein cultivars, giferent gels. Quantification of protein spots from high-protein lines
which will facilitate ongoing efforts to improve both quantity  and williams 82 were determined from three independent gels. Drawing
and quality of soybean seed protein. tools were used to encircle detectable spots to specify regions for
analysis and to subtract background signals. Automatic algorithms
calculated the quantitative statistics including spot volume, pixel area,
mean pixel intensity, standard deviation, and background values, and
the data were tabulated in a spreadsheet format.

MATERIALS AND METHODS
Plant Materials. Pl 427138 is a maturity group O line that was

introduced from the Crop Experiment Station at Suweon, South Korea

in 1978 with the name Choseng No.20J. Pl 427138 averaged 49.8%

Amino Acid Analysis. Four replicates of dry seed powder of
Williams 82 and high-protein lines were hydrolyzed under nitrogen at

protein from data collected at four locations over 2 years (unpublished 155 °C for 16 h in 6 N HCI. The content of sulfur amino acids and

data). BARC-6 {6) was developed from a cross of two high-protein
experimental lines CX79721 (21) and D76-8070 (15). In 19 field
tests, BARC-6 averaged 50.6% protein on a dry weight basis.
LG00—13260 is an F9 line selected from the cross of Pl 427138 by
BARC-6. LG00—13260 averaged 53.9% protein from data collected
at three locations in 2001. Williams 82, a maturity group Il cultivar,

tryptophan was determined as described eai2éy. Amino acids were
fractionated on a high-performance cation-exchange resin column
installed in a Beckman 6300 Amino Acid Analyzer (Beckman Instru-
ments, Fullerton, CA).

Southern Hybridization. Total genomic DNA was isolated from
leaf tissue of the soybean cultivars using the cetyltrimethyl ammonium

averaged 41.4% protein on a dry weight basis. The seeds of Williams bromide (CTAB) method 48). Genomic DNA (8ug) was digested
82 and the high-protein soybean lines used in this research were grownovernight at 37°C with different restriction enzymes. Southern
in Urbana, IL. Cultural practices were typical of those utilized for hybridization was performed as described earrBriefly, restricted
soybean production in the Midwest United States. DNA was electrophoretically separated on a 0.8% agarose gel and then
Chemicals.Chemicals for electrophoresis including acrylamide, bis- transferred to a nylon membrane by capillary action using 0.04 M NaOH
acrylamide, SDS, TEMED, ammonium persulfate, thiourea, dithio- as the carrier. DNA fragments corresponding to the coding regions of
threitol, CHAPS, and IPG strips were purchased from GE healthcare the glycininGy2andGy4,-conglycinin, BBI, Soy ClI, and KTl were
(Piscataway, NJ). Urea and ampholytes were purchased from Bio-Radused as probes for Southern hybridization. The probe DNA was labeled
(Hercules, CA). Tris-HCI, 2-mercaptoethanol (2-ME), and glycerol were with 32P-dCTP using the Ladderman kit (Takara Bio Inc. Otsu, Shiga,
purchased from Sigma (St. Louis, M@).Cyanohydroxycinnamic acid Japan). A minimum of a 10 h prehybridization followed by overnight
(CHCA) matrix was purchased from Bruker Daltonics, Billerica, MA.  hybridization were both conducted at 86 using 6x SSPE buffer,
Water from a Millipore Milli-RO4 reverse osmosis system was used (1x SSPE is 0.1 M NaCl, 0.01 M NRO;, and 0.001 M EDTA), &
for making all solutions. Denhardt’s solution, 0.5% SDS, and B@/mL sheared and denatured
Extraction of Proteins from Seeds. Seed proteins were extracted Salmon sperm DNA. After hybridization, the membranes were washed
by the modified trichloroacetic acid (TCA)/acetone precipitation/urea 3 times in a solution of 2 SSPE and 0.5% SDS for 10 min at room
solubilization protocol (22). For this method, soybean seeds were temperature and then twice in a solution of0.$SPE and 0.1% SDS
powdered in liquid nitrogen using a mortar and pestle. One hundred at 65 °C for 30 min. Following washing, the nylon membrane was
milligrams of the soybean seed powder was homogenized with 2 mL €xposed overnight at80 °C to X-ray film.
of a solution containing 10% (w/v) TCA in acetone with 0.07% (v/v)
2-mercaptoethanol. Total protein was precipitatedifd at—20 °C. RESULTS
The extract was centrifuged at 20 &0f@r 20 min at 4°C. The pellet . . . .
was washed 23 times with acetone containing 0.07% (v/v) 2-mer- SDS-PAGE Analysis of Seed Protein Composition of High--
captoethanol. Then, the pellet was dried under vacuum for 30 min, Protein Lines. We initiated our studies by comparing the protein
and the acetone dry powder was resuspended in 1 mL of lysis buffer composition of high-protein soybean lines Pl 427138 (49.8%
[9 M urea, 1% CHAPS, 1% [w/v] ampholytes (pH-Z or 6-11), and protein), LG00—13260 (53.9% protein), and BARC-6 (50.6%
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Figure 1. Protein profiles of high-protein soybean lines. Total seed proteins
from Williams 82 (lane 1), and high-protein lines Pl 427138 (lane 2),
LG00-13260 (lane 3), and BARC-6 (lane 4) obtained on the basis of equal
seed dry weight were fractionated by SDS-PAGE on a 13.5% gel and
stained with Coomassie Blue. Abundant seed storage proteins are
identified. The arrowhead points to a 14 kDa protein that is absent in
BARC-6. Lox, lipoxygenase.
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subunits of glycinins (11S storage proteins) accumulated at
higher amounts in these high-protein lines when compared to
Williams 82 (Figure 1). In contrast, the accumulation of
lipoxygenase (94 kDa) was higher in Williams 82 when
compared to the high-protein lineBigure 1). Overall, the seed
protein composition of all soybean lines was strikingly similar
with the exception of a 14 kDa protein, which was absent in
BARC-6 (Figure 1).

High-Resolution 2-D Gel Analysis of Seed Protein Com-
position of High-Protein Lines. The two predominant storage
proteins of soybean, the glycinins angiconglycinin, are
encoded by multigene families (29—32). These proteins are
composed of different subunits and exhibit heterogeneity as
evidenced by differences in their isoelectric points and molecular
weights (33,34). The use of one-dimensional gels, although
useful in detecting obvious differences in the quantities of
protein present among the high-protein lines and Williams 82,
does not provide information on the accumulation of the
different subunits of glycinins anglconglycinin. To investigate
the contribution of individual protein components to the high-
protein trait, 2-D polyacrylamide gel electrophoresis was
performed. Since the different subunits of glycinins gncon-
glycinin are not adequately resolved in pH-B0 linear IPG
strips, analysis under two different pH ranges was performed.
The various subunits g#-conglycinin and the acidic subunits
of glycinins were distinctly resolved utilizing pH-47 linear
IPG strips (Figure 2) and the basic subunits of glycinins with
pH 6—11 linear IPG stripsHigure 3). Comparison of 2-D
electrophoresis patterns revealed distinct changes among high-

protein) to that of a normal seed protein line, Williams 82 protein soybean lines and Williams 82 (Figuresd3). Both
(41.4% protein). A visual examination of the total protein profile subtle and obvious differences in the number and the abundance
of seed proteins resolved by SDS-PAGE gel clearly shows that of various spots representing the acidic and basic subunits of
the overall protein was elevated in all the high-protein lines glycinins were detected. Even though the number of protein

when compared with of that of Williams 8Figure 1). Most
of the storage proteins, including tb&-, a-, andg-subunits of

spots representing’- and a-subunits was similar among the
lines, the abundance of tlesubunit was higher in the high-

pB-conglycinin (7S storage proteins), and the acidic and basic protein soybean lines when compared to that of Williams 82

65 xpa 45 B, 65

Figure 2. Comparison of the storage proteins of Williams 82 and high-protein soybean lines by 2-D gel electrophoresis. Proteins obtained on the basis
of equal seed dry weight were first separated by isoelectric focusing using a pH gradient from 4 to 7 and then by SDS-PAGE on a 12% gel. The gels
were stained with Colloidal Coomassie Blue G-250. The arrows point to different proteins that were identified by MALDI-TOF-MS. (A) Williams 82; (B)

PI 427138; (C) LG00-13260; and (D) BARC-6.
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Figure 3. Comparison of the storage proteins of Williams 82 and high-protein soybean lines by 2-D gel electrophoresis. Proteins obtained on the basis
of equal seed dry weight were first separated by isoelectric focusing using a pH gradient from 6 to 11 and then by SDS-PAGE on a 12% gel. The gels
were stained with Colloidal Coomassie Blue G-250. The arrows point to different proteins that were identified by MALDI-TOF-MS. (A) Williams 82; (B)
Pl 427138; (C) LG00-13260; and (D) BARC-6.

A B

(Figure 2). To elucidate fully the role of individual protein spots

to the overall protein content, a total of 38 previously identified MY ~ EcoRI  Hind Il Dral EcoRI HindII  Dra

protein spots (26) representing the different isoelectric forms 231‘_'1’3 123412341234 123412341234

of glycinins ang3-conglycinin were selected for further analysis.

A comparison of the abundance of these protein spots was 945

performed with the aid of ImageMaster 2-D Platinum software b.60

version 5.0 (Amersham Biosciences, Uppsala, Sweden). The 482

abundance of the protein spots was expressed as a relative ;'zg

volume to compensate for differences in sample loading and ™

variation in gel staining. An examination of the data provides

evidence for quantitative increases in the accumulation of several 2.32

of the subunits of both glycinins arfdconglycinin in the high- 1.93

protein soybean lines when compared to that of Williams 82.

When the relative volumes of each spot associated with different

subunits of glycinin ang-conglycinin subunits were combined,

significant differences in their concentration was evident 1.00

between Williams 82 and each of the high-protein lines. The

concentration of thex-subunit of 5-conglycinin in the high-

protein lines was 20—40% higher than Williams 82. For the

o'-subunit, the changes ranged from 5 to 59%, and for the %3¢

B-subunit, the differences varied fronB to +85%. There were ! ) . .

also large differences for glycinin subunits. F|gurg 4, South.ern blot analysis of soybean glycinin. Genomic DNA from
Comparison of Amino Acid Composition. Even though leaf tissue of Williams 32 _(Iz?me 1), BARC'G (I_ane_2), LG00'132§0 (lane

soybeans are an excellent source of protein, their quality cans)’ and PI_427138 was individually digested with either EcoRl, HindIll, or

be further improved by increasing the concentration of sulfur- Dral, fractionated on an 0.8% agarose gel, and. then trgnsit:rred 0 a

containing amino acids. To examine if there is any alteration nylon membrane. The DN'A'fragments were hybndl.zed with **p Iabgled

in sulfur amino acid content as a consequence of increasing Gy2 () and Gy4 (B.) glycinin pro_bes_ and then subjected to autoradlc_)g-

raphy. Molecular weight markers in kilobases are shown on the left side
é’f the figure.

the overall protein content, the amino acid composition of
soybean seed proteins was performed. Subtle differences wer
seen in the amino acid content among the four tested soybearand exon 4 of th&y2 glycinin gene was used as a probe for
lines. Pairwise comparisons revealed that the high-protein Southern hybridization to detect DNA differences in group 1
soybean lines, LG0613260 and BARC-6, had a similar amount  glycinin genesGy1, Gy2 andGy3 The Southern hybridization
of methionine and cysteine as Williams 82. In contrast, the profile presented irFigure 4A showed that the two parental
methionine and cysteine content of PI 427138 was 9 and 19%lines were different in their hybridization patterns, with LGO0
higher when compared to other high-protein soybean lines, but 13260 showing the same pattern as that of the parent Pl 427138,
the actual differences were still quite small. The concentration indicating that LG06-13260 inherited the group 1 glycinin
of tryptophan decreased with increasing protein concentration. alleles of Pl 427138 rather than those of BARC-6. Both PI
In contrast, the arginine content increased with increasing protein427138 and LG0813260 were very similar in their hybridiza-
concentration. tion to that of Williams 82. For group 2 glycinin gen&y4
Southern Blot Analysis of Seed Protein Geneslo deter- andGy5, a probe corresponding to exon 3&f4was used for
mine the allelic composition at the DNA level of the genes southern hybridization analysis. Unlike group 1 glycinin genes,
encoding seed proteins in the parental lines, BARC-6 and Pl group 2 glycinin showed no detectable differences in their
427138, as compared to the progeny L&QA3260, Southern  hybridization patterns in the parental lines and L&Q3260
blot analysis was carried out on different restriction digests of as well as in Williams 82Kigure 4B). These results indicated
genomic DNA from these genotypes as well as from Williams that group 2 glycinin genes are generally more conserved or
82 for comparison. A DNA fragment corresponding to exon 3 under more natural selection pressure than the group 1 genes.
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MW EcoR1 Hind 111 Xbal BARC-6, LG00—13260, and Williams 82, which all showed
RS SRR very similar molecular sizes to the hybridized fragments. This
23.13- efsspr~- indicates the presence of DNA sequence variation between the
- - two parental lines for the BBI-A protease inhibitor and that
il eeeE . LG00—13260 inherited the allelic variants of BBI-A present in
e Y Y the parental line BARC-6 rather than those in Pl 427 B3g§ure
69~ 6A). Similarly, the Southern hybridization results of BB+G
4589 . L3 showed a unique hybridization pattern for the parental line PI
- a 0BT ' ¥ . ; ; - 427138 as compared to BARC-6, LGO03260, and Williams
® ’ .e . 82, which all showed very similar hybridization patterns (Figure
w e 6B). To examine the organization of KTI inhibitors in the
232+ investigated genotypes, a probe corresponding to the KTI 3 gene,
200- -Rhae abss which is the major gene in the KTl gene family, was used for
the Southern blot analysi§igure 6C). TheEcoRI digest was
137 .... more informative than that dflind 11l in revealing the level of

variation between the genotypes for KTl genes. The two parental
Figure 5. Southern blot analysis of soybean 3-conglycinin. Genomic DNA lines and Williams 82 each showed a distinct hybridization

from leaf tissue of Williams 82 (lane 1), BARC-6 (lane 2), LG00-13260 pattern from one another, indicating the presence of sequence
(lane 3), and Pl 427138 was individually digested with either EcoRl, Hindlll, ~ variation for KTI genes among these genotypes (Figure 6C).
or Dral, fractionated on an 0.8% agarose gel, and then transferred to a The hybridization pattern of the hybrid was similar to the
nylon membrane. The DNA fragments were hybridized with a 2P labeled parental line PI 427138, indicating that LGB03260 acquired
B-subunit of the B-conglycinin gene and then subjected to autoradiography. the allelic variants of the parental line Pl 427138 rather than
Molecular weight markers in kilobases are shown on the left side of the those of BARC-6.

figure.

. . . DISCUSSION
The -conglycinin storage proteins are encoded by a multi-

gene family of at least 15 highly homologous ger#s.(When During the last 60 years, the primary focus of soybean
a probe corresponding to one @fconglycinin genes was used  breeders has been on yield improvement with minimal emphasis
to hybridize restriction digests of genomic DNA from the on protein composition. However, both of these parameters must
investigated genotypes, a total of 8—12 different fragments, be considered for the continued success of the soybean industry.
depending on the restriction enzyme, showed hybridization to Presently, an estimated 70% of the value of the soybean is
the probe (Figure 5). Some of the strongly hybridized fragments derived from the protein component of the se&jl Conse-
might actually contain more than one fragment that originated quently, the generation of high-protein soybean cultivars has
from different genes and closely comigrated on the gel due to been emphasized and remains as an important goal of the Better
very similar molecular sizes. Such a case is usually expectedBean Initiative. The well-documented negative correlation
when gene copies are organized in tandom arrays, which hasbetween protein content and yield has hampered the develop-
been reported to be the case for some ofwenglycinin genes ment of agronomically viable high-protein cultivars. However,
(30). A close examination of the hybridization patterns of Soybean breeders have made significant progress in overcoming
B-conglycinin genes showed that although the majority of the this negative correlation by employing advanced breeding
hybridized fragments was common in all the tested genotypes, techniques resulting in the development of agronomically viable
few fragments were still polymorphic, indicating the presence high-protein cultivars (15—19). Development of such high-
of a DNA sequence variation in some of ih&onglycinin genes  protein soybean lines is facilitated by the high heritability of
among the genotypes. The two parental lines could be distin- the trait, availability of high-protein germplasm, and minimal
guished from each other based on these polymorphic fragmentspumber of genes controlling the traY, 36).

with LG00—13260 showing a hybridization pattern similar to In addition to developing high-protein commercial lines,
the parental line Pl 427138Figure 5). The parental line emphasis should also be placed on the issue of protein
BARC-6 was more similar than P1 427138 in its hybridization digestibility and functional properties desirable to industry.

pattern to Williams 82. Therefore, it appears that L&Q3260 Merely increasing the overall seed protein concentration,
has inherited thg-conglycinin allelic variants of the parental however, does not address the problem associated with soybean
line Pl 427138 rather than those of BARC-6. protein quality. A major concern with respect to quality is that

Proteinase inhibitors in soybean seeds, which can make upthe amino acid composition of soybean protein does not meet
to 6% of the total seed proteins, are highly diverse in their the nutritional demands of young children or the monogastric
molecular properties and biological functior¥d (32). The two animals such as swine and poultry. Without supplementation
major types of proteinase inhibitors in soybean seeds are theof synthetic amino acids, feed efficiency is compromised, cost
Bowman-Birk inhibitors (BBI) and the Kunitz trypsin inhibitors ~ of production is increased, and excess nitrogen excretion due
(KTI). The BBI-A and C-II (previously known as soy to higher overall protein consumption has a detrimental affect
C—Il) are two major protease isoinhibitors in the BBI family. on the environment. The quality of the soybean seed protein as
Southern blot analysis was carried out using DNA probes measured by the balance of amino acids required for human
specific to the genes encoding these isoinhibitors to determineand animal nutrition has not changed substantially through the
the level of variation in their DNA sequences in the parental years of selective breedin@)( Thus, there is an impetus to
lines and their progeny. The BBI-A probe showed hybridization generate soybeans that have not only a higher protein concentra-
to three to four main fragments, depending on the restriction tion but also a desirable amino acid profile. Prolina soybean
enzyme, in all the tested genotyp&sgure 6A). However, the produces meal with 54% crude protein and contains a higher
parental line Pl 427138 showed clear differences in the concentration of lysine, arginine, and leucine than normal
molecular size of the hybridized fragments as compared to cultivars with 48% crude proteir8¢). Broiler performance on
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A B C
EcoR 1 Hind 111 EcoR 1 Hind 111 EcoR 1 Hind 111

k 1 23 4 1 23 4 1 23 412 3 4 1 23 41234

Figure 6. Southern blot analysis of soybean Bowman—Birk-type proteinase inhibitors. Genomic DNA from leaf tissue of Williams 82 (lane 1), BARC-6
(lane 2), LG00-13260 (lane 3), and PI 427138 was individually digested with either EcoRI or Hindlll, fractionated on an 0.8% agarose gel, and then
transferred to a nylon membrane. The DNA fragments were hybridized with a 32P labeled BBI A (A) or KTI (B) and BBI C-II (C) and then subjected to
autoradiography. Molecular weight markers in kilobases are shown on the left side of the figure.

diets containing Prolina soybeans was superior presumably duecompounds are partitioned remains mostly unknown. Addition-
to a higher concentration of these essential amino ad@ds (  ally, knowledge of the mechanisms of nutrient assimilation,
In this study, we have determined that the amino acid composi- amino acid synthesis, protein accumulation, and carbon parti-
tion of the high-protein soybean lines is not significantly tioning will facilitate the production of agronomically viable
different from that of Williams 82. Additionally, the methionine  plants yielding high-protein seed with desirable amino acid
content of high-protein lines, a quality indicator, was comparable compositions.

to that of Williams 82, demonstrating a lack of relationship

between protein and methionine content that corroborates theACKNOWLEDGMENT
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