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Abstract This study was conducted to identify the differences in proteomic characteristics of ‘Agakong’, recombinant
inbred line, and its parental genotypes ‘Eunhakong’ (Glycine max) and ‘KLG10084” (G soja). The isoflavone content of
‘Agakong’ was 3 times higher than that of its parental lines. A combined high-throughput proteomic approach was employed
to determine the expression profile and identity of proteins using 2-dimensional gel electrophoresis and matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF) mass spectrometry. The overall distribution patterns of proteins are quite
similar, but lots of protein spot intensities varied among the genotypes. A total of 41 proteins, representing significant
difference in the quantities of protein among the lines, were successfully identified. Among them, more than 50% of the
proteins identified were subunits of glycinin and B-conglycinin, 2 major storage proteins. This study showed that the
proteomic analysis could help to define specific changes in protein level and composition, which can occur in the generation

of new soybean varieties.
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Introduction

Soybeans are present in almost every diet throughout the
world because they are good sources of starch, dietary
fiber, protein, lipids, and minerals (1-3). Peculiarly, soybeans
supply a major portion of the world's demand for vegetable
protein (4). Soybean seeds contain about 40% protein. Two
major storage proteins, [-conglycinin and glycinin,
account for approximately 70-80% of the total proteins.
Proteins that accumulate during seed development are
essential reserves for supporting germination and early
seedling growth in plant. By contrast, approximately 20%
of the soybean seed dry weight is oil in the form of
triacylglycerol. Soybeans also contain a variety of bioactive
phytochemicals including bioactive peptides, saponin, and
isoflavones. Particularly soy isoflavones are known to
exhibit various health-beneficial effects including preventive
effects in the development of cardiovascular diseases and
cancers (5-7).

In previous study, we selected new small-seeded
recombinant inbred line (RIL: ‘Agakong’) derived from an
interspecific cross between ‘Eunhakong’ (Glycine max)
xwild soybean (Glycine soja: ‘KLLG10084”), and verified
agronomic characteristics (8-10). However, limited information
is available on the biochemical and genetic mechanism of
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the new soybean line, ‘Agakong’. For a better understanding
of the genetypic variation, elucidation of the protein
composition is necessary because of its direct relationship
to phenotype.

Proteomic tools are powerful methodologies for accurately
detecting changes in protein composition. This analysis can
be used to visualize and compare complex mixtures of
proteins and to characterize biological responses. Recent
technical improvements in 2-dimensional (2-D) gel
electrophoresis and mass spectrometry (MS) have made it
possible to identify hundreds of proteins rapidly and
investigate levels of protein expression, subcellular
localization, and post-translational modifications (11). In
recent years, proteomic studies using plant specimens such
as soybean (12) and ginseng (11) has become popular for
the purpose of identification of species and cultivars.
Natarajan ef al. (13) established a combined proteomic
approach for the thorough analysis of storage protein
compositions of wild (G soja) and cultivated (G max)
genotypes, but the research of proteins which have various
biological function was not reported yet.

In this study, we applied 2-D electrophoresis and
combined with matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) to compare the protein
profile of 3 genotypes ‘Eunhakong’, ‘KLG10084’, and
‘Agakong’ including storage proteins, metabolic proteins.
The main aim of this work was to extend our comparative
proteomic approach to identify differentially accumulated
proteins and study their functional alteration following
specific crossing.
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Materials and Methods

Soybeans ‘Eunhakong’ (G max) were obtained from
National Youngnam Agricultural Experiment Station
(Gyeongnam, Korea) and the ‘KLG10084’ (G soja) (10),
which has a green seed coat color, and their new
recombinants inbred line, ‘Agakong’ (G max) (8) were
obtained from the Soyventure Co., Ltd. (Daegu, Korea).
Seeds were stored at —80°C until used.

Chemicals Chemicals for electrophoresis, including
acrylamide bis-acrylamide, sodium dodecyl sulfate (SDS),
N,N,N, N-tetramethylethylendiamine (TEMED), ammonium
persulfate (Sigma-Aldrich, St. Louis, MO, USA). Urea,
dithiothreitol (DTT), CHAPS, and pharmalyte (pH 3.5-10)
immobilized pH gradiant (IPG) DryStrips (pH 3-10, pH 4-
7) were purchased from Amersham Pharmacia Biotech
(Piscataway, NJ, USA). Tris aminomethane, 2-mercaptoethanol,
o~cyanohydroxycinnamic acid (CHCA) matrix, and
trifluoroacetic acid (TFA) were purchased from Sigma-
Aldrich. Coomassie brilliant blue (CBB) R-250 and
Bradford solution were purchased from Bio-Rad (Hercules,
CA, USA). Modified porcine sequencing grade trypsin was
purchased from Promega (Madison, WI, USA). Protein
inhibitor cocktail tablet (CompleteTM) was purchased
from Roche Diagnostics (Basel, Switzerland). All other
chemicals were reagent grade.

Quantitative analysis of isoflavone by high performance
liquid chromatography (HPLC) Quantitative analysis
of isoflavone was performed following the method described
by Wang et al. (14) with slight modification. The 20 uL.
filtrate was injected to an HPLC system equipped with a
Bondapack C18 column after the system had been
equilibrated at ambient temperature. Also, the ultraviolet
(UV) detector was stabilized with mobile phase (methanol-
1 mM ammonium acetate, 6:4) at a flow rate of 1 mL/min
for 30 min. Effluent was detected at 254 nm and chromatogram
was recorded for 20 min. Isoflavones were identified by
their retention times of standard addition, and their contents
were calculated by comparing their peak areas with those
of standards.

Extraction of proteins from seeds: Modified trichloroacetic
acid/acetone precipitation/urea solubilization extraction
This protocol was performed according to Natarajan et al.
(13). For this method, soybean seeds were powdered in
liquid nitrogen using a mortar and pestle. An 100 mg of the
soybean seed powder was homogenized with 2 mL of a
solution containing 10%(w/v) trichloroacetic acid (TCA) in
acetone with 0.07%(v/v) 2-mercaptoethanol (2-ME). The
total protein was precipitated for overnight at —20°C. The
extract was centrifuged at 14,000x g for 20 min at 4°C. The
pellet was washed 2-3 times with acetone containing
0.07%(v/v) 2-ME. Then, the pellet was dried under
vacuum for 30 min and the acetone dry powder was
resuspended in 500 puL. of lysis buffer [9.5 M urea, 2%
CHAPS, 0.8%(w/v) one of the Pharmalyte (pH 3.5-10.0)]
and 1% DTT and protein inhibitor cocktail tablet. After
sonication on ice for 30 min, the samples were centrifuged
for 15 min at 10,000xg and the supernatants were directly
applied to an 18 cm IPG strip. The protein concentration
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was determined according to Bradford method (15) using
a commercial dye reagent from Bio-Rad. Seeds were
stored at —70°C until use.

2-D electrophoresis analysis A 2-D electrophoresis was
performed in an IPGphor isoelectric focusing (IPG-IEF)
system (Amersham Pharmacia Biotech) using 180 mm pH
3-10 and 4-7 Immobiline DryStrips (180%3x0.5 mm) for
the first dimension (1-D), and 12% SDS-polyacylamide
gels (PAGE) for the second dimension (2-D). SDS-PAGE
was performed in an Ettan DALTsix Larger Vertical system
(Amersham Pharmacia Biotech).

IPG-IEF can be simplified by the use of the integrated
IPGphor system, in which rehydrated with 340 uL. of
rehydration buffer [9.5 M urea, 2% CHAPS, 0.8%(wW/v)
one of the pharmalyte, 1% DTT, 0.005% bromophenol
blue] containing 100 pg (pH 3-10) and 120 pg (pH 4-7) of
protein. And IEF are performed in a one-step procedure.
Initial rehydration was for 12 hr at 20°C. IEF was then
carried out with the following voltage program: 500
(gradient over 1 hr), 1,000 (gradient over 1 hr), and 8,000
V (fixed for 10 hr) at 50 pA/strip. The IPG strips were
equilibrated for 30min in 125mM Tris (pH 6.8)
containing 6 M urea, 30%(v/v) glycerol, 2%(w/v) SDS,
and 65 mM DTT, and then for a further 30 min in the same
buffer, except that DTT was replaced with 260 mM
iodoacetamide. The IPG strips were then sealed with 0.5%
agarose in SDS running buffer at the top of slab gels (260
x200%1.5 mm?),

The 2-D electrophoresis was performed in the Ettan
DALTsix Larger Vertical system at 120 V/gel and room
temperature for 10 hr. The gels were then with 50%
ethanol containing, 3% phosphoric acid for 30 min, and
stained with 0.02% CBB R-250 (Bio-Rad), 3% phosphoric
acid, 17% ammonium sulfate, 34% ethanol. Molecular masses
were determined by simultaneously running standard
protein markers (MBI Fermentas, Amherst, NY, USA) in
the range 11-170 kDa. The pl values used were those given
by the supplier of the immobilized pH gradient strips.
Excess dye was washed from the gels with distilled water
and the gels were scanned with a UMAX PowerLook 1120
(UMAX Technologies, Dallas, TX, USA) scanner. Protein
spots were outlined (first automatically and then manually)
and quantified using PDQuest software (Bio-Rad).

MALDI-TOF mass spectrometer To identify the
protein spots on gel pieces, preparative 2-D gels were
excised, and cut into 1-2 mm pieces. These were added to
100 uL. of 25 mM NH4HCO;/50% acetonitrile (ACN),
incubated for 10 min to remove CBB, then rinsed thoroughly.
The gel pieces were then dehydrated and dried thoroughly
in a vacuum centrifuge for a few min. The dried gel pieces
were rehydrated with 20 u. 50 mM NH,HCO; (pH 8.0)
containing 20 pg/mL trypsin (Promega) and the proteins in
the gel pieces were digested overnight at 37°C. After
digestion was complete, the supernatant was transferred to
another tube, and the gel piece incubated with 20 puLL of
50% ACN/5% formic acid for 10 min at room temperature.
The extract was transferred to the primary supernatant, and
the extraction repeated once more. The extracted digests
were evaporated to dryness in a vacuum centrifuge. The
digests were redissolved in 2 puL of 0.1% TFA. The
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solution was vortexed and centrifuged. The 1puL of
supernatant was mixed with 1 uL. of 10 mg/mL. CHCA in
50% ACN/0.1% TFA and the mixed solution was spotted
onto a 96-spot MALDI target. MALDI-TOF analyses were
performed on a Voyager DESTR MALDI-TOF mass
spectrometer (Applied Biosystems, Foster City, CA, USA).
The MALDI-TOF mass spectrometer was operated in
positive-ion, delayed-extraction (200 nsec delay time)
reflector mode. And spectra were acquired with 100 laser
shots of a 337 nm nitrogen laser operating at 20.0 Hz.
Spectra were calibrated using the Angiotensin autolysis
peaks as internal standard at m/z 974.01 and 1,297.07.

Results were analyzed with Data Explorer software
(Applied Biosystems) to obtain accurate masses (£50-100
ppm) for all the peptides in the tryptic digest. The results
from the Protein Mass Fingerprinting (PMF), together with
the pl and molecular mass values (estimated from 2-D
electrophoresis gels), were used to search the Swiss-Prot or
NCBInr protein databases with a special search tool [MS-
FIT from Protein Prospector V 4.0.4 (http://prospector.
ucsf.edu)], which compares the experimentally determined
tryptic peptide masses with theoretical peptide masses
calculated for proteins contained in these databases. Search
parameters were £50-100 ppm peptide mass tolerance and
one maximum missed cleavage.

Results and Discussion

Shape and the isoflavone content of three genotypes of
soybean seeds The size and the shape of 3 genotypes of
soybeans used in this experiment were shown in Fig. 1.
The means of 100-seed weight of ‘Eunhakong’, ‘K1.G10084’,
and ‘Agakong’ were 13.1, 2.3, and 6.3 g, respectively. This
result was similar with the report of Kim et al. (16) in
which the 100-seed weight of the Korean G soja germplasm
accessions was ranged from 1.2-2.9 g, It was indicated that
‘KL.G10084’ displayed typical characters of wild soybean.
The ‘Agakong’, of which 100-seeds weight is lighter than
10 g, was suitable variety for soybean spout and cheonggukjang.

There are 3 types of isoflavones in soybean, and each
type exists in 4 different chemical forms, which include
aglycones (daidzein, genistein, and glycitein) and their [3-
glucoside conjugates: glucosides (daidzin, genistin, and
glycitin), malonylglucosides (6-O-malonyldaidzin, 6-O-
malonylgenistin, and 6-O-malonyl glycitin), and

acetylglucosides (6-O-acetyldaidzin, 6-O-acetylgenistin,
and 6-O-acetylglycitin). Most of them exist as B-glucoside,
the malonylglucoside, and acetylglucoside forms (17). The

Fig. 1. The shape of 3 genotype of soybeans. (A) ‘Eunhakong’
(G max), (B) ‘KLG10084’ (G soja: a wild type soybean line
used as one of the parents in the experiments), (C) ‘Agakong’ (G
max: a recombinant inbred line derived from ‘Eunhakong’x
‘KLG10084%).

U. -K. Choi et al.

Table 1. Composition of isoflavones in the 3 genotypes of

soybean seeds (unit: pg/g)
Isoflavone ‘Eunhakong’ ‘KLG10084°  ‘Agakong’
Daidzin 694.2 409.9 2,117.8
Glycitin 50.0 100.0 150.0
Genistin 708.1 568.6 2,357.5
A-Daidzin 90.8 477 155.6
M-Genistin 1,578.2 641.1 4,663.5
A-Genistin 233 18.4 89.1
Daidzein 62.7 182.8 69.6
Genistein 78.9 117.8 81.7
Total 3,286.2 2,086.3 9,684.8

bioavailable isoflavones (aglycones) are formed by the
hydrolysis of glycosides through B-glucosidase present in
soybean. Most soybean isoflavones which is increased
with germination progressed (18,19) are present in the
glycoside form and are converted to aglycones during
fermentation due to the [-glucosidase activity of
microorganisms (20). In our investigation, the isoflavone
content of 3 kinds of soybean seeds (‘Eunhakong’,
‘KLG10084°, ‘Agakong’) were determined with HPLC
(Table 1). Total isoflavone content of ‘Agakong’ was
9,684.8 ng/g which is more than 3 times higher than that
in the ‘Eunhakong’ (3,286.2 ug/g) and ‘KLG10084’
(2,086.3 pg/g). Zhu et al. (17) reported that the isoflavone
contents of dried ‘Hutcheson’ and ‘Caviness’ soybean
seeds were 2,190 and 2,286 ng/g, respectively, and is
gradually increased after soaking. The maximum total
isoflavone content was obtained when hypocotyls of the
seeds were 0.5-2.5 mm.

2-D electrophoresis patterns and identification of
differentially accumulated proteins by MS We used 2-
D electrophoresis in conjunction with quantitative image
analysis and sequencing mass spectrometry to investigate
discrepancies in the protein expression profiles of the
‘Eunhakong’, ‘KLG10084’, and ‘Agakong’ (RIL of
‘Eunhakong’ x‘KL.G10084"). Three gels per sample were
simultaneously separated with broad range pH 3.0-10.0
immobilized pH gradient and narrow pH 4.0-7.0
immobilized pH gradient for the 1-D, and analyzed with
PDQuest 2-D software. Figure 2 showed 2-D patterns of
tested 3 kinds of soybean seeds. More than hundreds spots
were detected. Of those proteins with molecular masses
ranging from 11-95 kDa, 70% had acidic pls, whereas 30%
of polypeptide spots fell within the alkaline region. There
were a few protein spots over 95 kDa, and some spots were
detected with a pI>9.5. Overall, the seed protein
composition of all 3 soybean lines was strikingly similar.
Moreover, these 2-D patterns share some similarities with
the patterns observed for indigenous Nepalese soybean and
North American cultivars (21).

Protein spots from the 2-D gel were subjected to trypsin
digestion and MALDI-TOF analysis. Although the protein
profile of 3 varieties is quite similar, at least more than 100
spot differences were detected. Consequently, 41 proteins
which revealed obvious differences (more than 3 fold) in
the quantities among the soybean lines were successfully
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Fig. 2. Proteomic comparison of the proteins in ‘Eunhakong’, ‘KL.G10084’, and ‘Agakong’. (A) Proteins were separated on a pH 3-
10 PG strip in the first dimension and on an 12% SDS-polyacrylamide gel in the second dimension. (B) Protein extracts were separated
on a pH 4-7 IPG strip followed by 12% SDS-PAGE. Gels were stained with Coomassie brilliant blue G-250. Arrows indicate the spots
showing abundant or less abundant proteins. The numbers indicated on the gels correspond to the gel numbers given in Table 2.

identified. The relative abundance of the protein spots was
is shown in Table 2. More than 97% of spots had a sequence
coverage exceeding 10%. Identification was validated by
agreement between the apparent Mw and pl determined
from 2-D gels, and the theoretical values of the identified
proteins (AMw <20% or Apl <0.5).

Classification of the differentially accumulated proteins
in the soybean seed The differentially accumulated proteins
were classified in terms of their physiological functions
using information from PubMed (22) and the swiss Prot/
TrEMBL protein knowledgebase (23). As shown in Fig. 3,
half of the proteins identified were storage proteins, and
other groups were involved in metabolic, defense (reactive
oxygen species: ROS), cell growth and division, transporter,
and the many other proteins.

Storage proteins are largely responsible for the nutritional
and physicochemical properties of soybeans. Recently,
Natarajan et al. (13) applied a combined proteomic approach
for separation, identification, and comparison of 2 major
storage proteins, B-conglycinin and glycinin, in wild (G
soja) and cultivated (G max) soybean seeds. They reported
that the total number of storage protein spots detected in

wild and cultivated genotypes was approximately 44 and
34, respectively. In this study, 54% of the proteins
identified are involved in storage protein, such as [-
conglycinin  chain precursor, glycinin G1 precursor,
glycinin G2 precursor, glycinin G3 precursor, glycinin G3
subunit, and glycinin G4 precursor. Many of storage
proteins were multiply spotted, which is similar to other
reports (4,24). The variation in the distribution of the
protein spots could be due to post-translational modifications
or proteolysis. However, the conglycinin and glycinin
classes of storage protein belong to multigene families,
thus the genetic redundancy is another possible explanation
for the multiple isoelectric species observed within these
protein classes (25). The B-conglycinin is encoded by a
gene family of at least 15 highly homologous genes.
Glycinin has 5 nonallelic genes, which code for 5 glycinin
protein precursors, G1, G2, G3, G4, and G5, respectively
(25). Interestingly, significant differences in the accumulation
of the subunits of B-conglycinin and glycinin were evident
between ‘Agakong’ and each of the parental lines. Most of
the subunits of the storage proteins accumulated at higher
amounts in ‘Eunhakong’ or ‘KLLG10084’ line when compared
to the ‘Agakong’. In contrast, 2 protein spots (#35 and #37)
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Fig. 2. Continued

were more abundant in ‘Agakong’ than in the parental
lines. The large amount of variation in seed protein
composition among 3 genotypes may be due to a different
complement of genes in the wild genotype that control
expression of B-conglycinin and glycinin as compared to
the cultivated genotype (26).

We observed that 12% of the proteins identified are
involved in cell growth and division, including seed
maturation protein and dehydrin. Both seed maturation
protein PM36 and PM31 content of the ‘Agakong’ were
higher than those of the ‘Eunhakong’ and the ‘KLLG10084°.
In contrast, dehydrin is relatively more abundant in
‘Ennhakong’ when compared to the other lines. Dehydrin,
a group of highly hydrophilic proteins, are distributed in a
wide rage of organism including the higher plants, yeast
and cyanobacteria. The distinct differential accumulation
may influence in plant growth and in stress tolerance.

A cluster of glutathione S-transferase (GST) was also
identified during the course of this work. The abundance of
the GSTs was varied, with ‘Agakong’ showing the least
accumulation of GST17. In contrast, intensities of GST12
and GST7 were higher in ‘Agakong’ as compared to the
parental genotypes. In plants, GST activity protects cells
form a wide range of biotic and a biotic stresses including
pathogen attack, xenobiotic toxicity, and oxidative stress. A
large diversity of isoforms accounts for both the wide array
of substrates recognized and the varied catalytic properties
of different GSTs.

In conclusion, we used 2-D electrophoresis in conjunction
with quantitative image analysis and sequencing mass
spectrometry to investigate discrepancies in the protein
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Fig. 3. Classification of the differentially accumulated proteins
identified. Pie charts representing the distribution of the 41
identified proteins according to their biological functions.
Assignments were made on the basis of information from the
NCBI (www.ncbi.nlm.nih.gov.PubMed) websites.

profiles of ‘Agakong’ as compared to parental genotypes
‘Eunhakong’ and ‘KLG10084’. The overall distribution
pattern of proteins is quite similar, but lots of protein spot
intensities varied among the genotypes. Therefore, we
identified selected protein spots appearing strikingly
different abundance. In this study, we showed that a high
degree of electrophoretic heterogeneity of 2 storage
proteins, B-conglycinin and glycinin, exists among the
genotypes. The accumulation of most of the subunits tested
was higher in the parental lines as compared to the
‘Agakong’. In addition, we demonstrated that ‘Agakong’
have significantly higher isoflavone content than its parents,
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Table 2. Differently expressed proteins in ‘Agakong’, ‘Eunhakong’, and ‘KLG10084°"

Relative intensity

No Identified protein Score Cozi;r)a & Acc:]iswn Mw/(l;Da) ‘Eunha ‘KLG10 ‘Aga
’ P kong” 084  kong’
Cell growth/division (5)
1 Acyl-CoA oxidase 137 12.6 gi|15553480 74/8.3 100 0.1 0.5
2 Seed maturation protein PM36 4,335 30.5 2i/5802242 25/5.3 18.7 61.8 100
3 Seed maturation protein PM31 37.9 16.3 gi[4838149 17/4.6 68.4 23 100
4 Dehydrin 434219 49.2 gi37495457 23/6.0 100 0.5 59.6
5 Dehydrin 20.4 22.6 gi[37495457 23/6.0 100 68.1 6.2
Metabolism (3)
6 Cyclin-dependent kinase inhibitor 151 40.0 gi/42362358 22/5.9 64.6 503 100
7  Delta l-pyrroline-5-carboxylate synthetase 1,632 39.2 2i|57283666 30/5.8 100 255 547
8 Phosphoenolpyruvate carboxylase kinase 937 15.0 gi|23297175 30/6.1 2.1 100 1.3
Defense (4)
9 Glutathione S-transferase GST 12 65.5 26.4 gi|11385439 26/5.9 37.7 352 100
10 Glutathione S-transferase GST 17 45.1 28.8 gi|11385449 26/6.4 28.1 100 1.2
11 Glutathione S-transferase GST 17 22.1 17.0 gi|11385449 26/6.4 100 0.0 52.3
12 Glutathione S-transferase GST 7 114 222 gi|11385429 26/6.9 51.2 1.0 100
Transporter protein (4)
13 Lectin precursor (Agglutinin) (SBA) 21,453 425 gi|126151 30/5.7 432 100 76.6
14 Lectin precursor (Agglutinin) (SBA) 1,545 29.8 gi|126151 30/5.7 55.3 100 89.4
15 Lectin precursor (Agglutinin) (SBA) 473 242 gi|126151 30/5.7 426 376 100
16  Lectin precursor (Agglutinin) (SBA) 3,915 30.2 gi|126151 30/5.7 100 95.0 79.0
Storage protein (22)
17 B-Conglycinin, 3 chain precursor 1.45x10° 39.8 gi|121282 50/5.9 82.9 100 81.9
18  B-Conglycinin, B chain precursor 1.13x10° 36.2 gi|121282 50/5.9 64.1 100 52.8
19  B-Conglycinin,  chain precursor 498,132 43.1 gi|121282 50/5.9 36.2 100 52.7
20  Glycinin G4 precursor 2.95x10° 53.6 gil121279 24/4.5 10.7 100 315
21 Glycinin G1 precursor 698 13.9 gil121276 55/5.9 3.8 100 53
22 Glycinin G1 precursor 2,058 244 gi[121276 55/5.9 49 100 8.8
23 Glycinin G2 precursor 66.5 14.4 gi|121277 54/5.5 0.3 100 1.0
24 Glycinin G2 precursor 61.1 14.6 gi|121277 54/5.5 100 1.2 0.2
25 Glycinin G2 precursor 137 19.8 2il121277 54/5.5 100 383 224
26 Glycinin G2 precursor 37.7 12.2 gil121277 54/5.5 100 19.9 83
27  Glycinin G3 precursor 512 20.8 gi|121278 54/5.7 100 132 11.9
28  Glycinin G3 precursor 1,268 19.1 gil121278 54/5.7 100 20.0 12.7
29  Glycinin G3 precursor 605 16.4 gi|121278 54/5.7 100 40.0 35.6
30  Glycinin G3 subunit 1,677 9.4 2il121278 54/5.3 100 562 509
31  Glycinin G3 subunit 18,022 18.0 gil121278 54/5.3 87.0 100 423
32 Glycinin G3 precursor 441 19.3 gi|121278 54/5.7 100 24.6 8.6
33 Glycinin G3 precursor 122 28.1 gi|121278 54/5.7 100 0.9 0.1
34 Glycinin G3 precursor 217 17.0 gi|121278 54/5.7 100 65.4 0.3
35  Glycinin G3 precursor 35.6 12.1 gi|121278 54/5.7 17.7 61.7 100
36  Glycinin G4 precursor 122 14.9 gi|121279 63/5.3 0.4 100 0.8
37  Glycinin G4 precursor 14,790 23.5 gi|121279 63/5.3 28.2 87.1 100
38  Glycinin G4 precursor 620 13.3 gi|121279 63/5.3 35.1 100 62.7
Signal transduction/cell signal (1)
39  Trypsin inhibitor A precursor 3,464 26.4 gi|125020 24/5.0 229 100 94.8
Unknown (2)
40  Grrl 34.0 14.2 i|2407790 73/8.0 0.2 100 0.6
41  60S Acidic ribosomal protein PO 76.6 17.8 gi|1710587 34/5.2 100 0.6 54.3

DThe MS spectra of protein digests were compared with the NCBInr database using the MS-FIT database-searching program. Protein names and
functions have been assigned according to PubMed and Swiss-Prot/ TrEMBL. Results are means of 3 independent experiments performed for each
condition. The spot numbers are identical to those given in Fig. 2.
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‘Eunhakong’ and ‘KLLG10084’. Unfortunately, we could not
find out protein participated in the fortification of isoflavone
accumulation. Nevertheless, our study demonstrated that the
comparative studies of the proteins in soybeans would help
us to understanding the evolutionary relationship between
them.
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