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Verifying the Dyanamism of Protein Anabolism and
Catabolism in 3 -conglycinin-rich, Glycinin-deficient Species of Soybean

Tomiko ASAKURA, Tomoko TAMURA and Kaede TERAUCHI

Graduate School of Agricultural and Life Sciences The University of Tokyo, Tokyo 113-8657

ABSTRACT

Comprehensive analyses on gene expression profiles in two soybean species,
Tozan 205 as a glycinin-lacking cultivar and Tamahomare as its parental species,
were conducted using DNA microarray technique. The analysis was focused on
four different stages of seed maturing such as small pods and maturing seeds
with sizes of 2 mm, 5 mm and 12-13 mm. In both Tozan 205 and Tamahomare,
the gene expression profiles varied depending on maturing; in early maturing
stage, transcription factors such as WRKY and MYB were expressed more in
Tamahomare than in Tozan 205. In the final "edamame" stage, seed maturation
proteins; 35 KDa, PM30, PM22, as well as glutathione S-transferase (GST)
and ascorbate peroxidase (APX) were expressed more in Tozan 205 than in
Tamahomare. Throughout the maturity significantly higher expressions of GST and
APX were found in Tozan 205 (11S deficient species) than in Tamahomare. These
results suggest that a molecular event of glycinin deficiency affects glutathione
metabolism in which both of these two genes are involved. Soy Protein Research,
Japan 12, 51-57, 2009.
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Fig. 1. SDS-PAGE of seed proteins from Tamahomare
and Tozan205 during maturation.
A; Tamahomare, and B; Tozam205.
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Fig. 2. Expression of mMRNA of 11S and 7S globulin in Tamahomare and Tozan205 during maturation.
Each subunit was shown as follows, G1; AlaB2, G3; AlbBlb, G4; A5A4B3, G5, A3B4,CL, 3 ,C2,a ', C3a '
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Fig. 3. Clustering of Tamahomare and To0zan205 using three normalization methods.
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Table 1. Genes expressed in Tozan205 more than Tamahomare

Spod

rownames (data)

FDR accesion No.

Gene Title

1GmaAlx.86592.2. at
2GmaAlx.2501.2._at
3Gma.1490.1._at
4Gma.l555.1._a_at

5GmaAlx.34058.2._s_at
6 GmaAlx.93603.1._s_at

7Gmab139.1._at
8Gmad48.1l_at
9Gma.l7.1._at

10GmaAlx.91098.1._s_at
11 Gma.4089.2._at

12 Gma.2553.1._at

13GmaAlx.81605.1._at
14 GmaAx.93509.1._s_at
15Gmab5331.1._a_at
16 GmaAx.93424.1_s_at
17GmaAlx.93424.1._x_at
18Gma.10849.1._at
19GmaAlx.17284.1. s at

0.014 CAB853313
0.050 AW308782
0.099 AB000097.1
0.019 CD412630
0.080 BM177830
0.092 CF809328
0.011 AF243376.1
0.001 L35272.1
0.032 U21724.1
0.006 CF806823
0.048 BM528127
0.063 CD392860
0.028 BE475230
0.072 CF808510
0.049 B1892702
0.035 CF809149
0.054 CF809149
0.087 B1968376
0.068 BE659740

Ascorbate peroxidase

CBF-like protein

class Il acidic endochitinase

early light-induced protein

enzymatic resistance protein

ferritin light chain

glutathione S-transferase GST 21

heat shock protein

Hsp22.5

Hsp23.9

Low molecular weight heat shock protein Hsp23.9 (Gmhsp23.9)
MYB transcription factor MYB134

MYB transcription factor MYB50

NAC domain protein

NAC domain protein NAC4

polyubiquitin

Polyubiquitin, partial

Serine glyoxylate aminotransferase 2 (SGT2)
Transcription factor (WRKY56)

ww g Jo sueag

rownames (data)

FDR accesion No.

Gene Title

1Gma.13030.1._a at
2GmaAlx.86592.2._at
4Gma188.1_at
5Gma.10579.1._at
6Gma.2912.1._s at
8Gma.l555.1.1 a at
9Gma.436.1.1_at

10 GmaADx.63499.1._at
11 GmaAx.38581.1._s_at
12 GmaAlx.90035.1._at
13Gma.226.1._s_at
14Gma.75351_a_at
15Gmal17364.1._at

16 Gmab5139.1._at
17Gmad434.1l._a at
18Gma3233.1._s_at
19Gma.2270.1._s_at
20Gma.15487.1._at

0.003 Al748012
0.005 CA853313
0.007 D17396.1
0.022 BE822946
0.025 AF117884.1
0.028 CD412630
0.044 CD398858
0.048 BG237862
0.048 CD412199
0.050 CF805760
0.053 X60772.1
0.062 BQ613041
0.065 CAB03078

Kunitz trypsin inhibitor

Ascorbate peroxidase

albumin 1

Clone se2.11d12 CCAAT-box binding factor HAP3 B domain
seed maturation protein PM30

early light-induced protein

homolgous to Bowman-Birk Proteinase Inhibitor
Transcription factor LEC1-A (LEC1-A)

BURP domain-containing protein

FAD-linked oxidoreductase 2

24 kDa oleosin isoform

malonyl-CoA: isoflavone 7-O-glucoside-6"-O-malonyltransferase
24 kDa oleosin isoform (partial) (clone P24/89)

0.068 gh:AF243376.1 glutathione S-transferase GST 21

0.079 AF167986.1
0.087 M64267.1

0.089 AB030838.1
0.097 gh:D63781.1

cysteine proteinase
Fe-superoxide dismutase
beta-conglycinin alpha-subunit
epoxide hydrolase

15 rownames (data) FDR accesion No. Gene Title
3 1GmaADlx.865922.S1 _at 0.000 CA853313 Ascorbate peroxidase
3 2G6mal0961.1 0.003 CA953128 3-deoxy-D-manno-octulosonic acid transferase-like protein
rownames (data) FDR Target Description Gene Title
1Gma.8445.1._at 0.000 AB084260 basic 7S globulin isoform
2GmagB535.1._at 0.000 AF009953 35 kDa seed maturation protein
3Gma.1502.2._a_at 0.006 B1974382 glutathione S-transferase GST 14
4Gmadg.l_at 0.006 AF004809 Ca+2-binding EF hand protein
m S5G6Gmal70.l_at 0.007 AF115314 seed maturation protein PM22
S 6Gma2044.1._at 0.007 M94012 dehydrin-like protein /// maturation-associated protein
g 7GmaAlx.86592.2,_ at  0.015 CA853313 Ascorbate peroxidase
g 8Gma4089.1._s_at 0.015 U21722 Hsp23.9

9GmaAx.24684.1._at
10Gmal77.1._at
11Gma.16827.1.1_at
12Gma3.l._at
13Gmaghs17.1._at
14 GmaADx.92499.1. s at 0.082 CF809203

0.015 Al441040
0.016 AF004806
0.050 AF108084
0.069 L20806

0.072 AF243364

diacylglycerol acyltransferase /// diacylglycerolacyltransferase-1b
24 kDa seed maturation protein

iron-superoxide dismutase

maturation protein PM3

glutathione S-transferase GST 9

Win gene encoding wound-induced protein
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Table 2. Genes expressed in Tamahomare more than Tozan205

spod

rownames (data)

FDR accession No. Gene Title

1Gma.1256.1._at
2GmaADlx.51816.1._at
3GmaADx.73842.1._at
6Gma.17605.3._at
7GmaAx.36938.1._at
8Gma.744.1._at
9GmaAlx.92491.1. s at
10 GmaAx.7166.1. at
11 GmaALlx.39765.1._s_at
12Gma.2764.1._at
13Gma.17469.1._at
14Gma.9552.1._at
15GmaAlx.86361.1._s_at
16 Gma.9637.1._at
17Gma.8447.1._at
18Gma.2764.2._at
19Gmal7842.1_s at
20Gma.244.1._at
21 Gma.9552.2._at
22Gma4051.1._at

0.006 B1967912
0.008 BE804769
0.010 AW101957
0.023 BQO79859
0.023 BM085386
0.026 BE659214
0.037 CF808255
0.039 BU578286
0.039 BQ785586
0.039 BE612223
0.058 BU545678
0.066 AB086391
0.072 BG508205
0.077 AF529302
0.077 AB083032
0.081 AW424356
0.081 B1968693
0.081 BE822846
0.084 BU760670
0.086 L22162

WRKY46 protein

WRKY46 (WRKY46)

WRKY20 protein

Chalcone synthase 1

WRKYS5 protein

WRKY12 protein

Chalcone synthase 1

WRKY43 protein

hypothetical LOC547849

MYB transcription factor MYB117
transcription factor

hypothetical protein LOC548097
alternative oxidase 2b
polygalacturonase inhibitor protein
syringolide-induced protein B13-1-1
MYB transcription factor MYB122
calmodulin

alcohol dehydrogenase 1
Hypothetical protein
brassinosteroid-regulated protein

wiw g Jo sueag

rownames (data)

FDR accession

No.

Gene Title

1Gma.l104.1._at
2Gma.9828.1_at
3Gma.3160.1_at
4Gma.16437.1._at
5GmaAlx.84921.1._at
6 GmaADx.10340.1._x_at
7GmaAlx.92927.1. at
8Gma.b662.1._at
9Gma4374.2._x_at
10 GmaAx.44079.1._at
11 GmaAx.66982.1._at
12 GmaADx.46681.1._at
13GmaAx.89671.1._at
14Gma.9236.1._at

0.006 AW101582
0.017 AF529301
0.021 BG507816
0.024 M20038.
0.028 AF197947
0.030 S44202
0.031 CK606367
0.039 BM140147
0.064 BE658017
0.066 BE807836
0.073 CK606367
0.082 B1967918
0.090 CD397515
0.096 AB083031

cytosolic glutamine synthetase gamma2
hypothetical LOC547648

thiol-disulfide exchange intermediate

31 kDa protein

receptor protein kinase-like protein

repetitive proline-rich protein

28 kDa protein

thiol-disulfide exchange intermediate

Cultivar Sinpaldal 2 dihydroflavonol reductase
NAC domain protein (NAC19)

Vegetative storage protein mRNA (VSP25 gene)
cold-regulated protein

pectate lyase precursor

syringolide-induced protein 13-1-1

o rownames (data) FDR accession No. Gene Title
3 2Gma.1897.1._at 0.000 M36686 glycinin G1
3 4Gmald57.1_s_at 0.000 D00216 AZ2Bla precursor
6Gma4089.1._at 0.036 U21722 Hsp23.9
rownames (data) FDR accession No. Gene Title
1Gma.1897.1._at 0.000 M36686 glycinin Glproglycinin AlaBlb
2Gmal1857.1._at 0.000 D00216 A2Bla precursor
3Gma.8205.1._at 0.000 AB000168 glycinin A3B4
M 4Gmal857.1_s_at 0.001 D00216 A2Bla precursor
% 5Gma.1897.1_s_at 0.001 M36686 glycinin Glproglycinin AlaBlb
® 6Gmal6829.1. x at 0.042 AF047049 nodulin-26 /// putative channel protein 1SPCP1 protein
g 7Gmal527.1_a_at 0.056 B1968185 dihydroflavonol reductase

8Gma.10579.1._at
9Gma.l5543.1_s at
10Gma.1527.2._at
11 GmaAlx.92838.1. s at

0.060 BE822946
0.063 L22030

0.080 BE658017
0.084 CF806809

Clone se2.11d12 CCAAT-box binding factor HAP3 B domain
hydroxyproline-rich glycoprotein

Cultivar Sinpaldal 2 dihydroflavonol reductase
hydroxyproline-rich glycoprotein

56

0000o0oogndvol 12120090



ooooon

goooobobooooooooboOoozessooooooooooooooooooooooooo
ODNAODOOOOOOOOOOObOOoOOOoOOOOOOObOOOOOOOOOObObOOOOO
ooooobzmmO5SmmOd0O000O0O00O0O0000O0OODNAOOOOCOOOOODOOLCO
nusggooooboooobozessocooooooooooooooooooooooooooobooo

oooooooo

J000DoDoDoOo00o0oo0o0ooDoDoOOoOO0O00O0o0o0ooDOD0OD0OOOOdaoaoglutathione
S-transferasel] GSTO [0 ascorbate peroxidaseDO APXO OO OO O OO0OOOOOOO205000
000000OoGSTOUODAPXODOODODDOODODDOODODDOOODDOOOOODOOOOOO
MRNADO O ODODOD0ODO0OO0O0O0O0ODO0ODO0DO0OD0DO000000oooooOoo00ooooooboobooood

gooooooooo

gooogn

10 Harada K, Toyokawa Y and Kitamura K (1983):
oo00o0oUooooOoUooooousoooog
000000ooo0oO000oooogJapan. J.
Breed Sci., 33 (1), 23-30.

20 Hajika M, Takahasi S, Sakai S and Igita K (1996):
goooopooOoooOoysoooooboobo
Japan. J. Breed., 46 (4), 385-386.

30 Kitamura K, Davies CS, Kaizuma N and Nielsen
NC (1983): Genetic Analysis of a Null-Allele for
Lipoxygenase-3 in Soybean Seeds. Crop Sci., 23,
924-927.

40 Mochizuki Y, Maebuchi M, Hirotsuka M,
Wadahara H, Moriyama T, Kawada T and Urade
R (2009): Change in lipid metabolism by soy beta-
conglycinin-derived peptides in HepG2 cells. J.
Agric Food Chem., 57 (4), 1473-80.

0000doododdvol 12120090

50 May MJ, Vernoux T, Leaver C, Montagu MV
and Inze D (1998): Glitatjione homeostasis in
plants: implications for environmrntal sensing
and plant development. J. Experimental Botany, 49
(321), 649-667.

60 Davletova S, Rizfsky L, Liang H, Shenggiang,
Oliver DM, Coutu J, Shulaev V, Schlauch K and
Mittler R (2005): Cytosolic ascorbate peroxidase 1
is cetral component of the reactive oxygen gene
network of Arabidopsis. The Plant Cell, 17, 268-
281

70 Amazuhara M, Kim H, Hayashi H, Chino M, Kim
Sang-Gu and Fujiwara T (2002): Composition of
seed storage proteins changed by glutathione
treatment of soybeans. Biosci. Biotechnol. Biochem.,
66 (8), 1751-1754.

57



