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Local soybean cultivar “Nannong 94-16” was treated with NaN3-
60Co� ray and EMS separately, and two 

curled cotyledon mutants were obtained. Local soybean cultivar “TSB” was treated with 60Co� ray and 
one curled cotyledon mutant was obtained. Two-dimension electrophoresis analysis was employed to 
determine the differential proteins between three mutants and their wild types. The results showed that 
there were three common differential protein spots between the mutants and their wild types. Further 
analysis suggests that the two increased protein spots in mutants were both globulin subunit 
G3/A1aB1b, while the decreased protein spot in mutants was lectin. These results indicate that there 
may be an association between protein components (glycinin subunits G3/A1aB1b, lectin) and the 
curled cotyledon phenotype in soybean. 
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INTRODUCTION 
 
Soybean [Glycine max (L.) Merri.] is one of the most 
economically important crops in the world (Wilcox, 2004). 
Accumulation of specific proteins and other compounds 
for nutrient storage to high levels is one of the characte-
ristic events during seed development. Improvement of 
storage protein in seed is being given more and more 
attention all over the world (Kim et al., 1990).  

Protein is the performer of life activity, the change of 
plant morphology corresponds with the change of relative 
proteins. Cotyledon is one of the most important organs 
of growth and metabolism for seeds germinating. Mutants 
are good materials to carry out the molecular biology 
studies. Many important discoveries have been obtained 
from mutant research. Some research about the charac-
ters of cotyledon mutant in many plants is developing. For 
example, there was cup-shaped cotyledon mutant in 
Arabidopsis (Aida et al., 1999; Kwon et al., 2006) and 
single cotyledon mutant in pea (Liu et al., 1999). How-
ever, there have been a few reports related to cotyledon 
mutant in soybean. The curled cotyledon soybeans used 
in this research  are  novel  soybean  discovered  through  
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physical and chemical mutagenesis. For a better under-
standing of the consequences of genetic phenomena, 
elucidation of the protein composition is necessary 
because of its direct relationship to phenotype (Skylas et 
al., 2000). 

In recent years, the applications of proteomic tools 
have become popular, and the tools are powerful metho-
dologies for detecting and examining changes in protein 
composition accurately. The tools have been extensively 
used in examining the composition of both natural and 
transgenic soybean storage protein profiles and deter-
mining seed qualities of soybeans, and have been used 
on development research (Kerim et al., 2003) and indu-
cible expression of resistance (Imin et al., 2004). 

The main objective of this work was to gain further 
understanding of the influence of curled cotyledon on the 
seed storage protein components in soybean by com-
parative proteomics research on curled cotyledon mutant 
obtained by three different physical and chemical muta-
genesis events. 
 
 
MATERIALS AND METHODS 
 
Plant materials  
 
Local soybean cultivars “Nannong 94-16” and “TSB” were  provided  
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Figure 1.  Appearance of wild types and curled cotyledon mutants. The upper row showed mature 
seeds. The under row showed seeds without seed coats 1 h after imbibitions. (A) and (F): cv. 
“Nannong 94-16”. (B) and (G): MU1, obtained by treating “Nannong 94-16” with NaN3-60Co� ray and 
detected from M3 generation. The seeds of this mutant have their cotyledons curled outwards, and it 
also showed curled cotyledons in seedling period, until the cotyledons abscise. (C) and (H): MU2, 
obtained by treating “Nannong 94-16” with EMS, and detected from M2 generation. The phenotype of 
the MU2 is similar to MU1. (D) and (I): cv. “TSB”. (E) and (J): MU3, obtained by treating “TSB” with 
60Co� ray, and detected from M7 generation. The seeds of this mutant have their cotyledons curled 
outwards, and its germ only link with one of the cotyledons. 

 
 
 
by National center for soybean improvement in Nanjing Agricultural 
University in China. The curled cotyledon mutant was obtained by 
treating “Nannong 94-16” with NaN3-60Co� ray and detected from 
M3 generation, named as MU1 (Han et al., 2008). The seeds of this 
mutant have their cotyledons curled outwards, and it also showed 
curled cotyledons in seedling period, until the cotyledons abscise. 
Another curled cotyledon mutant was obtained by treating 
“Nannong 94-16” with EMS, and detected from M2 generation, 
named as MU2. The phenotype of the MU2 is similar to MU1. The 
third one was obtained by treating “TSB” with 60Co� ray, and 
detected from M7 generation, named as MU3. The seeds of this 
mutant have their cotyledons curled outwards, and its germ only link 
with one of the cotyledons (Figure 1).  
 
 
Chemicals  
 
Chemicals for electrophoresis included acrylamide, bis-acrylamide, 
sodium dodecyl sulfate (SDS), TEMED, ammonium persulfate, 
thiourea, CHAPS, urea, ampholytes, Tris-HCl (pH 8.8), �-
mercaptoethanol (�-ME) and trichloroacetic acid (TCA). IPG strips 
were purchased from Bio-Rad Laboratories. Water from a Millipore 
Milli-RO6 reverse osmosis system was used for making all 
solutions. 
 
 
Isolation of soybean seed protein  
 
Total protein was isolated from soybean seeds. Dry seeds (1 g) 
were pulverized into a fine powder by a mortar and pestle in the 
presence of liquid nitrogen and then were incubated with 10% (w/v) 
TCA and 20 mM DTT in acetone at -20oC for 1 h. The precipitated 

proteins were resuspended and washed with ice-cold acetone 
containing 20 mM DTT to remove pigments and lipids until the 
supernatant was colorless. The protein pellet was dried under 
vacuum, suspended in buffer containing 7 M urea, 2 M thiourea, 4% 
(w/v) CHAPS, 0.2% (v/v) carrier ampholyte (pH 4.0-7.0), and 
cocktail protease inhibitor. Samples were mixed in a vortex mixer 
for 30 s and supersonic treated using VCX600 for 3 min. The 
insoluble tissue was removed by centrifugation at 15000 g for 15 
min. The supernatant was stored at -80oC. Protein concentration 
was determined according to Bradford (Bradford, 1976), with bovine 
serum albumin (BSA) as a standard. 
 
 
2-D electrophoresis and image analysis 
 
pH gradient (IPG) strips (7 cm, pH 4.0-7.0, linear gradient) were 50 
v rehydrated at 20oC for 12 h with 150 �l rehydration buffer [7 M 
urea, 2 M thiourea, 4% (w/v) CHAPS, 0.2% (v/v) carrier ampholyte, 
1% (w/v) DTT ] containing 0.7 mg proteins in every sample. 
Focusing was carried out in a Bio-Rad Protein IEF Cell. The voltage 
setting was 250 V for 30 min, 500 V for 30 min, 4000 V for 3 h, and 
4000 V for 20,000 volt h. After IEF, strips were equilibrated for 2 × 
10 min in 6 M urea, 30% (v/v) glycerol, 5% (w/v) SDS in 0.05 M 
Tris-HCl (pH 6.8) containing 1% (w/v) DTT for the first equilibration 
step and 2.5% iodoacetamide for the second equilibration step, and 
then were transferred onto a 12% polyacrylamide gel. Electropho-
resis was performed in Tris/glycine/SDS buffer on Mutiphor system 
(Amersham Pharmacia Biotech) according to the manufacturer’s 
recommendations. For calibration, low-molecular weight marker 
proteins (Amersham Biosciences) were applied on the gel via a 
small piece of filter paper. Gels were stained overnight with 
Coomassie brilliant blue G-250 (Neuhoff et al., 1988)  and  scanned
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Figure 2. Proteomic comparison of the seed proteins of mutants and wild types with Coomassie Brilliant Blue G250 
staining. Isoelectric points (pI) and molecular mass (in kDa) are noted. The two squared protein spots are up-
regulated protein in mutants. The circled protein spots are down-regulated proteins in mutants. (A) cv. “Nannong 94-
16”. (B) MU1, obtained by treating “Nannong 94-16” with NaN3-60Co� ray and detected from M3 generation. (C) MU2, 
obtained by treating “Nannong 94-16” with EMS, and detected from M2 generation. (D) cv. “TSB”. (E) MU3, obtained 
by treating “TSB” with 60Co� ray, and detected from M7 generation. 

 
 
 
using VersaDoc image system (Bio-Rad). Of all samples, three 
replicate gels were analyzed using PDQuest software (v730, Bio-
Rad). The gel with most amounts of protein spots was selected as 
reference gel. 

Image analysis was carried out with PDQuest software (v730, 
Bio-Rad), which allows spot detection, quantification, and spot 
matching among multiple gels. To compensate for subtle diffe-
rences in sample loading, gel staining, and destaining, the volume 
of each spot was normalized as relative volume. This normalization 
method provided by PDQuest software divides each spot volume 
value by the sum of total spot volume values to obtain individual 
relative spot volumes. 
 
 
Identification of differential proteins with bioinformatics 
resources 
 
2D-PAGE image was compared to the existing soybean gel for pI 4-
7. (http://oilseedproteomics.missouri.edu/soybeandata_thelen/ 
soybeangelpi47/soybean47_modified.html) (Natarajan et al., 2006). 
Results can be viewed through list of identified 2-D proteins spots 
by peptide mass fingerprint (MALDI-TOF-MS). 
 
 
RESULTS 
 
In this study, we applied 2D-PAGE with pH gradient (IPG) 
strips (pH4.0-7.0) to study and compare the protein 
compositions between curled cotyledon mutants and their 
wild types. We compared and analyzed one hundred and 
forty nine distinguishable protein spots appeared in 2D-
PAGE. In condition of the same loading quantity of pro-

tein samples, we chose proteins which color intensities 
differ for over three times and considered them different. 
We divided five images into three groups and carried out 
comparative analysis: “Nannong 94-16” (Figure 2A) and 
MU1 (Figure 2B); “Nannong 94-16” and MU2 (Figure 2C); 
“TSB” (Figure 2D) and MU3 (Figure 2E). 
MU1 has fourteen spots down-regulated and sixteen 
spots up-regulated than “Nannong 94-16”; MU2 has eight 
spots down-regulated and fourteen spots up-regulated 
than “Nannong 94-16”; MU3 has twenty spots down regu-
lated and eight spots up-regulated than “TSB”. 

We also compared the increased spots of the three 
groups above, as well as the decreased spots, and 
search for all the protein spots that increased or de-
creased in mutant compared to wild types. These three 
mutants shared cotyledon curled characters. Besides, 
there may be other mutation characters and further re-
search is ongoing. The discoveries of all the protein spots 
that increased or decreased in mutant compared to their 
wild indicate that these spots are correlated with the 
curled cotyledon character. The results indicated that 
there were two increased protein spots of all mutants 
compared to their wild types; these spots were marked by 
squares; and there was one decreased protein spots of 
all mutants comparing to their wild types, marked by a 
circle (Figure 2). The result of identification indicated that 
the increased two protein spots in mutants are both gly-
cinin protein subunits G3/A1aB1b, and the decreased 
protein spots is lectin. 
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DISCUSSION 
 
The three protein spots that were discovered from 2-D 
gels may be correlated with curled cotyledon mutants. 
The result preliminarily illustrates correlations between 
curled cotyledon and the seed storage proteins. Curled 
cotyledon mutants have more glycinin subunit 
G3/A1aB1b and less lectin than their wild type. 

Before this, there was some other research about the 
correlation between seed trait and seed reserve de-
position. The shriveled seed trait is associated with seed 
reserve deposition. SDS-PAGE analysis of severely 
shriveled seed of a mutant showing a reduced level of a 
polypeptide of 48 kD molecular weight has been identi-
fied as the �-subunit of the 7S storage protein (Honeycutt 
et al., 1989). Here, the result showed that curled coty-
ledon mutants have more glycinin subunit G3/A1aB1b 
and less lectin than their wild type in this work. Our work 
also demonstrated that proteomic analysis in general 
could help to define specific changes in protein composi-
tion, which can occur in the mutants. The comparative 
studies of the storage proteins of mutant and their wild 
type would help us to understand the relationship bet-
ween morphology of cotyledon and the storage proteins. 
The result showed that there is close relationship bet-
ween seed trait and seed storage protein. 

Storage protein accounts for approximately 40% of 
seed dry weight in soybean and it serves as an important 
protein source for human food (Krober et al., 1962; 
Nielsen et al., 1996). During seed germination and early 
growth, the young plant is nutritionally dependent on sto-
rage compounds in the cotyledons. The storage proteins 
of the soybean cotyledon are degraded and mobilized 
during germination and seedling growth (Wilson et al., 
1986), and they serve as sources of both nitrogen and 
carbon.  

The soybean globulin and the agglutinin are the 
important seed protein. Glycinin, the most abundant sto-
rage protein of soybean, may represent as much as 10 to 
15% of the dry weight of mature seed (Hill et al., 1974; 
Derbyshire et al., 1976). In addition, lectins are 
carbohydrate-binding proteins found at moderately high 
levels in the seeds of many plants, including soybean. 
Lectins are also soybeans’ significant anti-nutritional fac-
tors (Friedman et al., 2001). Apart from also being 
significant storage proteins, lectins take part in the ex-
tension and growth regulation of cell walls, transporting 
carbohydrate, partake in infection nodulation of legume-
nous plants, act as significant factors of plant cells, and 
possess enzymatic functions.  

Some of the genes affecting seed morphology or seed 
composition that have been described in Arabidopsis and 
pea. A wrinkled-seeded mutant of Arabidopsis is caused 
by a splicing mutation in a gene that encodes an APETA-
LA2/ethylene-responsive element binding (EREB) 
transcription factor (Cernac et al., 2004). However, seed 
developmental processes in pea are affected by the sin-
gle cotyledon (sic) and cytokinesis-defective  (cyd)  muta- 

 
 
 
 
tions that produce enlarged cells, mainly in the coty-
ledons, and by mutations that do not allow the seed to 
complete a normal developmental program (Johnson et 
al., 1994). Related genes of curled cotyledon need further 
research on this basis. 
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