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ABSTRACT: Cogon grass (Imperata cylindrica (L.) Beauv. var. major (Nees) Hubb.) is one of the top-ten weeds 
worldwide. It is also a C4 medicinal plant. In particular, an ecotype from Chuwei (CW) mangrove forest was found to 
be salt tolerant. Comparative proteomic analysis using two-dimensional (2D)-difference in gel electrophoresis coupled 
with liquid chromatography-mass spectrometry (LC-MS) was carried out to identify responsive leaf proteins in the 
CW ecotype and salt-intolerant Sarlun (SL) population following three days of 150 mM sodium chloride salt stress 
treatment. We identified five photosynthesis proteins including Rubisco small subunit, uncharacterized protein 
LOC100194054, Cyt b6-f, oxygen-evolving enhancer 2, and photosystem I reaction center subunit IV which were 
significantly up- or down-regulated by salt stress in CW ecotype but not SL population. Gene ontology enrichment 
analysis showed that photosynthesis was over-represented. The mass spectrometry proteomics data were deposited to 
the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD008482. Taken 
together, our proteomic study identified differentially accumulated proteins which provide additional evidence of 
ecophysiological variation in two natural variants of I. cylindrica. 
 
KEY WORDS: 2D-DIGE, C4 Plant, Cogon grass, Imperata cylindrica var. major, Photosynthesis, Salt stress. 
  

INTRODUCTION  
 

Abiotic stresses that include salt, heat, cold, and 
flooding all limit plant growth and reduce crop yields. 
Among these, salt stress affects plants the most because 
of two affective factors, osmotic stress and ion toxicity. 
Plants resolve the challenge of salt stress in different 
ways. One strategy is salt exclusion by reducing salt 
content in the cytosol through sodium proton antiporters. 
For example, Salt Overly Sensitive 1 (SOS1) transports 
sodium ions out of cells by the regulation of SOS2 and 
SOS3 (Zhu, 2003). Another strategy is to adjust osmotic 
potential by accumulation of compatible solutes i.e. 
proline (Slama et al., 2015). Plants also activate kinase-
mediated signal transduction pathways in response to 
salt stress. This usually accompanies downstream 
transcriptional activation of a series of stress-related 
genes (Shinozaki and Yamaguchi-Shinozaki, 2007). 
Moreover, antioxidants may play important roles in 
reactive oxygen species (ROS) homeostasis in 
halophytes (Bose et al., 2014). 

Photosynthesis in C4 plants differs greatly from that 
in C3 plants in that the C4 pathway (C4 cycle) is also 
involved in photosynthesis. The C4 pathway includes 
key enzymes phosphoenolpyruvate carboxylase (PEPC), 

malic enzyme, malate dehydrogenase, and pyruvate 
phosphate dikinase (PPDK) which increase the 
efficiency of photosynthesis in C4 plants (Sage et al., 
2012). A possible correlation between salt tolerance and 
the C4 pathway was proposed (Bromham and Bennett, 
2014); however, how C4 plants respond to salt stress is 
largely unknown. Studies have utilized a transcriptomic 
approach to identify salt-responsive genes and proteins 
in C4 plants. For example, expressions of genes in 
response to salt stress changes in maize (Zea mays) 
kernels were profiled (Andjelkovic and Thompson, 
2006). A late embryogenesis abundant (LEA) protein 
was up-regulated in response to dehydration. A 
transcriptomic study in Sorghum bicolor in response to 
dehydration, high salinity, and abscisic acid was carried 
out (Buchanan et al., 2005). They found clusters of genes 
with sequence similarity to dehydrins or LEA proteins 
were up regulated in response to abscisic acid (ABA), 
NaCl or polyethylene glycol (PEG). Expression of the 
gene for glycine-rich RNA binding protein is regulated 
by salinity in Sorghum bicolor (Aneeta et al., 2002). 

In addition to studies on transcriptional regulation, 
many studies have used proteomic approach and 
identified proteins responsive to salt stress in C4 plants 
(Zhao et al., 2013a, 2013b). In maize, salt-responsive 
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proteins were identified using proteomic tools (Zörb et 
al., 2009, 2010). These include proteins involved in 
primary metabolism, energy, protein synthesis, 
secondary metabolism, disease/defence, and signal 
transduction. In Sorghum bicolor seedlings, a proteomic 
study found salt-responsive proteins (Ngara et al., 2012). 
In a C4 dicot, Amaranthus cruentus, differentially 
accumulated proteins were identified in a proteomic 
study (Joaquin-Ramos et al., 2014). They found that A. 
cruentus var. Amaranteca could be better classified as a 
C3-C4 photosynthetic plant. A sensitive gel-based 
technique, 2D-difference in-gel electrophoresis (2D-
DIGE), is based on labeling of two biologically different 
samples by Cy3 and Cy5 dyes individually, followed by 
combination of the samples for 2D-polyacrylamide gel 
electrophoresis (PAGE) analysis (Arruda et al., 2011; 
Nanjo et al., 2011). The differentially detected 
fluorescence of proteins indicates protein abundance in 
the two independent samples. The 2D-DIGE has been 
utilized in quantitative analysis of proteomes of salt-
stressed plants, including C3 plants - Arabidopsis 
(Arabidopsis thaliana) (Ndimba et al., 2005), rice 
(Oryza sativa) (Song et al., 2011), and wheat (Triticum 
aestivum) (Gao et al., 2011), but not in C4 plants. 

Imperata cylindrica is a top-ten weed worldwide and 
a C4 plant (Holm et al., 1977). It is widely used as a 
medicinal plant in Asia (Matsunaga et al., 1994; Kumar 
et al., 2011). The medical uses of I. cylindrica relies on 
its rhizomes (Sripanidkulchai et al., 2001; Yoon et al., 
2006). Imperata cylindrica (L.) Beauv. var. major (Nees) 
Hubb. is widely distributed in Taiwan (Hsu, 1975) and 
also grows in the Chuwei (CW) mangrove salt marsh 
wetland. The leaf structure of I. cylindrica from CW 
examined by scanning electron microscopy (SEM) 
differed from other populations. The stele was empty 
and the surface of the lower stem was covered with 
epicuticular wax instead of trichomes (Cheng and Chou, 
1997a). The polymorphism among populations was also 
analyzed by random amplified polymorphic DNA 
(RAPD) (Cheng and Chou, 1997b) and restriction 
fragment length polymorphism (RFLP) (Chou and Tsai, 
1990) on ribosomal DNA (rDNA) (Chiang et al., 1998; 
Tsai and Chou, 1999). The CW population was therefore 
identified as a unique ecotype of I. cylindrica in Taiwan 
based on molecular classification. Moreover, the CW 
ecotype was shown to be salt and flood-tolerant in a 
hydroponic system (Chang and Chou, 2006). For 
unknown reasons, the population size of the CW ecotype 
was found to be decreasing (Kao et al., 2011). A 
proteomic approach showed that three proteins were 
differentially expressed in CW and a salt-intolerant 
Sarlun (SL) population: enolase, chloroplast ferredoxin-
NADP(H) oxidoreductase, and mitochondrial malate 
dehydrogenase (Chang, 2008). However, the salt 
tolerance mechanism of the CW ecotype is unknown. 

To date, proteomic studies of salt stress response in 
C4 plants are limited. To investigate salt-responsive 
proteins in the salt-tolerant CW ecotype, proteomic 
analyses on salt-treated I. cylindrica were carried out in 
the present study. The CW ecotype and salt-intolerant 
SL population were used as plant materials for 
comparison. By use of 2D-DIGE, we identified several 
salt-responsive proteins. We found that the identified 
proteins are highly represented in the photosynthesis 
pathway. 

 

MATERIALS AND METHODS 
 
The study area: Sampling site and plant materials for 
salt stress treatment 

Imperata cylindrica (L.) Beauv. var. major (Nees) 
Hubb, cogon grass, was used as plant materials in this 
study. The CW mangrove salt-marsh wetland in Taipei, 
Taiwan, was selected as the first sampling site. Imperata 
cylindrica collected from SL sandy beach in Taipei was 
used as a control. Plants collected from the field were 
grown in pots in a greenhouse. For hydroponic culture, 
plants were transplanted to Kimura’s culture solution 
(Chang and Chou, 2006) aerated with an air pump for 
acclimation for 2 weeks. The culture solution was 
refreshed every week for hydroponic culture. After 2 
weeks, salt treatment was conducted with fresh culture 
solution containing 150 mM sodium chloride (NaCl) for 
three days. As a control, no NaCl was added. Leaf tissues 
were harvested for further proteomic analyses. Four 
biological replicates (R1–R4) were prepared and 
analyzed for the CW ecotype and the SL population (Fig. 
1).  

 
Extraction of proteins 

Proteins were extracted based on a phenol-based 
method as described by Torabi et al. (2009). One gram 
of leaf sample of I. cylindrica was ground to fine powder 
in liquid nitrogen with a mortar and pestle. The powder 
was resuspended directly in 2.5 mL of Tris pH 8.8 
buffered phenol and an equal volume of extraction buffer 
containing 0.1 M Tris-HCl pH 8.8, 10 mM EDTA, 0.4% 
2-mercaptoethanol, and 0.9 M sucrose. The homogenate 
was mixed for 30 min at 4°C and centrifuged afterwards 
at 5000 g at 4°C for 15 min. After removal of the phenol 
phase, proteins were precipitated with five volumes of 
ice-cold 0.1 M ammonium acetate in 100% methanol at 
−20°C overnight. The homogenate was centrifuged at 
5000 g at 4°C for 10 min. The protein pellet was 
transferred into a 1.5-mL microfuge tube after washing 
twice in 5 mL of ice-cold 0.1 M ammonium acetate in 
100% methanol. The protein pellet was further washed 
twice in 1 mL of 80% ice-cold acetone with 10 mM DTT 
and washed in 1 mL of 70% ethanol. Finally, the pellet 
was air-dried in a fume hood. 
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Fig. 1. Workflow of 2D-DIGE analysis of salt-stressed Imperata cylindrica leaf proteome. 

 
Proteins labeling with cyanine dyes 

A 1-mM stock of each CyDyes™ dye (GE Healthcare, 
USA) was diluted with anhydrous dimethylformamide to 
a working dye solution (400 pmol/μL) just prior to the 
labeling reaction. The extracted proteins were dissolved in 
lysis buffer containing 30 mM Tris pH 8.5, 7 M urea, 2 M 
thiourea, and 4% (w/v) CHAPS. Approximately 50 μg of 
proteins were mixed with 1 μL of Cy2, Cy3, or Cy5 (0.4 
mM), vortexed, and incubated on ice for 30 min in 
darkness. The reactions were quenched by addition of 1 
μL of 10 mM lysine, vortexed, and incubated on ice for 10 
min in darkness. 

 
Two-dimensional gel electrophoresis (2-DE) 

After the protein samples were labeled by CyDye, an 
equal volume of 2× sample buffer containing 8 M urea, 
130 mM DTT, 4% (w/v) CHAPS, and 2% (v/v) 
Pharmalyte™ 3-10 was added and left on ice for 10 min. 
Three prepared protein samples were combined. The 
volume of the combined labeled sample was adjusted to 
250 μL with standard rehydration buffer containing 8 M 
urea, 4% (w/v) CHAPS, and 1% (v/v) Pharmalyte™ 3-
10. For the first dimension, the adjusted labeled sample 
was subjected to isoelectric focusing (IEF) using a 13-
cm IPG strip (pH 3–10 linear) in the IPGphor™ 3 system 
(GE Healthcare) with a total of 12,040 V h voltage-hours 

applied. For the second dimension, the strip was 
equilibrated in the sodium dodecyl sulfate (SDS) 
equilibration buffer and resolved by 15% SDS-PAGE. 

 
2D-DIGE imaging analysis 

The Cy2-, Cy3-, and Cy5-labeled protein images were 
scanned by fluorescence scanner (Typhoon Trio+, GE 
Healthcare) using filters specific for each dye’s excitation 
and emission wavelength. The excitation wavelengths were 
Cy2: 488 nm, Cy3: 532 nm, and Cy5: 633 nm; and 
corresponding emission wavelengths were 520 ± 20, 580 ± 
15, and 670 ± 15 nm. The gel images were exported (in 16-
bit tagged image file TIFF format) for analysis. The gel 
images were submitted to REDFIN 2D Gel Image Analysis 
server (Ludesi, Malmo, Sweden, www.ludesi.com) for spot 
detection, matching, and analysis. 

 
Gel-based mass spectrometry (MS) sample preparation 

Protein spots excised from the stained 2D gels were 
subjected to in-gel digestion using MS-grade Trypsin Gold 
(Promega, Madison, WI, USA) overnight at 37°C. Tryptic 
digested fragments were extracted using 10 μL of Milli-Q 
water initially, followed by two extractions with a total of 
20 μL of solution containing 50% acetonitrile/0.1% 
trifluoroacetic acid. The combined extracts were dried in a 
vacuum concentrator at room temperature. 
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MS analysis and protein identification 
For protein spots excised from 2D gels, the ESI-

MS/MS mass spectrometers utilized for peptide analysis 
were a Thermo LTQ-Velos or LTQ-Orbitrap (Thermo 
Scientific, USA) in Taiwan. Peptide samples prepared 
from the CW ecotype were analyzed by LTQ-Velos. The 
tryptic peptide mixtures were injected into a nano-flow 
high-performance liquid chromatography system (Agilent 
Technologies 1200 series, Waldbronn, Germany) coupled 
to an LTQ-Velos mass spectrometer (Thermo Electron, 
Thermo Scientific, Waltham, MA, USA). The tryptic 
peptides were separated on an Thermo C18 column (100 
× 0.075 mm, 2.1 μm particle size) with mobile phases of 
0.1% formic acid in water (solvent A) and 0.1% formic 
acid in acetonitrile (solvent B) at a flow rate of 0.5 μL/min 
using a 30-min linear gradient of 5–35% solvent B. 
Peptide samples prepared from the SL population were 
analyzed by LTQ-Orbitrap. The tryptic peptide mixtures 
were injected into a nano-flow high-performance liquid 
chromatography system (Agilent Technologies 1200 
series) coupled to an LTQ-Orbitrap Discovery™ hybrid 
mass spectrometer with a nanoelectrospray ionization 
source (Thermo Electron). The tryptic peptides were 
processed as previous described separated on an Agilent 
C18 column (100 × 0.075 mm, 3.5 μm particle size) with 
mobile phases of 0.1% formic acid in water (solvent A) 
and 0.1% formic acid in acetonitrile (solvent B) at a flow 
rate of 0.5 μL/min using a 30-min linear gradient of 5% to 
35% solvent B. On both mass spectrometers, following 
each full scan (m/z range of 200–2000), a data-dependent 
acquired MS/MS scan for a series of precursor ions was 
selected on the basis of the conventional MS spectra 
(Survey Scan) triggered at high resolution (M/DM, 60,000 
full-width half-maximum). The former acquired the 
spectrum (CID or MS/MS spectra) for the fragment ions 
generated by CID, whereas the latter examined the 
accurate mass and the charge state of the selected 
precursor ion. 

The MS/MS fragmentation pattern was analyzed 
using the MASCOT v2.5 search engine 
(www.matrixscience.com) (Perkins et al., 1999). The 
search parameters were defined as follows: Database, 
NCBInr 20150912; Taxonomy, Viridiplantae (Green 
Plants); Enzyme, Trypsin; Variable modifications, 
phosphorylation; Peptide MS tolerance, ± 0.6 Da; 
Fragment MS tolerance, ± 0.6 Da and allowance of one 
missed cleavage site. Alternatively, CW- and SL-
specific local databases (created by RNA-seq, data not 
shown) were also searched. Peptides were validated 
using Scaffold software (Proteome Software, USA). The 
mass spectrometry proteomics data were deposited in the 
ProteomeXchange Consortium via the PRIDE partner 
repository with the dataset identifier PXD008482. 

 
Chlorophyll fluorescence measurement 

To compare efficiency of excitation capture by open 

photosystem II (the effective quantum yield of PSII or 
Y), we conducted chlorophyll fluorescence 
measurement with a portable, pulsed amplified 
modulation fluorometer (PAM-2000, Walz, Effeltrich, 
Germany) as described by Wu and Kao (2011). Before 
the measurement was taken, the plants were dark-
adapted for 30 min. The Y was determined under steady-
state illumination for 10 min: Y (Fm′ − Ft)/Fm′, where 
Fm′ is maximal fluorescence and Ft is steady-state 
fluorescence of illuminated leaf. 

 

RESULTS AND DISCUSSION 
 
Five photosynthesis proteins were significantly up or 
down-regulated by salt stress in leaves of salt-treated 
CW ecotype, but not in SL population 

A previous study showed that the CW ecotype was 
salt tolerant. In a hydroponic system, the CW ecotype 
survived but the SL population did not under 1% and 2% 
NaCl salt stress (Chang and Chou, 2006). Use of 1D 
Native gel-based analysis we identified three 
differentially expressed proteins among different I. 
cylindrica populations (Chang, 2008). However, the 
number of identified proteins remains limited. To 
systematically and quantitatively investigate the salt-
responsive proteins, 2D-DIGE was introduced. We 
carried out salt treatment on the CW ecotype in 150 mM 
NaCl hydroponic culture for 3 days. Total proteins from 
the CW ecotype were isolated by phenol-based method. 
Proteins from control and salt-treated groups were 
labeled with either Cy3 or Cy5 dye. The mixture of the 
combined protein sample was subjected to 2DE followed 
by laser imaging. After analyses of gel images using 
REDFIN (Ludesi) software, fold change of protein spot 
intensity was calculated. By measuring Cy3-labled 
protein spot intensity, Cy5-labled protein spot intensity 
and each normalized to Cy2-labled protein spot intensity, 
we further took Cy5/Cy3 ratio as fold change (DIGE 
ratio). Protein spots with differential abundance were 
excised from the gel followed by in-gel digestion and 
liquid chromatography tandem mass spectrometry (LC-
MS/MS) analyses (Fig. 1). A total of 26 protein spots 
showed differential abundance in response to salt stress 
(intensity fold change >1.65 or <0.60). The DIGE ratios 
are shown in Table S1. Of these 26 spots, 20 showed 
significant differential accumulation of proteins between 
CW and SL (ANOVA, p < 0.05). These spots were 
subjected to in-gel digestion followed by LC-MS/MS 
analyses. Among these protein spots, five proteins 
significantly up- or down-regulated by salt stress (t-test, 
p < 0.05) were successfully identified by MASCOT 
searching against the NCBI database (Fig. 2, Figure S1, 
Table 1 and 2). These included uncharacterized protein 
LOC100194054 (thylakoid lumenal 17.4-kDa protein, 
spots # 52 and 70), ribulose-1,5-bisphosphate 
carboxylase/oxygenase (Rubisco) small subunit (spot #  
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Table 1. Proteins identified in 2D-DIGE of leaf proteins isolated from salt-treated CW ecotype 
 

Spot # Protein name 
Accession 
number 

Experimental 
pI/MW 

Theoretical 
pI/MW 

Mascot 
score 

Unique  
peptide # 

Organism 
Fold Change 
(p value 1, 2) 

Metabolism        

178 
Plastidic aspartate 
aminotransferase 

gi|633095 6.32/42.97 8.62/50.48 1129 16 
 Panicum 
miliaceum 

1.66  
(0.07, 0.6) 

Signaling        

957 
General regulatory factor 
(14-3-3) 

gi|1345588 4.70/29.53 4.75/29.64 247 3 Zea mays 
1.86  
(0.28, 0.02) 

Stress        

 
Superoxide dismutase 
[Mn] 3.1, mitochondrial 
precursor  

gi|134668 6.40/20.77 6.71/25.21 248 2 Zea mays  

93 
Superoxide dismutase 
[Mn] 3.4, mitochondrial 
precursor  

gi|212722004 6.03/23.89 6.71/25.21 157 4 Zea mays 
5.16  
(0.16, 0.045) 

Photosynthesis        

61 

Ribulose-1, 5-
bisphosphate 
carboxylase/oxygenase 
small subunit 

gi|3914607 4.70/13.29 9.04/19.25 227 2 
Sorghum 
bicolor 

0.5  
(0.003, 0.02) 

11 
Hypothetical protein 
SORBIDRAFT_02g002690 
(OEE2) 

gi|242047384 6.23/23.38 8.63/27.72 725 5 
Sorghum 
bicolor 

2.07 (0.03, 
0.0005) 

27 
Hypothetical protein 
SORBIDRAFT_02g002690 
(OEE2) 

gi|242047384 5.60/23.65 8.63/27.72 529 5 
Sorghum 
bicolor 

2.48  
(0.38, 0.34) 

52 
Uncharacterized protein 
LOC100194054  

gi|212721648 4.54/17.68 7.44/24.15 1459 5 Zea mays 
1.76 (0.003, 
0.00005) 

70 
Uncharacterized protein 
LOC100194054  

gi|212721648 3.78/7.18 7.44/24.15 181 3 Zea mays 
0.51  
(0.02, 0.002) 

957 
Chloroplast oxygen-
evolving enhancer protein 
1, OEE1 

gi|383511664 4.70/29.53 5.59/34.78 1072 12 
Saccharum 
hybrid 
cultivar 

1.86  
(0.28, 0.02) 

199 Unknown (Cyt b6-f) gi|194702912 5.30/20.50 6.41/21.03 917 6 Zea mays 
0.59  
(0.01, 0.02) 

208 Unknown (Cyt b6-f) gi|194702912 6.23/12.52 6.41/21.03 217 3 Zea mays 
0.25 (0.005, 
0.00004) 

279 
ATP synthase CF1 beta 
subunit 

gi|227786 4.98/28.60 8.62/38.68 272 10 
Sorghum 
bicolor 

1.57  
(0.55, 0.76) 

470 
Photosystem I reaction 
center subunit IV 

 7.01/16.36 9.82/15.45 131 3 
Imperata 
cylindrica 

2.03  
(0.03, 0.009) 

666 
Photosystem I reaction 
center subunit VII 

 5.06/7.50 6.69/9.52 88 2 
Imperata 
cylindrica 

1.89  
(0.33, 0.3) 

Others        

201 Cyclophilin gi|242079005 4.24/41.25 4.83/46.69 497 14 
Sorghum 
bicolor 

1.77 
(0.07, 0.03) 

 

1. The first p value: p values of T-test for most proteins with significant differential abundance between control and salt-stressed plants 
are shown after fold change ratio.  
2. The second p value: p values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population 
are shown after fold change ratio.  
 
61), photosystem I reaction center subunit IV (spot # 
470), Cyt b6-f (spots # 199 and 208), and oxygen-
evolving enhancer 2 (OEE2) (spot # 11 and #27). The 
identified peptides are shown in Table S2. 

In addition, we identified proteins with significant 
differences in DIGE ratio between CW and SL, but not 
significantly up- or down-regulated by salt stress in CW: 
Mn superoxide dismutase (Mn-SOD3.4) (spot # 93) and 
cyclophilin (spot # 201) (Table 1 and 3). Moreover, we 
identified proteins with no significant difference in 
DIGE ratio between CW and SL: aspartate 
aminotransferase (spot # 178), ATP synthase beta 
subunit (spot # 279), and photosystem I reaction center 

subunit VII (spot # 666) (Table 1 and 4). The identified 
peptides are shown in Table S2. However, oxygen-
evolving enhancer 1 (OEE1) and 14-3-3 were identified 
in the same spot (# 957), and so the DIGE ratio is 
unknown for each protein. Both OEE2 and thylakoid 
lumenal 17.4-kDa protein were identified in two 
individual spots. However, spot # 70 appeared to be the 
degraded product of thylakoid lumenal 17.4-kDa protein. 
Photosystem I reaction center subunits IV (spot # 470) 
and VII (spot # 666) were identified by MASCOT 
searching against the local database. Interestingly, most 
of the proteins were in chloroplasts and involved in the 
photosynthesis pathway.



 Taiwania Vol. 63, No. 2 

 
 

176 

Table 2. Salt-regulated proteins with significant differences between salt-treated CW ecotype and SL population. 
 

Spot # CW, SL Protein name 
Accession 
Number CW, SL 

Mascot Score 
CW, SL 

Unique peptide 
# CW, SL 

Fold Change CW, SL 
(p value) 

Photosynthesis      

61, 56 
Ribulose-1, 5-bisphosphate 
carboxylase/oxygenase small 
subunit 

gi|3914607, 
gi|164698711 

227, 75 2, 2 0.5, 1.05 (0.02) 

11 
Hypothetical protein 
SORBIDRAFT_02g002690 
(OEE2) 

gi|242047384 725 5 2.07 (CW) (0.0005) 

52, 755 
Uncharacterized protein 
LOC100194054  

gi|212721648, 
gi|212721648 

1459, 213 5, 3 1.76, 1.18 (0.00005) 

70 
Uncharacterized protein 
LOC100194054  

gi|212721648 181 3 0.51 (CW) (0.002) 

199, 74 Unknown (Cyt b6-f) 
gi|194702912, 
gi|194702912 

917, 139 6, 4 0.59, 0.93 (0.02) 

208 Unknown (Cyt b6-f) gi|194702912 217 3 0.25 (CW) (0.00004) 

470, 452 
Photosystem I reaction center 
subunit IV 

 131, 177 3, 4 2.03, 0.99 (0.009) 

 

P value: P values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population are shown 
after fold change ratio. 
 
 

 
 

Fig. 2. Representative 2D-DIGE image of leaf proteins isolated from salt-treated CW ecotype. The gel image corresponds to one 
representative biological replicate. A, Loading control; B, control (no salt); C, salt-treated group; D, merged image. The image was 
analyzed using 2D gel image analysis software REDFIN. 
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Table 3. Proteins with significant differences between salt-treated CW ecotype and SL population but not regulated by salt stress 
 

Spot # CW, SL Protein name 
Accession Number 

CW, SL 
Mascot Score 

CW, SL 
Unique peptide 

# CW, SL 
Fold Change CW, 
SL (p value 1, 2) 

Signaling      

957, 753 
General regulatory factor 
(14-3-3) 

gi|1345588, 
gi|242073380 

247, 709 3, 36 1.86, 0.95 (0.02) 

Metabolism      

612 
Fructose-bisphosphate 
aldolase 

gi|242059597 245 12 0.89 (SL) (0.048) 

Protein degradation      
415 Proteasome beta subunit gi|242079721 317 5 0.83 (SL) (0.045) 

Stress      

91 
Superoxide dismutase 
[Cu/Zn] 

gi|1568639 104 2 1.05 (SL) (0.01) 

93 
Superoxide dismutase 
[Mn] 3.4, mitochondrial 
precursor  

gi|212722004 157 4 5.16 (CW) (0.045) 

Photosynthesis      

957, 753 
Chloroplast oxygen-
evolving enhancer protein 
1, OEE1 

gi|383511664, 
gi|383511664 

1072, 477 12, 15 1.86, 0.95 (0.02) 

470, 452 
Photosystem I reaction 
center subunit IV 

 131, 177 3, 4 2.03, 0.99 (0.009) 

Others      

201, 106 Cyclophilin 
gi|242079005, 
gi|242079005 

497, 304 14, 7 1.77, 0.96 (0.03) 

 

P value: p values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population are shown 
after fold change ratio. 
 
Table 4. Proteins with no significant differences between salt-treated CW ecotype and SL population 
 

Spot # CW, SL Protein name Mascot Score CW, SL Unique peptide # CW, SL Fold Change CW, SL (p value) 

178, 214 
Plastidic aspartate 
aminotransferase 

1129, 507 16, 8 1.66, 0.95 (0.6) 

666, 173 
Photosystem I 
reaction center 
subunit VII 

88, 189 2, 2 1.89, 1.71 (0.3) 

 

P value: p values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population are shown 
after fold change ratio. 
 

In addition, we identified Cyt b6-f in two separate 
protein spots with decreased fold change (spots # 199 
and 208). However, spot # 208 appeared to be the 
degraded product of Cyt b6-f. In an independent 2D-
DIGE analysis, we identified one more isoform, Mn-
SOD3.1, in CW. However, only Mn-SOD3.4 showed 
consistent up-regulation in CW in response to salt stress. 
Functional categories of the identified proteins were 
metabolism, signaling, stress, photosynthesis and others. 
The identification of these proteins was validated using 
Scaffold software v4.3 at probability >95% (Figure S2). 

With the same approach as used in analyzing the salt-
treated CW leaf proteome, we also aimed to identify salt-
responsive proteins in the SL population (Fig. 1). A total 
of 26 protein spots corresponding to spots of the same 
position as in the CW protein gel were detected. These 
spots were subjected to in-gel digestion followed by LC-
MS/MS analyses. The DIGE ratios are shown in Table 
S3. Of these spots, 20 showed differential accumulation 
of proteins between populations (significant difference 

between CW and SL, by ANOVA at p < 0.05). In these 
spots, eight proteins with significant difference in DIGE 
ratio between CW and SL were successfully identified 
by MASCOT searching against the NCBI database (Fig. 
3, Figure S3, Table 2, 3 and 5). However, none of these 
proteins were significantly up- or down-regulated by salt 
stress (t-test, p < 0.05). These proteins were fructose-
bisphosphate aldolase (spot # 612), copper/zinc 
superoxide dismutase (Cu/Zn-SOD) (spot # 91), 
proteasome beta subunit (spot # 415), Cyt b6-f (spot # 
74), Rubisco small subunit (spot # 56), photosystem I 
reaction center subunit IV (spot # 452), uncharacterized 
protein LOC100194054 (thylakoid lumenal 17.4-kDa 
protein, spot # 755), and cyclophilin (spot # 106). The 
identified peptides are shown in Table S4. 

In addition, we identified proteins with no significant 
difference in DIGE ratio between CW and SL: aspartate 
aminotransferase (spot # 214) and photosystem I 
reaction center subunit VII (spot # 173) (Table 4 and 
Table 5). OEE1 and 14-3-3 were identified in the same 
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Table 5. Proteins identified in 2D-DIGE of leaf proteins isolated from salt-treated SL population 
 

Functional 

category 
Spot # Protein name 

Accession 

number 

Experime

ntal 

pI/MW 

Theoretic

al pI/MW 

Mascot 

score 

Unique  

peptide # 
Organism 

Fold Change 

(p value 1, 2) 

Metabolism         

 214 
Plastidic aspartate 
aminotransferase 

gi|514719430 
6.60/ 
40.55 

8.62/ 
50.48 

507 8 
Setaria 
italica 

0.95 
(0.62, 0.6) 

 612 
Fructose-bisphosphate 
aldolase 

gi|242059597 
6.32/ 
38.68 

6.96/ 
38.99 

245 12 
Sorghum 
bicolor 

0.89 
(0.83, 0.048) 

Signaling         

 753 
General regulatory 
factor (14-3-3) 

gi|242073380 
5.09/ 
28.71 

4.76/ 
29.74 

709 36 
Sorghum 
bicolor 

0.95  
(0.97, 0.02) 

Stress         

 91 
Superoxide dismutase 
[Cu/Zn]  

gi|1568639 
4.96/ 
16.24 

5.35/ 
20.42 

104 2 
Triticum 
aestivum 

1.05 
(0.85, 0.01) 

Protein degradation        

 415 
Proteasome beta 
subunit 

gi|242079721 
6.36/ 
19.81 

5.71/ 
26.31 

317 5 
Sorghum 
bicolor 

0.83 
(0.88, 0.045) 

Photosynthesis         

 74 Unknown (Cyt b6-f) gi|194702912 
5.50/ 
17.07 

6.41/ 
21.03 

139 4 Zea mays 
0.93 
(0.68, 0.02) 

 56 

Ribulose-1, 5-
bisphosphate 
carboxylase/oxygenase 
small subunit 

gi|164698711 
4.79/ 
13.10 

8.78/ 
19.37 

75 2 
Miscanthus 
xgiganteus 

1.05  
(0.49, 0.02) 

 173 
Photosystem I reaction 
center subunit VII 

gi|7524738 
6.02/ 
11.50 

6.69/ 
9.52 

189 2 
Pinus 
thunbergii 

1.71 
(0.43, 0.3) 

 452 
Photosystem I reaction 
center subunit IV 

 7.01/ 
16.36 

9.82/ 
15.45 

177 4 
Imperata 
cylindrica 

0.99 
(0.49, 0.01) 

 755 
Uncharacterized protein 
LOC100194054  

gi|212721648 
4.78/ 
15.91 

7.44/ 
24.15 

213 3 Zea mays 
1.18 
(0.57, 0.00) 

 753 
Chloroplast oxygen-
evolving enhancer 
protein 1, OEE1 

gi|383511664 
5.09/ 
28.71 

6.08/ 
34.95 

477 15 
Saccharum 
hybrid 
cultivar 

0.95  
(0.97, 0.02) 

Others         

 106 Cyclophilin gi|242079005 
4.36/ 
40.14 

4.83/ 
46.69 

304 7 
Sorghum 
bicolor 

0.96 
(0.46, 0.03) 

 

1. The first p value: p values of T-test for most proteins with significant differential abundance between control and salt-stressed plants 
are shown after fold change ratio.  
2. The second p value: p values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population 
are shown after fold change ratio. 
 
spot (# 753) and so the DIGE ratio is unknown for each 
protein. Photosystem I reaction center subunit IV (spot # 
452) was identified by MASCOT searching against the 
local database. The identified peptides are shown in 
Table S4. 

Interestingly, by use of the local database, more 
peptides were identified for 14-3-3 proteins (Table S4). 
In addition, two phosphopeptides of thylakoid 
membrane phosphoprotein 14-kDa protein 
(ATpSGGEGATEEVPEIVK) and a chloroplast a and b 
binding protein CP29 (NEPGAVIGpTRFESSDVK) 
were identified from the data set of our previous study 
(Wu et al., 2015). The phosphorylation sites are 
evolutionarily conserved compared with other plant 
species (Figure S4). These indicate that the local 
database helped improve peptide identification for I. 
cylindrica, a non-model organism with no genome 
sequence. Functional categories of the identified 
proteins were metabolism, stress, signaling, protein 

degradation, photosynthesis, and others. The 
identification of these proteins was validated using 
Scaffold software v4.3 at probability >95% (Figure S5). 

 
Gene ontology (GO) term enrichment analysis of the 
identified proteins 

A total of five proteins were significantly up- or down-
regulated by salt stress in CW: Rubisco small subunit, 
uncharacterized protein LOC100194054, Cyt b6-f, 
oxygen-evolving enhancer 2, and photosystem I reaction 
center subunit IV. All five proteins were from the 
photosynthesis pathway; however, their DIGE ratios 
varied in CW and SL. In CW, three of the five proteins 
(with the exceptions of Cyt b6-f and Rubisco small 
subunit) showed increased abundance; however, in SL 
they all had no significant change of abundance. The GO 
term enrichment analysis was carried out by searching the 
PANTHER GO database (http://www.geneontology.org/). 
The GO biological process result showed that removal
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Fig. 3. Representative 2D-DIGE image of leaf proteins isolated from salt-treated SL population. The gel image corresponds to one 
representative biological replicate. A, Loading control; B, control (no salt); C, salt-treated group; D, merged image. The image was 
analyzed using 2D gel image analysis software REDFIN. 
 
of superoxide radicals (p-value: 8.17E-03, fold 
enrichment > 100%) and photosynthesis were enriched (p-
value: 5.76E-07, fold enrichment > 100%). The GO 
cellular component result showed enrichment of 
photosystem I (p-value: 9.53E-04, fold enrichment 
>100%), thylakoid (p-value: 7.01E-05, fold enrichment 
83.43%), and thylakoid membrane (p-value: 3.99E-03, 
fold enrichment 78.33%). Thus, GO term enrichment 
analysis showed that photosynthesis was over-represented. 

 
Differentially accumulated photosynthesis proteins in 
salt stress response 

Differentially accumulation of photosynthesis 
proteins under salt stress conditions have been reported in 
many plant proteomics studies (Zhang et al., 2012; 
Kosová et al., 2014; Nouri et al., 2015; Silveira and 
Carvalho, 2016). A proteomic study showed that 20 
chloroplast proteins were affected by salt stress treatment 
in the C4 plant maize (Zörb et al., 2009): 12 proteins 
increased their abundance and eight showed decreases. In 
our proteomic study, we identified five photosynthesis 

proteins with differential accumulation patterns in 
response to salt stress in CW and SL (Tables 1, 2, and 5) 
and the GO enrichment result confirmed this. Our results 
support Zörb’s and others findings. The differential 
accumulation of photosynthesis proteins may be the major 
difference between CW and SL. In fact, differential 
phosphorylation of C4-specific enzymes in the CW 
ecotype and SL population was previously reported (Wu 
et al., 2015). Our results suggest that CW and SL may 
differ in the C4 pathway in response to salt stress. 

In particular in the present study, OEE2 (spots # 11 
and 27) (Fig. 2) accumulated more in salt-treated plants 
than controls. The OEE2 is an extrinsic polypeptide in 
photosystem II involved in oxygen production (Seidler, 
1996; Bricker et al., 2012). Previous studies have shown 
a correlation between OEE abundance and salt stress. 
Abundance OEE1 or OEE2 were found to be changed in 
response to salt stress in Bruguiera gymnorrhiza 
(Sugihara et al., 2000), maize (Zörb et al., 2009), rice 
(Abbasi and Komatsu, 2004), cowpea (de Abreu et al., 
2014) tobacco, (Razavizadeh et al., 2009), potato and 
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canola (Aghaei et al., 2008; Bandehagh et al., 2011), 
Brachypodium (Lv et al., 2014), and Kandelia candel 
(Wang et al., 2013). In mangrove species Bruguiera 
gymnorrhiza, OEE1 transcripts were enhanced by salt 
stress (Sugihara et al., 2000). In maize, OEE2 abundance 
increased after salt exposure (Zörb et al., 2009). In 
addition, OEE1 and OEE2 were found to be responsive 
to salt stress in rice leaf sheath (Abbasi and Komatsu, 
2004). Moreover, there was increased abundance of 
OEE2 in a salt-tolerant cultivar of cowpea following salt 
exposure (de Abreu et al., 2014). In the present study, 
OEE2 was up-regulated in response to salt stress based 
on our 2D-DIGE results (spots # 11 and 27). Overall, our 
results are consistent with these others. It appears that 
OEE2 abundance may affect the PSII activity under salt 
stress in plants. 

In contrast, we found that Rubisco small subunit and 
Cyt b6-f showed significantly decreased abundance 
under 150-mM salt stress. Similar results were reported 
by other groups. In a C4 halophyte Aeluropus lagopoides, 
Rubisco small subunit was down-regulated by salt stress 
at the protein level (Sobhanian et al., 2010). However, a 
proteomic study found Cyt b6-f was gradually up-
regulated by salt stress in wheat (Kamal et al., 2012). 

Since most of the identified photosynthesis proteins 
showed increased abundance in CW, it is possible that 
CW had higher photosynthesis efficiency than SL under 
salt stress. This may help in tolerance to local salt stress 
in the CW mangrove forest. In fact, we found the 
chlorophyll fluorescence value of salt-treated I. 
cylindrica (both populations) decreased with stress but 
slightly recovered after acclimation (Figure S6); 
however, the chlorophyll fluorescence value was higher 
for CW than SL. Our results suggest a higher 
photosynthetic efficiency for CW than SL under salt 
stress. This phenomenon was also observed in other 
plant species. In Arabidopsis transformed with a 
Lepidium crassifolium gene conferring salt tolerance, the 
Fv/Fm value was less affected than in Arabidopsis wild 
type (Rigó et al., 2016). Since our results showed that 
Rubisco protein abundance decreased in both 
populations with salt stress, this is highly possible due to 
differences in protein levels of photosystem components. 

 
Identification of Mn-SOD 

In addition to photosynthetic proteins, an antioxidant 
protein Mn-SOD was identified in spot # 93 (Fig. 2) in 
salt-treated CW leaves. Differential accumulation of 
ROS scavengers under salt stress has been reported in 
many plant proteomic studies (Zhang et al., 2012; 
Kosová et al., 2014). Abbasi and Komatsu (2004) 
showed that SOD increased in abundance in response to 
salt stress in rice leaf sheath. In Suaeda aegyptiaca 
leaves, Cu/Zn-SOD was responsive to salt stress in a 
proteomic study (Askari et al., 2006). In pea, Cu/Zn-
SOD increased in response to salt stress (Hernhdeza et 

al., 1995). In rice, overexpression of yeast Mn-SOD and 
rice Cu/Zn-SOD increased salt tolerance (Tanaka et al., 
1999; Guan et al., 2017). The increased abundance of 
SOD is believed to be a mechanism to deal with 
oxidative stress under salt stress conditions in plants. 
Our results concerning OEE2 and SOD are consistent 
with previous results. This suggests an evolutionarily 
conserved mechanism for salt stress response of these 
proteins. However, we did not identify the proteins in the 
SL population. Our results suggest that Mn-SOD may be 
involved in salt stress tolerance of CW as a ROS 
scavenger. Whether enzyme activity of Mn-SOD is 
consistently up-regulated in the CW ecotype under salt 
stress is unknown and requires further study. 

 
Identification of cyclophilin 

In leaves of CW and SL, cyclophilin was identified 
as a protein with differential DIGE ratio. Cyclophilin is 
encoded by a multigene family. It was reported that 
cyclophilin gene expression in bean (Phaseolus vulgaris) 
is differentially regulated by salt stress (Marivet et al., 
1994). A proteomic study identified a rice cyclophilin 
OsCYP2 and its overexpression increased salt tolerance 
(Ruan et al., 2011). Moreover, overexpression of a 
pigeonpea cyclophilin gene increased salt tolerance of 
Arabidopsis (Sekhar et al., 2010). Our findings suggest 
that cyclophilin may be involved in salt stress response 
in the CW ecotype but with an unknown mechanism. 

 
Possible salt tolerance mechanism of CW ecotype 

In summary, we identified differentially 
accumulated proteins in leaves of two natural variants of 
I. cylindrica in response to salt stress using 2D-DIGE. 
These proteins included SODs, cyclophilin, and many 
photosynthesis proteins, which suggests that the CW 
ecotype may have higher antioxidant activity and 
photosynthesis efficiency, and so can deal with oxidative 
stress damage and energy limitation resulting from salt 
stress in mangrove forest. Low accumulation of sodium 
in leaves of the CW ecotype under salt stress was 
previously reported (Chang and Chou, 2006). It is highly 
likely that an unknown transporter is involved in 
avoiding salt accumulation in leaves. This would prevent 
salt damage to enzyme stability and activity in leaves. 
However, determining which transporter may be 
involved will require further study. 
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SUPPLEMENTARY DATA 
 

Table S1. Proteins identified in 2D-DIGE of leaf proteins isolated from salt-treated CW ecotype. 
 

  Replicate 1  Replicate 2  Replicate 3  Replicate 4   

Spot R1 R1 R1  R2 R2 R2  R3 R3 R3  R4 R4 R4  Average 

# control NaCl 
DIGE 

Ratio 
 control NaCl DIGE Ratio  control NaCl DIGE Ratio  control NaCl 

DIGE 

Ratio 
 (p value) 

11 2606.12 9320.89 3.57653694  2505.63 1076.50 0.429632328  2352.45 5200.82 2.21080929  665.79 6901.60 10.3660937  

2.072666667 

(0.03, 

0.0005 ) 

27 821.23 3881.63 4.726616397  405.49 0.00 0  758.45 2068.46 2.72721881  33375.14 85737.34 2.56889782  
2.484666667 

(0.38, 0.34 ) 

52 1005.89 1783.18 1.772739447  941.56 1785.15 1.895952967  1149.32 1838.48 1.59961654         

1.756333333 

(0.003, 

0.00005) 

61 4259.56 1858.45 0.436301059  4295.43 2143.23 0.498957148  4830.62 2701.25 0.55919312         
0.498 

(0.003, 0.02) 

70 1460.09 1229.76 0.842248416  1313.71 348.11 0.264986932  1404.61 576.96 0.41076241  2186.77 811.89 0.37127478  
0.506 

(0.02, 0.002) 

83 1159.00 634.04 0.547061952  1729.46 360.56 0.208482516  1351.63 473.04 0.34997824  2949.55 127.76 0.04331656  

0.368333333 

(0.04, 

0.0007 ) 

93 77.24 1017.54 13.17312884  123.28 0.00 0  0.00 625.74 #DIV/0!  126.67 291.97 2.3049637  
5.159321333 

(0.16, 0.045 ) 

96 512.48 431.29 0.841573677  472.55 79.15 0.167500038  537.74 115.33 0.2144641         
0.408 

(0.11, 0.01 ) 

123 1275.54 1210.83 0.94927326  1208.52 435.65 0.360481568  1185.15 486.64 0.41060907         
0.573333333 

(0.18, 0.01 ) 

125 907.20 682.71 0.752543401  1240.87 379.49 0.305824539  1210.90 628.78 0.51927092         
0.526 

(0.02, 0.04 ) 

150 750.23 583.59 0.777887002  783.61 16.21 0.020683334  698.21 256.30 0.36707989         
0.388666667 

(0.11, 0.04) 

178 210.54 300.12 1.42550449  298.99 454.40 1.519796246  217.59 444.61 2.04339308         
1.663 

(0.07, 0.6 ) 

182 54.17 381.58 7.044460573  42.10 383.73 9.11431732  76.70 490.54 6.39518367         

7.517666667 

(0.01, 

<0.00001 ) 

189 842.94 543.84 0.645165205  812.02 345.19 0.425095735  743.44 533.94 0.71820322  701.24 514.70 0.73397715  
0.596 

(0.02, 0.004 ) 

199 1196.38 882.06 0.737269475  1254.90 612.18 0.487830848  1414.56 784.06 0.55427769         
0.593 

(0.01, 0.02 ) 

201 475.79 957.08 2.011559033  513.90 697.15 1.356598352  531.24 1025.51 1.93039639  960.51 1370.51 1.42686253  
1.766 

(0.07, 0.03) 

208 765.84 214.23 0.279724954  739.35 153.81 0.208028923  729.38 194.08 0.26608334  773.44 465.19 0.60146081  

0.251333333 

(0.005, 

0.00004) 

212 543.32 253.23 0.466081371  710.14 302.71 0.426270762  599.41 254.31 0.42426813      
0.438666667 

(0.01, 0.0007) 

279 429.51 337.19 0.785057014  1308.12 3748.40 2.865481252  503.68 534.79 1.06176757      
1.570666667 

(0.55, 0.76 ) 

315 270.59 293.51 1.084706513  74.14 455.15 6.139233109  262.75 354.77 1.35021193      
2.858 

(0.11, 0.05 ) 

378 557.34 330.45 0.592896508  775.75 362.59 0.467407913  514.27 274.73 0.53421174      
0.531333333 

(0.06, 0.3 ) 

440 261.50 1283.05 4.906401101  249.36 423.35 1.697775023  195.41 395.34 2.0231673      
2.875666667 

(0.25, 0.19 ) 

441 11.80 82.34 6.976285896  5.29 139.43 26.34717534  0.00 1351.26 #DIV/0!      
16.6615 

(0.34, 0.19) 

470 454.16 820.49 1.806632791  491.52 793.84 1.615086394  402.62 1076.12 2.67280324      
2.031333333 

(0.03, 0.009 ) 

666 295.44 755.89 2.558539947  0.00 156.27    380.48 467.01 1.22742629      
1.893 

(0.33, 0.3) 

957 1935.94 5686.02 2.937080548  2005.21 1849.33 0.922262587  1864.68 3190.75 1.71115236      
1.856666667 

(0.28, 0.02 ) 
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Table S2.  Proteins identified in 2D-DIGE of leaf proteins isolated from CW ecotype 
 

Spot  Accession Experimental Theoretical Mascot Unique  Peptide Experimental Theoretical Peptide 
#  number pI/MW pI/MW score peptide # score pI/MW pI/MW Sequence (Scaffold probability) 

Metabolism            
178  gi|633095 6.32/42.97 8.62/50.48 1129 20 46 888.4385 888.5181 LAAAFIQR (97%) 

Plastidic aspartate aminotransferase    45 911.6042 911.46 LYDSISSK 
       41 961.4454 961.5345 LNLGVGAYR (100%) 
       69 971.5229 971.6015 ISLAGLSLAK (100%) 
       28 1008.3218 1008.4182 AQSDNMTDK (99%) 
       54 1079.318 1079.4375 QEMEEMAGR 
       42 1095.8918 1095.4325 QEMEEMAGR.I + Oxidation (M) 
       34 1337.5794 1337.7092 VLISSPTWGNHK (100%) 
       90 1344.5218 1344.6384 GMEVFVAQSYSK 
       30 1357.549 1357.67 QIGMFSYTGLNK (99%) 
       90 1360.479 1360.6333 GMEVFVAQSYSK.N + Oxidation (M) 
       50 1373.5414 1373.6649 QIGMFSYTGLNK   + Oxidation (M) 
       43 1463.6104 1463.766 EYLPIEGLAAFNK (100%) 
       51 1500.615 1500.7395 RGMEVFVAQSYSK (100%) 
       36 1516.5657 1516.7344 RGMEVFVAQSYSK.N + Oxidation (M) 
       91 1523.7066 1523.8559 ATAELLLGADNPVIK (100%) 
       85 1530.7016 1530.8293 TEELQPYVLNVVK (100%) 
       75 1669.8254 1669.8457 

IGAINVVCSAPEVADR.V + 
Carbamidomethyl (C) 

       108 1686.8 1686.9265 QGLVATLQSLSGTGSLR (100%) 
       103 1761.7211 1761.876 IVANVVGDPTMFGEWK (100%) 
       37 1777.7211 1777.8709 IVANVVGDPTMFGEWK.Q + Oxidation (M) 
       78 1891.7951 1891.9679 GENKEYLPIEGLAAFNK 
       16 1953.668 1953.8713 AQSDNMTDKWHVYMTK 
       65 2099.8473 2100.0602 FEGVPMAPPDPILGVSEAFK (100%) 
       75 2115.832 2116.0551 

FEGVPMAPPDPILGVSEAFK.A + Oxidation 
(M) 

             25 2839.0474 2839.2979 
IVANVVGDPTMFGEWKQEMEEMAGR.I + 

Oxidation (M) 
Signaling           

957  gi|1345588 4.70/29.53 4.75/29.64 247 5 45 817.39 817.4368 ICDGILK.L + Carbamidomethyl (C) 
General regulatory factor (14-3-3)     906.4369 906.5174 NLLSVAYK (98%) 

        1405.5048 1405.6573 TVDSEELTVEER (100%) 
        1693.7479 1693.8886 LLESHLVPSSTAPESK (100%) 
               1785.8167 1785.9737 AAQDIALAELAPTHPIR (100%) 

Stress           

Superoxide 
dismutase [Mn] 
3.1, 
mitochondrial 
precursor  

gi|134668 6.40/20.77 6.71/25.21 248 5 74 1316.6267 1316.6262 HHATYVANYNK (100%) 

       43 1226.4512 1226.5819 YAGEVYENVLA (100%) 
       66 1530.6674 1530.7943 NVRPDYLNNIWK (100%) 
       26 1598.7729 1598.7743 FNGGGHVNHSIFWK (94%) 
       64 1615.831 1615.8318 NLKPISEGGGEPPHGK (100%) 
                     

93  gi|212722004 6.03/23.89 6.71/25.21 157 6 74 1127.6175 1127.6186 ALEQLDAAVAK (100%) 
Superoxide dismutase [Mn] 3.4, mitochondrial precursor    96 1355.7405 1355.7409 GDASAVVQLQGAIK (100%) 

       41 1530.7938 1530.7943 NVRPDYLNNIWK (100%) 
       79 1614.8463 1614.8465 LSVETTANQDPLVTK (100%) 
       33 1615.831 1615.8318 NLKPISEGGGEPPHGK 
             113 1742.9452 1742.9414 KLSVETTANQDPLVTK 

Photosynthesis         

61  gi|3914607 4.70/13.29 9.04/19.25 227 2 63 1447.4446 1447.5674 
ENSTSPCYYDGR.Y + Carbamidomethyl 

(C) 
Ribulose-1, 5-bisphosphate carboxylase/oxygenase small subunit  35 2018.9003 2019.0928 FETLSYLPPLTQEQLLK (100%) 

             85 2147.0061 2147.1878 KFETLSYLPPLTQEQLLK (100%) 
11  gi|242047384 6.23/23.38 8.63/27.72 725 5 39 944.473 944.508 EFPGQVLR (95%) 

Hypothetical protein SORBIDRAFT_02g002690 (OEE2)   54 1229.6442 1229.6517 EREFPGQVLR (100%) 
       80 1268.5908 1268.6725 HQLITATVSDGK (100%) 
       80 2098.8688 2099.0131 TADGDEGGKHQLITATVSDGK (100%) 
       125 2239.8898 2240.0597 YEDNFDANSNVSVIIQPTSK (100%) 
             84 2500.0919 2500.2737 KTITEYGSPEEFLSQVDFLLGK (100%) 

27  gi|242047384 5.60/23.65 8.63/27.72 529 6 38 790.9552 790.4589 VDFLLGK 
Hypothetical protein SORBIDRAFT_02g002690 (OEE2)   34 944.4306 944.508 EFPGQVLR (99%) 

       51 1229.6032 1229.6517 EREFPGQVLR (100%) 
       54 1268.5737 1268.6725 HQLITATVSDGK (100%) 
       90 2098.8606 2099.0131 TADGDEGGKHQLITATVSDGK (100%) 
       62 2239.8467 2240.0597 YEDNFDANSNVSVIIQPTSK (100%) 
       132 2372.2294 2372.1788 TITEYGSPEEFLSQVDFLLGK (100%) 
             62 2500.0743 2500.2737 KTITEYGSPEEFLSQVDFLLGK (100%) 

52  gi|212721648 4.54/17.68 7.44/24.15 1459 6 37 912.3221 912.4705 AYAVGASFK (96%) 
Uncharacterized protein LOC100194054     65 934.4428 934.5124 ADLTGAIFK (97%) 

       48 1075.3442 1075.4281 FCDYTNEK.T + Carbamidomethyl (C) 
       101 1090.4656 1090.5692 SLAAALMSEAK (100%) 
       98 1106.4468 1106.5641 SLAAALMSEAK.F + Oxidation (M) 
       101 1207.5175 1207.5833 GTDFTNAVIDR (100%) 
       92 1414.5043 1414.6109 FDGADMSEVVMSK (100%) 
       107 1430.5184 1430.6058 FDGADMSEVVMSK.A + Oxidation (M) 
             80 1446.4746 1446.6007 FDGADMSEVVMSK.A + 2 Oxidation (M) 

70  gi|212721648 3.78/7.18 7.44/24.15 181 3 46 934.452 934.5124 ADLTGAIFK (100%) 
Uncharacterized protein LOC100194054     64 1090.4809 1090.5692 SLAAALMSEAK (100%) 

             89 1414.4982 1414.6109 FDGADMSEVVMSK (100%) 
957  gi|383511664 4.70/29.53 5.59/34.78 1072 14 55 949.4752 949.5637 VPFLFTVK (99%) 
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Table S2. continued 
 

Spot  Accession Experimental Theoretical Mascot Unique  Peptide Experimental Theoretical Peptide 
#  number pI/MW pI/MW score peptide # score pI/MW pI/MW Sequence (Scaffold probability) 

Chloroplast oxygen-evolving enhancer protein 1, OEE1   57 1095.4492 1095.5448 LTYDEIQSK(100%) 
       49 1251.5808 1251.6459 RLTYDEIQSK (100%) 
       69 1421.6535 1421.7588 KLCLEPTSFTVK.A + Carbamidomethyl (C) 
       53 1430.5731 1430.6889 GDEEELQKENIK (100%) 
       112 1462.6138 1462.7627 NAASSTGNITLSVTK (100%) 
       100 1561.6072 1561.7485 GGSTGYDNAVALPAGGR (100%) 
       77 1759.7137 1759.8741 DGIDYAAVTVQLPGGER (100%) 
       48 1774.7089 1774.8711 GRGGSTGYDNAVALPAGGR (100%) 
       114 2181.809 2182.0001 

GTGTANQCPTIDGGVESFPFK.A + 
Carbamidomethyl (C) 

       64 2249.0126 2249.1845 QLVATGKPESFGGPFLVPSYR (100%) 
       69 2292.9453 2293.1226 FEEKDGIDYAAVTVQLPGGER (100%) 
       60 2489.9193 2490.1623 

GGSTGYDNAVALPAGGRGDEEELQK 
(100%) 

             75 2575.0071 2575.229 
SNPETGEVIGVFESVQPSDTDLGAK 

(100%) 
199  gi|194702912 5.30/20.50 6.41/21.03 917 7 67 1088.3727 1088.4927 TGEDPWWKA (100%) 

Unknown (Cyt b6-f)     90 1362.5254 1362.6667 GDPTYLVVEQDK (100%) 
       47 1413.6151 1413.7504 LGNDILVEDWLK 
       83 1506.6421 1506.7871 VLFVPWVETDFR (100%) 
       61 1656.7038 1656.8723 DKLGNDILVEDWLK 
       121 1773.7377 1773.9261 GPAPLSLALVHADVDDGK (100%) 

             52 1808.6325 1808.7723 
FiCPCHGSQYNNQGK.V + 2 

Carbamidomethyl (C) 
208  gi|194702912 6.23/12.52 6.41/21.03 217 3 83 1362.5067 1362.6667 GDPTYLVVEQDK (100%) 

Unknown (Cyt b6-f)     83 1506.6643 1506.7871 VLFVPWVETDFR (100%) 
             65 1773.745 1773.9261 GPAPLSLALVHADVDDGK (100%) 

279  gi|227786 4.98/28.60 8.62/38.68 272 17 59 974.506 974.5549 IGLFGGAGVGK (100%) 
ATP synthase CF1 beta subunit    53 1031.4001 1031.5135 AINLEEESK (100%) 

       37 1044.4845 1044.5968 VVDLLAPYR (100%) 
       27 1172.5617 1172.6554 VVDLLAPYQR 
       65 1190.4984 1190.6183 SAPAFIELDTK (100%) 
       47 1221.4738 1221.5846 AVAMSATDGLMR (100%) 
       27 1261.4943 1261.6336 TIAMDGTEGLVR 
       33 1277.5054 1277.6286 TIAMDGTEGLVR.G + Oxidation (M) 
       41 1327.5855 1327.6633 AHGGVSVFGGVGER (100%) 
       29 1398.676 1398.762 VGLTGLTVAEHFR (100%) 
       24 1408.648 1408.8038 VLNTGSPITVPVGR 
       57 1415.5173 1415.6793 IVGNEHYETAQR (100%) 
       47 1432.6444 1432.7344 MVQAGSEVSALLGR.M + Oxidation (M) 
       94 1433.3454 1432.7674 FVQAGSEVSALLGR (100%) 
       98 1470.6003 1470.7541 VGLTALTMAEYFR 
       59 1486.6275 1486.749 VGLTALTMAEYFR.D + Oxidation (M) 
       22 1491.6424 1491.7681 FTQANSEVSALLGR 
       29 2059.8438 2060.0248 GIYPAVDPLDSTSTMLQPR (100%) 
       42 2184.9207 2185.1379 IPSAVGYQPTLATDLGGLQER 
       50 2280.9025 2281.0719 MPSAVGYQPTLSTEMGSLQER (100%) 

             21 2296.8617 2297.0668 
MPSAVGYQPTLSTEMGSLQER.I + 

Oxidation (M) 
470   7.01/16.36 9.82/15.45 131 5 33 731.4335 731.433 YPVVVR 

Photosystem I reaction center subunit IV    103 1869.9116 1869.9108 VNYAGVSTNNYALDEIK 
       20 1018.49 1018.5811 ADKPPPIGPK 
       53 2083.817 2083.9909 ADEDATAEPAEGEGVVATKPK 
       30 2425.8851 2426.1139 ESYWYNGIGNVVTVDQDPNTR 

666   5.06/7.50 6.69/9.52 88 2 53 1054.3881 1054.5295 VYLSSETTR 

Photosystem I reaction center subunit VII       49 1540.4911 1540.665 
CESACPTDFLSVR.V+ 2 
Carbamidomethyl (C) 

Others                    
201  gi|242079005 4.24/41.25 4.83/46.69 497 14 59 788.4033 788.4028 ALDSVER (90%) 

Cyclophilin       52 932.4961 932.4967 YALPIDNK (100%) 
       51 986.5029 986.5032 ANGEELLNK (100%) 
       82 1110.6626 1110.6648 SLILAGLAEPK (100%) 
       93 1126.6339 1126.6346 LAVGLEELQR (100%) 
       54 1142.6033 1142.6043 RANGEELLNK (100%) 
       79 1157.5164 1157.5175 FYDGMEIQR (100%) 
       73 1285.6136 1285.6125 KFYDGMEIQR (100%) 
       78 1315.6694 1315.6694 TVPLEIMVDGDK (100%) 
       51 1377.5978 1377.5983 DNPNIEDCVFR.I + Carbamidomethyl (C) 
       97 1425.6896 1425.6897 LPFNAFGTMAMAR (100%) 
       101 1432.7199 1432.7198 APVYGETLEELGR (100%) 
       88 1613.8525 1613.8512 EVQKPLEDITDSLK (100%) 
       100 1614.7861 1614.7849 ESELTPSNANILDGR (100%) 
       80 1618.7779 1618.7773 IKDNPNIEDCVFR.I + Carbamidomethyl (C) 

             77 2490.1548 2490.1551 
ADGFVVQTGDPEGPAEGFIDPSTGK 

(100%) 
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Table S3. DIGE ratio of leaf proteins identified from SL population 
 

    Replicate 1      Replicate 2      Replicate 3      Replicate 4     
Spot R1 R1 R1  R2 R2 R2  R3 R3 R3  R4 R4 R4 Average 

# control NaCl DIGE Ratio 
 

control NaCl Ratio 
 

control NaCl Ratio 
 

control NaCl Ratio 
DIGE Ratio  
(p value) 

99 611.93 791.15 1.29286605 
 

353.57 260.24 0.736043932 
 

320.74 264.40 0.824357642 
 

2399.17 2969.42 1.237689567 
0.951  

(0.86, 0.0005) 

434 286.87 248.87 0.8675393 
 

348.20 467.06 1.341344649 
 

440.07 273.06 0.620485774 
 

698.41 535.44 0.766658886 
0.943  

(0.61, 0.34) 

755 439.45 350.51 0.797619821 
 

311.94 446.54 1.431503684 
 

664.07 862.83 1.299315868 
 

      
1.176333333  

(0.57, 0.00005) 

56 5012.29 2860.57 0.570711131 
 
2882.18 4881.42 1.693655994 

 
4638.30 4088.68 0.881503202 

 
5653.75 4224.53 0.747208497 

1.049 
 (0.49, 0.02) 

537 82.19 88.90 1.081737604 
 

11.33 25.13 2.217162584 
 

14.01 32.49 2.318542424 
 

968.04 868.38 0.897051182 
1.872666667  
(0.96, 0.002) 

621 94.70 52.27 0.551984903 
 

32.25 83.96 2.603565285 
 

57.82 90.92 1.572624749 
 

758.55 272.43 0.359145023 
1.576333333  
(0.58, 0.0007) 

415 19.84 23.51 1.185487796 
 

9.46 4.49 0.474598047 
 

18.21 15.13 0.830943856 
 

119.66 152.22 1.272032526 
0.830333333  
(0.88, 0.045) 

91 1238.91 1331.20 1.074497183 
 
1191.75 1317.68 1.105668386 

 
1679.54 1637.11 0.974733919 

 
542.84 622.83 1.147356479 

1.051666667  
(0.85, 0.01) 

559 94.89 129.65 1.366343464 
 

21.95 73.57 3.351283641 
 

27.26 55.83 2.04771984 
 

834.18 699.23 0.838226477 
2.255  

(0.99, 0.01) 

59 3092.78 2744.38 0.887351632 
 
2774.69 3042.02 1.096348687 

 
3454.77 2377.93 0.688303204 

 
901.60 677.44 0.751374516 

0.889333333  
(0.67, 0.04) 

272 53.49 57.70 1.078687883 
 

0.00 1.37 #DIV/0! 
 

34.56 29.64 0.857541269 
 

437.68 667.78 1.525741155 
1.154247  

(0.77, 0.04) 

214 392.23 460.30 1.173539856 
 

611.65 375.96 0.614670353 
 

230.45 241.41 1.047563396 
 

152.66 19.82 0.129849756 
0.945666667  

(0.62, 0.6) 

723 0.23 0.23 0.998264708 
 

8.64 27.60 3.194981229 
 

3.38 6.84 2.024976031 
 

29.61 113.49 3.832427833 
2.072666667  

(0.39, <0.00001) 

656 248.05 72.13 0.290782993 
 

126.88 331.57 2.613261045 
 

229.21 202.03 0.88141365 
 

469.61 568.23 1.210025421 
1.261666667  
(0.85, 0.004) 

74 3120.87 2692.13 0.862620502 
 
2707.27 3220.01 1.189391898 

 
3408.23 2478.42 0.727185244 

 
1342.26 1043.04 0.777072449 

0.926333333  
(0.68, 0.02) 

106 1093.39 1045.88 0.956545116 
 
1125.58 1013.39 0.900332924 

 
908.16 918.09 1.010934894 

 
813.13 493.96 0.607478224 

0.956  
(0.46, 0.03) 

592 195.16 7.82 0.040062163 
 

163.55 273.89 1.674617947 
 

315.09 306.39 0.972375913 
 

394.09 196.81 0.499400819 
0.895666667  

(0.44, 0.00004) 

504 418.48 259.78 0.620768697 
 

452.61 262.97 0.580998543 
 

462.54 484.40 1.047259974 
 

471.62 247.89 0.525615438 
0.749666667  
(0.09, 0.0007) 

188 714.17 726.94 1.017881051 
 
1449.85 1221.04 0.842184761 

 
1273.66 1192.28 0.936101541 

 
1019.65 1029.14 1.0093113 

0.932  
(0.73, 0.76) 

612 129.57 196.42 1.515956208 
 

189.73 39.80 0.209761766 
 

107.77 101.10 0.938176076 
 

170.85 318.25 1.862713743 
0.888  

(0.83, 0.048) 

589 425.10 546.59 1.285798279 
 

325.77 659.46 2.024282133 
 

631.50 1271.96 2.01420197 
 

296.87 231.52 0.77985345 
1.775333333  

(0.33, 0.3) 

427 188.80 192.41 1.019109661 
 

536.96 645.53 1.202205019 
 

202.29 177.30 0.876450833 
 

93.82 199.04 2.12150493 
1.032333333  
(0.76, 0.19) 

566 9.96 15.72 1.57864553 
 

55.12 94.27 1.71004735 
 

35.51 42.94 1.209140018 
 

3.20 3.33 1.042782462 
1.499333333  

(0.6, 0.19) 

452 484.67 403.76 0.833051921 
 

423.09 303.30 0.716868564 
 

535.51 765.16 1.428837611 
 

214.69 553.75 2.579307044 
0.993 

 (0.49, 0.009) 

173 198.57 204.48 1.029798049 
 

213.89 255.50 1.194542289 
 

153.45 443.52 2.890235709 
 

187.62 109.95 0.586006167 
1.705  

(0.43, 0.3) 

753 4005.60 3138.37 0.783495357 
 
2025.79 1966.88 0.970920806 

 
2285.03 2490.18 1.089781756 

 
3306.89 4121.66 1.246382791 

0.948  
(0.97, 0.02) 

99 611.93 791.15 1.29286605 
 

353.57 260.24 0.736043932 
 

320.74 264.40 0.824357642 
 

2399.17 2969.42 1.237689567 
0.951  

(0.86, 0.0005) 

434 286.87 248.87 0.8675393 
 

348.20 467.06 1.341344649 
 

440.07 273.06 0.620485774 
 

698.41 535.44 0.766658886 
0.943  

(0.61, 0.34) 

755 439.45 350.51 0.797619821 
 

311.94 446.54 1.431503684 
 

664.07 862.83 1.299315868 
 

      
1.176333333  

(0.57, 0.00005) 

56 5012.29 2860.57 0.570711131 
 
2882.18 4881.42 1.693655994 

 
4638.30 4088.68 0.881503202 

 
5653.75 4224.53 0.747208497 

1.049 
 (0.49, 0.02) 

537 82.19 88.90 1.081737604 
 

11.33 25.13 2.217162584 
 

14.01 32.49 2.318542424 
 

968.04 868.38 0.897051182 
1.872666667  
(0.96, 0.002) 

621 94.70 52.27 0.551984903 
 

32.25 83.96 2.603565285 
 

57.82 90.92 1.572624749 
 

758.55 272.43 0.359145023 
1.576333333  
(0.58, 0.0007) 

415 19.84 23.51 1.185487796 
 

9.46 4.49 0.474598047 
 

18.21 15.13 0.830943856 
 

119.66 152.22 1.272032526 
0.830333333  
(0.88, 0.045) 

91 1238.91 1331.20 1.074497183 
 
1191.75 1317.68 1.105668386 

 
1679.54 1637.11 0.974733919 

 
542.84 622.83 1.147356479 

1.051666667  
(0.85, 0.01) 

559 94.89 129.65 1.366343464 
 

21.95 73.57 3.351283641 
 

27.26 55.83 2.04771984 
 

834.18 699.23 0.838226477 
2.255  

(0.99, 0.01) 

59 3092.78 2744.38 0.887351632 
 
2774.69 3042.02 1.096348687 

 
3454.77 2377.93 0.688303204 

 
901.60 677.44 0.751374516 

0.889333333  
(0.67, 0.04) 

272 53.49 57.70 1.078687883 
 

0.00 1.37 #DIV/0! 
 

34.56 29.64 0.857541269 
 

437.68 667.78 1.525741155 
1.154247  

(0.77, 0.04) 

214 392.23 460.30 1.173539856 
 

611.65 375.96 0.614670353 
 

230.45 241.41 1.047563396 
 

152.66 19.82 0.129849756 
0.945666667  

(0.62, 0.6) 

723 0.23 0.23 0.998264708 
 

8.64 27.60 3.194981229 
 

3.38 6.84 2.024976031 
 

29.61 113.49 3.832427833 
2.072666667  

(0.39, <0.00001) 

656 248.05 72.13 0.290782993 
 

126.88 331.57 2.613261045 
 

229.21 202.03 0.88141365 
 

469.61 568.23 1.210025421 
1.261666667  
(0.85, 0.004) 

74 3120.87 2692.13 0.862620502 
 
2707.27 3220.01 1.189391898 

 
3408.23 2478.42 0.727185244 

 
1342.26 1043.04 0.777072449 

0.926333333  
(0.68, 0.02) 

106 1093.39 1045.88 0.956545116 
 
1125.58 1013.39 0.900332924 

 
908.16 918.09 1.010934894 

 
813.13 493.96 0.607478224 

0.956  
(0.46, 0.03) 

592 195.16 7.82 0.040062163 
 

163.55 273.89 1.674617947 
 

315.09 306.39 0.972375913 
 

394.09 196.81 0.499400819 
0.895666667  

(0.44, 0.00004) 
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Table S3. Continued 
 

    Replicate 1      Replicate 2      Replicate 3      Replicate 4     
Spot R1 R1 R1  R2 R2 R2  R3 R3 R3  R4 R4 R4 Average 

# control NaCl DIGE Ratio 
 

control NaCl Ratio 
 

control NaCl Ratio 
 

control NaCl Ratio 
DIGE Ratio  

(p value) 

504 418.48 259.78 0.620768697 
 

452.61 262.97 0.580998543 
 

462.54 484.40 1.047259974 
 

471.62 247.89 0.525615438 
0.749666667  
(0.09, 0.0007) 

188 714.17 726.94 1.017881051 
 
1449.85 1221.04 0.842184761 

 
1273.66 1192.28 0.936101541 

 
1019.65 1029.14 1.0093113 

0.932  
(0.73, 0.76) 

612 129.57 196.42 1.515956208 
 

189.73 39.80 0.209761766 
 

107.77 101.10 0.938176076 
 

170.85 318.25 1.862713743 
0.888  

(0.83, 0.048) 

589 425.10 546.59 1.285798279 
 

325.77 659.46 2.024282133 
 

631.50 1271.96 2.01420197 
 

296.87 231.52 0.77985345 
1.775333333  

(0.33, 0.3) 

427 188.80 192.41 1.019109661 
 

536.96 645.53 1.202205019 
 

202.29 177.30 0.876450833 
 

93.82 199.04 2.12150493 
1.032333333  
(0.76, 0.19) 

566 9.96 15.72 1.57864553 
 

55.12 94.27 1.71004735 
 

35.51 42.94 1.209140018 
 

3.20 3.33 1.042782462 
1.499333333  

(0.6, 0.19) 

452 484.67 403.76 0.833051921 
 

423.09 303.30 0.716868564 
 

535.51 765.16 1.428837611 
 

214.69 553.75 2.579307044 
0.993 

 (0.49, 0.009) 

173 198.57 204.48 1.029798049 
 

213.89 255.50 1.194542289 
 

153.45 443.52 2.890235709 
 

187.62 109.95 0.586006167 
1.705  

(0.43, 0.3) 

753 4005.60 3138.37 0.783495357 
 
2025.79 1966.88 0.970920806 

 
2285.03 2490.18 1.089781756 

 
3306.89 4121.66 1.246382791 

0.948  
(0.97, 0.02) 

 

The first p value: p values of T-test for most proteins with significant differential abundance between control and salt-stressed plants 
are shown after fold change ratio.  
2. The second p value: p values of ANOVA for proteins with significant differential abundance between CW ecotype and SL population 
are shown after fold change ratio. 
 
 
 
 
Table S4.  Proteins identified in 2D-DIGE of leaf proteins isolated from SL population 
 

Spot  Accession Experimental Theoretical Mascot Unique  Peptide Experimental Theoretical Peptide 
#  number pI/MW pI/MW score peptide # score pI/MW pI/MW Sequence (Scaffold probability) 

Metabolism           

214  gi|514719430 6.60/40.55 8.62/50.48 507 7 58 914.5345   914.5073   IADVIQEK (99%) 
Plastidic aspartate aminotransferase    35 935.4753   935.4501   VPWSEYR 

       34 950.5081   950.4821   NLGLYSER 
       43 961.5606   961.5345   LNLGVGAYR (90%) 
       63 971.6303   971.6015   ISLAGLSLAK (100%) 
       91 1360.6502   1360.6333 GMEVFVAQSYSK.N + Oxidation (M) 
       68 1523.8794   1523.8559   ATAELLLGADNPVIK (100%) 
             99 1530.8434   1530.8293   TEELQPYVLNVVK (100%) 

612  gi|242059597 6.32/38.68 6.96/38.99 245 15 43 647.3753 647.3755 AAFLAR 
Fructose-bisphosphate aldolase    48 830.4861 830.4861 ALQASTLK (99%) 

       41 989.5021 989.5029 GTIEVAGTDK 
       55 990.5134 990.5134 NAAYIGTPGK (100%) 
       47 1116.6174 1116.6179 DGKPFVDVLK (99%) 
       43 1153.5617 1153.5615 ANSEATLGTYK (100%) 
       51 1210.6914 1210.6921 EGGVLPGIKVDK (99%) 
       59 1243.6596 1243.6561 AWAGKVENIEK (100%) 
       78 1312.6268 1312.6259 GDAAADTESLHVK (100%)  
       80 1331.6934 1331.6933 GILAADESTGTIGK (100%) 
       67 1375.7326 1375.7347 VTPEVIAEYTVR (100%) 
       73 1487.7956 1487.7944 GILAADESTGTIGKR (100%) 
       66 1501.7371 1501.7372 LSSINVENVEENR (100%) 
       42 1503.8318 1503.8297 KVTPEVIAEYTVR (97%) 
             27 1657.8404 1657.8383 LSSINVENVEENRR 
Signaling        

753  gi|242073380 5.09/28.71 4.76/29.74 709 36 20 769.4015 769.401 YLAEFK   
General regulatory factor (14-3-3)    50 815.4122 815.4137 LAEQAER (90%) 

       40 817.4366 817.4368 ICDGILK.L + Carbamidomethyl (C) (81%) 
       38 902.5083 902.5073 IVSSIEQK 
       34 906.5177 906.5174 NLLSVAYK (100%) 
       25 931.4229 931.4222 MKGDYYR 
       14 1006.5824 1006.5811 VTLIKDYR 
       29 1024.5918 1024.5917 LVPAAAAVDAK 
       30 1143.6269 1143.6248 GNEDRVTLIK 
       71 1188.6542 1188.6536 DSTLIMQLLR (100%) 
       53 1194.6356 1194.6357 KNEEHVAQIK (98%) 
       74 1199.5135 1199.5128 DAAESTMNAYK (100%) 
       72 1204.6488 1204.6485 DSTLIMQLLR.D + Oxidation (M) 
       76 1211.5496 1211.5492 DAAENTMVAYK (100%) 
       33 1214.5508 1214.5489 ESAESTMVAYK 
       49 1215.5078 1215.5077 DAAESTMNAYK.A + Oxidation (M) 
       66 1327.6094 1327.6078 KDAAESTMNAYK (100%) 
       34 1333.5566 1333.557 YEEMVEFMEK (99%) 
       101 1339.6436 1339.6442 KDAAENTMVAYK 
       48 1349.5507 1349.5519 YEEMVEFMEK.V + Oxidation (M) 
       107 1355.6392 1355.6391 KDAAENTMVAYK.A + Oxidation (M) 
       96 1387.7299 1387.7307 IISSIEQKEEGR 
       77 1403.724 1403.7256 IVSSIEQKEESR 
       90 1405.6573 1405.6573 TVDSEELTVEER 
       71 1417.693 1417.6936 TVDVEELTVEER (100%) 
       80 1426.7459 1426.7416 IVSSIEHKEETR (94%) 
       71 1486.7779 1486.7813 VEAELSGICAGILR + Carbamidomethyl (C) 
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Table S4 Continued. 
 

Spot  Accession Experimental Theoretical Mascot Unique  Peptide Experimental Theoretical Peptide 
#  number pI/MW pI/MW score peptide # score pI/MW pI/MW Sequence (Scaffold probability) 

       33 1495.7125 1495.7127 EEGRGNEAHAASIR 
       106 1503.6801 1503.6801 SAGGAGGGEELSVEER (100%) 
       30 1516.8722 1516.8725 NLLSVAYKNVIGAR 

       81 1573.8039 1573.8021 
IEAELSNICDGILK + Carbamidomethyl (C) 

(100%) 
       51 1637.9163 1636.9148 LLDDRLVPAAAAVDAK 
       46 1653.8592 1653.8573 LLDSHLVPSSTAAESK (100%) 
       70 1669.8534 1669.8523 LLDSHLVPSSTASESK 
       68 1693.8908 1693.8886 LLESHLVPSSTAPESK 
       21 1709.7929 1709.793 SPTEPTREESVYMAK (100%) 
       56 1771.9583 1771.9581 AAQDIALADLAPTHPIR 
       100 1785.9738 1785.9737 AAQDIALAELAPTHPIR (100%) 
       85 1920.9446 1920.9429 DAADSTLAAYQAAQDIAVK 
       36 2049.9794 2049.0378 KDAADSTLAAYQAAQDIAVK 
Stress           

91  gi|1568639 4.96/16.24 5.35/20.42 104 3 17 1098.61 1098.6107 LACGVVGLTPL.- + Carbamidomethyl (C) 
Superoxide dismutase [Cu/Zn]    94 1411.6814 1411.6804 GGHELSLSTGNAGGR (100%) 

             66.2 1086.53 1086.5378 EDGPTTVNVR (100%) 
Protein degradation        

415  gi|242079721 6.36/19.81 5.71/26.31 317 5 36 755.4887   755.4653   VAANLIR (90%) 
Proteasome beta subunit    43 845.5052   845.4793   VVSLAMAR (99%) 

       38 1016.5606   1016.5502   TVTINADGVK (98%) 
       49 1098.5348   1098.5128 TSTGMYVANR (100%) 
       60 1114.5304   1114.5077   TSTGMYVANR.A + Oxidation (M) 
            111 1567.7608   1567.7478   SGSAADTQVISDYVR (100%) 
Photosynthesis        

74  gi|194702912 5.50/17.07 6.41/21.03 139 3 66 1088.4925 1088.4927 TGEDPWWKA (100%) 
Unknown (Cyt b6-f)    79 1362.6678 1362.6667 GDPTYLVVEQDK (100%) 

             56 1808.7704 1808.7723 
FICPCHGSQYNNQGK.V + 2 Carbamidomethyl 

(C) (100%) 
56  gi|164698711 4.79/13.10 8.78/19.37 75 4 15 769.3757 769.3759 EGFVYR 

Ribulose-1, 5-bisphosphate carboxylase/oxygenase small subunit  31 905.4966 905.4971 QVDYLLR 
       22 1392.6498 1392.6496 

NNWVPCLEFSK.E + Carbamidomethyl (C) 
(100%) 

             48 1447.5664 1447.5674 
ENSTSPCYYDGR.Y + Carbamidomethyl (C) 

(100%) 
173  gi|7524738 6.02/11.50 6.69/9.52 189 3 23 967.3716 967.3739 TEDCVGCK.R + 2 Carbamidomethyl (C) 

Photosystem I reaction center subunit VII   61 1540.6612 1540.665 
CESACPTDFLSVR.V + 2 Carbamidomethyl (C) 

(100%) 
       90 1644.7068 1644.7059 

IYDTCIGCTQCVR.A + 3 Carbamidomethyl (C) 
(100%) 

452   7.01/16.36 9.82/15.45 177 3 27 731.4555   731.4330   YPVVVR 
Photosystem I reaction center subunit IV   28 1018.6050   1018.5811   ADKPPPIGPK (91%) 

             46 2054.0008   2053.9804   ADEDAAAEPAEGEGVVATKPK (100%) 
755  gi|212721648 4.78/15.91 7.44/24.15 213 3 69 1090.5704 1090.5692 SLAAALMSEAK (100%) 

Uncharacterized protein LOC100194054   61 1106.5644 1106.5641 SLAAALMSEAK.F + Oxidation (M) 
       95 1207.5826 1207.5833 GTDFTNAVIDR (100%) 
             77 1446.5949 1446.6007 FDGADMSEVVMSK.A + 2 Oxidation (M) 

753  gi|383511664 5.09/28.71 6.08/34.95 477 19 24 849.427 849.4232 GSSFLDPK 
Chloroplast oxygen-evolving enhancer protein 1, OEE1   26 929.4605 929.4607 NAPPEFQK 

       48 949.5638 949.5637 VPFLFTVK (98%) 
       49 1095.5448 1095.5448 LTYDEIQSK (99%) 
       11 1219.6234 1219.6237 IQGIWYAQLE 
       54 1251.6462 1251.6459 RLTYDEIQSK (100%) 
       72 1285.59 1285.5907 ANLGMEVMHER 
       46 1293.6646 1293.6639 

LCLEPTSFTVK.A + Carbamidomethyl (C) 
(100%) 

       64 1301.5846 1301.5856 ANLGMEVMHER.N + Oxidation (M) 
       59 1313.7102 1313.7092 VINTWADIINR 
       76 1421.7594 1421.7588 

KLCLEPTSFTVK.A + Carbamidomethyl (C) 
(100%) 

       34 1427.6318 1427.614 FCDWITSTENR.L + Carbamidomethyl (C) 
       59 1430.6904 1430.6889 GDEEELQKENIK 
       59 1458.7256 1458.7255 LIFQYASFnNSR 
       96 1462.7625 1462.7627 NAASSTGNITLSVTK (100%) 
       58 1463.7504 1463.8195 SVASSSGKITLSVTK (100%) 
       81 1498.617 1498.6172 ETTENESANEGYR 
       74 1561.7509 1561.7485 GGSTGYDNAVALPAGGR (100%) 
       83 1759.8731 1759.8741 .DGIDYAAVTVQLPGGER (100%) 
       95 1774.8731 1774.8711 GRGGSTGYDNAVALPAGGR (100%) 
             54 2491.1665 2491.1463 GGSTGYDNAVALPAGGRGDEEELEK 

106  gi|242079005 4.36/40.14 4.83/46.69 304 13 20 630.334 630.3337 IVEDR 
Cyclophilin   52 788.4021 788.4028 ALDSVER (90%) 
       49 986.5035 986.5032 ANGEELLNK (100%) 
       58 1110.6648 1110.6648 SLILAGLAEPK (100%) 
       73 1126.6378 1126.6346 LAVGLEELQR (100%) 
       43 1142.6036 1142.6043 RANGEELLNK (98%) 
       37 1157.5168 1157.5175 FYDGMEIQR (98%) 
       67 1266.7644 1266.7659 SLILAGLAEPKR (100%) 
       60 1285.6138 1285.6125 KFYDGMEIQR (100%) 
       46 1315.6688 1315.6694 TVPLEIMVDGDK 
       19 1377.5966 1377.5983 DNPNLEDCVFR.I + Carbamidomethyl (C) 
       64 1425.6902 1425.6897 LPFNAFGTMAMAR  (100%) 
       71 1613.8514 1613.8512 EVQKPLEDITDSLK  (100%) 
       61 1614.789 1614.7849 ESELTPSNANILDGR (100%) 
             77 1618.7792 1618.7773 IKDNPNLEDCVFR.I + Carbamidomethyl (C) 

 
Table S5. MASCOT search results deposited to ProteomeXchange consortium. 
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Peak list file Mascot search result file 
12_final spot#11 F011716.dat 
32_final spot#27 F011717.dat 
52_final spot#61 F011718.dat 
56 F011745.dat 
58_final spot@52 F011719.dat 
64_final spot#70 F011720.dat 
97_final spot#93 F011721.dat 
111_new spot#755 F011735.dat 
112_final spot#957 F011722.dat 
157_new spot#91 F011736.dat 
157_new spot#91 F011737.dat 
162_final spot#178 F011723.dat 
165_final spot#199 F011724.dat 
173 F011747.dat 
183_final spot#208 F011725.dat 
220_new spot#106 F011738.dat 
220_new spot#106 F011739.dat 
259_final spot#201 F011726.dat 
284_new spot#74 F011740.dat 
385_final spot#279 F011727.dat 
415 F011746.dat 
452 F011748.dat 
457_new spot#612 F011741.dat 
506_final spot#470 F011728.dat 
515_final spot#666 F011731.dat 
597_final spot#470 F011730.dat 
707_new spot#173 F011742.dat 
835_new spot#753 F011743.dat 

 
 

 
Fig. S1. 2D-DIGE images of leave proteins isolated from salt-treated CW ecotype. The gel images correspond to three representative 
biological replicates. 
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Spot # 957 
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Spot # 208 
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Spot # 110 

 
Spot # 201 
 

 
Spot # 61 
 

 
 
Fig. S2. Validation of identified proteins in leaves of salt-treated CW ecotype by Scaffold. 
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Fig. S3. 2D-DIGE images of leave proteins isolated from salt-treated SL population. The gel images correspond to three representative 
biological replicates. 
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A. 

 

 

 

Unigene22380_SL (100%), 28,149.0 Da

 211  981  hypothetical protein SORBIDRAFT_02g036260 [Sorghum bicolor] &gt;gi|241926393|gb|EER99537.1| hypothetical protein SORBI_002G338000 [Sorghum bicolor]

1 exclusive unique peptides, 2 exclusive unique spectra, 2 total spectra, 17/257 amino acids (7% coverage)

G S E R Q K K P A G P K K A T K I S S D R P L W F P G A V A P D Y L D G S L V G D Y G F D P F G L G K P V E Y L Q F E L
D S L D Q N L A K N E P G A V I G T R F E S S D V K S T P L Q P Y S E V F G L Q R F R E C E L I H G R W A M L A T L G A
L S V E W L T G V T W Q D A G K V E L V D G S S Y L G Q P L P F S I S T L I W I E V L V I G Y I E F Q R N A E L D P E K
R L Y P G G S Y F D P L G L A A D P E K K E R L Q L A E I K H A R L A M V A F L G F A V Q A A A T G K G P L N N W A T H
L S D P L H T T I F D T F G G S S
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943.28 m/z, 2+, 1,884.55 Da,  (Parent Error: -170 ppm)

Unigene30507_SL (100%), 16,044.8 Da

 150  614  TPA: thylakoid membrane phosphoprotein 14 kDa [Zea mays]

1 exclusive unique peptides, 1 exclusive unique spectra, 1 total spectra, 17/155 amino acids (11% coverage)

A C S S C S F P M A T A C R L A A P L G L A P L P R V R A S A G V V A V A A Q C G S K I P R G V A V R A T S G G E G A T
E E V P E I V K A A Q D A W D K V E D K Y A V A T I G V A A I V A L W T V V G A I K A I D K L P L L P G V L E I V G I G
Y T G W F T Y R N L I F Q P D R E A L I G K I K S T Y K E I T G S S S
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B. Partial sequence alignment of thylakoid membrane phosphoprotein 14 kDa protein orthologs in other plant species. Protein 
sequences from different plant species include XP_015613093.1 (Oryza sativa Japonica Group); XP_021314085.1 (Sorghum bicolor); 
XP_021314075.1 (Sorghum bicolor); NP_001130557.1 (Zea mays); NP_566086.1 (Arabidopsis thaliana); XP_015645395.1 (Oryza 
sativa Japonica Group); XP_015645396.1 (Oryza sativa Japonica Group); NP_001150124.1 (Zea mays); Unigene30507_SL (Imperata 
cylindrica); XP_021308012.1 (Sorghum bicolor). Sequence alignment was performed using ClustalW2. The phosphopeptides 
(ATpSGGEGATEEVPEIVK) identified in leaves of SL population is underline. Conserved phosphorylation sites among different plant 
species are in gray box. 
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June 2018                   Shih et al.: Proteomic study in leaves of Imperata cylindrica 
 

 
 

S19 

Partial sequence alignment of chloroplast a/b binding protein CP29 orthologs in other plant species. Protein sequences from different 
plant species include XP_015646910.1 (Oryza sativa Japonica Group); EAZ40279.1 (Oryza sativa Japonica Group); NP_001105502.1 
(Zea mays); NP_001136606.1 (Zea mays); Unigene22380_SL (Imperata cylindrica); XP_002463016.1 (Sorghum bicolor); 
OAP04488.1 (Arabidopsis thaliana); NP_187506.1 (Arabidopsis thaliana); AAK82524.1 (Arabidopsis thaliana); AAK43851.1  
(Arabidopsis thaliana); AAM12979.1 (Arabidopsis thaliana); pdb|5MDX|R (Arabidopsis thaliana); NP_195773.1 (Arabidopsis thaliana). 
Sequence alignment was performed using ClustalW2. The phosphopeptides (NEPGAVIGpTRFESSDVK) identified in leaves of SL 
population is underline. Conserved phosphorylation sites among different plant species are in gray box. 
 

 
 
 
 
 

 
 
Fig. S4. Identification of two phosphopeptides from data set of our previous study. The study identified phosphopeptides in leaves of 
CW ecotype and SL population (Wu et al., 2015). A, MS/MS fragmentation pattern of the identified phosphopeptides of thylakoid 
membrane phosphoprotein 14 kDa protein (ATpSGGEGATEEVPEIVK) and a chloroplast a/b binding protein CP29 
(NEPGAVIGpTRFESSDVK); B, sequence alignment show evolutionarily conserved phosphorylation sites among different plant 
species. 
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Spot # 111(755) 

 

 
 
Spot # 835(753) 
 

 
 

gi|212721648 (100%), 23,654.3 Da

uncharacterized protein LOC100194054 [Zea mays]

3 exclusive unique peptides, 4 exclusive unique spectra, 7 total spectra, 35/225 amino acids (16% coverage)

M A S S S C L A S P S G A T L C R P R R P R C R V A C S A A D A G G S T G P A W A K G A G R L A C G V L A A W S V A S A
S N P V I A A S Q R L P P L S T E P N R C E R A F V G N T I G Q A N G V Y D K P L D L R F C D Y T N E K T N L K G K S L
A A A L M S E A K F D G A D M S E V V M S K A Y A V G A S F K G T D F T N A V I D R V N F E K A D L T G A I F K N T V L
S G S T F D D A K M D D V V F E D T I I G Y I D L Q K L C T N T S I S P D A R L E L G C R

gi|242073380 (100%), 29,649.7 Da

hypothetical protein SORBIDRAFT_06g019100 [Sorghum bicolor]

5 exclusive unique peptides, 10 exclusive unique spectra, 32 total spectra, 117/261 amino acids (45% coverage)

M A S A E L S R E E N V Y M A K L A E Q A E R Y E E M V E F M E K V A K T V D S E E L T V E E R N L L S V A Y K N V I G
A R R A S W R I I S S I E Q K E E G R G N E D R V T L I K D Y R G K I E T E L T K I C D G I L K L L E S H L V P S S T A
P E S K V F Y L K M K G D Y Y R Y L A E F K T G A E R K D A A E N T M V A Y K A A Q D I A L A E L A P T H P I R L G L A
L N F S V F Y Y E I L N S P D R A C S L A K Q A F D E A I S E L D T L S E E S Y K D S T L I M Q L L R D N L T L W T S D
I S E D P A E E I R E A P K R D S S E G Q
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Spot # 284(74) 

 

 
 
Spot # 707(173) 
 

 

 
 
Spot # 214 

 

 
 
 

gi|194702912 (100%), 20,753.4 Da

unknown [Zea mays]

4 exclusive unique peptides, 4 exclusive unique spectra, 5 total spectra, 36/193 amino acids (19% coverage)

M G R E R A Q R S I V C Q A A S S I S A D R V P D M E K R K L M N L L L L G A I S L P T V G M V V P Y G A F F V P A G S
G N A G G G T Y A K D K L G N D I T V E A W L N T H G P N D R T L A Q G L K G D P T Y L V V E Q D K T L A T Y G I N A V
C T H L G C V V P W N G A E N K F I C P C H G S Q Y N N Q G K V V R G P A P L S L A L V H A D V D D G K V L F V P W V E
T D F R T G E D P W W K A

gi|108773054 (100%), 8,960.2 Da

photosystem I subunit VII (chloroplast) [Acutodesmus obliquus]

1 exclusive unique peptides, 1 exclusive unique spectra, 3 total spectra, 22/81 amino acids (27% coverage)

M S H I V K I Y D T C I G C T Q C V R A C P L D V L E M V P W N G C K A N Q M A S A P R T E D C V G C K R C E T A C P T
D F L S I R V Y L S S E T T R S M G L S Y

gi|514719430 (100%), 50,192.7 Da

PREDICTED: aspartate aminotransferase, chloroplastic [Setaria italica]

3 exclusive unique peptides, 3 exclusive unique spectra, 5 total spectra, 55/458 amino acids (12% coverage)

M A S T A A F A V S S P A A S A V A A R S K V H G G G K N A G R I G C R V G I T R K N F G R V M M A L A V D V S R F E G
V P M A P P D P I L G V S E A F K A D K S D L K L N L G V G A Y R T E E L Q P Y V L N V V K K A E N L M L E K G E Y K E
Y L P I E G L A A F N K A T A E L L L G A D N P V I K Q G L V A T L Q S L S G T G S L R L A A A F I Q R Y F P E A K V L
I S S P T W G N H K N I F N D A R V P W S E Y R Y Y D P K T V G L D F E G M I A D I E A A P E G S F V L L H G C A H N P
T G I D P T P E Q W E K I A D V I Q E K K H M P F F D V A Y Q G F A S G S L D E D A F S V R L F V K R G M E V F V A Q S
Y S K N L G L Y S E R I G A I N V V C S A P G V A D R V K S Q L K R L A R P M Y S N P P I H G A R I V A N V V G D P T M
F G E W K Q E M E Q M A G R I K N V R Q K L Y D S L S V K D K S G K D W S F I L R Q I G M F S Y T G L N K A Q S D N M T
D K W H V Y M T K D G R I S L A G L S L A K C D Y L A D A I I D S F H N V N
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Spot # 173 

 

 
 
Spot # 452 

 

 
 
Spot # 415 

 

 
 
Spot # 56 

 
 
 
 
 

gi|108773054 (100%), 8,960.2 Da

photosystem I subunit VII (chloroplast) [Acutodesmus obliquus]

1 exclusive unique peptides, 1 exclusive unique spectra, 3 total spectra, 22/81 amino acids (27% coverage)

M S H I V K I Y D T C I G C T Q C V R A C P L D V L E M V P W N G C K A N Q M A S A P R T E D C V G C K R C E T A C P T
D F L S I R V Y L S S E T T R S M G L S Y

CL6460.Contig1_All (100%), 17,924.2 Da

 26  529  PREDICTED: photosystem I reaction center subunit IV, chloroplastic-like [Setaria italica]

2 exclusive unique peptides, 2 exclusive unique spectra, 2 total spectra, 31/168 amino acids (18% coverage)

A R T P H P L T L S S P S A R A R P T Q H P R Q G E F T P M A S T N M A S A T S R F M L A A G V P T A G S G S G I S G R
V S F A P A P N R L G R R L V V R A D E D A A A E P A E G E G V V A T K P K A D K P P P I G P K R G A K V K I L R R E S
Y W Y N G I G N V V T V D Q D P N T R Y P V V V R F S K V N Y A G V S T N N Y A L D E I K E V K

gi|242079721 (100%), 26,207.5 Da

hypothetical protein SORBIDRAFT_07g025030 [Sorghum bicolor]

5 exclusive unique peptides, 6 exclusive unique spectra, 6 total spectra, 50/245 amino acids (20% coverage)

M D A S H T G S S S A A G E A S T T G E H R M G T T I V G V C Y D G G V I L G A D S R T S T G M Y V A N R A S D K I T Q
L T D N V Y V C R S G S A A D T Q V I S D Y V R Y F L H Q H T I Q L G Q P A T V K V A A N L I R L L A Y Q N K N M L Q A
G M I V G G W D K Y E G G Q I F S V P L G G T I L K Q P F A I G G S G S S Y L Y A L L D H E W K E G M S Q E E A E K F V
V K V V S L A M A R D G A S G G V V R T V T I N A D G V K R N F Y P G D K L P L W H D E L E P H H S L L D I L A A G N P
D P M V Q
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Spot # 91 

 
 
Spot # 612 

 
 
Fig. S5. Validation of identified proteins in leaves of salt-treated SL population by Scaffold. 
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Fig. S6. Chlorophyll fluorescence yield of leaves from salt-treated Chuwei ecotype and Sarlun population. (A) and (B) shows results 
of the first and second water culture repeat, respectively; X axis indicates salt treatment by 50 mM, 100 mM, and 200 mM NaCl. Y axis 
indicates fold ratio against control Kimura’s solution only. Pre, the day before treatment. C or Chuwei, samples from Chuwei ecotype; 
S or Sarlun, samples from Sarlun population. The treatment concentrations were changed every three days, and the last concentration 
was prolonged for one week. Data are mean ± S.D, n =10. 


