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Abstract. Dendrocalamus minor var. amoenus was analyzed for physiological and proteomic responses 

under drought stress. The adverse effects of drought on D. minor var. amoenus were primarily affected by 

gas exchange attributes such as photosynthesis (Pn), stomatal conductance (Gs), and transpiration rate 

(Tr) decreased as drought intensity increased. Among chlorophyll fluorescence parameters, actual 

photochemical efficiency of PSII (ΦPSII), electron transport rate (ETR), and non-photochemical 

quenching (qN) also decreased under increasing drought stress throughout the natural dehydration process 

(15-30 days). Moreover, superoxide dismutase (SOD) and catalase (CAT) levels increased significantly 

when subjected to short drought event and then decreased rapidly under severe drought stress. Using two-

dimensional gel electrophoresis (2-DE), we detected more than 500 protein spots; 41 significant 

differentially expressed protein spots were uncovered under drought stress. Following matrix-assisted 

laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) identification and 

BLAST of these 41 proteins spots to an NCBI or Uniprot database, 33 differential protein spots were 

identified. In addition to determining a suitable protocol for protein extraction from D. minor var. 

amoenus (or other bamboo species), this study provides important information on signal transduction 

pathway changes under drought stress for exploring drought resistance candidate genes in bamboo 

species. 

Keywords: gas exchange, chlorophyll fluorescence, gel electrophoresis, proteins spots 

Introduction 

In recent years, the greenhouse effect has led to increasingly more severe 

environmental conditions related to global warming (Khaliq et al., 2019). In many 

locations, extreme drought disasters have occurred, seriously threatening the 

agricultural and silvicultural production as well as ecological and environmental 

protection efforts (Thalmann and Santelia, 2017). Drought is a significant abiotic stress 

factor that affects the growth and development of plants (Tayyab et al., 2018). Plant 

growth changes and response mechanisms under water deficit conditions have always 

been important scientific research subjects. Plants reduce damage caused by drought 

stress through changes in morphological structure, physiological responses, and 

biochemical processes, such as growth rate, stomatal conductance, tissue permeability, 

and antioxidant defense (Caruso et al., 2008; Tarin et al., 2020). When subjected to 

drought deficit conditions, plant responses vary greatly at three different levels; whole-

plant, cellular, and molecular (Chalker‐Scott, 1999). 
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At the whole-plant level, drought deficit condition often leads to internal water 

imbalances, decreases cell water potential, and turgor pressure, resulting in shoot and 

leaf wilting and drooping. If such conditions persist, plants often lead to serious water 

loss from cell protoplasts and eventually plant death (Tarin et al., 2018). The adverse 

effects of drought stress have frequently manifested a decrease in phenotypic growth 

and photosynthesis, which are factors associated with changes in substance metabolism 

(Lawlor and Cornic, 2002; Rouhi et al., 2007; Koh et al., 2015). Photosynthetic activity 

and plant leaf structure are significantly impaired due to declines in stomatal closure 

and photosynthesis-related enzymes under drought stress (Chaves et al., 2009; 

Aranjuelo et al., 2010). The decrease in photosynthetic activity is caused by both 

stomatal and non-stomatal limitations. Under mild stress conditions, a stomatal 

limitation is a primary factor affecting photosynthesis; however, when severe stress 

damages photosynthetic organs and their structure, photosynthesis becomes increasingly 

influenced by non-stomatal limitation in chloroplast CO2 fixation ability, rather than 

CO2 diffusion resistance (Bota et al., 2004; Grassi and Magnani, 2005; Lawlor and 

Tezara, 2009). 

At the cellular level, drought deficit conditions often lead to the accumulation of 

numerous substances that regulate osmotic pressure, including proline (PRO), soluble 

sugar, betaine, etc. (Kaushal and Wani, 2016). These substances increase cytoplasmic 

concentration levels, lower osmotic potential, and help maintain cell turgor pressure, 

allowing cells to continue to absorb water from the environment, sustaining plant 

morphological and physiological characteristics (Costa et al., 1998). Additionally, 

drought deficit conditions often lead to the accumulation of antioxidant enzymes (e.g., 

SOD and CAT), which enhance the capabilities of scavenging reactive oxygen species 

(ROS) such as H2O2 and O2-, reducing their adverse effect on normal photosynthetic 

functions (Luna et al., 2004; Wang et al., 2009; Caverzan et al., 2016). 

At the molecular level, drought deficit conditions often alter gene expression and 

protein synthesis (upregulation and downregulation), leading to changes in biological 

functions. Several molecular mechanisms of drought stress in many plants, including 

Arabidopsis (Zou et al., 2010), rice (Yang et al., 2012) and maize (Liu et al., 2013), 

were studied and elucidated by describing the quantitative trait locus (QTL), gene 

cloning, mutant screening, expression profiling, and functional verification of candidate 

genes. Specifically, the Arabidopsis thaliana glutathione peroxidase 3 (ATGPX3) 

enzyme can regulate abscisic acid (ABA) and initiate oxidative signal transduction in 

response to drought, leading to dynamic H2O2 balance in the cell (Miao et al., 2006). 

Unlike DNA or RNA, proteins can be directly involved in plant stress responses, and 

proteomics research can more intuitively reveal relationships between protein 

abundance and plant stress responses (Kosová et al., 2011). 

Expression changes in plant proteins under drought stress can be divided into three 

categories: (1) signaling cascades and transcription-related proteins (e.g., protein kinase, 

protein phosphatase, and transcription factors); (2) functional proteins that protect the 

cell membrane and related proteins (e.g., embryonic period proteins, antioxidants, and 

osmotic-adjustment proteins); and (3) proteins associated with water and ion absorption 

(e.g., aquaporin and sugar transporters) (Fang and Xiong, 2015). Previous research 

using isobaric tags for relative and absolute quantitation (iTRAQ) and two-dimensional 

difference in gel electrophoresis (2D-DIGE) technology in desert poplar (Populus 

euphratica) (Bogeat-Triboulot et al., 2007), soybean (Glycine max) (Alam et al., 2010) 

and rapeseed (Brassica napus) (Koh et al., 2015) used proteomic analysis to reveal the 
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effects of drought stress and related response mechanisms. Consequently, proteomic 

analysis can be used to identify several proteins involved in oxidative stress 

detoxification, signaling pathways, and protein folding. 

D. minor var. amoenus is an important ornamental bamboo species of economic 

importance. Known for its exotic coloration, this plant exhibits several dark green 

vertical stripes interspersed with light yellow at the internodes. This bamboo species 

was introduced in coastal sandy areas in Fujian province as a novel windbreak and 

dune-fixing plant species for use in a mixed planting with wetland pine. In recent years, 

D. minor var. amoenus has been widely used in landscape and forest protection efforts. 

However, bamboo introduction to coastal sandy shelterbelt areas and its use in forest 

protection programs have been adversely affected because soil moisture and nutrient 

content are relatively low in coastal sandy soils, and environmental conditions for 

planting in these locations are poor. Continuous drought has also seriously affected both 

the ornamental characteristics of the bamboo and the survival rate of new bamboo 

shoots, especially during out-shoot periods. Recently, there are few studies on the 

drought-resistance mechanism of bamboo species with a focus on the physiology, 

biochemical attributes, photosynthetic pigments, water potential, photosynthetic activity 

(Wu et al., 2019; Tong et al., 2020). However, studies on the physiological and 

proteomic responses of D. minor var. amoenus under drought stress have received 

nearly no prior research. Therefore, efforts to investigate drought response mechanisms 

and enhance stress tolerance in D. minor var. amoenus will be vital to enhance 

landscape benefits and bamboo shoot production. 

In this study, we conducted an integrated physiological and proteomic analysis of D. 

minor var. amoenus under drought stress. First, we optimized the protocol for protein 

extraction in bamboo species D. minor var. amoenus. We then assessed several 

physiological responses, biochemical processes, and different proteome expressions of 

the plant under drought stress. These results will contribute to the knowledge and 

understanding of the response mechanisms of bamboo species under drought stress. 

Additionally, they provide important information on changes in the signal transduction 

pathway in bamboo species under drought stress and provide an experimental basis for 

exploring drought resistance candidate genes of bamboo species through proteomic 

methods. This study is also of significant importance for future exploration of molecular 

genetics and transgenic breeding of bamboo species. 

Materials and methods 

Plant materials 

Two-year-old D. minor var. amoenus plants were obtained from bamboo coastal 

sandy protection areas (Dongshan Island, Fujian, China) with similar growth conditions 

and directly transplanted to the Bamboo Research Institute of the Fujian Agriculture and 

Forestry University (Fig. A1 in the Appendix). Seedlings were cultivated in plastic 

basins (height = 180 mm and diameter = 240 mm), containing a mixed nutrient medium 

of peat and matrix (1:2) in a greenhouse. The environmental conditions were 32/20 °C 

(day/night) with a photoperiod of 14 h under natural daylight, the relative humidity of 

75-85%, and photosynthetically active radiation of 900 μmol m-2.s-1. Plants were 

irrigated with tap water every day to reach maximum water holding capacity. Drought 

stress was initiated after 6 months of normal growth. Half the bamboo plants continued 

to be irrigated regularly maintained in optimal water availability conditions, whereas the 
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other half (randomly selected) was not irrigated to exposed to natural drought 

conditions (with water withholding). Over a month, drought plants were grown without 

any watering, whereas control plants were watered until basins capacity. Plant leaves 

used for physiological analysis were harvested at days 0, 5, 10, 15, 20, 23, 26, and 30, 

whereas leaves used for proteome analysis were harvested at days 0 and 26. In total 20 

pots were handled (10 for drought conditions and 10 for control). At each sampling 

time, three biological replicates (3 or more than 3 independent pots, randomly selected 

with leaves at the same internode position) for each exploration were examined. Leaf 

samples were selected and kept on ice. Residual dirt was removed from the leaves with 

double-distilled water. Materials were immediately frozen in liquid nitrogen and stored 

at -80 °C before protein extraction and enzyme measurement. 

 

Determination of soil water content and leaf water potential 

Soil water content (SWC) and leaf water potential (LWP) of the bamboo plants were 

measured at days 0, 5, 10, 15, 20, 23, 26, and 30, after cessation of irrigation. LWP of 

the bamboo leaves was measured at different time intervals using a WP4-T potential 

meter (Decagon, USA) as described in a previous study (Ebrahimi-Birang and Fredlund, 

2016). SWC was measured at the same time intervals as LWP, using a TZS soil 

moisture meter (TUOPU, China). At each sampling time, three replicates were 

measured for SWC and LWP. 

 

Determination of photosynthetic and chlorophyll fluorescence parameters 

Bamboo leaves were enclosed in an LI-6400XT portable photosynthesis system (LI-

COR, USA) for 2.5 h from 9:00 to 11:30 am during each time node for measurement of 

photosynthetic parameters, including net photosynthetic rate (Pn), intercellular CO2 

concentration (Ci), stomatal conductance (Gs), and transpiration rate (Tr). Photosynthetic 

photon intensity and CO2 levels inside the leaf chamber were maintained at 1000  

μmol m-2.s-1 and 400 mmol-l.s-1, respectively. Water use efficiency (PWUE) and stomatal 

limitation values (Ls) were calculated by the following equations (Deeba et al., 2012): 

 

  (Eq.1) 

 

  (Eq.2) 

 

where Pn is the net photosynthetic rate, Tr is transpiration rate, Ci is intercellular CO2 

concentration, and Co is the concentration of CO2 outside the leaf, respectively. 

The maximum photochemical efficiency of PSII (Fv/Fm) was measured after plant 

leaves had been pre-dark-adapted for 20 min within an OS5P fluorescence chamber 

(Opti-Sciences, USA). The actual photochemical efficiency of PSII (ΦPSII), the relative 

rate of photosynthetic electron transport (ETR), and non-photochemical quenching 

coefficient (qN) were determined simultaneously using the same device. Calculations 

for these parameters were done according to the instrument manufacturer’s instructions 

(Sobrado, 2011). 

 

Content or activity of antioxidant enzyme and osmosis substance 

To determine the content or activity of physiological enzymes precisely weighed 

leaves were mechanically ground to powder in liquid N2 and then homogenized in 4-
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fold 0.9% saline solution (V/W) to generate a 20% tissue homogenate. Homogenates 

were centrifuged at 4500 × g for 10 min and the supernatants were used for enzyme 

analysis. Superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA), and 

proline (PRO) levels were examined using the corresponding assay kits according to the 

manufacturer’s instructions (Nanjing Jiancheng Bioengineering Institute, Nanjing, 

China). Values were normalized following protein concentration determination via 

Coomassie Brilliant Blue method (Bradford, 1976). 

 

Total proteins sample extraction 

A process workflow for total protein extraction of D. minor var. amoenus leaves is 

shown in Figure 1. Detailed experimental methods follow: frozen leaves with midribs 

removed (0.2 g) were ground into powder in liquid N2 in a pre-cooled mortar. The 

powder was incubated in 1 mL pre-chilled NP-40 protein extract buffer (0.5 M Tris-

HCl, pH 8 2% [v/v]; β-mercaptoethanol, 2% [v/v] NP-40; 20 mM MgCl2; 1 mM EDTA; 

1 mM PMSF; and 1% PVPP). Following ultrasonication, five volumes TCA/acetone 

extract solution (10% [w/v] TCA and 0.07% [v/v] β-mercaptoethanol) were added and 

the sample was kept at -20 °C overnight to ensure complete protein precipitation. 

Sedimentation was centrifuged at 4 °C, at 16000 × g for 15 min, and the supernatant 

was discarded and the pellets were rinsed four times with five volumes pre-chilled 

TCA/acetone extract solution. The solution was left standing at -20 °C for 30 min after 

the addition of the extract solution for each rinse. The resultant precipitate comprised 

the total proteins in the leaves of D. minor var. amoenus. After vacuum drying, pellets 

were lysed with rehydration solution (4% CHAPS, 40 mM DTT, 7 M urea, 2 M 

thiourea, and small amounts of protease inhibitors), considered the total protein sample 

in this work, and stored at -80 °C (Wang et al., 2006). 

 

 

Figure 1. Schematic workflow of total protein precipitation for D. minor var. amoenus 

proteome 



He et al.: Physiological and proteomic responses of Dendrocalamus minor var. amoenus (ghost bamboo) under drought stress 

- 4822 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(4): 4817-4838. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1804_48174838 

© 2020, ALÖKI Kft., Budapest, Hungary 

Two-dimensional gel electrophoresis (2-DE) 

Two-dimensional gel electrophoresis (2-DE) experiment was conducted following 

the BIO-RAD 2-DE Instruction Manual. Samples were loaded on 17 cm pH 5–8 

immobilized pH gradient (IPG) strips (BIO-RAD, USA) by passive rehydration via 

absorption for 24 h with a loading weight and loading volume of 20 μg and 125 μL, 

respectively. A PROTEAN® i12™ IEF system was used to perform isoelectric focusing 

(IEF) at 20 ℃ and the current was limited to 50 μA per strip. IEF parameters were set as 

follows: 250 V (30 min), 500 V (30 min), 4000 V (boost for 3 h), 4000 V (focusing with 

20000 V-h), and 500 V (hold). 

Two experimental groups were frozen at -20 ℃ immediately, whereas a two-step 

balancing process was performed on another repeating group following first dimension 

electrophoresis. Equilibrate buffer (2% [w/v] SDS, 6 M urea, 20% [v/v] glycerol, 

0.05 M Tris-HCl, pH 8.8, and 2% DTT) was used in the first balancing process for 

15 min. In the second balancing process, equilibrate buffer (same as the first process, 

except that IAA was substituted for DTT) was also used for 15 min. SDS-PAGE was 

performed immediately after all equilibration steps were completed, using 12% 

separation gel and 120 V gel electrophoresis parameters, until the bromophenol blue 

indicator reached the gel base. After the second dimension electrophoresis, the gels 

were stained using a modified silver-staining method (Yan et al., 2000). 

Gel with protein spots was visualized after silver staining. The spots were scanned 

using a UMAX Power Look 2100XL scanner (UMAX Systems, Willich, Germany) at 

1000 dpi resolution in TIF format. PDQuest version 8.0.1 software (BIO-RAD, USA) 

was used to calculate and analyze protein spot images according to the manufacturer’s 

instructions. Additional modifications were performed manually, after automated 

software detection, matching, and normalization, to reduce the potential for 

discrepancies during spot selection (Liu et al., 2015). 

 

In-gel digestion and MALDI-TOF-MS identification 

Differentially expressed protein spots were manually cut from the gels and were 

subjected to decolorization, in-gel trypsin digestion, and peptide extraction. Peptide 

mass fingerprint (PMF) spectrum analysis was then conducted using a 5800 MALDI-

TOF-MS analyzer (Applied Biosystems, USA). Retrieval result reliability was 

evaluated using a ratio of peptide segment matching rate, protein score, and a sequence 

coverage of matched peptides in the corresponding protein, and then analyzed using 

biological mass spectrometry methods. A BLAST of MS spectra against the Uniprot 

and NCBI databases, using MASCOT2.2 software (Matrix Science, UK), was 

performed to search for PMF. Minimum ion scores for each identified MS data point 

were capped at or above 95% C. I. (Alam et al., 2010; Liu et al., 2015) to ensure result 

credibility. 

 

Statistical and bioinformatics analysis 

All parameters at different stress periods were statistically analyzed using SPSS 19.0 

software (SPSS Science, USA). Data are reported as means with (±) standard deviation 

(SD). Multiple ANOVA comparisons were made using three replications; significance 

level was set at P < 0.05. Specifically, we calculated Pearson’s correlation coefficient 

between photosynthetic parameters, SWC, and LWP. 
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Bioinformatics analysis of the biological functions of differential proteins was 

performed using the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene 

Ontology (GO) online analysis software. KEGG is a collection of pathway maps 

representing molecular interaction network information (Li et al., 2016), whereas GO is 

a classification system for gene function clusters that provide descriptions for genes and 

gene product attributes in organisms. GO uses three ontologies that describe the 

molecular function, cellular components, and biological processes (Li et al., 2016). 

Results 

Soil water content and leaf water potential 

Soil water content (SWC) and leaf water potential (LWP) showed steadily decreasing 

trends throughout the treatment period, although no significant SWC trend differences 

were observed on days 15 and 20 (Table A1 in the Appendix). SWC and LWP levels in 

the control group were maintained at 30–40% and -1.0 – -1.3 MPa, respectively, 

throughout the treatment period. SWC and LWP levels in the treatment group were 

lowered dramatically by 98% and 79% to 0.43% and -5.65 MPa, respectively. LWP 

decreased sharply when the treatment period was extended, whereas SWC declined 

slowly during days 20–30; however, this decrease was lower than that of LWP during 

the same timeframe. 

 

Photosynthetic parameters 

Photosynthetic parameters, including net photosynthesis (Pn), stomatal conductance 

(Gs), and transpiration rate (Tr), decreased significantly as the drought period was 

prolonged, although fluctuations in this trend were observed on days 10 and 23 (Fig. 2). 

However, declines in Pn, Gs, and Tr were slower than those in SWC. Pn, Gs, and Tr 

decreased by 4.38 μmol CO2 m
-2·s-1, 0.11 mol H2O m-2·s-1, and 2.59 mmol H2O m-2·s-1, 

respectively during drought period days 0–23. Similar decreases in Pn, Gs, and Tr were 

noted (3.12 μmol CO2 m
-2·s-1, 0.03 mol H2O m-2·s-1, and 1.32 H2O m-2·s-1, respectively) 

during days 23–30. Figure 2 illustrates that Pn is more sensitive in terms of drought 

response than either Gs or Tr, decreasing by 7.50 μmol CO2 m-2·s-1 overall. No 

significant changes were observed in Ci during drought period days 0–15 compared to 

the control group; however, Ci also showed a downward trend during days 15–26, 

reaching a minimum of 395.68 μmol CO2 mol-1 on day 26. PWUE increased initially, 

and then decreased slowly during days 5–20, before sharply decreasing after day 26. 

Similarly, Ls showed an upward trend during days 10–26, and then sharply decreased 

after days 26. 

Besides, Pn, Gs, and Tr were significantly correlated with LWP (P < 0.01), and Pn 

was significantly correlated with both Gs and Tr (P < 0.01). Pn, Gs, and Tr were also 

found to be significantly correlated with SWC (P < 0.01) after correlation analysis was 

conducted between photosynthetic parameters, SWC, and LWP (Table A2). 

 

Chlorophyll fluorescence parameters 

Intrinsic photosynthetic efficiency of PSII (Fv/Fm) showed a decreasing trend 

throughout the drought stress period, and actual photochemical efficiency (ϕPSII) 

underwent a similar trend, both declining to minimum levels at day 30 by 28% and 

82%, respectively (Fig. 3). Additionally, slight increases in the non-photochemical 
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quenching coefficient (qN) were observed during days 5–15, but this parameter 

subsequently declined after day 15. Similarly, the apparent electron transfer rate (ETR) 

in the drought stress group increased slowly during days 0–10 but gradually decreased 

after day 10 (Fig. 3). 

 

 
Stress days 

Figure 2. Changes in photosynthetic parameters in leaves of D. minor var. amoenus under 

drought stress. Parameters include net photosynthetic rate (Pn), stomatal conductance (Gs), 

transpiration rate (Tr), intercellular CO2 concentration (Ci), water use efficiency (PWUE), and 

stomatal limitation value (Ls). Vertical bars represent the standard deviations 

 

Antioxidant enzymes and osmotic substances 

As drought conditions persisted, both PRO and MDA levels increased over time. 

Compared to the control group, during days 10–30, PRO levels increased 15-fold to 

365 µg.g-1, whereas MDA levels increased 3-fold to 14.6 nmol.mg-1 prot. In response to 

drought stress, many plants increase antioxidant enzyme levels to remove ROS. Levels 

of two antioxidant enzymes, CAT and SOD, were measured to gauge damage response. 

Similar outcomes were produced in these two enzymes by drought stress, and a 

significant increase in SOD and CAT levels on day 10 was observed. However, a 

significant decrease in these two enzymes was also observed after day 10 (Fig. 4). 
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Two-dimensional gel electrophoresis (2-DE) analysis 

The 2-DE process was repeated thrice for each treatment group; representative gels are 

shown in Figure 5. More than 500 total protein spots were detected in silver-stained gels in 

each treatment. Several protein spots observed to have significant changes in abundance 

were also identified. These spots were identified using MALDI-TOF-MS for PMF 

identification. Among these, 41 protein spots were common to all gels and these were 

subjected to MS identification. Following MS identification, 33 protein spots were 

successfully identified (Table A3). Additionally, 23 protein spots were upregulated, 13 spots 

were downregulated, and 5 newly expressed spots were identified. Enlarged profiles of the 

41 differentially expressed protein spots under drought stress are shown in Figure 6. 

 

 
Stress days 

Figure 3. Changes in chlorophyll fluorescence parameters in leaves of D. minor var. amoenus 

under drought stress. Parameters include initial minimum fluorescence (Fo), maximum fluorescence 

(Fm), quenching parameter (qN), maximum quantum yield of PSII (Fv/Fm), effective quantum yield 

(ϕPSII), electron transport rates (ETR). Vertical bars represent the standard deviations of the mean 

 

 

Upregulated protein spots 

Upregulated protein spots were identified as oxygen-evolving enhancer protein 1 

(spot 4), extra-large guanine nucleotide-binding protein 3-like isoform X2 (spot 21), 2-

Cys peroxiredoxin BAS1 (spot 22), oxygen-evolving enhancer protein 2 (spot 23), 
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calcium-dependent protein kinase (spot 29), PsbP chain A (spot 30), malate 

dehydrogenase (spot 31), flavin-containing monooxygenase (spot 35), glutathione S-

transferase DHAR3 (spot 38), cytochrome b6-f complex iron-sulfur subunit (spot 39), 

and germin-like protein 8-14 (spot 40). Many upregulated proteins were associated with 

signaling transduction (e.g., spots 29 and 39), whereas some proteins (e.g., spots 4 and 

23) were associated with photosynthesis. 

 

 
Stress days 

Figure 4. Changes in proline (PRO), superoxide dismutase (SOD), catalase (CAT), and 

malondialdehyde (MDA) in leaves of D. minor var. amoenus under drought stress. Different letters 

indicate significant differences (P < 0.05) among various treatments with vertical bars as standard 

deviations 

 

 

Downregulated protein spots 

Downregulated protein spots were identified as ribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit (spot 1), ribulose bisphosphate carboxylase small chain 

(spot 4), RuBisCO small subunit C (spot 5), ribosome-recycling factor (spot 16), ribulose 

bisphosphate carboxylase/oxygenase activase (spot 18), eukaryotic translation initiation factor 

3 subunit A (spot 26), fructose-bisphosphate aldolase (spot 33), and ATP synthase CF1 beta 

subunit (spot 41). Many downregulated proteins were associated with photosynthesis (e.g., 

spots 1, 4, and 5), energy metabolism (e.g., spot 41), and translation (e.g., spot 26). 

 

Newly expressed protein spots 

Newly expressed protein spots included ferritin-1 (spot 10), transcription factor-

related family protein (spot 14), and rca1 (spot 34). 
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Figure 5. Silver-stained two-dimensional proteome profiles gel of proteins extracted from 

leaves of D. minor var. amoenus grown under drought (left, day 0) and drought (right, day 26) 

conditions. In the first dimension, total protein was loaded on a 17 cm IEF strip with a linear 

gradient of pH 5-8. The second dimension was conducted in 12% polyacrylamide (w/v) gels 

(20 cm) (for details, see Materials and methods). The gel image analyses conducted with 

PDQuest software. The subsequent mass spectrometry analyses identified up to 41 proteins 

(marked by arrows) that were involved in the plant response to drought 

 

 

 

 

Figure 6. Enlarged profiles of silver-stained gel of 41 differentially expressed protein spots in 

Figure 5 that under drought (left, day 26) and control (right, day 0) conditions. Among the same 

letter, left for the control group and right for the drought experimental group. The subsequent 

mass spectrometry analyses identified up to 41 proteins (marked by arrows) that were involved 

in the plant response to drought 

 

 

Bioinformatics analysis 

Thirty-three differential abundance proteins were examined by GO and KEGG and 

classified into 19 GO terms. Of these, biological processes accounted for 10 terms, 

5 8 5 8 
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molecular functions accounted for 5 terms, and cellular components accounted for 4 

terms. The most representative terms for each group included cellular processes GO: 

0009987 and metabolic processes GO: 0008512; catalytic activity GO: 0003824 and 

binding GO: 0005488; and cell, membrane, and organelle, respectively (Fig. 7). KEGG 

pathway enrichment analysis revealed that most of these differential abundance proteins 

were largely involved in photosynthesis (map00195), carbon fixation in photosynthetic 

organisms (map00710), carbon metabolism (map01200), and glyoxylate and 

dicarboxylate metabolism (map00630; Fig. 7). 

 

  

Figure 7. GO function and KEGG enrichment analysis of differential expression proteins. GO 

function classification (left); KEGG pathway enrichment (right) 

Discussion 

Physiological analysis under drought stress 

Drought conditions intensify the various adverse effects such deficits have on plant 

characteristics, especially aspects related to effective soil water holding capacity, 

leading to irreparable leaf transpiration water loss and physical damage due to cell 

dehydration. These effects on plant morphological structure, physiological responses, 

and biochemical processes, including growth rate, stomatal conductance, tissue osmotic 

potential, and antioxidant defense, directly influence the normal growth and 

physiological processes of plants (Caruso et al., 2008; Xu et al., 2008). In this study, 

SWC and Pn were negatively influenced, showing a significant downward trend under 

prolonged drought stress. However, some fluctuations in Pn were observed on days 10 

and 23, which can be attributed to fluctuations among several key environmental factors 

such as temperature and humidity during the treatment period. Under drought stress, the 

plant can decrease transpiration water loss rates by reducing stomatal conductance or 

through stomatal closure, although such measures also inhibit CO2 transport efficiency 

in leaf cells. Stomatal and non-stomatal limitation factors hinder plant photosynthesis; 

intercellular CO2 concentration (Ci) levels and stomatal limitation (Ls) rates can also 

help predict whether changes leading to Pn increases or decreases are primarily due to 

stomatal or non-stomatal limitations (Chaves et al., 2009; Lawlor and Tezara, 2009). 

Correlation analysis showed that Pn, Gs, and Tr were significantly associated with 

bamboo LWP during drought stress (Table A2). This is because plant transpiration 
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intensity can be influenced by both SWC and inner-outer leaf LWP. Additionally, the 

physiological state of the plant itself can also regulate transpiration. In this study, we 

found that leaf intercellular CO2 concentrations increased significantly (P < 0.05) 

during days 26–30, whereas Ls decreased significantly, indicating that the leaf cell 

structure had experienced certain levels of physical damage and illustrating the resultant 

photosynthetic shifts from stomatal to non-stomatal limitations. 

Chlorophyll fluorescence kinetic parameters can be used to detect photosynthetic 

changes in plants under stress conditions quickly, accurately, and without damage to the 

plant leaf. Photosystem II (PSII) can be severely inhibited during drought stress. PSII 

also regulates electron transfer rates (ETR) and the efficiency of photochemical 

reactions in response to declines in carbon assimilation capacity and reduces the 

damage to plants caused by heat dissipation, called photoinhibition (Massacci et al., 

2008). In this study, a slight increase in ETR and ΦPSII, along with a decrease in Fm 

and qN were observed during drought stress days 0–10, but these values did not change 

significantly, indicating that variation among chlorophyll fluorescence parameters is 

relatively small during periods of mild drought stress. D. minor var. amoenus may also 

maintain certain ETR and qN levels by regulating the function of photosynthetic organs 

structure in the leaves, as well as by reducing heat dissipation; a similar photosynthetic 

observation was noted in Gossypium hirsutum with the onset of drought stress 

(Massacci et al., 2008). After 10 days, fluorescence parameters ETR, ΦPSII, and qN 

showed a significant decrease (P < 0.05), indicating that PSII had been damaged to 

varying degrees, photosynthetic organs and enzymes had been destroyed, and the effects 

of excess light energy could not be protected through heat dissipation. However, Kitao 

and Lei elucidated that cotton plants can reduce the risk of excessive energy in PSII by 

maintaining higher ETR associated with higher leaf nitrogen, even if Pn was reduced by 

stomatal closure (Kitao and Lei, 2007). Under drought conditions, when light use in 

photosynthesis or heat dissipation is not enough to deal with excessive energy levels, 

then large amounts of reactive molecules are produced, potentially leading to oxidative 

damage to photosynthetic organs (Dietz and Pfannschmidt, 2011). 

Proline (PRO) is an ideal osmotic adjustment material that can both increase the 

osmotic potential of plant cells and promote plant cell absorption rates under drought 

conditions, reflecting plant stress resistance capacity (Seki et al., 2007). In this study, 

PRO content showed a significant increasing trend, a very sensitive response to stress, 

and a very large change range (Fig. 4), indicating that the plant could improve its 

drought resistance capacity by increasing PRO content to adjust leaf cell osmosis rates. 

PRO accumulation could firstly adjust cytoplasmic inner-outer osmosis differences to 

prevent the inactivation of intracellular proteins and enzymes under osmotic stress. 

Conversely, it could also eliminate excessive ROS produced by plant stress-response 

mechanisms. Additionally, PRO interacts with hydrophobic protein residues to regulate 

drought resistance (Nanjo et al., 1999; Seki et al., 2007). As elucidated above, decreased 

PSII activity causes excess light photo-inhibition and promotes the formation of 

excessive ROS, leading to peroxidation of membrane lipids and destruction of cell 

structures, which results in abnormal physiological metabolism in plant cells. A set of 

active oxygen species scavenging systems has been formed in plants in which SOD and 

CAT serve as important antioxidant enzymes, scavenging ROS such as O2-, OH-, and 

H2O2. Similarly, membrane lipid peroxidation rates increased due to ROS accumulation 

in plants under drought stress, resulting in increases in MDA content (one of the final 

products of lipid peroxidation), and reduction in the photosynthetic capacity of plant 
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leaves (Hughes et al., 2001). In this study, significant increases in SOD and CAT 

activity were detected under mild stress conditions, which could eliminate ROS in cells 

and reduce membrane lipid peroxidation. However, SOD and CAT contents were 

inhibited and subsequently decreased under severe drought conditions (Fig. 4). 

Similarly, MDA levels continued to increase significantly, which seriously damaged 

PSII structure and function. Thus, it was proven that the primary factors for non-

stomatal Pn limitation under drought stress were enzymatic systems and photosynthetic 

structures (Chaves et al., 2009). It was also noted that increased CAT content levels 

were higher than those related to SOD, which indicates that CAT is more sensitive to 

water deficit conditions. 

 

Protein involved in photosynthesis 

RuBisCO (ribulose-1, 5-bisphosphate carboxylase oxygenase) is an important 

enzyme involved in the carbon fixation process during photosynthesis, which converts 

CO2 to glucose in plants (Shi et al., 2014). RuBisCO also catalyzes RuBP, which is a 

primary reaction by which inorganic carbon enters the plant biosphere (Feller et al., 

2007). In this study, four RuBisCO-associated proteins (spot 1: RuBisCO large subunit, 

spot 4: Ribulose bisphosphate carboxylase small chain, spot 5: RuBisCO small subunit 

C, and spot 18: RuBisCO activase) were found to be downregulated in drought-affected 

bamboo leaves. Similar downregulation of RuBisCO-associated proteins was also found 

in rice leaf sheaths under drought stress (Yamane et al., 2003; Ali and Komatsu, 2006). 

Similarly, two different oxygen evolution enhancing protein configurations (spot 6 

OEE1 and spot 23 OEE2) were highly upregulated, suggesting a putative role in OEE 

water stress response, whereas RuBisCo and OEE are more closely related to 

photosynthesis. Photoinhibition is the primary injury that plants experience under 

drought stress, along with photosynthetic decreases caused by stomatal or metabolic 

limitations (Xu and Huang, 2010). RuBisCo subunit and RuBisCo activase are very 

important protein complexes highly prevalent in green plants. They are also the key 

enzymes related to photosynthesis and photorespiration in C3 plants; they are involved 

in both CO2 fixation (during photosynthesis) and CO2 release (during photorespiration). 

Both RuBisCo subunit and RuBisCo activase activity decreased as drought stress 

intensity increased. RuBisCo regeneration ability also decreased sharply, leading to 

decreases in photosynthetic rates. Jorge et al. (2006) investigated proteomic changes in 

Quercus ilex under drought stress at different growth stages in different provenances 

and found that both large and small RuBisCo subunits in leaves had decreased. The 

inhibition of, or decreases in, photosynthesis and chlorophyll fluorescence under water 

deficit conditions could be partially explained by such decreases in Rubisco subunits 

and Rubisco activase content. Additionally, OEE, which is a nuclear gene-encoded 

chloroplast protein, has three subunits (OEE1, OEE2, and OEE3). It is a peripheral 

protein in the PSII thylakoid membrane and plays an important role in water photolysis, 

possibly sustaining PSII oxygen release capacity (Xu et al., 2008). Furthermore, 

upregulated OEE was observed not only under drought stress but also in association 

with other abiotic stresses, such as salinity fluctuations (Gazanchian et al., 2007; Xu et 

al., 2010). OEE is very easy to separate from the PSII complex, resulting in increases in 

OEE1 and OEE2, as noted in the current study, and indicating repeat damage to the 

plants’ photosynthetic systems. Similarly, PsbP (spot 30), a PSII oxygen-evolving 

complex peripheral protein in green plants, plays an important role in maintaining the 

oxygen releasing capacity and functional integrity of the photosynthetic system. 
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Expression of PsbP increased in the oxygen releasing complexes of bamboo leaves 

under drought stress, indicating potential roles in maintaining the photosynthetic system 

and rate stability (Mohan et al., 1995). 

Cytochrome b6-f complex metallothionein (spot 39) is a component of the 

cytochrome b/f complex. This complex is a membrane protein that can be isolated from 

thylakoid membranes and consists of four polypeptides (cytochrome f, cytochrome b6, 

iron-sulfur protein, and polypeptide), among which the first three are electronic carriers. 

Cytochrome f, also known as c type cytochrome, is closely related to mitochondrial 

cytochrome c1, which is involved in the transfer of photosynthetic electron. In this 

study, levels of cytochrome b6-f complex metallothionein increased, indicating that the 

protein was separated from the thylakoid membrane complex and the photosynthetic 

electron conduction chain was blocked. Similar upregulation of cytochrome b6-f 

complex metallothionein was also associated with drought stress in Agrostis stolonifera 

(Xu and Huang, 2010). 

 

Proteins involved in energy metabolism 

The substantial decline in CO2 assimilation under water deficit conditions through 

the reduction in ATP levels indicated that ATP synthesis would respond to abiotic stress 

(Tezara et al., 1999; Deeba et al., 2012). ATP synthase, which is a key enzyme in plant 

energy metabolism, is widely distributed within plant chloroplasts, mitochondria, and 

nucleus, and provides energy requirements for metabolic activities, such as cell material 

transport, signal transduction, and material synthesis and decomposition. ATP synthase 

consists of two primary components, F0 and F1. F0 is located outside of the membrane 

and has three binding sites, comprised of five subunits. F1 is a transmembrane protein 

consisting of three subunits. ATP synthase CF1 beta subunit (spot 41) is an important 

component of ATP synthase, which participates in intracellular light and 

phosphorylation processes. The molecular functions of ATP synthase beta subunit CF1 

involve the formation of non-covalent bonds between ATP and adenosine-5-

monophosphate. It is an important coenzyme and enzyme activity regulator; proton 

transfer ATP synthase activity coupled with rotation mechanisms, operating via 

transmembrane rotation and reverse electrochemical gradients to transport protons, form 

ATP. In this study, we found that the expression of ATP synthase subunit of CF1 

synthase was downregulated under drought stress. However, contradictory results have 

been observed in mildly drought-stressed cotton (Deeba et al., 2012) and mildly salt-

stressed rice (Kim et al., 2005), in which CF1 beta subunit levels increased to enhance 

ATP synthesis capacity and alleviate damage to the chloroplasts and mitochondria. The 

authors attributed this to severe damage to the photosynthetic apparatus and metabolism 

enzyme inhibition during drought stress day 26. Detailed, time-interval delineated 

information related to this protein’s response to drought conditions remains unclear in 

D. minor var. amoenus. 

 

Proteins involved in stress responses 

Germin-like protein (spot 40) is a kind of soluble glycoprotein that widely exists in 

plants. Germin-like protein is similar to Germin, which is primarily found in Triticum 

aestivum, both of which belong to the Cupin superfamily. Germin-like proteins are 

involved in many plant physiological and biochemical processes associated with 

enzymes, receptors, and structural proteins (Patnaik and Khurana, 2001). Germin-like 
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protein may combine via ionic bonds in the extracellular matrix. Under stress 

conditions, the expression of germin-like proteins would be upregulated, and would 

then, in turn, regulate the signal transduction of H2O2 to protect the plant from oxidative 

damage. Additionally, this protein exhibits SOD-like activity, which can convert ROS 

into H2O2 in response to stress (Banerjee et al., 2010). Zhu et al. (2007) reported that 

expression levels of germin-like proteins were significantly increased in maize root cell 

walls under drought stress, indicating involvement in important roles in cell wall 

defense functions. Similar results were identified in Lupinus albus under drought stress. 

In this study, we found that the expression of the germin-like protein was upregulated 

under drought stress, which enhanced tolerance. Germin-like proteins were observed 

primarily through SOD and oxalate oxidase (OXO) functions under stress conditions. 

SOD could convert ROS into H2O2, and then be converted by peroxidase into H2O, 

eliminating oxidase damage. OXO can catalyze oxalic acid to form H2O2 and CO2, and 

then eliminate it via a similar process. Additionally, induced H2O2 could mediate plant 

defense responses through signaling cascades and interactions with cellulose in the cell 

wall, enhancing cell wall stability during stress conditions (Zhu et al., 2007). 

In this study, we also found enhanced expression levels of 2-Cys peroxiredoxin 

BAS1 (spot 22), which participates in the removal of ROS, antioxidant defenses, and 

redox signaling under stress conditions. 2-Cys peroxiredoxin BAS1 is a kind of typical 

cysteine peroxidase-reducing protein found in plant chloroplasts and was primarily 

cloned from Arabidopsis thaliana. Additionally, 2-Cys peroxiredoxin BAS1 content in 

mesophyll cells was found to be higher than that of vascular sheath cells. This is 

because mesophyll cells use linear photosynthetic electron transfer methods, leading to 

the generation of higher ROS content than sheath cells, and therefore accumulating 

higher redoxin protein levels in mesophyll cells (Baier and Dietz, 1997). In addition to 

H2O2 reduction, 2-Cys peroxiredoxin BAS1 can also reduce peroxide and peroxide 

nitroso. In this study, we found that the expression of 2-Cys peroxiredoxin BAS1 was 

upregulated, indicating a stress-related role in D. minor var. amoenus. 

We also found a new expression of ferritin-1 (spot 10). Iron (Fe) atoms easily gain 

and lose electrons, which can lead to intense reactions when combined with oxygen 

atoms or other toxic substances. In plants, ferritins are located in the protoplast and are 

capable of forming a holographic surface that includes more than 4,500 Fe atoms. This 

structure indicates that ferritins play an important role in maintaining the balance of Fe 

atoms and protecting Fe-mediated oxidative reactions (Bournier et al., 2013). Four 

multi-gene families encoding ferritins were found in Arabidopsis, among which ferritin-

1 was the strongest response protein under iron stress. Under such conditions, ferritin-1 

increased significantly from the transcriptional level to the final protein level in 

Arabidopsis, indicating that the ferritin-1 protein might also respond to abiotic stresses 

(Petit et al., 2001). In this study, ferritin-1 was newly expressed under drought 

conditions, suggesting a putative role in water deficit responses. Detailed information 

related to the different responses of this protein to drought-stress and iron-stress 

conditions requires further investigation. 

Conclusion 

This study provides an initial analysis of physiological and proteomic responses in 

leaves of the bamboo species, D. minor var. amoenus, under drought stress. Notably, the 

effects of mild drought stress on photosynthesis and chlorophyll fluorescence were 
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lower than that of severe drought stress in this bamboo species, owing to compensation 

by other biological pathways. Severe drought stress causes leaf stomatal closure and 

accumulation of ROS, leading to physical damage to cell structure, while non-stomatal 

limitation factors assume leading roles in leaf photosynthesis and seriously affect the 

normal growth of plants. Analysis of stress response proteins revealed annotations of 23 

upregulated, 13 downregulated, and 4 newly expressed proteins. Bioinformatics 

analysis showed that these differentially expressed proteins were related to 

photosynthesis, energy metabolism, and stress response, indicating the involvement of 

these proteins in response to drought stress in D. minor var. amoenus. The result of GO 

and KEGG classification analysis showed those differentially expressed proteins were 

related to photosynthesis, energy metabolism, and stress response, indicating the 

involvement of these proteins in response to drought stress in D. minor var. amoenus. 

Notably, the new expression of Ferritin-1, which reduces oxidative reactions, was 

studied Thus, there is a need to study the mechanism of Ferritin-1 in bamboo species 

under drought stress further. Taken together, these studies increase the understanding of 

response mechanisms of bamboo species under drought stress. Additionally, this study 

provides foundational information and an experimental basis for exploring drought 

resistance candidate genes among bamboo species. 
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APPENDIX 

 

 
 

Figure A1. Map showing the bamboo coastal sandy protection areas of Dongshan Island (left) 

and Bamboo Research Institute of the Fujian Agriculture and Forestry University, Fuzhou, 

China (right) 

 
Table A1. Changes in soil water content (SWC) and leaf water potential (LWP) under 

drought stress 

Stress (days) 
SWC (%) LWP (MPa) 

Treatment Control Treatment Control 

0 30.867 ± 1.858 f 30.867 ± 1.858 a -1.143 ± 0.101 h -1.237 ± 0.075 a 

5 22.267 ± 1.498 e 30.567 ± 2.793 a -2.037 ± 0.097 g -1.05 ± 0.105 a 

10 14.2 ± 0.9 d 32.433 ± 3.889 a -2.853 ± 0.078 f -1.237 ± 0.095 a 

15 6.267 ± 0.896 c 37.733 ± 0.252 b -3.35 ± 0.325 e -1.043 ± 0.196 a 

20 4.6 ± 0.436 c 31.867 ± 2.346 a -3.983 ± 0.123 d -1.207 ± 0.195 a 

23 2.633 ± 0.85 b 30.967 ± 1.38 a -4.427 ± 0.165 c -1.087 ± 0.12 a 

26 0.833 ± 0.058 a 31.5 ± 0.954 a -4.93 ± 0.229 b -1.213 ± 0.112 a 

30 0.433 ± 0.058 a 32.9 ± 1.572 a -5.65 ± 0.161 a -1.187 ± 0.11 a 

Measurements were conducted at each sampling time over the treatment. Each value represent means ± standard error of three 

replicate experiments. Data denoted by the same letter did not differ at significant levels (P < 0.05) according to Duncan’s 
multiple range test 

 

 
Table A2. Correlation coefficients between photosynthetic parameters, SWC and LWP 

 LWP SWC Pn Gs Ci Tr PWUE 

SWC 0.985**       

Pn 0.899** 0.904**      

Gs 0.921** 0.910** 0.953**     

Ci 0.170 0.167 0.196 0.274    

Tr 0.910** 0.908** 0.914** 0.962** 0.302   

PWUE 0.195 0.220 0.375 0.180 -0.613** 0.076  

LS -0.170 -0.167 -0.196 -0.274 -1.000** -0.302 0.613** 

Parameters include net photosynthetic rate (Pn), stomatal conductance (Gs), transpiration rate (Tr), intercellular CO2 
concentration (Ci), water use efficiency (PWUE), soil water content (SWC) and leaf water potential (LWP). ** Correlation is 

significant at the 0.01 significance level 
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Table A3. Differential protein spots identified by MALDI-TOF-MS under drought stress 

Sample 

spot 

Corresponding 

target 
Protein name Accession NO. Sources 

Theor 

MW 
pI 

Peptide 

matches 
C.I.% 

1 M19 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (plastid) gi|817525241 Neohouzeaua sp. Clark & Attigala 1712 52851.5 6.3299 16 100 

2 M20 Hypothetical protein OsJ_35814 gi|125579068 Oryza sativa Japonica Group 19485.9 8.87 9 100 

3 M21 Hypothetical protein OsI_38046 gi|125536346 Oryza sativa Japonica Group 19708 9.04 9 100 

4 M22 Ribulose bisphosphate carboxylase small chain, chloroplastic gi|122234140 Oryza sativa Japonica Group 19633.9 9.04 9 100 

5 M23 RuBisCO small subunit C gi|158513174 Oryza sativa Indica Group 19633.9 9.04 7 100 

6 M24 Oxygen-evolving enhancer protein 1, chloroplastic gi|474352688 Triticum urartu 34407.4 5.75 10 100 

7 N1 Hypothetical protein gi|226506316 Zea mays 24474.4 4.99 6 100 

9 N3 Hypothetical protein OsJ_01921 gi|125570526 Oryza sativa Japonica Group 34839.7 6.1 10 100 

10 N4 Ferritin-1, chloroplastic-like gi|514807458 Setaria italica 27984.2 5.67 4 100 

12 N6 Uncharacterized protein V4W9U6_9ROSI Citrus clementina 42274.6 9 15 95.617 

13 N7 Hypothetical protein OsJ_01921 gi|125570526 Oryza sativa Japonica 34839.7 6.1 7 100 

14 N8 Transcription factor-related family protein B9H470_POPTR Populus trichocarpa 66182.6 6.25 21 97.77 

16 N10 Ribosome-recycling factor, chloroplastic gi|474043078 Triticum urartu 24755.2 8.92 5 100 

17 N11 Uncharacterized protein W5BGE9_WHEAT Triticum aestivum 40596.1 9.03 7 96.716 

18 N12 Ribulose bisphosphate carboxylase/oxygenase activase gi|109940135 Oryza sativa Japonica Group 51421.4 5.4299 14 100 

19 N13 Hypothetical protein OsJ_01921 gi|125570526 Oryza sativa Japonica Group 34839.7 6.1 4 100 

20 N14 Hypothetical protein OsI_25003 gi|218199135 Oryza sativa Indica Group 108971.8 6.04 25 96.175 

21 N15 Extra-large guanine nucleotide-binding protein 3-like isoform X2 gi|514817425 Setaria italica 70472.4 5.43 17 95.716 

22 N16 2-Cys peroxiredoxin BAS1, chloroplastic gi|514713083 Setaria italica 28032.5 5.97 5 99.785 

23 N17 Oxygen-evolving enhancer protein 2, chloroplastic gi|474077556 Triticum urartu 25485.8 8.94 7 100 

26 N20 Eukaryotic translation initiation factor 3 subunit A gi|514774931 Setaria italica 114747.4 9.27 15 90.854 

29 N23 Calcium-dependent protein kinase, isoform AK1 gi|728449015 Arundo donax 2282 12 5 94.457 

30 N24 Chain A, The Crystal Structure of Psbp gi|767259516 Zea Mays 20117.2 5.96 5 100 

31 O1 Malate dehydrogenase, cytoplasmic gi|514816242 Setaria italica 35461.1 5.76 9 100 

32 O2 Predicted protein A9T5M7_PHYPA Physcomitrella patens subsp. 141967.7 6.28 31 98.102 

33 O3 Fructose-bisphosphate aldolase gi|514804765 Setaria italica 41808.5 6.08 13 100 

34 O4 rca1 gi|728675519 Arundo donax 44304.1 5.5 7 100 

35 O5 Flavin-containing monooxygenase A0A059AY33_EUCGR Eucalyptus grandis 42130.6 8.77 18 98.908 

37 O7 Hypothetical protein OsI_28915 gi|218201012 Oryza sativa Indica Group 26987.8 8.76 6 96.668 

38 O8 Glutathione S-transferase DHAR3, chloroplastic gi|514762575 Setaria italica 28944.1 7.68 7 98.992 

39 O9 Cytochrome b6-f complex iron-sulfur subunit, chloroplastic gi|475511555 Aegilops tauschii 23711 8.47 5 100 

40 O10 Germin-like protein 8-14 gi|475618322 Aegilops tauschii 25959.6 8.43 3 99.887 

41 O11 ATP synthase CF1 beta subunit (plastid) gi|817524800 Bambusa arnhemica 53879.2 5.4699 26 100 

The differentially expressed proteins were calculated according to statistically significant changes between samples using SPSS software by ANOVA-test (abundance variation at least 2-fold, p < 0.05). The 

sample spot represents the number of proteins assigned in Figures 5 and 6. Theor MW and pI values shown are the theoretical and experimental values. C.I.%, which is the Mascot score of the in-solution 
digestion protocol. Accession number and Protein name are assigned according to the NCBInr-protein sequence database 


