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Red Kwao Krua (Butea superba Roxb.) is a Thai traditional medicinal plants used in
alternative medicines for anti-aging and increased sex vigor in male. Seasonal changes
especially changes in temperature and amount of rainfall are major influencing factors which
results in induction of protein biosynthesis in response to plant stresses, leading to changes
in protein relative abundance in metabolic pathways of plant cells. Proteomics was applied
in this study using the two-dimensional polyacrylamide gel electrophoresis for protein
identification coupled with mass spectrometry, to study the variations in proteome
compositions of B. superba tubers and leaves collected during rainy season, winter and
summer. The protein separation results demonstrated the identified 224 protein spots in
tubers and 112 protein spots in leaves which were classified to be the same amount of 12
functional protein groups. The 45 and 12 identified proteins in tubers and leaves were
involved in multiple metabolic pathways in different seasons. The analysis of the protein
spot intensities indicated that the differential amount of expressed proteins might be
induced from the increased temperature and water shortage stresses occurred during
summer and the decreased temperature and water shortage stresses occurred during winter
might induce the differential abundance levels. It might result in changes in the physiological
status within plant tubers and leaves, including phonotypic changes related to plant survival.
The results might help the molecular basis understanding in tuber and leaf proteomes. In
additional, the distinct of some proteins could potentially be used as protein markers to
indicate the responses to the physical factors occurred during seasonal changes in other
plants. It might also applied for setting of harvest of B. superba tubers and leaves for

manufacturing of products.
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CHAPTER |

INTRODUCTION

Butea superba Roxb. is a native Thai herbal plant with common name of “Red
Kwao Krua”. A large twining wood belongs to the leguminosae subfamily, family
Fabaceae. The plant is commonly found in Thai deciduous forest of the Northern,
Eastern, North-eastern and Central regions. The tuberous roots and stems are used in
the Thai traditional therapies as anti-aging and alternative medicines for the purposes
of rejuvenation, promotion of sexual vigor and treatment of erectile dysfunction in
mature males (Cherdshewasart et al., 2004). In tuberous roots, the chemical
constituents, flavonoid (3,7,3"-Trihydroxy-4'-methoxyflavone) and flavonoid glycosides
(3,3-dihydroxy-4-methoxyflavone-7-O-B-D-glucopyranoside), were found to harbour
cAMP phosphodiesterase inhibitory activity (Roengsumran et al., 2000), whereas
formononetin and prunetin showed moderate cytotoxic activity on human oral cavity
carcinoma cells (KB) and breast cancer cells (BC) (Ngamrojanavanich et al., 2007). In
addition, the plant crude extracts were also shown to act as antimicrobial agents
(Yadava and Reddy, 1998), antioxidant (Chukeatirote and Saisavoey 2009),
acetylcholinesterase (AChE) inhibitor for protection of Alzheimer’s disease (Ingkaninan

et al,, 2003) and anti-proliferation agents of human breast adenocarcinoma cells (MCF-
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7) (Cherdshewasart et al., 2004). The male potency benefits of the plant tubers were
proven in the Thai human clinical trial in which the consumption of the tuberous
powder could be used as the alternative treatment for erectile dysfunction
(Cherdshewasart and Nimsakul, 2003). The mechanism of action of the tuberous
chemical constituents might need endogenous testosterone to work synergistically to
stimulate the accessory male sex organ of intact animals (Malaivijitnond et al., 2010).
The tuberous powder initiates androgen disruption within the male body
(Cherdshewasart et al., 2008). The tests in male rats confirmed the initiation of

vasodilation and subsequently, enhance penile erection (Tocharus et al., 2006).

In plants, these beneficial chemical constituents are biosynthesized with the
aid of various enzymes in multiple biosynthetic pathways. Seasonal changes might
influence temperature and amount of rainfall in the plant environment (Porter and
Semenov, 2005) and thus initiate stresses in plants and affect levels of certain proteins,
leading to changes in protein relative abundance in the complex cellular plant

metabolic pathways.

Plant proteins are major components in biological systems which are the main
structural or mechanical role and the functional molecules to involve in signal
transductions, biochemical reactions, metabolic pathways, developmental/ differential

stages, abiotic and biotic stress defenses and plant-pathogen interactions (Rossignol et
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al., 2006). For example, plants such as roots of sugar beet, wheat, wild watermelon,
and sugarcane were responsed to drought stress by increasing the levels of heat shock
proteins as molecular chaperones (Ghosh and Xu, 2014). In potato (Solanum
tuberosum L.), differential abundances of 219 proteins during its tuber development
were exhibited (Agrawal et al.,, 2008). Multiple signaling pathways and environmental
factors were related to tuber development, physiology, dormancy and signal

transductions were found (Agrawal et al., 2008; Lehesranta et al., 2006).

In addition, leaves are specialized organ involved a primary role in
photosynthesis (Komatsu and Hossain, 2013). The leaves produce specific tuberization
stimuli and transmit into the underground part to control the tuberization process
during photosynthesis. The metabolic stresses in leaf lead to change in profile of
proteins related to physiological processes in storage root initiation and growth
(Mitprasat et al,, 2011). While these stimuli range from proteins to small-molecule
hormones, most were found to be proteins and were related to energy production,
metabolism and photosynthesis as well as stress response, detoxification and defense.
Major identified proteins were related to energy production, metabolism and
photosynthesis as well as stress response, detoxification and defense (Donnelly et al,,

2005).
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Proteomics is a high-throughput technology used for identifying and measuring
the levels of multiple proteins. The study applied two-dimensional polyacrylamide gel
electrophoresis coupled with a nanoflow liquid chromatography coupled to
electrospray ionization quadrupole-time-of-flight tandem mass spectrometry to
determine the proteomic patterns of B. superba tubers and leaves collected in varied
seasons. The outcome should allow better understanding of the plant proteomes,
especially those relating to growth, development, tuberization, biosynthesis, allergy,
stress tolerance, antioxidant defense system and signaling pathway in B. superba

tubers and leaves.

The objectives of this study are:

1. To determine the proteomic patterns of B. superba tubers and leaves
2. To analyse B. superba tubers and leaves differential protein relative

abundance under the influence of seasons and varieties
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LITERATURE REVIEWS

2.1 Butea superba Roxb.

2.1.1 General background

One of the well-known Thai plants in sub-family Leguminosae, family Fabaceae
is Butea superba Roxb., which is commonly called “red kwao krua”. The plant is widely
found in the Central, Northern, North-Eastern, and Eastern regions of Thailand. Its
tuberous roots and stems have been traditionally used as alternative medicine with
anti-aging properties for rejuvenation, stimulation of male sexual strength and also for
treatment of erectile dysfunction (Suntara, 1931). The plant potential for treatment of
erectile dysfunction was proofed in the clinical trial in Thai males (Cherdshewasart and

Nimsakul, 2003).

2.2.2 Botanical characteristics

B. superba is a strong twinning plant. The tuberous roots are budded

underground. The mature roots are elongate tuberous shape. On cutting, the tuberous
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roots release the red sap. One branch has three leaves, smooth ventral and nap dorsal
leaves, acuminate leaflet and five to seven in each veinlet. Flowers are yellowish
orange colors which are perfect flower and indeterminate inflorescence with blooming
period during late winter to early summer. Pods are 10 to 15 centimeters long to cover
sprouting short hair and inside only one seed (Loontaisong, 2005). The pictures of

tuberous roots, leaves, flowers and pods are shown in Figure 1.
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Figure 1 The botanical characteristics: tuberous roots (a), leaves (b), flowers (c) and

pods (d) of B. superba.
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2.1.3 Chemical constituents and traditional uses

B. superba tubers harbor six categories of chemical constituents namely;
carboxylic acid, steroid, steroid sglycoside, flavonoid, flavonoid ¢lycoside and
coumestain, isoflavones and others. The summery of chemical constituents are shown
in Table 1. Flavonoid (3,7,3-Trihydroxy-4'-methoxyflavone) and flavonoid glycosides
(3,3‘—dihydroxy—4'—methoxyﬂavone—?—O—B—D—gtucopyranoside) isolated from tuberous
roots had an inhibiting effect upon cAMP phosphodiesterase (Roengsumran et al,,
2000). The tuberous formononetin and prunetin exhibited moderate cytotoxicity on
human oral cavity carcinoma cells (KB) and breast cancer cells (BC) (Ngamrojanavanich
et al,, 2007), especially that formononetin exhibited estrogenic activity via EROL and
ERB and sympathy between progesterone receptor and androgen receptor. Medicarpin
exhibited cytotoxic activity on tumor cells. 7, 4'-dimethoxyisoflavone exhibited an
effective cancer-chemoprevention in mouse mammary organ culture (Cherdshewasart
et al,, 2008). The plant crude extracts were shown to exhibit antioxidant activities
(Chukeatirote and Saisavoey 2009), antimicrobial agents (Yadava and Reddy, 1998),
acetylcholinesterase (AChE) inhibitory properties for preventing of Alzheimer’s disease
(Ingkaninan et al., 2003), and anti-proliferation activity on the growth of human breast
adenocarcinoma cells (MCF-7) (Cherdshewasart et al, 2004). The male potency
benefits of the plant tubers were proven in the Thai clinical trial in which the

consumption of the tuberous powder could be the alternative treatment for erectile
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dysfunction (Cherdshewasart and Nimsakul, 2003). The mechanism of action of the
tuberous chemical constituents might need endogenous testosterone to work
synergistically to stimulate the accessory male sex organ of intact animals
(Malaivijitnond et al., 2010). The plant powder had an androgenic effect in the
reproductive organs and anti-estrogenic activity on luteinzing hormone (LH) in
ovariectomized rats but it exhibited the other mechanism of the initiation of androgen
disruption within the male body by decreasing in blood testosterone level
(Cherdshewasart et al., 2008). The tests in male rats confirmed the initiation of

vasodilation and subsequently enhance penile erection (Tocharus et al., 2006).

Table 1 The summary of chemical constituents of B. superba

Categories Chemical constituents References

Carboxylic acid decosanoic acid (Cy,Hz40,) Ruksilp (1995)
tricosanoic acid (Cy3Hq0,)
tetracosanoic acid (CygHg05)
pentacosanoic acid (C,5Hs00,)
hexacosanoic acid (CysHs,0,)
3-hexacosanoloxy-propane-1,2-diol Ngamrojanavanich et

al. (2007)
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Categories

Chemical constituents

References

Phytosterols and

sterol glycosides

campesterol

B—sitosterot

stigmasterol
B—sitosteryl—S—O—B—d—glucopyranoside

stigmasteryl—3—O—B—D—gtucopyranoside

Ngamrojanavanich et

al. (2007)

Flavonoids,

flavonoid

glycosides and

coumestans

7-hydroxy-6-4’-dimethoxyisoflavone
3.5,7,3’.4’-pentahydroxy-8-methoxy
ﬂavonol—S—O—B—D—xylopynosyl—a—L—
rhamnopyranoside
3,7-dihydroxy-8-methoxyflavone-7-O-
Ol-L-rhamnopyransoside
3,7,3'-Trihydroxy-4'-methoxyflavone
3,3'-dihydroxy-4'-methoxyflavone-7-O-
B—D—glucopyranoside

coumestrol

Yadava and Reddy

(1998)

Roengsumran et al.

(2000)

Ma et al. (2005)
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Categories Chemical constituents References
Isoflavones medicarpin Ma et al. (2005);
(3-hydroxy-9-methoxypterocarpan) Neamrojanavanich et
formononetin al. (2007)
(7-hydroxy-4’-methoxy-isoflavone)
daidzein
genistein
biochanin A Ma et al. (2005)
(5,7-dihydroxy-4’-methoxyisoflavone)
prunetin
(5,4’-dihydroxy-7-methoxy-isoflavone) | Ngamrojanavanich et
al. (2007)
butesuperins A Ma et al. (2005)
butesuperins B
Others calycosin Ma et al. (2005)
pseubaptigenin

* Modified from Kaewmuangmoon (2006) and Sangkapong (2005).
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2.2 Protein preparation

Phenol extraction is a powerful procedure for protein preparation. Sucrose is
added to the buffer to inverse phase. The buffer forms consist of the aqueous lower
phase containing carbohydrates, nucleic acids and insoluble cell debris and the upper
phenol containing cytosolic and membrane proteins, lipids and pigments were high pH
to inhibit proteases, followed by KCl to extract proteins, EDTA to restrain polyphenol
oxidase and metalloproteases, DTT to prevent the oxidation of plant (poly)-phenols
(quinines) and protease inhibitor to irreversibly inactivated proteases (Carpentier et al.,

2005).

2.3 Proteomics

Proteomics is the multidimensional protein identification technology for
measuring comparative levels of proteins. The technique is the completely protein
complement of the whole genomes. The proteins are significant components of cells
in virtually biological systems which are the major structural or mechanical role and
the functional molecules to involve in signal transductions, biochemical reactions,
metabolic pathways, developmental/ differential stages, abiotic and biotic stress
defenses and plant-pathogen interactions (Graves and Haystead, 2002). The proteome

is dynamic response to access in cells both intracellular and extracellular signal
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molecules to change the levels and activities of its proteins and environmental
condition. The functional characterization of individual proteins in the pathways,
networks and complexes are based on its regulation, stability, structure, localization,
modification and interactions. The proteomics is a range of technological approaches
to directly apply on study of differential protein expressions, subcellular localization,
biochemical activities and regulation (Twyman, 2004). In previous times, In previous
times, the kinds of proteomics and their applications to biology were categorized under

the heading of proteomics (Graves and Haystead, 2002) as shown in Figure 2
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Figure 2 The kinds of proteomics and their applications to Graves and Haystead (2002).

According to Twyman (2004), the functional proteomics is concerned with the

investigation of binary interactions between individual proteins and higher-order
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interactions of protein complexes including biochemical, cellular and systemic
functions. The initial step of proteomic procedures are protein separation for resolving
all the individual proteins in cell (Figure 3). Many methods used to separate complex
protein mixtures are depended on charge, size, hydrophobicity and ligand specificity.
Two-dimensional gel electrophoresis (2-DE) is a high-resolution for protein fractionation
which provides effectively resolving power in each dimension. Polyacrylamide gels are
generally used for electrophoresis, which are from the polymerization reaction of
acrylamide monomer and N’N’-methylene-bis-acrylamide to be catalyzed by
N,N,N’,N”-tetramethylenediamine (TEMED) and ammonium persulfate (Sawasdipuksa,
2008). The experiment relates tolerated proteins, which combines two steps of
separation according to their charge and molecular weight. The first-dimension step is
isoelectrically focused in pH gradient to separate proteins on the foundation of net
charge based on isoelectric points (p/) across the x-axis which is equal to the
surrounding pH and the net charge on the protein is zero (neutral charge). Proteins
represent the differences of the p/ values and types of smaller more acidic proteins
and larger more basic proteins (Figure 4). Then, the second-dimension step is protein
separation according to molecular mass across the y-axis with sodium
dodecylsulsulfate polyacrylamide gel electrophoresis (SDS-PAGE). The proteins are
denatured with SDS detergent which binds protein stoichiometrically to the
polypeptide backbone to be negatively charged. The protein-SDS complexes carry the

same charge density and difference in mass. Larger molecules move slowly in gel
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whereas smaller molecules move quickly in gel. After that the analysis of all proteins
is measured mass/charge ratio (m/z) of ions in a vacuum using mass spectrometry (MS).
Molecular masses are analyzed with efficiently high degree of accuracy depend on
digestion with specific protease such as trypsin (cleavage site Arg-amino acid side of Y
residue and Lys-amino acid side of Y residue) or a similar reagent to intact peptide ions
and fragmented ions. Three principle components of mass spectrometers consist of
ion source, mass analyzer and ion detector. Two common methods have been widely
used for ionization of peptide mixtures are matrix-assisted laser desorption/ionization
(MALDI) which is utilized to analyze simple peptide mixtures and electrospray
ionization (ESI) which is combined capillary electrophoresis, liquid chromatography (LC)
or tandem MS (LC/MS/MS) to analyze complex peptide mixtures. The gas phase ions
in a vacuum are converted by the ion source. The ions are increased speed in an
electric field from the ion source to the mass analyzer and then the ions are separated
mass/charge ratio (m/z). Different types of mass analyzer are applied to separate the
ions with determination of the required time to pass through the length of a flight tube
such as time-of-flight (TOF), tandem TOF-TOF, the triple quadrupole (TQ), and hybrid
quadrupole-TOF. Later, the ion detector recorded to detect the collision of individual
ions. The amino acid sequences are contrasted by expected values of theoretical
peptide masses from the term of database sequencing algorithms. Calculation of the
score is reflected the match between the theoretically and experimentally established

masses with the peptide mass mapping search program by MASCOT, profound, or MS-
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FIT comparing other amino acid sequences based on the significant degree of sequence

similarity in GenBank database or SWISS-PROT database. The identified proteins are

categorized functional annotation.
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Figure 3 Workflow of proteomic experiments (Rampitsch and Srinivasan, 2006).
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Figure 4 Isoelectric focusing on an immobilized pH gradients (IPG) focused a single

protein (a) and a mixture of proteins (b) (Figeys, 2005).

2.4 Literature reviews of plant proteomics

2.4.1. Proteomics in tuberous plants

Agrawal et al. (2008) studied the differential development stages during
tuberization in potato (Solanum tuberosum L.) by two-dimensional polyacrylamide gel
electrophoresis (2-D PAGE) and coupled with electrospray ionization time-of-flight mass

spectrometry (ESI-TOF/MS). A total of 219 protein spots were differentially expressed
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to change their intensities more than 2.5-fold. The functional classification of proteins
related to the various metabolic pathways such as glycolysis, sucrose and starch
synthesis, and defense and rescue. The majority group of identified proteins was found
in biogenesis storage (29%), bioenergy and metabolism (21%), and cell defense and
rescue (12%). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and alcohol
dehydrogenase (ADH) were increased in initial tubers. GAPDH and UDP-glucose
pyrophosphorylase (UGPase) were high-level expression in synthesis of sucrose during
tuber developmental stages. The UGPase plays an important role in cell wall
biogenesis, which catalyzes in biosynthesis of cell wall polysaccharides. Although
fructokinase could increase during tuber development and maturation, fructose bis
phosphate aldolase increased the catalyze conversion of the aldol cleavage of
Fructose-1,6-bisphosphate  (Fru  1,6-bisP) to glyceraldehyde 3-P (G3P) and
dihydroxyacetone phosphate (DHAP) during tuber maturation. ATPase was expressed
to accumulate starch during tuber maturation, whereas malate dehydrogenase and
NADP dehydrogenase were increased during tuber development. Superoxide
dismutase (SOD), ascorbate peroxidase (APX) and catalase were directly found to
involve reactive oxygen species catabolizing enzymes that proteins could transit from
stolons into tubers during tuberizaton. Heat shock proteins (HSPs) were found during
late expressions of tuberization. In addition, low temperature or short day conditions
might induce reactive oxygen species levels. The activities of proteins play a significant

role in cell defense and rescue mechanism. Multiple signaling pathways and
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environmental factors were related to tuber development, physiology, dormancy and
signal transductions were found. In additional, dynamics of the protein networks during
tuberization of potato were found to involve in pathways of carbon assimilation,
protein biogenesis and storage and source-sink transport. Proteins related to sugar
breakdown, ROS mechanism, and tuberous storages were exhibited in metabolic
pathways. The graphs were represented the profile-expression of individual protein
and number given below in individual graph point to the protein identification number

(Figure 5).
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2008).
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Li et al. (2011b) identified 102 proteins in tuberous roots of cassava (Manihot
esculenta Crantz). Major proteins were found during physiological and developmental
stages of tuberous roots. For example, 1,4-alpha-glucan branching enzyme precursor,
starch  branching enzyme |, starch phosphorylase precursor, ADP-glucose
pyrophosphorylase exhibited the key proteins in starch metabolism which were unique

to be metabolically active in tuberous roots. For group of cell structure, alpha-tubulin

(Ol-tubulin) was high-level expression in fiber development of tuberous roots.

Du et al. (2011) studied the protein expression during early stage of
tuberization in taro (Colocasia esculenta var. antiquorum) by 2-DE and coupled with
electrospray ionization mass spectrometry (ESI/MS). GAPDH, ADH, chloroplast protein
synthesis elongation factor (EF-Tu) and ankyrin repeat protein HBP1 were found
involved in tuberization in taro. GAPDH was increased under dehydration to involve in
sucrose metabolism in vitro tuberization. Some important metabolic changes including

sucrose metabolism, signal transductions and cell defenses was found in early stage.

Jungsukcharoen et al. (2016) reported the major proteins including isoflavone
synthase, chalcone isomerase, UDP-glycosyltransferase, isoflavone reductase, and

cytochrome P450 were related to isoflavonoid pathways in Pueraria mirifica tubers.
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2.4.2. Proteomics in leaves

Donnelly et al. (2005) studied leaf proteome of wheat (Triticum aestivum L.)
by 2-DE and coupled with matrix-assisted laser desorption/ionization-time of flight
mass spectrometry (MALDI-TOF/MS). The results showed that the majority of functional
protein group involved in energy production, primary and secondary metabolism. The
proteins in energy production related to metabolic pathways such as glycolysis,
gluconeogenesis, pentose phosphate pathway, TCA cycle, respiration, fermentation,
electron transport, and photosynthesis, whereas the proteins in primary and secondary
metabolism were related to the metabolism of amino acids, nitrogen and sulfur

nucleotides, phosphate, sugars and polysaccharides, lipids, sterols, and cofactors.

Xu et al. (2006) studied soybean leaf proteins by 2-DE and mass spectrometry.
Fifty-three protein spots were analyzed by MALDI-TOF/MS, whereas 67 protein spots
were not identified. MALDI-TOF/MS were allowed to analyze by liquid chromatography
tandem mass spectrometry (LC-MS/MS). The largest identified proteins were related to
energy metabolism. Energy harvesting, conversion, and storage were found the
important functions of plant leaf. The proteins was found to involve in photosynthetic
electronic transport such as subunits of PSI and PSII, Rieske FeS protein, plastocyanin,
and ferredoxin. Seven proteins, namely, RuBisCO, matate dehydrogenase,

sedoheptulose-1,7-biphosphatase,  phosphoglycerate  kinase,  glyceraldehyde-3-
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phoshate dehydrogenase, triosephosphate isomerase and tranketolase were found in
carbohydrate metabolism. Glutamine synthetase, serine hydroxymethyltransferase,
alanine aminotransferase, methionine synthesis, aspartase transaminase, P-, H-and T
protein of the glycine cleavage system were associated with amino metabolism. In
addition, chaperonin, heat shock proteins/heat shock cognate 70, co-chaperones,
cyclophilin, endopeptidase Clp and polyubiquitin play the important roles in protein
folding, protein translocation across membranes, assembly of oligomeric proteins,
modulation of receptor activities, mRNA protection, prevention of enzyme
denaturation and stress-induced aggregation and with post-stress ubiquitin and

chaporonin-aided repair.

Lee et al. (2007) studied rice leaf proteome in response to heat stress in
temperature of 42°C by 2-DE and coupled with MALDI-TOF/MS. Forty-eight proteins
were identified and grouped into heat shock proteins, energy and metabolism, redox
homeostasis, and regulatory proteins. Due to heat stress might increase ROS, HSPs
such as HSP 70, HSP 100, dnak-type molecular chaperone BiP, and small heat shock
proteins (sHSPs), they were primarily induced in response to heat stress. HSP 70 and
dnak-type molecular chaperone BiP related to folding and synthesis of new
polypeptides. HSP 100 could was found to protect protein aggregation and protein
degradation. The proteins such as transketolase, UDP-glucose pyrophosphorylase

(UGPase), putative thiamine biosynthesis protein, and pyruvate dehydrogenase were
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increased to involve in tri-carboxylic-acid (TCA) cycle in energy metabolism. RuBisCO
and RuBisCO activase were decreased under heat temperature. Therefore, the plant
might retrieve in the state with up-regulation of transketolase to increase precursor of
Rubisco by catalyzing reversible conversion a two-carbon ketol unit from a 5-carbon
keto sugar to a 5-carbon aldo sugar. ATP synthase was decreased under heat stress
which might influence energy-dependent processes. Heat stress might result to change
energy production systems. In redox homostasis, GST isoenzymes was increased in
response to heat stress because of detoxification of ROS-induced lipid peroxidation
products. Dehydroascorbate reductase (DHAR) might increase under heat stress to

protect against oxidative stress.

Rasineni et al. (2009) studied leaf proteins of a fast-growing tree Gmelina
arborea Linn. Roxb. Sixty-four protein spots were identified by 2-DE and coupled with
MALDI-TOF-TOF/MS. The identified proteins were involved in photosynthesis, amino
acid metabolism, cytoskeleton, cell wall metabolism, stress-related proteins, redox
maintenance, electron transport chain, phytohormone metabolism and protein
translation and folding. The major proteins in G. arborea leaf tissues such as RuBisCO
large subunit, RuBisCO activase, carbonic anhydrase, slyceraldehyde-3-phosphate
dehydrogenase, trisephosphate isomerase and ferredoxin NADP reductase were

categorized in photosynthesis and energy metabolism. One of the low-potential iron-



39

sulfur proteins was ferredoxin, which plays a role in reduction of NADP" cyclic

photophosphorylation and thioredoxin systems.

Mitprasat et al. (2011) studied leaf proteins in cassava (Manihot esculenta,
Crantz) by 2-DE and coupled with LC/MS/MS machine model Finnigan LTQ Linear lon
trap mass spectrometry. The results demonstrated that the leaves produced specific
tuberization stimuli, and transmit into the underground part to control the tuberization
process. The signaling pathway between leaves and roots might contribute
physiological changes. The metabolic switches lead physiological changes,

development including storage tuber.

Zhang et al. (2012) studied heat stress response in leaves of radish (Raphanus
sativus L.) by 2-DE and coupled with MALDI-TOF/MS. Eleven proteins were differentially
expressed and divided into four groups such as HSPs, redox-related protein, energy
and metabolism-related protein, and signal transduction-related protein. HSPs CPN 10,
HSP17.4, HSP17.6ll and putHs42 was highly induced under heat stress. The key enzyme
in the ascorbate-glutathione pathway was L-ascorbate peroxidase (APX). It was found
in response to reactive oxygen, salt stress, heat and low temperature stress. In addition,
oxygen-evolving enhancer protein 2 was found to relate to photosynthesis and light

reaction to maintain stability of Photosystem II.
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2.5 ROS Scavenging mechanisms

Glutathione (Y-glutamylcysteinylglycine) is multiple functional metabolites to
interact via thiol-disulphide exchange of the ascorbate-glutathione pathway for
scavenging of hydrogen peroxide that is a ubiquitous low-molecular-weight consisted
of tripeptides (Y-glu-cys-cly). It plays a key role in in maintaining cellular signaling and
homeostasis processes and redox balance of plants during development, growth,
redox homeostasis, antioxidant defense system and plant-pathogen interaction (Gill et

al., 2013).

Enzymatic ROS scavenging mechanisms of plants are regulated via the
ascorbate-glutathione pathway, including monodehydroascorbate reductase (MDAR),
catalase (CAT), glutathione reductase (GR), dehydroascorbate reductase (DHAR),
ascorbate peroxidase (APX), slutathione-S-transferase (GST), guaiacol peroxidase,
glutathione peroxidase (GPX) and non-enzymes such as glutathione, ascorbic acid and
antioxidants. In addition, superoxide anion radicals (O%) can be dismutated to hydrogen
peroxide (H,0,) and oxygen (O,) by superoxide dismutases (SODs) which is antioxidant
metalloenzymes defense in biological systems against ROS (Apel and Hirt, 2004), as

shown in Figure 6.
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Figure 6 Generation of different ROS by energy transfer or sequential univalent

reduction of ground state triplet oxygen (Apel and Hirt, 2004).

The crucial modes of enzymatic ROS scavenging by SOD and CAT, which are
involved in the ascorbate-glutathione cycle, and the glutathione GPX cycle to perform
the first line for defense against ROS. Hydrogen superoxide into hydrogen peroxide
(H,0,) was converted by SOD (Figure 7a). Hydrogen peroxide (H,O,) into water (H,O)
was converted by CAT (Figure 7b), the ascorbate-glutathione cycle also converts from
hydrogen peroxide to water. Ascorbate peroxidase (APX) needs ascorbate and GSH
regeneration system (Figure 7¢). APX appears by oxidation of ascorbate to MDA. MDA
is reduced into ascorbate by MDA reductase (MDAR) with the aid of NAD(P)H as reducing
eqgrivalents. MDA can naturally dismutase into Dehydroascorbate (DHA). For ascorbate
regeneration, DHA reductase (DHAR) can mediate in the oxidation of glutathione (GSH).
By the end of cycle, GSH was regenerated with converting from oxidized g¢lutathione
(GSSG) by glutathione reductase (GR) with the aid of NAD(P)H. Hydrogen peroxide into

water was converted by the GPX cycle by reducing equivalents from GSH Oxidized
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GSSG, is replicated to be converted into GSH by GR including the reducing agent

NAD(P)H (Figure 7d).

a) b)

Superoxide Dismutase: Catalase:

0, 80R y o, H,0, CATL HO+% 0,
¢)

Ascorbate-Glutathione Cycle:
(1) H,0, + Ascorbate APX H,0 + Monodehydroascrobate (MDA)

(2) MDA + NAD(P)H MDAR  Agcorbate + NAD(P)*
(3) Dehydroascorbate + GSH DHAR Agcorbate + GSSG
(4) GSSG + NAD(P)H —GR, GSH + NAD(P)*

9 Glutathione Peroxidase Cycle:

(1) H,0, + GSH GPX H,0 +GSSG
(2) GSSG + NAD(P)H GR, GSH + NAD(P)*

Figure 7 The crucial modes of enzymatic ROS scavenging (Apel and Hirt, 2004).

2.6 Temperature stress

Temperature stress might be related to either higher or lower temperature
changes and are environment factors influencing growth and development as well as
induction of the physiology, biochemical and morphological alterations in plants. A
temperature of < 40°C can induce high temperatures stress and resulted in leaf
abscission and senescence, fruit discoloration, sunburns on stems, branches and

leaves, shoot growth inhibition, and scorching of twigs and leaves (Waraich et al., 2012).
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The primary heat sensing mechanism of plants initiates from the increases of
temperature, which is effect on the fluidity of membrane properties, the combination
of glycolipids and activation of ion channels (Ca**). Subsequently, calcium interrupt
signal transduction events and changes in transcriptome, proteome and metabolome
including changes in protein stability and revelation of hydrophobic residues of
proteins might alter the reaction of enzymes and the accumulation of ROS to include
modification of cellular energy levels, and RNA unfolding. However, the increased
temperature might activate programed cell death of plants (Mittler et al., 2012) as

shown in Figure 8
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Figure 8 A model for temperature sensing (Mittler et al., 2012).
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2.7 Water stress

Water stresses is one of the environmental factors initiating water deficit and
drought, which impacts on plant growth and development, physiological process,
photosynthetic ability and productivity (Boutraa et al., 2010). Drought and water deficit
might inhibit cell elongation and reduce the photo assimilation and required

metabolites of cell division (Farooq et al., 2009).

A main influence of drought is failure in photosynthesis, which is represented
the possible mechanisms under stress. Drought stress or reduced water availability
induces the loss of balance between ROS’s and the antioxidant defense, affecting ROS
accumulation, which persuades oxidative stress. A stomata is closed throughout ABA
signaling, which reduces the CO2 influx. Reduced CO, affects the decreases of
carboxylation and the stimulated ROS production. The reduction of activities of
ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO), phosphoenolpyruvate
carboxylase (PEPCase), NADP-malic enzyme (NADP-ME), fructose-1, 6-bisphosphatase
(FBPase) and pyruvate orthophosphate dikinase (PPDK) affects photosynthetic
limitation. The activity of RuBisCo binding inhibitors is increased by the decreased tissue
water contents. The decreased non-cyclic electron transport corresponds the

decreased obligations of Nicotinamide adenine dinucleotide phosphate (NADPH)
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production and the reduction of ATP synthesis leading to declined photosynthesis as

shown in Figure 9 (Farooq et al., 2009).

Lower
tissue water potential

/1 O\

Dimirushod actwtes of
PEPase NADP-ME,
FBPase, PPOK
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CO, influx l

\/
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Dedined
Obstructed ATP B 2 .
synthesis photosynthesis

Figure 9 Photosynthesis under drought stress (Farooq et al., 2009).
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CHAPTER Il

EXPERIMENTAL

3.1 Plant materials and tuber and leaf collections

B. superba originated from Lampang, Saraburi and Chachoengsao provinces,
Thailand, was grown to the age of at least 3 years old in a farm located in Banpong
district, Ratchaburi province, Thailand. The tubers and leaves were then harvested
during rainy season (August, 2010), winter (January, 2011) and summer (April, 2011) and
were stored at -80°C. All collected tuber samples had diameter sizes of not less than
7 centimeter in their annual rings that exhibited clearly of the secondary growth of

xylem and phloem in the root vascular cambium.

3.2 Protein extraction and quantification

B. superba tissues (20 grams) were extracted by soaking in the extraction buffer
[0.7 M sucrose, 0.5M Tris, 30 mM HCl, 50mM EDTA, 0.1 M KCl, 2% (v/v) [3
mercaptoethanol and 2mM PMSF] for 30 min at 4°C and centrifuged at 8000 g.., for

10 min at 4°C to aid collection of supernatant. The process was repeated 2-3 times;
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before one volume of water-saturated phenol was added to the harvested
supernatant. The phenolic mixture was homogenized and kept on ice for 30 min. After
centrifugation (8000 g, for 10 min at 4°C), the upper phenol phase was transferred
to another tube. Proteins in the phenol phase were precipitated at -20°C overnight by
adding 5 volumes of 0.1 M ammonium acetate in methanol. The mixture was
centrifuged at 4000 g,., for 10 min at 4°C. The supernatant was discarded and the
pellet was dissolved immediately with 1 volume of cold water and subsequently
sonicated for 3 min. The precipitate was washed once with 9 volumes of cold acetone,
kept at -20°C for at least 4 hours and then centrifuged at 4000 g, for 10 min at 4°C.
The washed pellet was air-dried to remove acetone before the dried pellet was
solubilized in lysis buffer [7 M urea, 2 M thiourea, 4% (w/v) CHAPS, 2% (w/v)
dithiothreitol (DTT) and 5% (v/v) ampholine, pH 3-10]. The protein concentration was

determined by Bradford’s method (Bradford, 1976).

3.3 Two-dimensional Polyacrylamide Gel electrophoresis

150 pg protein sample was solubilized in rehydration buffer [8 M urea, 2% (w/v)
CHAPS, 0.28% (w/v) DTT and 0.5% (v/v) IPG buffer pH 3-10, non-linear (NL)] and 1%
(v/v) bromophenol blue was added and subsequently dehydrated overnight in
immobilized drystrip pH 3-10 NL, 7 cm (GE Healthcare, Inc.). The first dimension was

performed on Ettan IPGphor Il Isoelectric Focusing System (Amersham Biosciences,
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USA) in steps, which held at 300 V for 200 Vh, followed by at the gradient of 1,000 V
for 300 Vh, 5,000 V for 4500 Vh and finally at 5000V for 2000 Vh. In the second
dimension, the IPG strips were equilibrated for 2x10 minutes with gentle shaking in 1.5
ml of a solution containing 6 M urea, 50 mM Tris—HCl (pH 6.8), 30% (v/v) glycerol, 2%
(w/v) SDS. One percent (w/v) of DTT was added to the first equilibration step, and 2.5%
(w/v) iodoacetamide was added to the second equilibration step. After equilibration,
the IPG strips were applied to the 14% SDS-PAGE and separated by Hoefer system

(Hoefer, Inc.).

3.4 Protein visualization and image analysis

To aid visualization of protein spots, the gels were stained overnight using
Coomassie Blue R-250 with gentle shaking. The gels were destained with 40% (v/v)
methanol and 10% (v/v) acetic acid for 2 hours, followed by 10% (v/v) methanol and
5% (v/v) acetic acid overnight, until the clear backgrounds were observed. The
destained gels were scanned by image scanner (Amersham Biosciences, USA). The
experiments were performed in triplicate. The results were aligned, matched and

analyzed using the Image Master 2-DE platinum 7.0 (GE Healthcare, UK).
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3.5 In-gel digestion with trypsin

Protein spots were cut and sliced into pieces, followed by destaining with 0.1
mM ammonium bicarbonate (NH;HCO3) and 50% (v/v) acetonitrile (ACN) for 20 min at
30°C. They were dried in vacuo for 5 min and subsequently swelled in 0.1 mM
NH/HCO5, 10 mM DTT and 1 mM EDTA for 45 min at 60°C to reduce the disulfide bonds.
100 mM iodoacetamide and 0.1 mM NH4HCO; were added and incubated for 30 min
at 25°C in the dark for alkylation of the proteins. The samples were then washed with
0.05 M Tris-HCL, pH 8.5 and 50% (v/v) ACN, dried in vacuo for 5 min, and then lysed
with digestion buffer [0.05 M Tris-HCl, pH 8.5, 10% (v/v) ACN and 1 mM CaCl2] and
trypsin (10% acetic acid and 0.2 mg/ml trypsin) (9:1, v/v) at 37°C overnight. In the final
step, the samples were completely eluted with 2% (v/v) trifluoroacetic acid (TFA), 0.05
M Tris-HCl, pH 8.5 and 1 mM CaCl,, ACN and 5% (v/v) formic acid and ACN,

respectively, and the solutions were completely dried in vacuo.

3.6 Protein identification

Protein samples were analyzed using a nanoflow liquid chromatography
coupled to electrospray ionization quadruple-time-of-flight tandem mass
spectrometer (Micromass; Wythenshaw, Manchester, United Kingdom) working mode

(Srisomsap et al,, 2010). The database search was performed with ProteinLynx
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screening NCBInr using MASCOT (Matrix Science Ltd., London, UK) during 2012-2014.
The database search parameters were set as follows: Viridiplantae (Green Plants);
enzyme, trypsin; variable modification, carbamidomethyl (C) and oxidation (M); peptide
tolerance, =1 Da; MS/MS ion mass tolerance, + 0.6 kDa; peptide charges, 1+, 2+ and 3+
and maximum allowed missed cleavage, 1. The confidence of peptide matches were
based on the experimental M, pl, number of peptide matches, percentage of
sequence coverage and significant value of the MOWSE score (> 35) as promising hits

and matched proteins for identification with p-values < 0.05.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Sample collection

The tubers and leaves of B. superba were harvested during August, 2010 to
represent rainy season samples, January, 2011 to represent winter samples and April,
2011 to represent summer samples. According to the Thai Meteorological Department
data during the harvested period, these months were fixed based on temperature, the
amount of rainfall and sunshine hours at Banpong district, Ratchaburi province,
Thailand (Figure 10). Such physical factors could induce major effects on protein
relative abundances and cellular functions in plants. For example, high temperature is
able to disrupt photosynthesis (Wahid et al., 2007), whereas low temperature can
inhibit growth stages, photosynthesis, pollination, fruit set, and fruit development
(Lurie and Sabehat, 1997). Short-term ultimate temperature can decrease crop yields
during developmental period (Hashiguchi et al., 2010). In addition, day and night
temperature cycles are the important factors on the growth of Agave deserti,
Carnegiea gigantean and Ferocactus acanthodes (Mohamed and Al-Whaibi., 2011). In

terms of rainfall, temporal variations result in differences in water resources across
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years, signal germination and competitive suppression (Levine et al., 2008), which might
affect annual plant population dynamics. Plants receive radiant energy from sunshine

that influences plant growth and reproduction (Khan et al., 2012).

Rainy season was August to October with a wide range of sunshine and high
rainfall. August had the lowest sunshine duration of 117.8 hours/month along with
moderate temperature. Shortage of sunshine causes numerous diseases and low
growth (Khan et al., 2012). Winter was from November to February with the low level
of rainfall. January was the coldest month with minimum temperature of 20.2°C. Low
temperature might regulate cold-stress responsive proteins associated with membrane
repair (Hossain et al,, 2012). Summer was in March and April. April was the hottest
period with maximum temperature of 34.5°C and the highest sunshine duration of
235.6 hours/month. During these months, plants might respond to high temperatures

by stimulating synthesis of heat shock proteins (Sebehat et al., 1998).

For leaf sample collected in winter, B. superba originated from Chachoengsao
and Saraburi shed their leaves to keep reducing water loss. In some plants, this kind
of response is to aid plant survival under low temperature and drought stress (Mahajan
and Tuteja, 2005). Unfortunately, B. superba leaf originated from Chachoengsao lacked
of sample in collection of summer because the plant might be sensitive to high

temperature and also grew slowly resulting in rare amount of presence leaves.
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Elevated temperature can regulate multi-seasonal life cycle to reset physiological and

molecular mechanism including homeostasis and survival (Ahuja et al,, 2010). B.

superba originated from Lampang occurred faster growth during summer. The rates of

growth and maturity can increase rapidly and reach maturity over a short period during

the season (Khan et al., 2012).

Climate distribution
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Figure 10 Climate distribution during sample collection in Banpong district, Ratchaburi

province, Thailand from August, 2010 to April, 2011.
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4.2 Sample extraction and separation of proteins by 2-DE

technique

Comparative proteomic analysis of B. superba tubers and leaves was achieved
by comparing intensities of spots on 2-DE gels. Although the phenol extraction
(Faurobert et al., 2007) technique is more protocol-extensive and time consuming than
another method such as TCA-acetone and TCA-acetone/Phenol (Carpentier et al,,
2005), It was applied in the sample preparation process to inhibit protease and remove
the interferences in the analysis from tannins, lignins, polysaccharides, lipids, phenolic
compounds, pigments and high content of secondary metabolites in the plant extract
(Boonmee et al., 2011; Chokchaichamnankit et al., 2009). Subsequently, the 150 ug
protein samples were subjected to protein analysis on 2D-PAGE consisting of pH 3-10,

non-linear IEF strips.

4.2.1 Proteomic patterns of tubers

Under the pH gradient, the individual proteomic patterns showed the high
intensity of resolved spots within broader and narrower pH gradients with a large
number of proteins found in the acidic to basic regions (pH 4-8). Overall, despite the

large similarities, the proteome abundance patterns among samples from different
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seasons and varieties were visually distinguishable on the 2-DE gels (Figure 11-19 and

Table 2).
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Figure 11 Representative 2-DE profiles of the 150 ug protein isolated from B. superba
tubers which were originated from Lampang (1) and harvested from Banpong district,

Ratchaburi province in rainy season (TR) at pH 3-10 using non-linear IEF strips.
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Figure 12 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Lampang (1) and harvested from Banpong district,

Ratchaburi province in winter (TW) at pH 3-10 using non-linear IEF strips.
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Figure 13 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Lampang (1) and harvested from Banpong district,

Ratchaburi province in summer (TS) at pH 3-10 using non-linear IEF strips.
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Figure 14 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Saraburi (2) and harvested from Banpong district,

Ratchaburi province in rainy season (TR) at pH 3-10 using non-linear IEF strips.



59

MW
(kDa)

= 97.0

¥ cco

Woams 450
L

— 30.0

. 201

”14.4

Figure 15 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Saraburi (2) and harvested from Banpong district,

Ratchaburi province in winter (TW) at pH 3-10 using non-linear IEF strips.
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Figure 16 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Saraburi (2) and harvested from Banpong district,

Ratchaburi province in summer (TS) at pH 3-10 using non-linear IEF strips.
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Figure 17 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Chachoengsao (3) and harvested from Banpong

district, Ratchaburi province in rainy season (TR) at pH 3-10 using non-linear IEF strips.
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Figure 18 Representative 2-DE profiles of the 150 pg protein isolated from  B. superba

tubers which were originated from Chachoengsao (3) and harvested from Banpong

district, Ratchaburi province in winter (TW) at pH 3-10 using non-linear IEF strips.
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Figure 19 Representative 2-DE profiles of the 150 pg protein isolated from B. superba
tubers which were originated from Chachoengsao (3) and harvested from Banpong

district, Ratchaburi province in summer (TS) at pH 3-10 using non-linear IEF strips.
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Table 2 Protein spot appearance isolated from B. superba tubers originated from

Lampang, Saraburi and Chachengsao in 2-DE gels

Spot  Accession

no. number @ Protein name TRT TW1 TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 1: Allergy

1 gi[3914435 Profilin-1 v Y v v v v v v v

a1 gi|25091405 Thaumatin protein 1 - - - : : v v v -

57 gi|1619903 Thiol protease isoform B, - - - - - - - v -

111 g¢il113781 Alpha-amylase - v v v v v v v -

Functional group 2: Carbohydrate and energy metabolism

15 gi|1675394 Alcohol dehydrogenase 3 v v v v v o v v v
Glyceraldehyde -3-

22 qi|15235282  phosphate - - v oo - - - v oo
dehydrogenase

26 gi[2746513 Alcohol dehydrogenase 1, - - - - - - v oo
partial
Triosephosphate

28 gi[77540216 isomerase v v v v v v oV v v
Triosephosphate

33 gi|57283985 isomerase v v NV v v oo v v
Glyceraldehyde -3-

58 ¢i|48508784 phosphate v v v v v v v v v
dehydrogenase v v v v v v ooV v
Glyceraldehyde -3-

59 gi[351723699  phosphate v v v v v v v v v
dehydrogenase C subunit v/ v v v v v v v v
Glyceraldehyde -3-

62 gi|307136111  phosphate - - - - v v v v v
dehydrogenase

63 gi|211906450 Phosphoglycerate kinase, - - - - - - - v -

65 gi|356525744  Phosphoglycerate kinase, v~ v/ v v Vv v v v v
Glyceraldehyde -3-

69 gi|418731090  phosphate v v v o v v v v v v

dehydrogenase



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYmt.dat&hit=gi%7C357465811&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYOh.dat&hit=gi%7C113781&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYwO.dat&hit=gi%7C77540216&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYwO.dat&hit=gi%7C77540216&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzeTO.dat&hit=gi%7C380746853&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbEee.dat&hit=gi%7C307136111&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbEmE.dat&hit=gi%7C418731090&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)
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Spot  Accession
no. number 2 Protein name TR1 TW1 TS1 TR2 Tw2 TS2 TR3 Tw3 TS3
Functional group 2: Carbohydrate and energy metabolism
79 6i|363806992 V-type proton ATPase v v v v v v oo v v v
catalytic subunit A
81 356505318  Enolase v v v v v v v v v
82 gi|356513072 Phosphoglucomutase, v v v v v v v v v
cytoplasmic
83 gi[357483399 Succinate dehydrogenase v/ v v v v v o v v v
84 gil13467735 2,3-bisphosphoglycerate v v v v v v v v v
indenpendent
phosphoglycerate mutase
85 qi|356524354 Phosphoglucomutase, v Y3 v v v v o v Vv v
cytoplasmic
86 gi|22597178 Alcohol dehydrogenase 1 - - - vooo- - - v -
87 gi|22597178 Alcohol dehydrogenase 1 - - - v - - v -
88 gi[22597178 Alcohol dehydrogenase 1 - - v oo v v o vV -
89 gi|22597178 Alcohol dehydrogenase 1 v/ - v - - v v v -
90 gi[22597178 Alcohol dehydrogenase 1 v~ v v oo v v v v v v
91 gi|1351887 Alcohol dehydrogenase v Ve v v v v v v v
Glyceraldehyde -3-
99 qi[351723699 phosphate v v v v v v v v v
dehydrogenase C subunit
Glyceraldehyde -3-
100 i|380746853 phosphate v v v v v v v v v
dehydrogenase
Glyceraldehyde -3-
101 ¢i|48508784 phosphate v v v v v v v v v
dehydrogenase
104 ¢i|71793966 Alcohol dehydrogenase v v v v v v v v v
105  ¢i|255585914  Alcohol dehydrogenase v v v v v v v v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzeTO.dat&hit=gi%7C380746853&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzeTO.dat&hit=gi%7C380746853&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)

66

Spot  Accession

no. number ? Protein name TR1 Twl TS1 TR2 Tw2 TS2 TR3 TW3 TS3
Functional group 2: Carbohydrate and energy metabolism
106 ¢i|342851387  Alcohol dehydrogenase, - v v v v v v v v
putative
112 ¢i|356509324  Alcohol dehydrogenase 1 - v v v v v v v
113 ¢i|356525744  Phosphoglycerate kinase, - v v - v - - v v
cytosolic
115 ¢i|344190186  Enolase v v v v v v v v Vv
116 ¢i|445589 Alcohol dehydrogenase el v v v v v v v
117 ¢i|445589 Alcohol dehydrogenase VA v v v v v v v
118 ¢i|445589 Alcohol dehydrogenase VRN v - v v v v v
119 ¢i|445589 Alcohol dehydrogenase v v v - v v oo v v
120 gi|22296818 Pyruvate kinase - X v v v oo v -
121 gi|356521618  Pyruvate kinase i 3 v oo - v oo v -
122 qi|1169534 Enolase v v v - v v v v v
123 gil356530953  Enolase v v v v v v v v v
128  gi|22597178 Alcohol dehydrogenase 1 - v Ve v v - v v
129 ¢i|22597178 Alcohol dehydrogenase 1 - v v oo v v oo v v
130 ¢i|470108526  Alcohol dehydrogenase 1 - v v v Vv v v v v
131 ¢i[22597178 Alcohol dehydrogenase 1 - v v v v v v v v
138 gi|255538186  D-3-phosphoglycerate - - - v - - v v -
dehydrogenase, putative
139 gi|356536246  ATP synthase subunit beta - - - - - - - v -
140 qil351724891  Enolase v v v v v v v v v
141 gil1169534 Enolase v v v - v v v v -
143 ¢i|226492645  Vacuolar ATP synthase v v v v v v v v
subunit B
166 gi|33149681 Pyruvate decarboxylase - v - - - - - - -



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131119%2FFTncCxYaL.dat&hit=gi%7C356509324&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131125%2FFTnornenR.dat&hit=gi%7C445589&db_idx=1&px=1&ave_thresh=65&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131125%2FFTnornenR.dat&hit=gi%7C445589&db_idx=1&px=1&ave_thresh=65&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxsSh.dat&hit=gi%7C22296818&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxTEL.dat&hit=gi%7C356521618&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnoriawR.dat&hit=gi%7C1169534&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeEtR.dat&hit=gi%7C356530953&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYaE.dat&hit=gi%7C356536246&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfHSL.dat&hit=gi%7C351724891&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnoriawR.dat&hit=gi%7C1169534&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorismS.dat&hit=gi%7C226492645&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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Table 2 (Continued)

Spot  Accession

no. number 2 Protein name TR1 Twil TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 2: Carbohydrate and energy metabolism
171 gi|22597178 Alcohol dehydrogenasel - v - - v - - - -

172 gi|125662890 Glyceraldehyde -3- - v v, - - - - v v
phosphate
dehydrogenase
UDP- sugar

173 gi|75110834 pyrophospharylase - - - - - - - v -
UDP- sugar

174 ¢i|351727947 pyrophospharylase

<\

Glyceraldehyde -3-

175  ¢i|3023814 phosphate - - - - - - . v -
dehydrogenase,
Glyceraldehyde -3-

176 ¢i|120666 phosphate - - - - - - . v -

dehydrogenase

ATP synthase subunit

183 gi[356536246  beta - - - - - - - v

186 i|22597178 Alcohol dehydrogenasel v~ - v o - - v oo v v
Glyceraldehyde -3-

196  ¢il149391151 phosphate v v i - - - - v -
dehydrogenase

200 gi|22296818 Pyruvate kinase - v - - - - v v

202 gi|22597178 Alcohol dehydrogenasel - v v - - - - - -

203 ¢i|502117964 Enolase-phosphatase E1 - v v - - - - - -

205  gi|1169534 Enolase v v vioo- - - - - v

207 ¢i|1169534 Enolase v v - - - - - - -
ATP synthase subunit

211 gi|356536246  beta - - v oo - - v oV v

214 gi|356561923 Glucan endo-1,3-beta- - - - - v - - - -

glucosidase 5



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbETL.dat&hit=gi%7C125662890&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzeTO.dat&hit=gi%7C380746853&db_idx=1&px=1&ave_thresh=50&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYaE.dat&hit=gi%7C356536246&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfenR.dat&hit=gi%7C149391151&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxsSh.dat&hit=gi%7C22296818&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfTne.dat&hit=gi%7C502117964&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131113%2FFTnclbSaR.dat&hit=gi%7C1169534&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfHnm.dat&hit=gi%7C1169534&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131109%2FFTnciGeTT.dat&hit=gi%7C356536246&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxseR.dat&hit=gi%7C356561923&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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Table 2 (Continued)

Spot Accession

no. number 2 Protein name TR1 TW1 TS1 TR2 TwW2 TS2 TR3 Tw3 TS3

Functional group 2: Carbohydrate and energy metabolism
Alcohol

216 gi|543176666 dehydrogenasel v/ - - - - - - - i
Alcohol

219 gi|71793966 dehydrogenase v/ - - - - . - - _

220 gi|356552857 Pyruvate v - - - - - - - -
dehydrogenase
El
component
subunit beta

Functional group 3: Photosynthesis
Ribulose 1,5-

157 gi|18157251 bisphosphate v v v v v v v v v
carboxylase-
oxygenase
Ribulose-1,5-

158 gi|229464442  bisphosphate v v v - v v v v
carboxylase/
oxygenase
Ribulose-1,5-

159 gi|229464442 bisphosphate - - - - - - - v -
carboxylase/
oxygenase

Functional group 4: Cellular structure - - - - - - - - -
Stem-specific

60 gi[356549751  protein - v v - v - - v v

TSJT1 isoform 1

110 gi|356558578  Actin-101 v v VO v v v Vv
Tubulin beta

144 gi|1351202 chain - v v v v - v v v

180 gi|356558578  Actin-101 - - v - - - - v v

Tubulin alpha-3
208 gi|356560917  chain - v v v oo v v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnoriemR.dat&hit=gi%7C543176666&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnoriett.dat&hit=gi%7C71793966&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnoriTSE.dat&hit=gi%7C356552857&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorrTOR.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbTSt.dat&hit=gi%7C229464442&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbTSt.dat&hit=gi%7C229464442&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbHeL.dat&hit=gi%7C356549751&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzTEh.dat&hit=gi%7C356558578&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbHTE.dat&hit=gi%7C356558578&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorisOt.dat&hit=gi%7C356560917&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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Table 2 (Continued)

Spot  Accession

no. number 2 Protein name TR1 Twl TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 4: Cellular structure - - - - - - - - -
215 ¢i|1498330 Actin,partial v - - - v oo - - -

Functional group 5: Defense and Stress

Defense
36 gi|357465811  Omega-amidase NIT2 - v v v v v v v v
Cobalamine-
51 gi|974782 independent v v v v v v v v v
methionine synthase
64 gi[356514703  Omega-amidase, NIT2 - - - - - - - v -
68 gi|356514703 Omega-amidase, NIT2 - g - - v - - v -
92 gi|351724907  Methionine synthase VA& UV v o v oo- v v v v
96 gi[351724907  Methionine synthase v v v v - v v v
97 gi|351724907 Methionine synthase - v - - - - - v -
98 gi|351724907  Methionine synthase - v - - - - - v
195  ¢i|359807014  Desiccation-related v v v oo v - - - -
protein At2g46140
Stress
5 §i[349591294 Class | shsp 20.1 v v v v v v v v v
7 gi[351721881  18.5 kDa class | Hsp v v v v v v o vV v
9 gi|351721881  18.5 kDa class | Hsp - v v v v v oo v v
10 gi|41059801 sHsp - - - - v oV v oo
11 gi|123556 18.2 kDa class | Hsp - - - - v - - v -
12 gi|356496106  18.2 kDa class | Hsp - - - v v v v
13 gi|38639431 17.5 kDa class | Hsp - - - - - - - v -
14 gi|356559136  17.4 kDa class Il Hsp - - - - - - - v oo
19 gi|255582541  Hsp, putative - - - v v v - v oo
20 gi|161291483  Hsp v v v v v - v oo
74 ¢i|356500683  Hsp 70 kDa v v v v v v v v YV
75 gi|211906504 Hsp 70 kDa
77 gi|186898205  Hsp 70 kDa - v ooV v v v - v v
78 gi[356549495  Hsp 70 kDa v v v v v v v v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxsEm.dat&hit=gi%7C1498330&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYmt.dat&hit=gi%7C357465811&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorieSE.dat&hit=gi%7C974782&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxeSE.dat&hit=gi%7C359807014&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGTTe.dat&hit=gi%7C349591294&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOncER.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbSam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=50;db_idx=1;hit=gi%7C356500683;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclecmO.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C186898205;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorienS.dat&hit=gi%7C356549495&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)

70

Spot  Accession
no. number @ Protein name TR1 Twl TS1 TR2 Tw2 TS2 TR3 Tw3 TS3
Stress
134 gi|449439307 ClpB1 v - v v - v - v v
135  ¢i356519114  ClpB1 - v v Y v v v v v
136 ¢i|449439307  ClpB1 - - v v v v v v -
137 ¢i[449439307  ClpB1 - - v v v v v v -
177 gi|356516495 ClpG, - - - - - - - v -
178 gi|356508861 ClpG, - - - - - - - v -
179 gi|356501703 Hsp 90 - - - - - - - v -
181 gi|20559 Hsp 70 . S - - - - - v -
(AA 6-651)
182 gi356501703  Hsp 90 - VO R - - : - s -
189 ¢i[21807 Hsp 17.3 - v v - - - v
190 gi|351721881 18.5 kDa class | Hsp - v v - - - - v -
191 i|99033689 Chaperone - v Ve - - . - -
192 gi|356519335  26.5 kDa Hsp = v z - - - - - -
204 gi|356519335 26.5 kDa Hsp - Va - - - - . v R
221 gi|356559136 17.4 kDa class Il Hsp 3 5 3 - v - - - -
222 gi|16930753 sHsp - - - 4 v - - - -
223 gi|543177195 CHP-rich zinc finger - - - - v - - - -
protein
224 gi|508712741  Hsp 70 isoform - - - v v v oo
Functional group 6: ROS scavenging and detoxifying
2 6i|13274150 Putative cytosolic v v v v v v - v oV
Cu/Zn-SOD
3 gi[225451120  Cu/Zn-SOD v v Y v v v v v v

isoform 2



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzTEh.dat&hit=gi%7C356516495&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzHnT.dat&hit=gi%7C356508861&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzEEO.dat&hit=gi%7C356501703&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzEEO.dat&hit=gi%7C356501703&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeOh.dat&hit=gi%7C21807&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeaT.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeaL.dat&hit=gi%7C99033689&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeah.dat&hit=gi%7C356519335&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeEOO.dat&hit=gi%7C356519335&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOncmL.dat&hit=gi%7C356559136&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOnstO.dat&hit=gi%7C16930753&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOneSm.dat&hit=gi%7C543177195&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)
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Spot  Accession
no. number ? Protein name TR1 Twl TS1 TR2 Tw2 TS2 TR3 Tw3 TS3
Functional group 6: ROS scavenging and detoxifying
a ci|134684 Cu/Zn-SOD - v v v v v - v v
32 gi|356526968  GST F10 v v v - v v - v v
34 gi[225448353  Hydroxyglutathione - v v v v vooo- v v
hydrolase
37 8120969450  Cytosolic APX vooo- v v v - v v v
a7 gi|15227376  S- formylglutathione v v - v v v v v -
hydrolase
56 gi[356531939  Putative v v Y v v v v v v
lactoylglutathione
lyase
61 gi|225448353  Hydroxyacylglutathione - - 9 - - - - v -
hydrolase cytoplasmic
107 ¢i|356577825  MDAR = 4 v v v v v v v
109 ¢i|356533631  MDAR isoform 1 - - - - - - - v
114 gil356577825  MDAR v v v v v v v v v
124 ¢i|356509058  Peroxidase 52 isoforml - - - - v v v -
125 ¢i|356496705  Peroxidase 72 isoforml - - - g v v v -
126 gi|449457510  Peroxidase 72 - - - - v v v -
150 gi|6714837 GR, cytosolic - - - - - - - v v
151 gi|224133228  GR - - - - - - - v -
154 gi|356559573  GR v v - v v v o ov v -
161  gil50058096  GR - - - - - - - Voo
199 ¢i|62909961 Peroxidase - v - - - - - - v
Functional group 7: Amino-acid biosynthesis
Nucleoside
27 gi[26245395 diphosphate - v - - v - - v -
kinase
50 gi|15235282 D-3-phosphosglycerate - - - v v - - v -

dehydrogenase



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorieeE.dat&hit=gi%7C356531939&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmiSaS.dat&hit=gi%7C225448353&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131119%2FFTncCxHaL.dat&hit=gi%7C356577825&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131119%2FFTncCxHaL.dat&hit=gi%7C356577825&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYTt.dat&hit=gi%7C356509058&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYOT.dat&hit=gi%7C356496705&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYOT.dat&hit=gi%7C356496705&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxTmm.dat&hit=gi%7C356559573&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxumR.dat&hit=gi%7C50058096&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfTSm.dat&hit=gi%7C62909961&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)

72

Spot

no.

Accession

number 2

Protein name

TR1 Twl TS1

TR2 Tw2 TS2 TR3

TW3  TS3

Functional group 7: Amino-acid biosynthesis

53

55

70

80

93

94

95

102

146

gi|4255689399

4il42568800

¢i|356536156

gi|356536156

gi|356547867

gi|356508448

4i[356508448

gi|134142075

¢i[341958461

Branched-chain-
amino- acid
aminotransferase
Branched-chain-
amino-acid
aminotransferase 5
D-3-phosphoglycerate
dehydrogenase
D-3-phosphoglycerate
dehydrogenase
5-methyltetrahydro
pteroyltriglutamate
-homocysteine
methyltransferase
5-methyltetrahydro
pteroyltriglutamate

-homocysteine

methyltransferase
5-methyltetrahydro
pteroyltriglutamate
-homocysteine
methyltransferase
Serine hydroxymethy

ltransferase
Chloroplast
acetohydroxy acid

isomeroreductase

v v v

v v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxTmm.dat&hit=gi%7C356559573&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131109%2FFTnciGewt.dat&hit=gi%7C356536156&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131028%2FFTnAOGYtT.dat&hit=gi%7C134142075&db_idx=1&px=1&ave_thresh=64&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

73

Table 2 (Continued)

Spot  Accession

no. number 2 Protein name TR1 Tw1l TS1 TR2 Tw2 TS2 TR3 TwW3 TS3

Functional group 7: Amino-acid biosynthesis

138 ¢i|255538186  D-3-phosphoglycerate v oo - v oo - - v -
dehydrogenase
147 ¢i[341958461  Chloroplast - - - v v v v v -

acetohydroxy acid
isomeroreductase
148 ¢i|341958461  Chloroplast Vi) v - v v - - v v
acetohydroxy acid
isomeroreductase
149 ¢i|341958461  Chloroplast Y INVA - - - - - v v

acetohydroxy acid

isomeroreductase

162 ¢i|356536156  D-3-phosphoglycerate v v vooo- v v v v v
dehydrogenase

163 ¢i|356536156  D-3-phosphoglycerate = v v v - - v -
dehydrogenase

164  gi|356536156  D-3-phosphoglycerate - v v - - vioo- v -
dehydrogenase

167  ¢i|341958461  Chloroplast - - v - - - v -

acetohydroxy acid
isomeroreductase

168 ¢i|341958461  Chloroplast - v v - v - v v v
acetohydroxy acid
isomeroreductase

169 gil6225542 Chloroplast - - v v v v v v v
acetohydroxy acid

isomeroreductase



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131109%2FFTnciGewt.dat&hit=gi%7C356536156&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxYwt.dat&hit=gi%7C341958461&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxSSe.dat&hit=gi%7C6225542&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)

74

Spot  Accession

no. number ® Protein name TRT Twl TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 7: Amino-acid biosynthesis
D-3-

170 gi|356536156 phosphosglycerate - v - v - v oo v v
dehydrogenase

185  gi113204693 Homocystein S- - v oo - v o v v
methytransferase
Serine

201 5389548688 hydroxymethyl- - v - - - - - - -
transferase

212 ¢i|502082432 Ketol-acid - < - - - - - v
reductoisomerase
D-3-

218 ¢i|356536156 phosphoglycerate v - - - - - - -
dehydrogenase

Functional group 8: Signal transduction and homeostasis

8 gi|151347490  Translation initiaton v v v - v v v v v
factor

27 gi[26245395 Nucleoside - v oo - v oo - v
diphosphate kinase

43 ¢i|1052778 Ferritin v v Y v v v v v -

a5 gi|3023194 14-3-3 protein A v v v o v v v v v v

48 gi|67107029 14-3-3 protein v v v v v v v v v

54 gi|356504476 NADP-dependent - - - - - - - v -
alkenal double bond
reductase P1

66 gi|3023847 Guanine nucleotide- v v Vv Vv Vv Vv Vv v YV
binding protein
subunit
beta protein

67 gi|212292267 Rack v v v - v v - v v

76 gi|356526803 nucleoredoxin 1 - v v v v v v v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfTTO.dat&hit=gi%7C389548688&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131113%2FFTnclbSeT.dat&hit=gi%7C502082432&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131109%2FFTnciGewt.dat&hit=gi%7C356536156&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeSOt.dat&hit=gi%7C151347490&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfenL.dat&hit=gi%7C67107029&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbHwS.dat&hit=gi%7C3023847&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbSmE.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C212292267;px=1

Table 2 (Continued)

Spot  Accession

no. number 2 Protein name TR1 Tw1l TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 8: Signal transduction and homeostasis

193 gi|1052778 Ferritin-3 - v v - - - - - -

194 ¢il67107029 14-3-3 protein v v v - . - - v v

206 gi[159470791 Exostosin-like v v v - - - - - v
glycosyltransferase

209 gil26245395 Nucleoside - v v - - - - - v
diphosphate
kinase

210 gi|302847713 Acetylglucosaminyl - - - - - - - v
transferase

Functional group 9: Protein biosynthesis

6 gi|33325131 Eukaryotic translation - v - - - v - v -
initiation factor 5A
isoform VIl

8 gi|151347490  Translation v v v - v v v v v
initiation factor

49 gi|225438420 Eukaryotic - £ - - - - v -
translation initiation
factor 6-2 isoform 1

132 gi|356525774 Elongation factor 2 - v N v v v v v v

133 gi|356556977 Elongation factor 2 -

<\
(\
AN

165  gi[1170509 Eukaryotic v v

\
<
<
<
<
<
<

translation initiation
factor 4A

197 gi|399414 Elongation v v v v v v v v v
factor 1- alpha

16 gi|502132065  Proteasome subunit v v/ v v v v v v v

beta type



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxEet.dat&hit=gi%7C67107029&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131113%2FFTnclecEO.dat&hit=gi%7C159470791&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeHwm.dat&hit=gi%7C26245395&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxHOL.dat&hit=gi%7C302847713&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeSOt.dat&hit=gi%7C151347490&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbTee.dat&hit=gi%7C225438420&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfHES.dat&hit=gi%7C356556977&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorieTh.dat&hit=gi%7C502132065&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 2 (Continued)

76

Spot  Accession

no. number ® Protein name TR1 TS1 TR2 Tw2 TS2 TR3 Tw3 TS3

Functional group 10: Protein destination and storage

29 gi|356526807 Proteasome - - - v - - v -
subunit beta
type-1

30 gi[227937349  20S proteasome - v v v v - v v
beta subunit 5

38 gi[356496249  Proteasome v v o v Vv v v v v
subunit alpha
type-4 isoform 1

40 gi|356496096  Proteasome v v v Y v oo v -
subunit alpha
type-2-A

Functional group 11: Cell cycle and division

46 gil413916456  Cyclin - - - v oo - v
superfamily protein

127 gil413916456  Cyclin - v v v v v v v
superfamily protein

145  ¢i|356508699  Cell division - v - v v v v
cycle protein
48 homolog

152 8356539207 Apoptosis- - - - - v v v -
inducing factor
homolog A

156  i|356496197  Proliferation- - - v v v v v -
associated protein
2G4

Functional group 12: Others

Fatty acid metabolism

17 gi|363808072  Allene oxide v v v v - - v v

cyclase 4



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclzEtO.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356496249;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbTwR.dat&hit=gi%7C10177336&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxcme.dat&hit=gi%7C413916456&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7

Table 2 (Continued)

Spot  Accession

no. number ® Protein name TR1 Tw1l TS1 TR2 Tw2 TS2 TR3 Tw3
Fatty acid metabolism
18 gi|358345896 Allene-oxide - - - - v v - v
cyclase
217 gi|502140113 Lipoxygenase - - - - - - - v
homology
Plant hormone metabolism
9-cis-
31 gi|84579412 epoxycarotenoid - = - . v - - v
dioxygenase 4
Secondary metabolism
52 gi|356538206  Isoflavone = v v oo v - - v
reductase
homolog A622
Protein transport
72 gi|255561582  Patellin-3 - v v v - v
Translation
S18 ribosomal
153 ¢i|223469633  protein - v v oo- v - v
Protein translocation
Luminal-binding
184 il460378451 protein 5 - v - - - - - v
Unknown
Uncharacterized
21 gi|363807526 protein - - - v v v, - v

LOC100798019

precursor

7


http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxTeL.dat&hit=gi%7C502140113&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzTSR.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C255636611;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYSR.dat&hit=gi%7C356496197&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmxane.dat&hit=gi%7C223469633&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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Table 2 (Continued)

Spot  Accession

no. number ® Protein name TRT Twl TS1 TR2 Tw2 TS2 TR3 Tw3 TS3
Unknown
Uncharacterized
23 gi|351723665 protein - - - - - - - v -
LOC100306050
precursor
Uncharacterized
24 gi|351723665 protein - - - - - - - v -
LOC100306050
precursor
42 gi|255637227  Unknown - - 2 - VA v
35 gi|300392456 SEC 13 family v v v v v v v v
39 gi[255647220 Unknown v v v o v v v v v v
44 gi|255637227  Unknown - - - - v v v v -
71 gi|8894548 Hypothetical protein v v v v v v v v
73 gi|358348031 Gene X-like protein
103 gi[356525790 Nitrile-specifier v oo v - - - - v -
protein-5
108 gi|255636611 Unknown - v v - - v - v -
142 gi|357520365 Protein tolB - = = - - - - v -
155 gi|357520365 Protein tolB - - - - - - - v -
160 gi|255580564 Nutrient reservoir, - - - - v - - v v
putative
Uncharacterized
198 gi[359807022 protein - v - v v - - - -
LOC100813980
Uncharacterized
213 gi|502120564 protein v - - - - - - - -
LOC101500213

a) The protein’s NCBI accession number



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzTSR.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C255636611;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYwt.dat&hit=gi%7C294461233&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorisTe.dat&hit=gi%7C502120564&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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Most protein spots belonging to carbohydrate and energy metabolism,
photosynthesis, cellular structure, amino-acid biosynthesis, signal transduction and
homeostasis, protein biosynthesis and protein destination and storage were similarly
appeared in 3 seasons, whereas other protein spots were differentially expressed in
proteomic abundance patterns among samples from different seasons and varieties
involving in allergy, defense and stress ROS scavenging and detoxifying, cell cycle and

division (Table 2).

4.2.2 Proteomic patterns of leaves

Under the pH gradient, the individual 2-DE patterns in each sample exhibited
high intensity of resolved spots in the acidic region and weak intensity in basic region.
Most protein spots were scattered in the range of pH 4-7. Overall, despite the large
similarities, the proteome abundance patterns among samples from different seasons

and varieties were visually distinguishable on the 2-DE gels (Figure 20-25 and Table 3).
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Figure 20 Representative 2-DE profiles of the 150 Mg protein isolated from B. superba
leaves originated from Lampang (1) and collected from Banpong district, Ratchaburi

province in rainy season (LR) at pH 3-10 using non-linear IEF strips.
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Figure 21 Representative 2-DE profiles of the 150 Mg protein isolated from B. superba
leaves originated from Lampang (1) and collected from Banpong district, Ratchaburi

province in winter (LW) at pH 3-10 using non-linear IEF strips.
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Figure 22 Representative 2-DE profiles of the 150 [lg protein isolated from B. superba
leaves originated from Lampang (1) and collected from Banpong district, Ratchaburi

province in summer (LS) at pH 3-10 using non-linear IEF strips.
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Figure 23 Representative 2-DE profiles of the 150 g protein isolated from B. superba

leaves originated from Saraburi (2) and collected from Banpong district, Ratchaburi

province in rainy season (LR) at pH 3-10 using non-linear IEF strips.
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Figure 24 Representative 2-DE profiles of the 150 [lg protein isolated from B. superba
leaves originated from Saraburi (2) and collected from Banpong district, Ratchaburi

province in summer (LS) at pH 3-10 using non-linear IEF strips.
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Figure 25 Representative 2-DE profiles of the 150 g protein isolated from B. superba
leaves originated from Chachoengsao (3) and collected from Banpong district,

Ratchaburi province in rainy season (LR) at pH 3-10 using non-linear IEF strips.
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Table 3 Protein spot appearance isolated from B. superba leaves originated from

Lampang, Saraburi and Chachengsao in 2-DE gels

Spot Accession Protein name Lwl LS1 LRl LS2 LR2 LR3

no.  number ?

Functional group 1: Carbohydrate and energy metabolism

13 gi|357507859 Phosphoglycolate phosphatase v - - - - -

14 gi|357507859 Phosphoglycolate phosphatase v - - - - -

24 qi|15226479 Triosephosphate isomerase v v - -

25 gi|57283985 Triosephosphate isomerase v

28 qi|77540216 Triosephosphate isomerase v - -

31 gi|83283965 Malate dehydrogenase-like protein v - - - -

34 qi| 77540216 Triosephosphate isomerase v v - -

46 gi|904085 Adenosine triphosphatase, v - v v
partial (chloroplast)

ar gi|91214148 ATP synthase CFl-alpha subunit v v v v v

54 gi|357484753 Phosphoribulokinase - - - - -

60 gi|255543455 Glyceraldehyde -3-phosphate v v v - v v
dehydrogenase

61 gi|356525742 Phosphoglycerate kinase, v v v - v v
chloroplastic-like

79 gi[543176666 Alcohol dehydrogenase 1 - - - - -

81 gi|5881134 Phosphoribulokinase - - - -

82 gi|351726690 Glyceraldehyde-3-phosphate - v v -
dehydrogenase B

87 gi|120661 Glyceraldehyde-3-phosphate - v v v v v
dehydrogenase A

89 gi|120658 Glyceraldehyde-3-phosphate - - - - v -
dehydrogenase A

96 gi|255543455 Glyceraldehyde-3-phosphate - - v - v -

dehydrogenase



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaeT.dat&hit=gi%7C357507859&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaeT.dat&hit=gi%7C357507859&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobsat.dat&hit=gi%7C57283985&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeEt.dat&hit=gi%7C83283965&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobemL.dat&hit=gi%7C77540216&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxTOm.dat&hit=gi%7C904085&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnewO.dat&hit=gi%7C91214148&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixaTe.dat&hit=gi%7C357484753&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnETR.dat&hit=gi%7C356525742&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnuTO.dat&hit=gi%7C543176666&db_idx=1&px=1&ave_thresh=65&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnTER.dat&hit=gi%7C5881134&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEmt.dat&hit=gi%7C351726690&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)

87

Spot  Accession Protein name W1 L[Sl LRl LS2 LR2 LR3

no.  number ?

Functional group 1: Carbohydrate and energy metabolism

97 qi|255543455  Glyceraldehyde-3-phosphate - - v - v -
dehydrogenase

102 ¢i|356500643  NADP-dependent glyceraldehyde- - v v - v -
3-phosphate dehydrogenase

107 ¢i|255585914  Alcohol dehydrogenase,putative - - - - v -

109  ¢i|255543455  Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

110  ¢i|255543455  Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

111 gi|255543455  Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

112 ¢i|3023814 Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

113 ¢i|255543455  Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

114 ¢i|556796254  Glyceraldehyde-3-phosphate - v v v - v
dehydrogenase

115 qi|357437219  NADP-dependent glyceraldehyde-3- - v - - - -
phosphate dehydrogenase

Functional group 2: Photosynthesis

1 gi|3980231 Ribulose 1,5 bisphosphate v v v v v v
carboxylase-oxygenase large subunit

8 gi|18157251 Ribulose 1,5 bisphosphate v v v v v v
carboxylase-oxygenase large subunit
Chloroplast photosynthetic water

15 gi|152143640  oxidation v - - - - -

complex 33kDa subunit precursor



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomGSTh.dat&hit=gi%7C556796254&db_idx=1&px=1&ave_thresh=51&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzamE.dat&hit=gi%7C152143640&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)
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Spot

no.

Accession

number 2

Protein name

Functional group 2: Photosynthesis

16

17

27

37

39

40

41

42

43

44

45

48

49

gi|152143640

gi|1079736

gi|356501429

gi|356526942

¢i[1079736

4i[1079736

4i[2961268

4i|1881501

¢i[2808617

gi[1771817

gil1769935

¢i|11990290

gi[77157637

Chloroplast photosynthetic
water oxidation complex
33kDa subunit precursor
Ribulose 1,5-bisphosphate
carboxylase small subunit
Oxygen-evolving enhancer
protein 2

Oxygen-evolving enhancer
protein 2

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

Ribulose 1,5 bisphosphate

carboxylase/oxygenase large subunit

Ribulose 1,5 bisphosphate

carboxylase/oxygenase large subunit

Ribulose 1,5 bisphosphate

carboxylase/oxygenase large subunit

Ribulose 1,5 bisphosphate

carboxylase/oxygenase large subunit

Ribulose 1,5 bisphosphate

carboxylase/oxygenase large subunit

Ribulose 1,5-bisphosphate

carboxylase small subunit

LR2 LR3
v v
v v
v v
v v
v v
v v
v v
v v



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzamE.dat&hit=gi%7C152143640&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaTm.dat&hit=gi%7C1079736&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeEm.dat&hit=gi%7C356526942&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobene.dat&hit=gi%7C1079736&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobene.dat&hit=gi%7C1079736&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobTSR.dat&hit=gi%7C2961268&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobTSt.dat&hit=gi%7C1881501&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobTeL.dat&hit=gi%7C2808617&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxemE.dat&hit=gi%7C1771817&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxeTm.dat&hit=gi%7C1769935&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxHOt.dat&hit=gi%7C11990290&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxHnE.dat&hit=gi%7C77157637&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)
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Spot  Accession Protein name Lw1 LSt LR1 LS2 LR2 LR3

no. number @

Functional group 2: Photosynthesis

50 gi|132150 Ribulose 1,5-bisphosphate v - - - - -
carboxylase small subunit

51 gi|1079736 Ribulose 1,5-bisphosphate v - - vooo- -
carboxylase small subunit

55 gi[356544404 Photosynthesis Il stability/assembly v v v v v v
factor HCF136

58 gi|508726180 Ribulose 1,5 bisphosphate carboxylase v - - - - -
/oxygenase large subunit

73 qi[356526942 Oxygen-evolving enhancer protein 1 - v v v v v

74 qi|326467059 Oxygen-evolving enhancer protein 1 - v v v v v

75 gi|326467059 Oxygen-evolving enhancer protein 1 - v oo v v v v

76 gi|357507859 Phosphoglycolate phosphatase - - v, - v

80 gil671611 Ribulose 1,5 bisphosphate carboxylase- - - v - v v
oxygenase large subunit

94 gi|20341 Ribulose bisphosphate carboxylase - v - - v oo

99 gi|1771248 Ribulose 1,5 bisphosphate carboxylase- - - - - v -
oxygenase large subunit

Functional group 3: Secondary metabolism

20 gi|508777952 NAD(P)-binding Rossmann- v - - - - -
fold superfamily protein isoform 1

29 gi[351726399 Isoflavone reductase homolog 2 v VA - v

30 gi|351726399 Isoflavone reductase homolog 2 v v v - v -

32 gi[351726399 Isoflavone reductase homolog 2 v v oo - - -

33 gi[356518030 Isoflavone reductase homolog v - - - - -

88 gi[356549501 Probable cinnamyl alcohol - - v v

dehydrogenase 1-like



http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxESm.dat&hit=gi%7C132150&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140113%2FFTnmmxEnT.dat&hit=gi%7C1079736&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEeR.dat&hit=gi%7C356544404&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeEm.dat&hit=gi%7C356526942&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnTTS.dat&hit=gi%7C326467059&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnTTS.dat&hit=gi%7C326467059&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnTah.dat&hit=gi%7C357507859&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeTT.dat&hit=gi%7C671611&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzawL.dat&hit=gi%7C508777952&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeee.dat&hit=gi%7C356518030&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnYST.dat&hit=gi%7C356549501&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)

Spot Accession Protein name LW1 LSl LRl LS2 LR2 LR3

no. number 2

Functional group 4: Defense and Stress

Defense

93 gi[632736 Pathogen- and wound-inducible - - - - v oo
antifungal protein CBP20 precursor

Stress

36 ¢i|356556406 20 kDa chaperonin v v v v v v

56 gi[356559803  Stromal 70 kDa heat shock- v - - vooo- v
related protein

57 gi|171854980  Protein disulfide isomerase v - - - - v
chloroplastic-like

83 gi|502145084  Heat shock cognate 70kDa - - v oo v v
protein 2-like

84 gi|356549495 Heat shock 70 kDa protein, - - v - - v
mitochondrial-like

Functional group 5: ROS scavenging and detoxifying

21 gi|502079139 Putative lactoylglutathione lyase-like v - - - - -
isoform X1

35 gi[356526968  Glutathione S-transferase F10-like v - v - - -

64 gi|134684 Superoxide dismutase [Cu-Zn], v o vV v v
chloroplastic

65 gi|356577825  Monodehydroascorbate reductase v - v - v v

66 gi|356533631  Monodehydroascorbate v v v v v
reductase -likeisoform 1

91 gi|12230569 Superoxide dismutase [Cu-Zn] - v o v v v

116 €i|356531939  Putative lactoylglutathione - v oo - - -
lyase-like

Functional group 6: RNA metabolism

10 gi|21309 28KkD RNA binding protein v v v v v -

11 gi|21309 28kD RNA binding protein v v o ovoo- v

90


http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfHEE.dat&hit=gi%7C632736&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeER.dat&hit=gi%7C356556406&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixaTR.dat&hit=gi%7C171854980&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnuwS.dat&hit=gi%7C502145084&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnsEt.dat&hit=gi%7C356549495&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140106%2FFTnmoGuOE.dat&hit=gi%7C502079139&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeTO.dat&hit=gi%7C356526968&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEwO.dat&hit=gi%7C356577825&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEnO.dat&hit=gi%7C356533631&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEeR.dat&hit=gi%7C356544404&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaET.dat&hit=gi%7C21309&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaET.dat&hit=gi%7C21309&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)

Spot  Accession Protein name LW1 LS1 LRl LS2 LR2 LR3

no. number @

Functional group 6: RNA metabolism

52 gi|131772 40S ribosomal protein S14

62 gi|359475330 Glycine-rich RNA-binding protein v v < v v v v
GRP1A-like

72 gi|351727433 Guanine nucleotide -binding - - v oo v v
protein subunit beta-like protein

Functional group 7: Protein destination and storage

23 gi|255544626 Proteasome subunit alpha type, v v oo v v v v
putative

71 gi|356502736 Proteasome subunit alpha type- v v v v - v
7-like isoform 1

108 gi|255544626 Proteasome subunit alpha type, - v oo - - -
putative

Functional group 8: Amino-acid biosynthesis

59 gi|351724777 Alanine aminotransferase 3 protein v - - - - -

Functional group 9: Signal transduction and homeostasis

18 ¢i|302122828  14-3-3g protein v - - - - -

19 gi|1345588 14-3-3-like protein GF14-12 v - - - - -

69 gi|159470791 Exostosin-like glycosyltransferase - - v - - -

77 qi|351726214 Calreticulin | precursor - v v v v v

85 gi[294095 Ferredoxin NADP+ reductase, patial - v o v oo - v

86 gi|356504476 NADP-dependent alkenal - v - - v
double bond reductase P1-like

95 §i|28380082 Maturase K - v oV v

100 gi|75207006 Ferric leghemoglobin reductase - - - - VR

101 gi|75207006 Ferric leghemoglobin reductase - - v - - v

Functional group 10: Allergy

9 gi[2921320 Beta-1,3-glucanase 5 v - - - v

91


http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixamR.dat&hit=gi%7C131772&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiunt.dat&hit=gi%7C356569000&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswm.dat&hit=gi%7C255544626&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeemS.dat&hit=gi%7C356502736&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswm.dat&hit=gi%7C255544626&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixawe.dat&hit=gi%7C351724777&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaTO.dat&hit=gi%7C302122828&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaOE.dat&hit=gi%7C1345588&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooestE.dat&hit=gi%7C159470791&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiatS.dat&hit=gi%7C351726214&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnESm.dat&hit=gi%7C294095&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEeS.dat&hit=gi%7C356504476&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfHmL.dat&hit=gi%7C5817720&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomGEnS.dat&hit=gi%7C75207006&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomGEnS.dat&hit=gi%7C75207006&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxTOS.dat&hit=gi%7C2921320&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)

Spot Accession Protein name LW1 LSl LRl LS2 LR2 LR3

no. number 2

Functional group 10: Allergy

12 gi[25091405 Thaumatin-like protein 1 v - - - - -

Functional group 11: Protein biosynthesis

68 gi|124230 Eukaryotic translation initiation - - v oo v v
factor 5A-1

Functional group 12: Others

Fatty metabolism

6 gi|15236014 Lipase/lipooxygenase,PLAT/LH2 - : v oo v v
family protein

Transcription

63 gil62734702 Retrotransposon v v v v v v

Unknown

2 gi[527200637  Hypothetical protein M569 06763 v - - - v v

3 gi|527200637 Hypothetical protein M569 06763 v - - - v v

22 gi|557532497 Hypothetical protein v - - - - -
CICLE v10012559mg

26 gi|129320 Protein P21 v - v - v v

38 gi|502158725  Disease resistance response v - - - - -
protein 206-like

53 gi|561036976 Hypothetical protein v - - - - -
PHAVU_001G240200g

67 gi|38123356 Pathogenesis-related class 10 - - v - -
protein SPE-16

70 gil217072770  Unknown - - v oo - -

78 gi[356544363  Uncharacterized protein - - v - -
LOC100792883

90 gi[84453208 Putative cytosolic factor - - - - v

103 gi|147797552 Hydrothetical protein VITISV_037210 - - VA -
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaES.dat&hit=gi%7C25091405&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeSO.dat&hit=gi%7C124230&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxTmm.dat&hit=gi%7C15236014&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiTTL.dat&hit=gi%7C294461233&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxenR.dat&hit=gi%7C527200637&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxenR.dat&hit=gi%7C527200637&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswL.dat&hit=gi%7C557532497&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobewe.dat&hit=gi%7C502158725&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixaTS.dat&hit=gi%7C561036976&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooesnR.dat&hit=gi%7C38123356&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeEh.dat&hit=gi%7C217072770&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeTh.dat&hit=gi%7C356544363&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfHOt.dat&hit=gi%7C84453208&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiTTL.dat&hit=gi%7C294461233&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 3 (Continued)

Spot Accession Protein name LW1 LSl LRl LS2 LR2 LR3

no. number 2

Unknown

104 gi|363807510 Uncharacterized protein - - - - v oo-
LOC100775490

105 gi|363807510 Uncharacterized protein - - - - v -
LOC100775490

106 gi|363807510 Uncharacterized protein - - - - v -
LOC100775490

117 ¢i|557532497 Hypothetical protein - v - - - -

CICLE v10012559mg

¥ The protein’s NCBI accession number

Majority of protein spots
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carbohydrate and energy metabolism,

photosynthesis, RNA metabolism and protein destination and storage were similarly

appeared in 3 seasons, while the differences of protein spots in proteomic abundance

patterns among samples from different seasons and varieties were found to be

involved in defense and stress, amino-acid biosynthesis, signal transduction and

homeostasis, protein biosynthesis and allergy (Table 3).


http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIieOR.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIieOR.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIieOR.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswL.dat&hit=gi%7C557532497&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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4.3 Protein identification and functional classification

For protein identification, each protein spot on the 2-DE gels was subsequently
analyzed using a nanoflow liquid chromatography coupled to electrospray ionization
quadrupole-time-of-flight tandem mass spectrometry, followed by database search
using MASCOT. The tuber results revealed the highest numbers of protein spots and a
variety of proteins in winter-harvested samples from the 3 plant samples, whereas the
leaves demonstrated the various protein spots in winter samples originated from
Lampang. Fold changes were calculated by comparing the intensities of each individual
protein spot in summer- and rainy season- harvested samples with these of the
corresponding spot in winter- harvested samples. The matched peptides allowed
identification of a total of 224 protein spots in tubers (Table 4) and 112 protein spots
in leaves (Table 5) from different seasons, arranged according to their theoretical p/

and molecular weight, respectively.
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYwO.dat&hit=gi%7C77540216&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=3988
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemS.dat&hit=gi%7C22597178&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxseR.dat&hit=gi%7C356561923&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmbHTE.dat&hit=gi%7C356558578&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorisOt.dat&hit=gi%7C356560917&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxsEm.dat&hit=gi%7C1498330&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130205%2FFtEcOxYmt.dat&hit=gi%7C357465811&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorieSE.dat&hit=gi%7C974782&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=4142
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzemm.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C351724907;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131029%2FFTnAOxeSE.dat&hit=gi%7C359807014&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGTTe.dat&hit=gi%7C349591294&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOncER.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGHEe.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumGYES.dat&hit=gi%7C356496106&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclbSam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=50;db_idx=1;hit=gi%7C356500683;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130128%2FFtEclecmO.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C186898205;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131126%2FFTnorienS.dat&hit=gi%7C356549495&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130130%2FFtEcIzsam.dat;_msresflags=3138;_msresflags2=10;ave_thresh=49;db_idx=1;hit=gi%7C356549495;px=1
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzTEh.dat&hit=gi%7C356516495&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzHnT.dat&hit=gi%7C356508861&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzEEO.dat&hit=gi%7C356501703&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130913%2FFTntmzEEO.dat&hit=gi%7C356501703&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeOh.dat&hit=gi%7C21807&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeaT.dat&hit=gi%7C351721881&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeaL.dat&hit=gi%7C99033689&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20130929%2FFTntOfeah.dat&hit=gi%7C356519335&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnACeEOO.dat&hit=gi%7C356519335&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOncmL.dat&hit=gi%7C356559136&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131027%2FFTnAOnstO.dat&hit=gi%7C16930753&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20120807%2FFtGumrcmE.dat&hit=gi%7C223468790&db_idx=1&px=1&ave_thresh=46&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeSL.dat&hit=gi%7C351726399&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeee.dat&hit=gi%7C356518030&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnYST.dat&hit=gi%7C356549501&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfHEE.dat&hit=gi%7C632736&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeER.dat&hit=gi%7C356556406&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixaTR.dat&hit=gi%7C171854980&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnuwS.dat&hit=gi%7C502145084&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnsEt.dat&hit=gi%7C356549495&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140106%2FFTnmoGuOE.dat&hit=gi%7C502079139&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobeTO.dat&hit=gi%7C356526968&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEwO.dat&hit=gi%7C356577825&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEnO.dat&hit=gi%7C356533631&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEnL.dat&hit=gi%7C134684&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfEeR.dat&hit=gi%7C356544404&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaET.dat&hit=gi%7C21309&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=3562
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaET.dat&hit=gi%7C21309&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=3562
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixamR.dat&hit=gi%7C131772&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=4577
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfYTE.dat&hit=gi%7C18157251&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiunt.dat&hit=gi%7C356569000&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswm.dat&hit=gi%7C255544626&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeemS.dat&hit=gi%7C356502736&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswm.dat&hit=gi%7C255544626&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140118%2FFTnmixawe.dat&hit=gi%7C351724777&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaTO.dat&hit=gi%7C302122828&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaOE.dat&hit=gi%7C1345588&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=4577
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooestE.dat&hit=gi%7C159470791&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=35&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIiatS.dat&hit=gi%7C351726214&db_idx=1&px=1&ave_thresh=48&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnESm.dat&hit=gi%7C294095&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomnEeS.dat&hit=gi%7C356504476&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20121107%2FFtGrIfHmL.dat&hit=gi%7C5817720&db_idx=1&px=1&ave_thresh=49&_ignoreionsscorebelow=0&report=20&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomGEnS.dat&hit=gi%7C75207006&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131202%2FFTnomGEnS.dat&hit=gi%7C75207006&db_idx=1&px=1&ave_thresh=52&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxTOS.dat&hit=gi%7C2921320&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=30&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131219%2FFTnoOzaES.dat&hit=gi%7C25091405&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=3760
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131201%2FFTnooeeSO.dat&hit=gi%7C124230&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=3879
http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20131218%2FFTnoOxTmm.dat&hit=gi%7C15236014&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession
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4.3.1 Protein identification and functional classification in tubers

Out of the 224 proteins spots, 87 were found in rainy season-, 131 in summer-
, and 136 in winter-collected samples originated from Lampang, 124 were found in
rainy season-, 130 in summer-, and 141 in winter- collected samples originated from
Saraburi and 94 were found in rainy season-, 120 in summer, and 184 in winter-
collected samples originated from Chachoengsao, respectively (Table 6). Remarkably,
the winter-collected samples exhibited higher numbers and more diverse protein spots
than other seasons. Plants might respond to cold by inducing responsive gene
expression, stress-inducible genes expression and combination of other stresses

(Shinozaki and Yamaguchi-Shinozaki, 2000).

Table 6 A number of protein spots of B. superba tubers were identified using 2-DE

coupled with LC/MS/MS

Originated source Rainy season (TR) | Summer (TS) Winter (TW)
Lampang (1) 87 131 136
Saraburi (2) 124 130 141
Chachoengsao (3) 94 120 184
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The found proteins could be categorized into 12 functional groups (Figure 26),
including carbohydrate and energy metabolism (30.80%), amino-acid biosynthesis
(11.61%), reactive oxygen species (ROS) scavenging and detoxifying (8.93%), signal
transduction and homeostasis (6.25%), cellular structure (2.68%), protein destination
and storage (2.23%), protein biosynthesis (3.13%), allergy (1.79%), cell cycle and
division (2.23%), photosynthesis (1.34%) and others: fatty acid metabolism, plant
hormone metabolism, secondary metabolism, protein transport, translation, and

unknown (10.71%).

Others Carbohydrate and

10.71% energy metabolism

30.80%

Defense and Stress

18.30%

Cellular structure
2.68%
Allergy
1.79%
Amino-acid
biosynthesis

Signal transduction and
11.61%

homeostasis

3.13%

|_| Carbohydrate and energy metabolism
) Amino-acid biosynthesis

£ Protein destination and storage

g Protein biosynthesis

M Signal transduction and homeostasis

¥4 Defense and Stress

6.25% \ EECE Photosynthesis
ROS scavenging and _/\ - 1.34%
detoxifying Protein biosynthesis Cell cycle and division Protein destination and

storage

2.23%
[ Cellular structure

H Photosynthesis

4 Cell cycle and division

|_| ROS scavenging and detoxifying
Allergy

H Others

Figure 26 Functional distribution of 224 protein spots identified in B. superba tubers.
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The largest functional group of identified proteins was associated with
carbohydrate and energy metabolism which appeared directly related to diverse
biological processes during growth and development. For examples, triosephosphate
isomerase (spot no. 28) and glyceraldehyde-3-phosphate dehydrogenase (spot no. 58,
59, 62, 69, 99, 100, 101, 172) were involved in glycolysis. Protein spots associated with
gluconeogenesis process such as alcohol dehydrogenase (spot no. 91, 104, 105, 106,
116, 117) alcohol dehydrogenase | (spot no. 90, 186) and alcohol dehydrogenase |l
(spot no. 15) and succinate dehydrogenase (spot no. 83) were also involved in cellular
respiration. Yet, other groups of identified proteins allowed plants to adapt to various
environments, including heat shock protein in HSP families, small heat shock in sHSP
families, methionine synthase (spot no. 96) and cobalamine-independent methionine
synthase (spot no. 51). Furthermore, eight protein spots were associated with ROS
scavenging and detoxifying, namely, the copper/zinc-like isoform 2 of superoxide
dismutase (spot no. 3, 4), glutathione S-transferase F10 (spot no. 32), cytosolic
ascorbate peroxidase (spot no. 37), S-formylglutathione hydrolase (spot no. 47),
lactoylglutathione lyase (spot no. 56), monodehydroascorbate reductase (spot no. 107,
114), and glutathione reductase (spot no. 150). Because of the occurrence of isoforms
from post-translational modifications, it might result in the similar protein in several

spots (Jungsukcharoen et al., 2016).
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4.3.2 Protein identification and functional classification in leaves

Out of the 112 proteins spots, 60 were found in rainy season, 50 in summer,

and 69 in winter originated from Lampang, 69 were found in rainy season and 28 in

summer originated from Saraburi and 53 were found in rainy season originated from

Chachoengsao, respectively (Table 7).

Table 7 A number of protein spots of B. superba |eaves were identified using 2-DE

gels coupled with LC/MS/MS

Originated source Rainy season (LR) | Summer (LS) Winter (LW)
Lampang (1) 60 50 69

Saraburi (2) 69 28 -
Chachoengsao (3) 53 - -

The results exhibited the winter-harvested samples originated from Lampang

exhibited a number of protein spots equal to the rainy season-harvested samples

originated from Saraburi, however, the winter-harvested samples originated from

Lampang were more diverse protein spots than rainy season-harvested samples

originated from Saraburi and the other seasons. The identified proteins could be

classified into 12 major functional classes (Figure 27).
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Figure 27 Functional classification of 112 protein spots identified in B. superba

leaves.

As expected in plant leaf tissues, more than half of proteins were in the groups
of carbohydrate and energy metabolism (25%) and photosynthesis (24.11%). The
largest functional group of identified proteins was associated with carbohydrate and
energy metabolism which appeared directly related to diverse biological processes
during growth and development. For example, triosephosphate isomerase (spot no.
24, 25, 28, 34), ATP synthase CFl-alpha subunit (spot no. 47) and glyceraldehyde-3-
phosphate dehydrogenase (spot no. 60, 82, 87, 96-97, 109-115) were involved in

glycolysis. Then, other groups of identifiable proteins allowed plants to involve
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photosynthesis such as ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit
(spot no. 1, 8, 42-48, 58, 80) and oxygen-evolving enhancer protein 2 (spot no. 27, 37).
The rest of the proteins were found in the following categories: secondary metabolism
(5.36%), defense and stress (5.36%), reactive oxygen species (ROS) scavenging and
detoxifying (6.25%), RNA metabolism (4.46%), protein destination and storage (2.68%),
signal transduction and homeostasis (8.04%), allergy (0.89%), amino-acid biosynthesis
(1.79%), protein biosynthesis (0.89%) and others (15.18%); transferase, fatty acid
metabolism, plant hormone metabolism, protein transport, transcription, RNA
metabolism and unknown. Due to the occurrence of isoforms from post-translational
modifications, it might result in the similar protein in several spots (Jungsukcharoen et

al., 2016).

During seasonal changes, functional groups of proteins from tubers and leaves
were similarities or differences, which were related to changes in protein relative
abundances because temperature-protein interactions might influence on protein
expression, multiple changes of the amino acid sequence, adaptable changes of
structural, kinetic and stable properties among homologues of proteins, protein folding
including interspecific variations in the thermal stability of protein, acclimation of
enzymatic activities with compensation for temperature alterations, and efficiency of
catalytic rates (Jaenicke et al., 1990; Somera, 1995). In addition, the stability of proteins

could be limited under low or high temperatures (Jaenicke et al., 1990).
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4.4 Proteins with differential levels in different seasons

4.4.1 Proteins with differential levels in different seasons in tubers

All categorized proteins were analyzed for changes and differences using the
Image Master 2-DE program. Since our results from previous section showed the highest
numbers of proteins in the winter-harvested samples originated from Chachoengsao,
thus fold changes were calculated by dividing the intensity of each protein spot in
summer- and rainy season- with that in winter-harvested sample. The exhibited 17 and
12 protein spots were statistically-significantly increased, and 14 and 8 protein spots
were statistically-significantly decreased in summer- and rainy season-harvested

samples, respectively.

Among the identified differentially-abundant proteins, 45 proteins belonging to
10 functional groups were found involving in important metabolic pathways and

therefore picked for further discussion (Table 8 and Figure 28-32).

Functional group 1: Allergy. Allergy is initiated from hypersensitivity reactions
of immune system. In plants, allergen was derived from defense response system to
fight against pathogen (Sinha et al.,, 2014). Some allergic proteins were also used as

basic regulator in cell structure. One of the well-known allergic-response proteins is
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profilin-1, which belongs to families of profilin. Proteins in profilin families are small
actin-binding proteins, which serve as key regulators to stimulate actin polymerization
in various signaling pathways such as cell movement, cytokinesis, cell elongation,
signaling and the growth of pollen tubes and root hairs (Hauser et al., 2008), (Radauer
and Breiteneder, 2007). Recent studies demonstrated that expression of the allergenic
profilins derived from monocot and dicots pollens in flowering plants, plant-derived
foods and latexes. Thus profilins were considered as pan-allergens, which moderate
the highly conserved structure and cross-reactivity of immunoglobulin E antibodies.
Previous immunoblot analysis showed that when profilin bound to immunoglobulin E,
a higher frequency of sensitization in pollen-allergic patients and plant food allergens

could be observed (Santos and Van Ree, 2011).

In the study, the identified for spot 1 was matched well with the peptide
sequence profilin-1 from Glycine max (% sequence coverage=16; protein score=46).
Further comparative analysis indicated that profilin-1 level was statistically-significantly
increased by 1.31-fold in rainy season- as compared with the winter-harvested samples
(Table 8 and Figure 28). The varied level of profilin can be induced by climate changes,
environmental conditions and abiotic stresses that may play significant roles of
pathogen defense responses and modification of the actin filaments (Songnuan, 2013).
Profilin-1 expression can be stimulated, whereas dehydrated weather was shown to

increase in expression of the allergenic transcripts and proteins and protein-ligand
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interactions for the regulation of biological functions in Ragweed (Ambrosia

artemisiifolia) (Kelish et al., 2014), (Shinozaki and Yamaguchi-Shinozaki, 2000).

Functional group 2: Carbohydrate and energy metabolism. Carbohydrates
provide essential sources of energy in plants. Their synthesis and catabolism therefore
often involves multiple biochemical reactions, which are tightly regulated. In the study,
the six enzymes in this functional group whose abundant levels were altered among
different seasons were triosephosphate isomerase (spot 28) alcohol dehydrogenase
(spot 105, 116, 117), alcohol dehydrogenase | (spot 186), glyceraldehyde-3-phosphate
dehydrogenase (spot no. 58, 62, 69) and enolase (spot no. 81, 115, 122, 123, 140).
Specifically, triosephosphate isomerase (spot 28) was statistically-significantly increased
by 1.89-fold in summer- as compared with winter-harvested samples, nevertheless;
glyceraldehyde-3-phosphate dehydrogenase (spot 58) and alcohol dehydrogenase
(spot 116) were statistically-significantly decreased by 1.64-fold and 1.52-fold in
summer- as compared with winter-harvested samples, respectively. The spot 81 and
115 of enolase were statistically-significantly decreased by 1.59-fold, 1.85-fold, 1.75-
fold, and 2.22-fold in summer-and rainy season- as compared with winter-harvested
samples, respectively, whereas the spot 122 was statistically-significantly decreased by

1.39-fold in rainy season- as compared with winter-harvested samples.
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The spot 105 with significant sequence similarity to alcohol dehydrogenase
from Ricinus communis (% sequence coverage =5; protein score = 66) was statistically-
significantly decreased by 1.72-fold and 1.64-fold in summer-and rainy season- as
compared with winter-harvested samples, whereas the spot 62 and 69 of
glyceraldehyde-3-phosphate dehydrogenase were statistically-significantly increased
by 1.77-fold and 1.88-fold in rainy season- as compared with winter-harvested samples,
respectively. The spot 123 and 140 of enolase was statistically-significantly increased
by 1.68-fold and 2.06-fold in rainy season- as compared with winter-harvested samples.
Moreover, alcohol dehydrogenase (spot 117) was statistically-significantly increased by
1.92-fold and 2.72-fold in summer-and rainy season- as compared with winter-
harvested samples, respectively, while and alcohol dehydrogenase | (spot 186) was
statistically-significantly increased by 1.99-fold and 4.88-fold in summer-and rainy
season- as compared with winter-harvested samples, respectively (Table 8 and Figure
30). Most proteins showed high scores in our protein identification process, which were
potentially due to the structural conservation of these important proteins among

different species.

Coincidentally with the seasonal changes, triosephosphate isomerase is
involved in glycolysis and catalyzes the interconversion between D-glyceraldehyde-3-
phosphate and dihydroxyacetone phosphate. The process mediated energy, which is

extensively needed in summer for photosynthesis (Janmohammadi et al.,, 2015). In
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addition, some glycolytic enzymes are also involved in cellular energy production
needed for growth and development including tuber maturation and tuberization
(Boonmee et al., 2011), which highly occurs during summer under high temperature.
For glyceraldehyde-3-phosphate dehydrogenase, the enzyme converts D-
glyceraldehyde-3-phosphate into 1,3-biosphosphoglycerate. Also, enolase catalyzes
the formation of phosphoenolpyruvate from 2-phosphoglycerate. Because of
metabolic flexibility to enable plant response to environmental stresses (Ma et al.,
2013), the results of densitometric analysis of the proteins were variable during

summer and rainy season.

Another proteins, alcohol dehydrogenase and alcohol dehydrogenase | are
associated with gluconeogenesis (Chokchaichamnankit et al., 2009). By facilitating the
interconversion between alcohols and aldehydes, alcohol dehydrogenase initiates a
pyruvate decarboxylase bypass by converting acetaldehyde into ethanol and NAD" in
anaerobic glycolysis or ethanolic fermentation instead of metabolizes into pyruvate
and acetyl-CoA (Bolton, 2009). Moreover, the enzyme accelerates energy production
in pollen tube growth and development (Gass et al., 2005). Pollen tube growth occurs
during spring and early summer before winter dormancy, appearing as conifer
(Fernando et al., 2005). The enzymes are actively used for shoot growth in rhizome
and storage roots during dormancy, which was shown in Curcuma alimatifolia

(Chokchaichamnankit et al., 2009). Because this leads to energy storage instead of
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turning it into energy, either decrease or increase were found in summer and rainy

season.

One of the electrogenic H-pump proteins was V-type proton ATPase, which is
the central H™-pump occurring at the side of endomembrane of plants. It is directly
involved in energizing of the secondary transport, solute homeostasis and enabling
vesicle fusion within cells (Dietz et al., 2001). The V-type proton ATPase catalytic
subunit A (spot 79) was statistically-significantly increased by 1.48-fold in summer- as
compared with winter-harvested samples, respectively (Table 8 and Figure 23). It might
be regulated by gene expression in response to various stress conditions during severed
seasonal changes with adaption of the V-ATPase (Dietz et al,, 2001) whose activity

tends to be increased during summer and rainy season.

From the densitometric analysis, the last appeared proteins in carbohydrate
and energy metabolism with differential abundance levels was vacuolar ATP synthase
subunit B from spot 143 with sequence significant similar to vacuolar ATP synthase
subunit B from Zea mays (% sequence coverage = 13; protein score = 422). Its level
was statistically-significantly increased by 2.02-fold and 3.11-fold in summer-and rainy
season- as compared with winter-harvested samples, respectively (Table 8 and Figure
30). ATP synthase is a key enzyme directly involved in ATP synthesis in anabolism of

ATP. The enzyme is involved in the crucial energy source in individual cellular
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processes such as glycolysis, the citric acid (TCA) cycle and the oxidative
phosphorylation (Li et al., 2011b). Vacuolar ATP synthase subunit B is a catalytic subunit
in ATP-binding site (Arechaga and Jones, 2001). The regulation of energy level within
cells to utilize multiple cellular processes might cause changes of vacuolar ATP
synthase subunit B levels (Nakanishi-Matsui et al., 2010), which tends to be increased

during summer and rainy season.

Functional group 3: Photosynthesis. Photosynthesis is one of a key process
to initiate plant growth and development.  Ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) is one of the key photosynthetic enzymes which
catalyzed the carboxylation or oxygenation reactions in photosynthetic CO, fixation
(Ashida et al., 2008). The results demonstrated that the spots 157 and 158 of RuBisCO
were statistically-significantly increased by 5.02-fold and 1.62-fold in summer- as
compared with winter-harvested samples, respectively (Table 8 and Figure 28). Raised
temperature might affect the induction of the reversible activation of RuBisCO (Feller
et al,, 1998). A factor of high temperature could lead to decreased RuBisCO and thus
a decline in the photosynthetic CO, fixation (Han et al., 2009), However, the decreased
RuBisCO activities might be happened under moderate heat stress (Song et al., 2014).
Moreover, the moderately elevated temperatures could inhibit the light-dependent

activation of Rubisco, as shown in spinach (Spinacia oleracea L.) (Feller et al., 1998).
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Functional group 4: Cellular structure. Multiple proteins are not only used
to maintain cellular structures in plants but also affect plant morphology of the
individual cells as well as of the whole plants. From the densitometric analysis, two
of the proteins with statistically significant differential levels were actin-101 and Q-
tubulin-3. Actin-101 was detected in spot 110 and was matched with actin-101 from
G. max with percent sequence coverage of 16 and protein score of 228. Actin-101 was
statistically-significantly increased by 2.07-fold in summer- as compared with winter-
harvested samples (Table 8 and Figure 28), supporting the role of actin-101 as a
regulator of cell polarity, cell division and cell wall synthesis (Mccurdy et al., 2001)

whose activities were increased during summer.

Another protein with differential abundance levels was Q-tubulin-3. Ol-tubulin-
3 was identified at the spot 208 with significant sequence similarity to Ol-tubulin from
G. max (% sequence coverage = 11; protein score = 209). Its level was statistically-
significantly increased by 5.05-fold in summer- as compared with the winter-harvested
samples (Table 8 and Figure 28). Ol-tubulin is one of the main components and the
building block of microtubules (Aman et al.,, 2013) whose shapes give rise to plant
morphology through cellular division planes, axes of cellular elongation and the
deposition of cellulose microfibrils within the cell walls (Dixon et al., 1994). In rice and

Arabidopsis, the expressed Ol-tubulin is also involved in polymerization of the
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microtubules in a variety of dynamic activities in plant cells and is likely needed in
high temperature of summer to induce Q-tubulin phosphorylation as the process
becomes more vital. However, temperature stress might affect polymerization of the

microtubules (Ban et al., 2013).

Functional group 5: Defense and Stress. Well-studied protein relating to
defense mechanism is cobalamine-independent methionine synthase and methionine
synthase. The first enzyme catalyzes the synthesis of methionine by with transferring
a methyl group from methyltetrahydrofolate to L-homocysteine without the aid of
intermediate methyl carrier. It requires zinc dependent enzyme to activate zinc for
binding to L-homocysteine substrate. The process is dependent on the association
growth, pathogen interactions, and plant defense in response to abiotic stress (Ravanel
et al,, 1998). The second enzyme catalyzes methylation reactions of the thiol group of
homocysteine to form methionine, transferring methyl group from 5-
methyltetrahydrofolate to homocysteine in the last step of methionine synthesis in

the aspartate pathway.

The first enzyme was statistically-significantly decreased by 2.27-fold in
summer- as compared with winter-harvested samples (Table 8 and Figure 28). It might
be limited with combined oxidative and heat stress in summer (Job et al.,, 2005),

(Leichert and Jakob, 2006). For methionine synthase (spot 96), the enzyme level was
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statistically-significantly increased by 3.22-fold in summer- as compared with winter-
harvested samples (Table 8 and Figure 28), suggesting that methionine synthase level
might be induced under high temperature. Because the process of germination and
seedling growth of plants was previously shown to slow down during elevated
temperature (Chakraborty and Pradhan, 2011), this could generate oxidative stress in
plants, leading to up-regulation of ROS-catabolizing enzymes, such as superoxide
dismutase, ascorbate peroxidase and other antioxidant responses, which was shown in
Ucaria tomentosa roots to stimulate methionine synthase expression (Chakraborty and

Pradhan, 2011), (Vera-Reyes et al., 2015).

The spot 36 was identified as omega-amidase NIT2 from Medicago truncatula
(% sequence coverage = 9; protein score = 77) and showed that the enzyme level was
statistically-significantly decreased by 1.52-fold in summer- as compared with winter-
harvested samples (Table 8 and Figure 28). It is the member of nitrilase superfamily
amidase, which is involved in the removal of toxic intermediates in nitrogen compound
metabolic processes by catalyzing the deamination of alpha- ketoglutaramate and
alpha-ketosuccinamate to alpha-ketoglutarate and oxaloacetate, respectively
(Krasnikov et al,, 2009). The level of omega-amidase NIT2 was decreased during
summer thus it might be predominant components involved in cellular and biological

processes of metabolism in response to elevated temperature (Huang et al., 2012).
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Due to the variable changes in environments, plants have created several
mechanisms to protect themselves from such stresses. One of the known mechanisms
is the induced level of heat shock protein 70 (HSP70) and small heat shock proteins
(sHSPs) to ensure correct folding of other proteins under stresses, such as severe
temperature changes or oxidative stresses (Mohamed and Al-Whaibi., 2011). In line with
the previous report, the level of class | small heat shock protein 20.1 was statistically-
significantly decreased by 1.39-fold in summer- as compared with the winter-harvested
samples, whereas that of 18.5 kDa class | heat shock protein was statistically-
significantly increased by 2.86-fold in summer- as compared with winter-harvested
samples (Table 8 and Figure 29). It was noteworthy that the varied results of
densitometric analysis of sHSP was not correlated with induction of thermotolerance.
It was possible that the sHSP level might depend on cellular localization and
developmental periods as well as embryogenesis, germination, pollen development,

and fruit maturation (Mohamed and Al-Whaibi., 2011).

In addition, HSP70 (spot 77) might be influenced by temperature changes. The
level was statistically-significantly decreased by 4.76-fold and 1.79-fold in summer-and
rainy season- as compared with winter-harvested samples, respectively, whereas
HSP70 (spot 74) level was statistically-significantly decreased by 1.75-fold in summer-
as compared with winter-harvested samples (Table 8 and Figure 29). The results

demonstrated the effect of seasons rather than sole temperature, it was thus possible
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that changes in HSP70 levels might result from water delicacy and drought during

winter, which leads to osmotic stress instead (Timperio et al., 2008).

Functional group 6: ROS scavenging and detoxifying. ROS’s are essential
signal proteins for polymerization of cell wall constituents, biosynthesis of complex
organic molecules, and defense against abiotic and biotic stresses (Zhang et al., 2012).
However, ROS’s are highly oxidative and poisonous, causing damage to carbohydrates,
lipids, proteins, and DNA including plant programmed cell death (Gill and Tuteja, 2010).
Superoxide dismutase is one of the found ROS-related enzymes to be differentially
regulated in different seasons. In plants, superoxide dismutase is found in chloroplast
and cytosol, and acts as an intracellular metalloenzyme antioxidant, catalyzing
dismutation of superoxide anions in plant stress tolerance. The enzyme converts
superoxide anion radicals (O,) to hydrogen peroxide (H,0,) and oxygen (O,). Nowadays,
superoxide dismutase, e.g. from Curcuma comasa, has also been applied in cosmetic
products for reducing free radical levels which causes skin damage (Boonmee et al,,
2011). In the study, the spot 3 was identified as the copper/zinc-like isoform 2 of
superoxide dismutase from Vitis vinifera (% sequence coverage = 26; protein score =
159). The enzyme was statistically-significantly decreased by 1.61-fold in rainy season-
harvested samples but expressed at lower level in summer-as compared with winter-

harvested samples (Table 8 and Figure 29). It was possible that superoxide dismutase



150

activity could be an efficient drought stress response mechanism, which was shown in

Allium ascalonicum (Csiszar et al., 2007).

The second ROS-related enzyme exhibited differential levels in varying seasons
was Glutathione S-transferase. Glutathione S-transferase play major roles in herbicide
detoxification and hormone homeostasis. It is known to be involved in ascorbate-
glutathione pathway, catalyzing the conjugation between electrophilic xenobiotic
substrates and the tripeptide glutathione. From the densitometric analysis, glutathione
S-transferase (spot 32) was statistically-significantly increased by 1.50-fold in rainy
season- as compared with winter-harvested samples (Table 8 and Figure 29). However
glutathione S-transferase appearance was not significant in summer- as compared with
winter-harvested samples. The enzymatic activity was changed in relation to the water
content, which was shown in Allium roots (Csiszar et al., 2007). It was possible that
change in glutathione S-transferase levels might result from the enhanced ROS’s or
oxidizing the increased slutathione levels to induce the protective mechanisms of
plants (Csiszar et al., 2007), which leads to connection with elevated abiotic stress

resistance during rainy season.

Yet, despite the unchanging levels of superoxide dismutase and glutathione S-
transferase in summer-harvested samples compared with winter-harvested samples,

the other three important ROS-related enzymes, cytosolic ascorbate peroxidase (spot
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37) and putative lactoylglutathione lyase-like (spot 56) were statistically-significantly
increased by 1.88-fold and 2.13-fold in summer- as compared with winter-harvested
samples and glutathione reductase (spot 150) was statistically-significantly increased
by 1.88-fold and 1.32-fold in summer- and rainy season- as compared with winter-

harvested samples, respectively (Table 8 and Figure 29).

Ascorbate peroxidase acts as a hydrogen peroxide detoxifying enzyme, which
controls the removal of the toxic hydrogen peroxide (H,0,) (Boonmee et al., 2011). For
lactoylglutathione lyase or glyoxalase |, the enzyme is associated with glyoxalase
system which catalyzes the conversion of methylglyoxal into S-D-lactoylglutathione by
utilizing elutathione (Yadav et al,, 2008), while glutathione reductase catalyzes the
NADPH-dependent reduction of the disulfide bond of oxidized glutathione (Noctor et
al., 2012). The detected increasing levels of ascorbate peroxidase, lactoylglutathione
lyase and glutathione reductase in summer-harvested samples could be explained
partially by temperature stress where it was reported that in Ficus concinna seedlings,
ascorbate peroxidase, lactoylglutathione lyase and sglutathione reductase were
increasingly expressed at high and moderate temperature, respectively (Jin et al,,
2015). Both ROS’s and methylglyoxal could be induced under abiotic stresses.
Moreover, the responses to abiotic and biotic stresses in higher plants were increased
in ascorbate peroxidase activity (Lee et al.,, 2015). However, the same study also

reported the increases in levels of superoxide dismutase and glutathione S-transferase
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at high temperature as well while the levels of these enzymes was unaltered in
summer- compared to winter-harvested samples. It was possible that factors rather

than temperature could also be involved in regulating these enzymes.

Functional group 7: Amino-acid biosynthesis. Three proteins including D-3-
phosphosglycerate dehydrogenase, chloroplast acetohydroxy acid isomeroreductase,
and 5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase were
detected to have differential relative abundances. D-3-phosphoglycerate
dehydrogenase is involved in serine biosynthesis pathway (Cramer et al., 2013). D-3-
phosphoglycerate dydrogenase was identified from spot 80 with significant sequence
similarity to D-3-phosphosglycerate dehydrogenase from G. max (% sequence coverage
= 18; protein score = 632), which was statistically-significantly decreased by 1.64-fold
and 1.69- fold in summer-and rainy season- as compared with winter-harvested

samples, respectively (Table 8 and Figure 29).

Acetohydroxy acid isomeroreductase is required in biosynthetic pathway of the
branched-chain amino acids valine, leucine and isoleucine. It is cobalamin-dependent
enzymes, which requires metal ions such as Mg®*, Mn*" or Co?* for initiating NADPH-
dependent reduction and alkyl migration (isomerization) 2-acetolactate (AL) or 2-aceto-
2-hydroxybutyrate (AHB), which are precursors of valine and leucine, or isoleucine,

respectively (Dumas et al, 2001). The enzyme might influence cell division,



153

mitochondria DNA stabilization (Xu, 2003)and mechanism to inhibit the potential
herbicides (Dumas et al, 2001). In the study, chloroplast acetohydroxy acid
isomeroreductase from spot 148 was statistically-significantly increased by 10.78-fold
in summer-and rainy season- as compared with winter-harvested samples, whereas
spot 168 was statistically-significantly increased by 8.07-fold and 2.06-fold in summer-
and rainy season- as compared with winter-harvested samples, respectively (Table 8
and Figure 31). The findings suggest that heat stress, drought stress and high light and
other light stresses might influence another biosynthetic pathway, thereby requiring
more chloroplast acetohydroxy acid isomeroreductase to perform the activities (Galili

et al., 2016).

The spot 93 of 5-methyltetrahydropteroyltriglutamate-homocysteine
methyltransferase, the enzyme acts as a methionine synthase in the methionine
metabolism and regulate levels of regenerated methionine (Wu et al,, 2013). In the
study, its level was found to be statistically-significantly decreased by 1.75-fold in
summer- and rainy season- as compared with winter-harvested samples (Table 8 and
Figure 31). The decreases in the level of this enzyme might affect the cytoskeleton of
plants, as well as the induction of ethylene metabolism as shown in Agrostis capillaris

L. (Hego et al., 2014).
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Functional group 8: Signal transduction and homeostasis. Iron is an essential
element for both productivity and nutritional quality of plants. Ferritin is a major iron
storage protein, which regulates plant physiology by responding to excess iron at the
transcriptional level (Briat et al., 2010). The levels of ferritin (spot 43) was statistically-
significantly decreased by 1.82-fold in summer- as compared with winter-harvested
samples (Table 8 and Figure 31). The change might result from modulation of ferritin
to create a balance between availability of iron for metabolism and sequestration of
the metal to ensure protection of ROS-related damages (Briat et al., 2010), the process
that could increase the protection ability against oxidative stress during summer.

The 14-3-3 proteins play major roles in regulating nitrogen and carbon
metabolism, especially those involving in controlling the tricarboxylic acid (TCA) cycle
and the Shikimate pathway (Diaz et al., 2011). In addition, the protein underpins
regulation of H+-ATPase that controls the electrochemical gradient across the plasma
membrane, including ion transport and cytosolic pH, relates to regulation of
transcription factors, hormone signaling, positive regulators, metabolism, adhesion,
cellular proliferation, differentiation, survival, apoptosis and ion homeostasis as well as
signal transduction pathways of plasma membrane H*-ATPase and ions channels; and
interactions with a number of proteins in ethylene biosynthesis (Hego et al., 2014). 14-
3-3- like protein (spot 48) was statistically-significantly decreased by 1.85-fold in
summer- as compared with winter-harvested samples (Table 8 and Figure 31). The

activity of 14-3-3- like protein might depend on the levels of sugars and nitrogen-
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containing-compounds as well as the levels of aromatic compounds. The result
supports the report of overexpression of 14-3-3 proteins in Arabidopsis which is related
to the reduction of the levels of nitrogen-containing-compounds and sugars, including
citrate and malate as the major intermediate compounds of the tricarboxylic acid (TCA)
cycle. In addition, such changes might decrease the activities of isocitrate
dehydrogenase and malate dehydrogenase and involve in the levels of aromatic
compounds as well as the activities of Shikimate dehydrogenase linked to aromatic

compound biosynthesis (Diaz et al., 2011).

Nucleoredoxin found in maize (Zea mays L.), belonging to thioredoxin
superfamily (Laughner et al,, 1998), is a thiol oxidoreductase. It is needed for DNA
synthesis via ribonucleotide reductase and for abundant redox signaling pathways
including scavenger ROS’s in response to oxidative stress (Hanschmann et al., 2013).
From the densitometric analysis, nucleoredoxin 1 was identified from spot 76 with
significant sequence similarity to probable nucleoredoxin 1 from G. max (% sequence
coverage = 8; protein score = 277), which was statistically-significantly increased by
1.94-fold in rainy season- as compared with winter-harvested samples (Table 8 and
Figure 31). It was possible that nucleoredoxin 1 might act as redox-sensor in the
metabolite detoxification with glutathione as a hydrogen donor and is regulated by

ROS-signaling activation (Funato and Miki, 2007).
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Functional group 9: Protein biosynthesis. Three proteins including translation
initiation factor, eukaryotic translation initiation factor 4A and elongation factor 2 were
found to have differential seasonal relative abundances. The spot 8 was identified as
an analog protein of translation initiation factor from Carica papaya (% sequence
coverage = 17; protein score = 159) and appeared to be statistically-significantly
decreased by 2.27-fold in summer- as compared with winter-harvested samples. The
eukaryotic translation initiation factor 4A (spot 165) was statistically-significantly
increased by 1.86-fold and 2.12-fold in summer-and rainy season- as compared with
winter-harvested samples, respectively (Table 8 and Figure 32). Translation initiation
factor is a member of DEAD box-protein family involving in RNA metabolism. Eukaryotic
translation initiation factors 4A is one of the DEAD box helicases; the 46 kDa
polypeptide involves in the first step of RNA dependent ATPase and bidirectional RNA
helicase activities in cap-dependent translation initiation. Changes in levels of the two
proteins might influence the promotion or inhibition of the translation of specific
MRNAs. Moreover, some protein is active in processes rather than translation in
relevant of specific expression of tissues and developmental stages and subsequently
plays important roles of plant tolerance in response to abiotic stress (Hernandez and
Vazquez-Pianzola, 2005). Elongation factor 2 involves in the regulation of translational

activities by modulating specific Ca*"

calmodulin-dependent kinase (Gallie et al., 1998).
Its level was statistically-significantly decreased by 1.39-fold in rainy season- as

compared with winter-harvested samples (Table 8 and Figure 32). It was possible that
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the level of elongation factor 2 might be to be positively correlated with that of heat

shock proteins (Gallie et al., 1998).

Functional group 10: Protein destination and storage. One of the
muticatalytic complex proteins is proteasome subunits, which is related to
extralysosomal energy-and ubiquitin-dependent proteolytic pathway and degradation
of proteins (Genschik et al.,, 1994; Huang et al., 2012). The different subunits depend
on cleavage of peptide bonds on the carboxyl side of basic, hydrophobic or acidic
residues. Particularly, the proteolytic activities can be carried out by beta-type subunits
(Genschik et al., 1994), including proteasome subunit beta type-6-like (spot 16),
proteasome subunit beta type-1-like (spot 29) and 20S proteasome beta subunit 5
(spot 30) which were statistically-significantly increased by 1.89-fold, 2.32-fold and
1.93-fold in summer- as compared with winter-harvested samples, respectively (Table

8 and Figure 32).

In total, the proteomic analysis identified 45 proteins in tubers with statistically-
significantly changing levels. Compared to detected levels in winter-harvested
samples, proteins with the increased levels in summer-harvested samples were
triphosphate isomerase (spot 28), V-type proton ATPase catalytic subunit A (spot 79),
RuBisCO (spot 157 and 158), actin-101-like (spot 110), Ol-tubulin-3 chain-like (spot 208),

methionine synthase (spot 96), cytosolic ascorbate peroxidase (spot 37), putative
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lactoylglutathione  lylase-like  (spot  56), chloroplast acetohydroxy acid
isomeroreductase (spot 148), proteasome subunit beta type-6-like (spot 16),
proteasome subunit beta type-1-like (spot 29) and 20S proteasome beta subunit 5
(spot 30), while those with the decreased levels were glyceraldehyde-3-phosphate
dehydrogenase (spot 58), enolase (spot 81 and 115), alcohol dehydrogenase (spot 105),
omega-amidase NIT 2 (spot 36), cobalamine-independent methionine synthase (spot
51), class | small heat shock protein 20.1 (spot 5), heat shock protein 70 (spot 74 and
77), 5-methyltetrahydropteroyltrislutamate-homocysteine methyltransferase (spot 93),
D-3-phosphosglyscerate dehydrogenase (spot 80), ferritin (spot 43), 14-3-3-like (spot 48)

and translation initiation factor (spot 8).

For rainy season- as compared with winter-harvested samples, proteins with
the increased levels in rainy season-harvested samples were profilin-1 (spot 1),
glyceraldehyde-3-phosphate dehydrogenase (spot 62 and 69), enolase (spot 140), 18.5
kDa class | heat shock protein (spot 7) and probable nucleoredoxin 1, while those with
the decreased levels were enolase (spot 81, 115 and 122), alcohol dehydrogenase
(spot 105), heat shock protein 70 (spot 77), CU/Zn-SOD-like isoform 2 (spot 3), D-3-

phosphoglyscerate dehydrogenase (spot 80) and elongation factor 2 (spot 132).

Three proteins in carbohydrate and energy metabolism, one protein in amino-

acid biosynthesis, one protein in ROS scavenging and detoxifying and one protein in
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protein biosynthesis including alcohol dehydrogenase (spot 117), vascular ATP
synthase subunit B (spot 143), alcohol dehydrogenase 1 (spot 186), chloroplast
acetohydroxy acid isomeroreductase (spot 168), glutathione reductase, cytosolic (spot
150) and eukaryotic transition initiation factor 4A (spot 165) were statistically-
significantly increased in summer and rainy season- as compared with winter-harvested
samples, whereas four proteins were statistically-significantly in winter-harvested
samples were enolase (spot 81 and 115), alcohol dehydrogenase (spot 105) and heat

shock protein 70 (spot 77).
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Figure 28 Gel spots of 8 proteins in allergy, photosynthesis, cellular structure and
defense with differentially abundances during summer-or rainy season- as compared

with winter-harvested samples.
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Figure 29 Gel spots of 9 proteins in ROS scavenging and detoxifying and stress with

differentially abundances during summer-or rainy season- as compared with winter-

harvested samples.
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Figure 30 Gel spots of 15 proteins in carbohydrate and energy metabolism with

differential abundances during summer-or rainy season- as compared with winter-

harvested samples.
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Figure 31 Gel spots of 7 proteins in amino-acid biosynthesis and signal transduction

and homeostasis with differential abundances during summer-or rainy season- as

compared with winter-harvested samples.
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Figure 32 Gel spots of 6 proteins in protein biosynthesis and protein destination and

storage with differential abundances during summer-or rainy season- as compared with

winter-harvested samples.
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4.4.2 Proteins with differential levels in different seasons in leaves

To identify proteins with differential levels in different seasons, spot intensities
on 2-DE gels were quantified using the Image Master program. The previous results
revealed a variety of protein spots in winter-harvested samples originated from
Lampang. Consequently, fold changes were calculated by comparing the intensities of
each individual protein spot in summer-and rainy season- harvested samples with
these of the corresponding spot in winter-harvested sample. The exhibited 3 and 4
protein spots were statistically-significantly increased, and 1 and 5 protein spots were
statistically-significantly decreased in summer- and rainy season-harvested samples,
respectively. Twelve proteins belonging to 5 functional groups were found involving in
important metabolic pathways and therefore picked for further discussion (Table 9 and

Figure 33-34).

Functional group 1: Carbohydrate and energy metabolism. Two protein
groups including glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH) and
triosephosphate isomerase (API) were detected to have differential abundance levels.
Glyceraldehyde-3-phosphate dehydrogenase (spot 109) converts D-glyceraldehyde-3-
phosphate into 1,3-biosphosphoglycerate of the glycolysis (Mitprasat et al., 2011),
which was statistically-significantly increased by 3.36 fold in rainy season- as compared

with winter-harvested samples (Table 9 and Figure 33). Changes of glyceraldehyde-3-
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phosphase dehydrogenase level might result from metabolic flexibility to facilitate
plant response to environmental stresses (Ma et al., 2013), which tends to increase

during rainy season.

The spots 25 and 28 of triosephosphate isomerase, they catalyzes the
interconversion  between  D-glyceraldehyde-3-phosphate  and  dihydroacetone
phosphate involving energy production. Their level were statistically-significantly
decreased 2.44-fold and 1.33-fold in rainy season- as compared with winter-harvested
samples, respectively (Table 9 and Figure 19). It might deteriorate in the
photosynthetic activity resulted from the smaller amount of carbohydrate production
for glycolysis in leaves (Li et al., 2011a). Notably, these proteins provided high scores
in the protein identification process, suggesting the structural conservation of these

key proteins in B. superba to green plants.

Functional group 2: Photosynthesis. The abundant photosynthetic enzymes
in leaves are well known for their biological importance in energy harvesting,
conversion and storage of photoassimilation (Rasineni et al., 2009). Two proteins in
photosynthesis with altering relative abundances were oxygen-evolving enhancer
protein 2 (spot 27) and ribulose-1,5-bisphosphate carboxylase/oxygenase (spot 41).
Oxygen-evolving enhancer protein 2 is a key enzyme involving in maintenance of

photosystem |l core stability and regulation of the primary site in photosystem Il
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photoinhibition, including light reaction and response to bacterium, light intensity and
abiotic stresses (Zhang et al.,, 2012). From densitometric analysis, oxygen-evolving
enhancer protein 2 level was statistically-significantly increased by1.81-fold in rainy
season-as compared with winter-harvested samples (Table 9 and Figure 33). It was
possible that an increase in oxygen-evolving enhancer protein 2 level during rainy
season might present a mechanism of plant adaptation in response to abiotic stress

and thermal stress (Janmohammadi et al., 2015).

Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) is the essential
enzyme for photosynthetic induced carbon fixation in the Calvin cycle, catalyzing the
carboxylation or oxygenation reactions (Ashida et al.,, 2008). The rate of RuBisCO
activation is regulated by RuBisCO activase enzyme (Jensen, 2000). It was identified
from spot 44 with sequence similarity to RuBisCO large subunit from Touroulia
cuianensis (% sequence coverage = 18; protein score = 371 to be statistically-
significantly increased by 1.51-fold in summer-as compared with winter-harvested
samples (Table 9 and Figure 33), while Ribulose-1,5-bisphosphate carboxylase (spot
41) was statistically-significantly increased by 2.14-fold in rainy season-as compared
with winter-harvested samples (Table 9 and Figure 28). High temperature could lead
to the reduction in the activation state of RuBisCo to affect a loss of RuBisCO activase
activity (Han et al,, 2009) and limited interactions between activase and RuBisCO

necessary for CO, fixation during photosynthesis (Jensen, 2000); however, the decrease
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in RuBisCO content might also be derived from reduction of photosynthesis as shown
in Triticum aestivum L seedlings (Cheng et al., 2015). It might therefore be possible
that the increases of RuBisCO levels during summer might be the high temperature
stress response to compensate for the lower activity of RuBisCO (Jensen, 2000) so that
the photosynthesis rate and activity remains sufficient for plant survival (Cheng et al,,
2015). For increased Ribulose-1,5-bisphosphate carboxylase level, it might be required
for production of adenosine triphosphate (ATP) and nicotinamide adenine dinucleotide
phosphate-oxidase  (NADPH), which involves in photophosphorylation and
photosynthesis electron transport under low light intensity during rainy season

including capability of carbon assimilation in leaves (Lee et al., 2013).

Functional group 3: Secondary metabolism. The protein with differential
abundance level is the secondary metabolism group of isoflavone reductase which is
involved in the (iso) flavone and lignin biosynthesis (Ma et al,, 2013) via the
phenylpropanoid pathway. The enzyme catalyzes the nicotinamide adenine
dinucleotide phosphase (NADP)-dependent reduction of 2’-hydroxyformormononetin
to isoflavanone (3R)-vestitone in Medicago sativa (Veitch, 2013). Isoflavone reductase
matched well with that from Glycine max with % sequence coverage of 16 and protein
score of 206. Its level was statistically- significantly decreased by 2.44-fold and 3.13-
fold in summer- and rainy season- as compared with winter-harvested samples,

respectively (Table 9 and Figure 34). It is the one of the drought-responsive proteins
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(Grimplet et al, 2009), is related in defense against numerous stresses and
effectiveness of the antioxidant system (Komatsu and Hossain, 2013). Because the
amount of water on average is lower in winter, the activities of isoflavone reductase
might be increased in response to water stress (Komatsu and Hossain, 2013). The
finding also suggests that B. superba leaf might exhibit antioxidant activity as found in

the other tuberous plant, Pueraria mirifica (Cherdshewasart and Sutjit, 2008).

Functional group 4: Defense and Stress. One of the molecular chaperones
to be identified was 20 kDa chaperonin, which can act as a co-chaperone of
chaperonin-60 for discharging of the biologically active proteins from chaperonin-60
(Bertsch et al,, 1992). The 20 kDa chaperonin (spot 36) level in stress group was
decreased by 2.36-fold in rainy season -as compared with winter-harvested samples
(Table 9 and Figure 34). It is possible that the increase in 20 kDa chaperonin level
during winter supports the essential function of protective roles in chaperones for the
prevention of protein misfolding and protein aggregation in response to low

temperature (Wang et al., 2004) and drought stresses (Komatsu and Hossain, 2013).

Functional group 5: ROS scavenging and detoxifying. ROS’s is a highly
oxidative substance generated in high amount conditions during conditions to protect
plants against oxidative damage (Ma et al., 2013). Two of the well-studied ROS-related

enzymes involving in defense against abiotic and biotic stresses were superoxide
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dismutase (SOD) and monodehydroascobate reductase (MDAR) in ROS scavenging and
detoxifying group. Superoxide dismutase (SOD) catalyzes dismutation of superoxide
anions by converting superoxide anion radicals (O,) to hydrogen peroxide (H,0,) and
oxygen (O,). SODs are categorized by their metal cofactors. The copper/zinc of
superoxide dismutase (Cu/Zn-SOD) is one of SOD-related metaloenzymes, which is
found in chloroplast and cytosol. In the study, the spot 64 had sequence similarities
to the copper/zinc of superoxide dismutase (Cu/Zn-SOD) from Petunia hybrida (%
sequence coverage = 12; protein score = 139), and its level was statistically-significantly
increased by 4.32-fold in summer- as compared with winter-harvested samples (Table
9 and Figure 34). It might be produced in correlation with levels of oxidative stress
induced in drought and high light conditions (Gill and Tuteja, 2010) to scavenge the

ROS (Ngamhui et al., 2012); therefore, its level is increased during summer.

For the second differential ROS-related enzyme was monodehydroascorbate
reductase, it is the enzyme that catalyzes a reduction of monodehydroascorbate
(MDHA) to its oxidized form, ascobate, as a way to defend against stress (Gill and Tuteja,
2010). Monodehydroascorbate reductase-like isoform 1 (spot 66) was statistically-
significantly increased by 1.85-fold in rainy season- as compared with winter-harvested
samples, respectively (Table 9 and Figure 34). It was possible that waterlogging might

combine with oxidative stress during rainy season resulting the increases of enzymes,
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which related to the ascorbate dependent antioxidative system, as shown in roots of

wheat (Triticum aestivum) and rice seedlings (Kumutha et al., 2009).

Functional group 6: RNA metabolism: glycine-rich RNA-binding protein is one
of the ubiquitous cellular proteins in response to abiotic and biotic stress of plants to
be linked to various independent physiological processes (Ciuzan et al., 2015), involved
in regulation of gene expression, especially at the post-transcriptional level as well as
MRNA stability, pre-mRNA splicing, translation, nucleocytoplasmic mRNA transport and
deterioration (Kim et al., 2010). From the densitometric, the results demonstrated that
glycine-rich  RNA-binding protein GRP1A-like (spot 62) was statistically-significantly
increased by 2.66-fold in summer- as compared with winter-harvested samples (Table
9 and Figure 34). It was possible that change of glycine-rich RNA-binding protein level
due to the expression of GRP genes in response to abiotic stress (Ciuzan et al., 2015),
which might be finely combined during summer. Moreover, the function of glycine-rich
RNA-binding protein as RNA chaperones might play a prominent role in the process of
cold adaptation both in monocotyledonous and dicotyledonous plants (Kim et al,,

2010).

Functional group 7: Protein destination and storage. Proteasome subunits
are muticatalytic proteinase complex related to ATP/ubiquitin-dependent proteolytic

pathway (Huang et al., 2012) and degradation of proteins (Genschik et al., 1994). As
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summer initiates and temperatures increases, this can lead to dehydration stress (de
Oliveira et al., 2013). Proteasome subunit alpha type which was detected in spot 23
and was identified from the match with proteasome subunit alpha type from Ricinus
communis with percent sequence coverage of 17 and protein score of 219. From
densitometric analysis, proteasome subunit alpha type was statistically-significantly
increased by 2.24-fold in summer- as compared with winter-harvested samples,
respectively (Table 9 and Figure 34). It was increased during summer because protein
degradation could be tightly controlled within cells in response to abiotic stresses

(Huang et al., 2012).

In total, the proteomic analysis identified 12 proteins in leaves with statistically-
significantly changing levels. Compared to detected levels in winter-harvested
samples, proteins with the increased in summer-harvested samples were RuBisCO (spot
44), Cu/Zn-SOD (spot 64), glycine-rich RNA-binding protein GRPA-like (spot 62) and
proteasome subunit alpha type, putative (spot 23), whereas one protein in secondary

metabolism with the decreased levels was isoflavone-reductase homolog 2 (spot 30).

For rainy season-as compared with winter-harvested samples, proteins with the
increased levels in rainy season-harvested samples were glyceraldehyde-3-phosphate
dehydrogenase B subunit (spot 82), oxygen-evolving enhancer protein 2 (spot 27),

ribulose-1,5-bisphosphate  carboxylase (spot 41) and monodehydroascorbate
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reductase-like isoform 1 (spot 66), while those proteins with the decreased levels were
triphosphate isomerase (spot 25 and 28), isoflavone-reductase homolog 2 (spot 30)

and 20 kDa chaperonin (spot 36).

One protein with altering levels was isoflavone-reductase homolog 2 (spot 30),
which belongs to secondary metabolism to be statistically-significantly increased in

winter- harvested samples.
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Figure 33 Gel spots of 6 proteins in carbohydrate and energy metabolism and

photosynthesis with differential abundances in summer- or rainy season-as compared

with winter-harvested samples.
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Figure 34 Gel spots of 6 proteins in defense and stress, ROS scavenging and detoxifying,
RNA metabolism, protein destination and storage with differential abundances with

differential abundances in summer- or rainy season-as compared with winter-harvested

samples.
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4.5 Proteins abundance in response to temperature stress and

water stress

4.5.1 Proteins abundance in response to temperature stress and water

stress in tubers

During summer, temperature stress can induce protein degradation,
dehydration, and cell death (Waraich et al, 2012) and resulted in disruption of
tuberous plant cells. High-temperature responsive proteins, namely, triosephosphate
isomerase, alcohol dehydrogenase, alcohol dehydrogenasel, vacuolar ATP synthase
subunit B, V-type proton ATPase catalytic subunit A, actin-101, Ol-tubulin-3 chain,
methionine synthase, cytosolic ascorbate peroxidase, putative lactoylglutathione
lyase-like,  ¢clutathione  reductase, 5-methyltetrahydro  pteroyltriglutamate-
homocysteine methyltransferase, chloroplast acetohydroxy acid isomeroreductase,
eukaryotic translation initiation factor 4A , proteasome subunit beta type-6-like,
proteasome subunit beta type-1-like, 20S proteasome beta subunit 5 and ribulose 1,5-
bisphosphate carboxylase-oxygenase large subunit  were statistically-significantly
increased in summer-harvested samples to aid plant survival under high temperature.
On the contrary, glyceraldehyde -3-phosphate dehydrogenase, enolase, alcohol
dehydrogenase, omega-amidase NIT2, cobalamine-independent methionine synthase,

5-methyltetrahydropteroyltrigslutamate-homocysteine methyltransferase, class | small
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heat shock protein 20.1, heat shock protein 70, D-3-phosphosglycerate dehydrogenase,
ferritin, 14-3-3-like and translation initiation factor proteins were statistically-

significantly decreased under high temperature (Figure 35).

The differential levels of proteins during temperature stress in summer might
result from the differential expression of varied genes involved in replication and
amendment of DNA in endoplasmic reticulum of plant cells, as previously shown in
Pyropia yezoensis (Sun et al,, 2015). Class | small heat shock protein 20.1 and heat
shock protein 70 were statistically-significantly decreased under high temperature. This
demonstrates that some common house-keeping genes might maintain levels of
proteins to help plant survive under a wide range of environmental stress (Sun et al,,

2015), especially thermal tolerance (Mahmood et al., 2010).

In addition, HSP synthesis and cellular localization could be correlated to the
acquisition of thermal tolerance, stress conditions and tolerance in response to
temperature stress in numerous cells (Simoes-Araujo et al., 2003). For sHSPs, the
proteins might be accumulated in response to environmental stress (Mahmood et al.,

2010).
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Figure 35 A model of proteins abundance in response to temperature stress during
summer with analyzing from fold change of the terms in the ratio summer/ winter of

spot intensities in summer- as compared with winter-harvested samples

During winter, water stress might initiate water deficit such as loss of water,
drought and high soil salinity (de Oliveira et al,, 2013). Low-temperature responsive
proteins, namely, glyceraldehyde -3-phosphate dehydrogenase, enolase, alcohol
dehydrogenase, omega-amidase NIT2, cobalamine-independent methionine synthase,
D-3-phosphoglycerate dehydrogenase, class | small heat shock protein 20.1, 5-
methyltetrahydropteroyltriglutamate-homocysteine methyltransferase, heat shock

protein 70, ferritin, 14-3-3-like and translation initiation factor subunit were statistically-
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significantly increased in winter-harvested samples to aid plant survival under low
temperature, whereas the decreased proteins included triosephosphate isomerase,
alcohol dehydrogenase, alcohol dehydrogenasel, vacuolar ATP synthase subunit B, V-
type proton ATPase catalytic subunit A, V-type proton ATPase catalytic subunit A,
cytosolic ascorbate peroxidase, putative lactoylglutathione lyase-like, glutathione
reductase, actin-101, Q-tubulin-3 chain,  5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase, methionine synthase, chloroplast acetohydroxy acid
isomeroreductase, eukaryotic translation initiation factor 4A, proteasome subunit beta
type-6-like, proteasome subunit beta type-1-like, 20S proteasome beta subunit 5 and

ribulose 1,5-bisphosphate carboxylase-oxygenase large subunit (Figure 36).

The related proteins involved in growth, photosynthesis and protein synthesis
were either decreased or increased in winter-harvested samples, because they might
be sensitive to water deficit, as shown in grapevine (Vitis vinifera L.) (Cramer et al,,
2013). Some proteins in carbohydrate and energy metabolism also had differential
abundance levels during winter. This might be due to an effort to utilize energy more
efficiently in response to water deficit. Thus, plants maintain a non-energy-conserving
alternative oxidase pathway of respiration as an alternative pathway, which will be
used in the periods of stress to control the power of a stress-signaling pathway from
the mitochondrion to regulate metabolic plant responses (Cramer et al., 2013;

Vanlerberghe et al., 2009).
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Besides, water stress might result in decreased RuBisCO, thereby inhibiting
photosynthesis (Cramer et al., 2013). Class | small heat shock protein 20.1 and heat
shock protein 70 were active during winter, because they might be transferred from
the leaves to store within tubers (Jungsukcharoen et al., 2016). For another decreased

protein, the levels of proteins were effectively induced by higher temperature stresses.

Water Stress

lower temperature

tuberous plant cells

I
v v

'r Genes: GAPDH, ENO, ADH, NIT2, METE, SL17.6, HSP 70, &Genes: TPI, ADH, ADH-1, ATP SYNTHASE SUBUNIT B, V-ATPASE A
PHGDH, MTR, FERRITIN,14-3-3, ELF SUBUNIT, AC101, TUBA3, MS, APX, GLYI, GR, MTR, AHIR, EIFdA, PSMB6,
l PSMB1, 205 PROTEASOME SUBUNIT BETA-5, RBCL
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) lyase-like, glutathione reductase, 5-methyltetrahydro

phosphoslycerate dehydrosenase, 5-methyltetrahydro

) . ) pteroyltriclutamate-homocysteine  methyltransferase, chloroplast

pteroyltriclutamate-homocysteine  methyltransferase,
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factor 4A , proteasome subunit beta type-6-like, proteasome subunit
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Plant survival in lower temperature

Figure 36 A model of proteins abundance in response to water stress during winter
with analyzing from fold change of the terms in the ratio summer/ winter of spot

intensities in summer- as compared with winter-harvested samples.
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4.5.2 Proteins abundance in response to temperature stress and water

stress in leaves

During summer, temperature stress can induce protein degradation,
dehydration, and cell death (Waraich et al.,, 2012) and resulted in disruption of leaf
plant cells. Ribulose 1,5 bisphosphate carboxylase/oxygenase and the copper/zinc-of
superoxide dismutase was statistically-significantly increased in the summer-harvested
samples to aid plant survival under high temperature. Whereas, isoflavone reductase

homolog 2 was statistically-significantly decreased under high temperature (Figure 37).

Elevated temperature might decline the activation state of RuBisCO by reducing
the activation of RuBisCO activase (Yamori and von Caemmerer, 2009). For the
copper/zinc-of superoxide dismutase, change of Cu/Zn-SOD level might depend on
the susceptibility and tolerance of genotypes to be stimulated by overproduction of
ROS under high temperature stress, as shown in wheat genotypes, (Almeselmani et al.,
2006). High-temperature stress could influence the decreased expression of IFR2 gene
involved in reduction of isoflavones concentration. Moreover, either the translocation
of isoflavones or key metabolic precursors might be caused the decreased level of
isoflavone reductase homolog 2, which was shown in G. max (L.) Merr. (Chennupati et

al,, 2012).
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Figure 37 A model of proteins abundance in response to temperature stress during

summer and water stress during winter with analyzing from fold change of the terms

in the ratio summer/ winter of spot intensities in summer- as compared with winter-

harvested samples.
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During winter, water stress might initiate water deficit such as loss of water and
drought (de Oliveira et al,, 2013). Isoflavone reductase homolog 2 was statistically-
significantly increased in winter-harvested samples, while ribulose 1,5 bisphosphate
carboxylase/oxygenase  and  the  copper/zinc-of  superoxide  dismutase,
monodehydroascorbate reductase -like isoform 1, proteasome subunit alpha type
were statistically-significantly decreased in winter-harvested samples to aid plant

survival under low temperature (Figure 37).

The increased IFR2 gene relating the increased isoflavone reductase homolog
2 proteins were induced under water stress because of the decrease of 2'-
hydroxydaidzein to form 7,2-dihydrodaidzein, which is one of the steps to involve in
the aid of enhanced isoflavonoid biosynthesis in the elongation zone of roots, as
shown in G. max (L.) Merr. (Yamaguchi et al., 2010). The other decreased proteins might
result stress response and plant damage under long-lived drought condition, which

was shown in barley (Hordeum vulgare) (Vitamvas et al., 2015).
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CHAPTER V

CONCLUSION

B. superba tuber samples revealed the highest numbers of protein spots and
a variety of proteins in winter-harvested samples from the 3 plant samples. The
matched of 3 plant samples allowed identification of a total of 224 protein spots,
whereas B. superba leave samples demonstrated more diverse protein spots in winter
samples originated from Lampang. The matched of 3 plant samples allowed

identification of a total of 112 protein spots.

The maximum protein appearance, forty-five differentially-abundant proteins
were found in tubers originated from Chachoengsao, while twelve differentially-
abundant proteins were found in leaves originated from Lampang. The differential
proteins were found to be involved in the alternative physiological status within the
tubers and leaves in response to seasonal changes and lead to changes in phenotype,

allowing plant to survive during the severed seasonal changes.

In addition, the results demonstrated seasonal changes initiate an effect on

temperature stress during summer and water stress during winter, which initiate
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differential levels of carbohydrate and energy metabolism, cellular structure
photosynthesis, secondary metabolism, protein destination and storage, signal
transduction and homeostasis, amino-acid biosynthesis, protein biosynthesis, RNA and
protein binging and stimulated defense and stress mechanisms and relative oxygen
species catabolizing enzymes. The proteins might potentially be used as candidates

for protein markers in differing seasons in other plants.

For harvesting period of B. superba tubers and leaves, the finding suggested
both tubers and leaves in the winter-harvested samples were more diverse protein
spots than the other seasons. The recommended harvesting season of the plant tuber
and leaf materials might be in winter, not summer or rainy season. Moreover, this is
the first report on discovery of isoflavone reductase homolog 2 proteins involving in
enhanced isoflavonoid biosynthesis in B. superba leaves to be induced in response to
water stress during winter. B. superba leaves might be an alternative material source
for the commercial scale extraction for natural isoflavones and other phytochemicals
to be used for anti-aging and alternative medicines to aid of rejuvenation, promotion

of sexual vigor and treatment of male erectile dysfunction.
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APPENDIX A



Table 10 Solution for protein extraction

Solution Chemical Final Amount
concentration

Extraction buffer Sucrose 0.7 M 4992 ¢
Tris (USB™) 0.5 M 12.14 g
HCL 30 mM 523.50 pl
EDTA-Fluka 50 mM 3.722 ¢
KCl-Merck 0.1 M 1.491 ¢
B—mecaptoethanot 2% 4 ml
1 M PMSF 2 mM 400 pl
(phenylmethylsulfonyl fluoride)
Milli-Q water (cold water) to 200 ml

1 M PMSF PMSF 1M 0.0696 ¢
Double distillled H,0O to 400 pl

Phenol solution Phenol detached srystals-Merck  99+% (w/v) 500 ¢
Double distillled H,O to 500 ml

Precipitation Ammonium acetate 0.1 M 0.7708 g
Methanol to 100 ml

99.9% Acetone Acetone (cold) 99.90% to 100 ml
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Table 11 Solution for 2D-PAGE

Solution Chemical Final Amount
concentration

Lysis buffer Urea-Biorad 7™M 420 mg
Thiourea 2M 152.50 mg
CHAPS (4°C) 4% (w/v) 40 mg
DTT (dithiothreitol) 2% (W/v) 20 mg
Ampholine (pH 3-10) 5% (v/v) 50 ul
Milli-Q water to 1000 pl

Rehydration buffer Urea-Biorad 8M 480 mg
CHAPS 2% (wlv) 20 mg
DTT(dithiothreitol) 0.28 % (w/v) 2.8 mg
IPG buffer (pH 3-10) 0.5% (v/v) 5ul
Milli-Q water to 1000 pl
Bromophenol blue 0.002% (w/v) 400 pl

Equilibration buffer | 0.5 M Tris-HCl,pH 6.8 50 mM 0.75 ml
Urea 6 M 270 ¢
Glycerol 30% (v/v) 2.25 ml
SDS 2% (w/v) 75 mg
Milli-Q water to 7.5 ml
DTT 1% (w/v) 75 mg

Equilibration buffer I 0.5 M Tris-HCl,pH 6.8 50 mM 0.75 ml
Urea 6 M 270 ¢
Glycerol 30% (v/v) 2.25 ml
SDS 2% (w/v) 75 mg
Milli-Q water to 7.5 ml
lodoacetamide 2.5% (w/v) 187.5 mg

0.5 M Tris-HCl,pH 6.8 Tris base 0.5 M 15¢

adjust to pH

HCL 6.8

Milli-Q water

to 250 ml
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Table 11 (Continued)
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Solution Chemical Final Amount
concentration
14% Separating gel 1.5 M Tris-HCL, pH 8.8 1.5M 2250 pl
solution 30% Acrylamide / 0.8% bis acrylamide 4545 pl
10% SDS 10% (v/v) 100 pl
10% Ammonium persulfate (APS) 10% (v/v) 50 pl
TEMED 5l
Milli-Q water to 10 ml
1.5 M Tris-HCL (pH 8.8) Tris base 1.5M 45.38 ¢
adjust to pH
HCL 8.8
Milli-Q water to 250 ml
30% Acrylamide 30% Acrylamide 30% (w/v) 30¢g
/ 0.8% bis acrylamide 0.8% bis acrylamide 0.8% (w/v) 08¢
Milli-Q water to 100 ml
10% SDS SDS 10% (w/v) 10¢
Milli-Q water to 100 ml
10% APS APS 10% (w/v) 0.1lg
Milli-Q water to1ml
4% Stacking gel 0.5M Tris-HCl ,pH 6.8 05M 625 pl
solution 30% Acrylamide/0.8% bis acrylamide 325 pl
10% (w/w) SDS 10% (v/v) 25 pl
10% APS 10% (w/v) 12.5 pl
TEMED 2.5l
Milli-Q water to 2.5 ml
5X running buffer Tris base 15¢
Glycine 72 ¢
SDS 5¢
RO water to 1000 ml
1X running buffer 5X running buffer 200 ml
RO water to 1000 ml
Agarose sealing 0.5% Agarose 0.50% 05¢
solution 5X running buffer to 100 ml

Coomassies Blue

0.002% (w/v)

200 pl
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Table 12 Coomassies gel stain and destain solution

Solution Chemical Amount
Coomassies Gel stain Coomassies Blue R-250 0.1g
40% Methanol (AR) 40 ml
10% Acetic acid 10 ml
R.O water to 100 ml
Coomassies Gel 40% Methanol (AR) 40 ml
destain | 10 % Acetic acid 10 ml
R.O water to 100 ml
Coomassies Gel 10% Methanol (AR) 10 ml
destain Il 5 % Acetic acid 5ml

R.O water

to 100 ml




Table 13 Digestion solutions

Solution Chemical Final Amount
concentration

0.2 M Ammonium bicarbonate (NH;HCO;) ~ NH,HCO,4 0.2M 1.581 ¢
Milli-Q water to 100 ml

0.1 M Tris-HCl, pH 8.5 Tris base 0.1 M 1.211¢
Milli-Q water to 100 ml
HCL adjust to 8.5

10 mM Calcium chloride (CaCl,) CaCl, 10 mM 14.70 mg
Milli-Q water to 10 ml

10 mM  EDTA EDTA 10 mM 37.22 mg
Milli-Q water to 10 ml

100 mM  Dithiothreitol (DTT) DTT 100 mM 3.085 mg
Milli-Q water to 200 pl

200 mM lodoacetamide (IAA) IAA 200 mM 7.398 mg
Milli-Q water to 200 pl

5 % Formic acid (HCOOH) Formic acid 5% (v/v) 5ml
Milli-Q water to 100 ml

Washing and Destaining Coomassie blue stained gels

Solution 1

0.1 M NH,HCO/ 50% ACN 0.2 M NH,HCO; 0.1 M 500 pl

50 ul / sample 100% ACN 50% (v/v) 500 pl

Reduction and alkylation

Solution 2

0.1 M NH,HCO,/ 10 mM DTT/ 0.2 M NH,HCO; 0.1 M 500 pl

10 mM EDTA to reduce 100 mM DTT 10 mM 100 pt

50 ul / sample 10 mM EDTA 10 mM 100 pl
Milli-Q water to 1000 pl

Solution 3

100 mM IAA/0.1M NH,HCO, 200 mM IAA 100 Mm 500 pl

50 ul / sample 0.2 MNHHCO; 0.1 M 500 pt

Washing

Solution 4

3x with 0.05 M Tris-HCL, pH 8.5/ 0.1 M Tris-HCl 0.05 M 500 pl

50% ACN 50%ACN 50% (v/v) 500 pl

50 ul / sample
(3 times)
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Table 13 (Continued)

Solution Chemical Final Amount
concentration

Digestion and extraction

Solution 5.1

One part trypsin: Trypsin solution 40 pl

5ul 0.2 mg / ml stock, 1 ul 10 % acetic acid, 10 % acetic acid 10% (v/v) 8 ul

4 ul MiliQ-water of solution 1 Milli-Q water to 80 pl

Solution 5.2

Nine parts buffer: 0.1 M Tris-HCL 0.05 M 500 pl

90 ul 0.05 M Tris-HCL, pH8.5 / 100%ACN 50 % (v/v) 100 pt

109%ACN /1 mM CaCl, of solution2 10 mM CaCl, 1 mM 100 pt
Milli-Q water to 1000 pl

**Solution 5.1+5.2

37 ul / sample Solution 5.1 80 pl
Solution 5.2 720 pl

Solution 6

2 % Trifluoroacetic acid (TFA) TFA 2% (v/v) 12 ul
Milli-Q water to 600 pl

Solution 7

0.05 Tris-HCl, pH8.5/ 1 mM CaCl, 0.1 M Tris-HCl 0.05 M 500 pt

40 ul / sample 10 mM CaCl, 1 mM 100 pt
Milli-Q water to 1000 pl

Solution 8

100% Acetonitrile (ACN) 100%ACN 100% (v/v) 1000 pl

40 ul / sample

Solution 9

5% Formic acid/ 100%ACN 5% Formic acid 5% (v/v) 500 pl

40 ul / sample 100%ACN 100% (v/v) 500 pl
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http://www.matrixscience.com/cgi/protein_view.pl?file=..%2Fdata%2F20140109%2FFTnmobswL.dat&hit=gi%7C557532497&db_idx=1&px=1&ave_thresh=53&_ignoreionsscorebelow=0&report=0&_sigthreshold=0.05&_msresflags=1025&_msresflags2=2&percolate=-1&percolate_rt=0&_minpeplen=7&sessionID=guest_guestsession

Table 18 Changes and differences in tubers by Image Master 2-DE program

The terms in the ratio of rainy season/

Protein  The terms in the ratio of summer/winter winter

ID p-value Fold p-value Fold
1 0.69 1.08 0.04 1.31
3 0.40 0.87 0.02 0.62
5 0.04 0.72 0.54 0.91
7 0.18 1.54 0.02 2.86
8 0.02 0.44 0.19 0.71
16 0.01 1.89 0.54 0.84
28 0.01 1.89 0.69 1.09
29 0.00 2.32 0.07 2.00
30 0.03 1.93 0.06 2.49
32 0.11 1.18 0.00 1.50
36 0.01 0.66 0.97 1.01
37 0.00 1.88 0.07 1.61
39 0.28 1.63 0.01 1.50
a2 0.02 0.41 0.23 1.24
43 0.01 0.55 0.50 1.08
a4 0.03 0.70 0.15 0.67
a5 0.09 0.42 0.98 1.01
ar 0.05 0.71 0.28 1.13
48 0.04 0.54 0.26 1.31
51 0.01 0.44 0.08 1.36
53 0.21 0.63 0.22 0.65
55 0.16 0.50 0.13 0.44
56 0.00 2.13 0.11 2.05
58 0.02 0.61 0.27 1.29
59 0.10 0.70 0.29 1.23
62 0.45 1.33 0.02 1.77
65 0.68 0.95 0.54 0.89
66 0.16 1.48 0.23 1.47
69 0.70 0.94 0.01 1.88
71 0.12 0.48 0.85 0.95
74 0.01 0.57 0.44 0.80
75 0.17 0.81 0.13 1.78
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Table 18 (Continued)

Protein  The terms in the ratio of summer/winter The terms in the ratio of rainy season/ winter
1D p-value Fold p-value Fold
76 0.15 1.36 0.01 1.94
7 0.00 0.21 0.01 0.56
78 0.06 0.53 0.06 221
82 0.67 0.91 0.66 1.08
83 0.44 1.17 0.06 1.46
90 0.09 0.63 0.08 0.60
91 0.26 0.77 0.12 0.65
93 0.04 0.57 0.96 0.98
94 0.05 1.93 0.09 1.77
95 0.22 1.35 0.39 1.34
96 0.01 3.22 0.12 2.53
99 0.67 0.91 0.77 1.08
100 0.27 0.69 0.50 0.78
101 0.80 1.13 0.44 1.44
102 0.43 0.84 0.35 1.49
104 0.09 0.50 0.09 0.50
105 0.02 0.58 0.02 0.61
106 0.13 0.78 0.17 0.72
107 0.83 1.05 0.12 2.43
110 0.00 2.07 0.08 2.17
115 0.01 0.54 0.00 0.45
116 0.04 0.66 0.11 0.76
117 0.01 1.92 0.04 2.72
122 0.58 1.12 0.02 0.72
123 0.94 1.02 0.04 1.68
139 0.13 0.56 0.23 2.29
140 0.27 0.86 0.04 2.06
141 0.07 1.53 0.14 1.90
143 0.02 2.02 0.01 3.11
148 0.00 10.78 0.74 0.87
157 0.01 5.02 0.50 1.23
158 0.01 1.62 0.05 0.62
159 0.45 0.67 0.16 1.82
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Table 18 (Continued)

The terms in the ratio of rainy season/

Protein  The terms in the ratio of summer/winter winter

ID p-value Fold p-value Fold
168 0.01 8.07 0.01 2.06
169 0.05 5.18 0.15 1.80
172 0.57 1.24 0.98 0.99
186 0.01 1.99 0.01 4.88
127 0.05 0.45 0.23 1.28
132 0.06 0.71 0.03 0.72
133 0.27 0.75 0.34 0.76
144 0.40 1.27 0.12 1.85
145 0.16 0.73 0.13 1.32
150 0.00 1.88 0.01 1.32
165 0.01 1.86 0.01 2.12
208 0.00 5.05 0.14 4.39
134 0.07 0.27 0.14 0.54
135 0.96 1.02 0.87 0.93
185 0.91 0.97 0.89 0.94
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Table 19 Changes and differences in leaves by Image Master 2-DE program

The terms in the ratio of rainy

Protein ~ The terms in the ratio of summer/winter season/winter

ID p-value Fold p-value Fold
1 0.19 0.66 0.49 1.15
8 0.37 2.25 0.13 3.66
23 0.01 2.24 0.11 1.21
25 0.14 0.68 0.02 0.41
27 0.06 1.97 0.00 1.81
28 0.98 1.00 0.03 0.75
29 0.91 0.97 0.18 0.64
30 0.02 0.41 0.01 0.32
36 0.27 0.79 0.02 0.43
37 0.19 1.62 0.01 0.56
a1 0.67 0.93 0.04 2.14
a2 0.90 1.03 0.60 0.84
43 0.27 1.53 0.15 0.57
a4 0.02 1.51 0.93 0.96
45 0.01 2.36 0.32 2.66
ar 0.10 3.40 0.14 1.83
43 0.20 1.45 0.37 1.44
55 0.57 1.76 0.28 1.40
60 0.95 1.03 0.00 2.98
61 0.39 0.79 0.17 0.72
62 0.00 2.66 0.60 1.15
63 0.02 2.37 0.69 0.93
64 0.02 4.35 0.77 0.92
66 0.07 2.17 0.00 1.85
71 0.67 1.14 0.15 1.41
82 0.67 1.25 0.00 3.36
87 0.04 3.73 0.29 1.90
109 0.93 1.03 0.00 3.90
112 0.94 1.03 0.05 0.40
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