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ABSTRACT

The seed coat arises from maternal integuments and its main role is the 

protection of the developing embryo. At maturity the soybean seed coat is 

composed mainly of dead cells that impart protection, enable germination and 

enhance dispersal. Soybean seed coat is an agricultural-by product that is 

currently under utilized, although some reports have found diverse applications 

that are currently explored.

Using gel-based pre fractionation of proteins followed by electro spray ionization 

tandem mass spectrometry, a comprehensive proteomic database of 

physiologically mature soybean seed coats was created. Around 150,000 

spectral was acquired and used to challenge current protein databases. The 

gene ontology assignment of over 1,000 seed coat proteins allowed a correlation 

with important seed metabolic pathways such as cell wall biosynthesis, 

proteolytic pathway, synthesis of amino acids, carbohydrates and nucleotides 

thorough the Ci metabolic pathway, fatty acids and isoflavonoids.

The most abundant protein in the soybean seed coat is methionine synthase. 

Besides the synthesis of methionine, it could be associated with the production of 

ethylene in the seed coat, promoting fruit ripening. There is an apparent increase 

in the relative amount of metabolic proteins at the onset of seed maturation. This 

finding suggests that the seed coat remains metabolically active for a longer time 

than the embryo. Proteases are an important protein group in the seed coat 

proteome and are most likely involved in tissue remodelling. They could also be 

further studied as potential candidates for catalysis of industrial reactions.

A comprehensive protein database is reported along with protein ontology 

assignments. The correlation of proteomic and transcriptomic data for specific 

proteins allowed the identification of control mechanisms of protein expression in 

the seed coat. This will be very valuable in future molecular-based approaches to

in



modify the seed coat proteome in order to control aspects of seed development, 

and also as a target organ for the heterologous expression of proteins.

Key words: BLAST, cell wall, electrospray ionization, fatty acid synthesis, 

isoflavonoids, proteins, proteome, proteases, seed coat, seed development, 

tandem mass spectrometry, two-dimensional electrophoresis.
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Chapter 1 

INTRODUCTION

1

The seed is essential to flowering plant reproduction because it protects 

and nourishes the developing embryo that represents the next generation. Seed 

development is triggered by a novel double fertilization process that leads to the 

differentiation of the embryo, endosperm, and the seed coat, which are the major 

compartments of the seed (Miller et al., 1999; Haughn and Chaudhury, 2005; 

Moise et al., 2005). Each compartment has different origins and specialized roles. 

The maternally-derived seed coat differentiates from the ovule integument that 

surrounds the embryo sac in what is regarded as the most dramatic cellular 

changes observed during seed development. It is the main protective structure 

for the embryo, transferring nutrients from the maternal plant to the developing 

embryo (Murray, 1987; Schuurmans et al., 2003; Borisjuk et al., 2004; Zhang et 

al., 2007). A t maturity, the seed coat is composed mainly of dead cells, and even 

in death, the specialized cell types impart protection, enable germination and 

enhance seed dispersal (Haughn and Chaudhury, 2005).

The embryo and endosperm, on the other hand, are derived from the 

fertilized egg and central cell, respectively. The endosperm proliferates to occupy 

most of the post-fertilization embryo sac and nourishes the embryo during early 

development (Lopes and Larkins, 1993). In legumes, the endosperm is absorbed 

by the embryo during seed development and some remnants are present in the 

seed (Le et al., 2007). Soybean is virtually devoid of endosperm with some traces 

in the aleurone layer (Yaklich et al., 1984); whereas, Medicago truncatula 
possesses a more structured endospermic layer at maturity (Lei et al., 2007). The 

embryo represents the new sporophytic (diploid) generation and contains the 

shoot and root meristems that are responsible for generating organ systems of 

the mature plant after seed germination.

In legumes, food reserves stored in the embryonic cotyledons make seeds 

an important food source for both human and animal consumption. Soybean is 

one of the most important seed crops in the world (Wilcox, 2004) and constitutes
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about one third of the world supply of vegetable oil, most of which is used for food 

and cooking (Kinney, 1998). It provides an inexpensive source of protein as the 

main ingredient of animal diet, with as much as 90% of the soybean production 

used to feed livestock worldwide (Steinfeld and Wassenaar, 2007).

In recent years, researchers have focused on the use of crop plants for the 

production of oil to power engines, in an effort to reduce pressure on the use of 

fossil energy (Doll et al., 2008). Consequently, the consumption of canola, 

soybean, palm and other oil crops for biodiesel has increased. The ‘net energy 

balance ratio’ for biodiesel from soybean is three to four times more favorable 

than for ethanol from maize (Hill, 2007). In the USA, it is estimated that 

approximately 22% of domestic soybean oil production by 2016 will be devoted to 

biodiesel (Durrett et al., 2008). This production process normally leaves the hulls 

or seed coats as unutilized by-products, which represent up to 10% of the total 

seed mass.

1.1 Seed coat anatomy

In legume seeds the seed coat is a complex organ comprised of a 

palisade or epidermis layer, hypodermis or hourglass cell layer, parenchyma of 

maternal origin and aleurone with some endosperm debris of filial origin (Yaklich 

et al., 1998) (Figure 1.1). Several extensive studies have described the anatomy 

of soybean seed coats (Thorne, 1981; Yaklich et al., 1984; Ma et al., 2004) and, 

in this section, major aspects will be brought into consideration as we will use 

them as a guide to the dissection of the proteome of this organ.

The epidermis (palisade) is a layer of tightly packed, elongated cells that 

have pitted walls in the upper part of the cell. By maturity these cells are fully 

cutinized providing a strong, gas-impermeable surface (Thorne, 1981; Ma et al., 

2004). The hypodermis is a layer of hourglass-shaped cells that have unevenly 

thickened cell walls, thin at the ends of the cell and very thick in the central, 

constricted portion, thus forming a strong supporting layer with considerable 

intercellular space (Figure 1.1 B). The prevailing characteristic of both layers, as 

of any sclereid-type cell, is the presence of extremely thickened cell walls most
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likely to impart physical resistance to these tissues and provide protection to the 

embryo (Thorne, 1981).

Two types of tissue compose the parenchyma in the seed coat. Adjacent 

and below the hourglass layer, lays the articulated parenchyma with large and 

irregularly shaped cells with thick cell walls. Abundant plasmodesmata span the 

thin walls at points of cellular interconnection and there are extensive intercellular 

spaces. These cells have been reported to possess a dense cytoplasm enriched 

in constituents characteristic of cells engaged in active carbohydrate transport 

and excretion (Thorne, 1981). The reticulate venation that originates in two large 

vascular bundles in the pod placenta is imbedded within the narrow zone 

separating the two distinctly different parenchyma tissues in the seed coat. It is 

composed of small, thick-walled sieve tubes surrounded by a bundle sheath of 

small vascular parenchyma cells which are abundant in plasmodesmata. Xylem 

tissue is absent from the seed coat.

Below this level o f seed coat vascularization, the parenchyma is 

composed of 10 to 15 layers of thin-walled aerenchyma cells, all interconnected 

to form a three-dimensional lattice. The cytoplasm of these aerenchyma cells is 

almost devoid of organelles. This lattice appears to form a continuous apoplastic 

route from the vascular plane to the inner seed coat surface. These aerenchyma 

cells are easily observed because their interconnections are delicate, and this is 

where a natural fault line facilitating dissection occurs (Figure 1.1C) at the 

junction of the aerenchyma and the endothelium or aleurone. No pores, 

plasmodesmata or vascular tissue exist to carry photosynthates to the embryo 

from the surrounding endothelium and there is no vascular communication 

between the seed coat and the embryo (Thorne, 1981).

The aleurone cells represent a special tissue of endospermic origin at the 

interphace between seed coat and embryo. In the Glycine genus some of the 

endosperm remains unabsorbed during seed development and occurs as the 

antipit adhering to aleurone (Yaklich et al., 1992). The aleurone is formed by a 

single layer of small, thick-walled cells that are distinguishable from parenchyma
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Fig. 1.1 Microphotographs of soybean seed coats. A) Agarose 40 p inverted section of 

70 DPA soybean seed coat (40X). B) Hourglass cells (hgc) isolated from epidermal layer 

(40X). C) Tissue separation along a natural plane of weakness between the palisade- 

hourglass and the parenchyma-aleurone layers (20X). ae, aerenchyma; al, aleurone; cut, 

cuticle; ep, epidermis (palisade); pa, parenchyma. Scale bar= 100 pm.
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by their dense cytoplasm and small cuboidal shape. The cytoplasm contains 

numerous dilated cisternae of rough endoplasmic reticulum, Golgi apparatus with 

associated secretory vesicles, and several organelles that were bounded by a 

single membrane and have the appearance of protein bodies. The rippled 

appearance of the plasma membrane may reflect an active and continuous 

transfer of membrane and contents by secretory vesicles from the Golgi 

apparatus to the cell wall. Altogether, there is sufficient structural evidence in the 

anatomy of these cells for them to be considered active secretory structures.

In terms of cell to cell connection, numerous plasmodesmata interconnect 

adjacent aleurone cells, as well as the cross walls between cone cells from the 

cotyledons (Ma et al., 2004). The cone cells tightly press against the cotyledonary 

pit and subtending vascular bundle, suggesting that movement of materials, such 

as converted nutrients, from the seed coat to the cotyledon during seed 

development. This suggests that transport can occur along a specific anatomical 

route and that this material is not subject entirely to random diffusion. Thus, the 

aleurone and cone cells may represent an active symplast region for solute 

transport between seed coat and cotyledons. This is interesting given the lack of 

anatomical interconnection between maternal and filial tissue in legume seeds 

providing access to plasma membrane transport events (Patrick and Offler, 1995; 

Weber e ta l., 1997a).

1.2 Seed coat function

The mature seed coat has been classically viewed as a protective 

structure with limited physiological functions. However, investigations have 

concentrated on the transport and metabolism of carbohydrate and amino acid 

compounds from the parent plant to the developing seed (Thorne, 1985; Tegeder 

et al., 1999; Tegeder et al., 2000; Tilsner et al., 2005). These studies have 

indicated that the pod wall and the seed coat were involved in converting 

carbohydrate and amino acid compounds into forms readily usable by the 

embryo. It was found that in legume seeds, some storage precursors undergo
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processing in the seed coat before they are transported to the embryo. For 

example, ureides are converted in the seed coat into transportable amino acids 

(Hsu et al., 1984); whereas, the regulation of sucrose transport in the seed coat 

and subtending cotyledons occurs through the apoplast of both organs (Wang et 

al., 1995; Weber et al., 1997b; Ritchie et al., 2003; Zhang et al., 2007).

During legume seed development the seed coat and endosperm develop 

first, followed by the development of the embryo, maturation of the seed coat and 

maturation of the embryo (Weber et al., 2005). The coordination of these events 

is governed by communication among tissues of the seed organs. Early embryo 

development and differentiation is controlled by maternal tissues; therefore, 

signals must be transmitted through the seed coat and endosperm before they 

can reach the embryo. Specialized transfer cells facilitate the transport of 

nutrients within the seed (Offler and Patrick, 1993). Sufficient published literature 

exists to support the notion that maternal control of embryo development is 

exerted through sugar metabolism and metabolic gradients in legume seeds 

(Weber et al., 1996; Weber et al., 1997b; Weber et al., 1997a; Weber et al., 1998; 

Wobus and Weber, 1999a, 1999b). The effect of phytohormones (Bleecker and 

Kende, 2000), hypoxia (Rolletschek et al., 2005) and carbon dioxide recycling 

(Furbank et al., 2004) has been well documented. Cross talk among various 

pathways must play a major role in the control of seed development and most 

likely there are differences among species due in part to varying morphology and 

structure. In Arabidopsis it was determined that the maternal control of seed coat 

elongation and the zygotic control of endosperm growth are coordinated to 

determine seed size (Garcia et al., 2005).

The maternal seed coat, filial endosperm and embryo interact physically. 

In pea seeds, the general pattern of seed development appears largely 

determined by the maternal parent; that is, the seed and final seed size is 

positively correlated with the maximum volume of the endosperm (Wang and 

Hedley, 1993). Large-seeded genotypes of Vicia faba develop a larger seed 

resulting in a longer cell division period of the embryo (Weber et al., 1996). This
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is in accordance with the observation that cell number in cotyledons is correlated 

with seed size, which is predominantly maternally determined (Davies, 1975). 

Because the cell number is determined by cell division cycles during early 

growth, control of cell division is crucial. However, seed size control is complex. 

Studies in small- and large-seeded genotypes of Vida faba suggests that the 

seed coat derived metabolic signals are critical (Weber et al., 1996).

Genetic approaches have been traditionally utilized when studying legume 

seed development. More recently, the use of large-scale proteomic studies has 

been useful to elucidate general trends of protein expression during plant and 

seed development (Ruuska et al., 2002; Hajduch et al., 2005; Hajduch et al., 

2006a; Gallardo et al., 2007; Hajduch et al., 2007). An in depth study of the 

soybean seed coat proteome has not yet been reported. Given its biological 

relevance and the economic importance of soybean, a proteomic analysis of 

soybean seed coats would be very useful to determine biotechnological 

approaches to increase crop value and improve agronomic traits. From the basic 

research point of view, such a study would provide a comprehensive 

understanding of global protein expression and metabolic pathways prevalent in 

this organ.

1.3 Proteomic method approach

The proteome is the full complement of proteins expressed by a genome 

(Wasinger et al., 1995) at a specific point in time. Proteomics is the systematic 

analysis of proteins and peptides that are encoded by a genetic code, and 

provides a link between cell physiology and the genetic code. The objectives of 

proteomics include large-scale identification and quantification of all protein 

types in a cell or tissue, analysis of post-translational modification and 

association with other protein, and characterization of protein activities and 

structures (Rhee et al., 2006). Application of proteomics in plants is still in its 

initial phase, mostly in protein identification (Canovas et al., 2004; Newton et 

al., 2004). Other aspects of proteomics (reviewed in Zhu et al., 2003), such as 

identification and prediction of protein-protein interactions, protein activity
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profiling, protein subcellular localization and protein structure, have not been 

widely used in plant science. However, recent efforts such as the structural 

genomic initiative that includes Arabidopsis thaliana are certainly encouraging

(http://www.uwstructuralaenomics.org).

The genome of model-plants such as A. thaliana (Arabidopsis Genome 

Initiative, 2000) and rice (Oryza sativa) (Goff et al., 2002) have now been 

elucidated. The NCBI Plant Genomes Central considers also Medicago 
truncatula (barrel medic) and Populus trichocarpa (black cottonwood) as 

completed (Carpentier et al., 2008) and several others are in the process of 

being sequenced (http://www.genomesonline.org). In the case of soybean, the 

entire genome sequencing was completed and made available to the scientific 

community on January 18, 2008 (http://phvtozome.net/sovbean): however, the 

information is still preliminary and unsuitable for protein searches, which is an 

important aspect of our study.

While identification of genomes has been, and continues to be, a 

technically and intellectually demanding process, the identification of the 

proteome contains inherently greater difficulties. The first major difference 

between genome and proteome analysis is that genome is static, while the 

proteome of each living cell is dynamic, altering in response to the individual’s 

cell metabolic state and reception of intracellular and extracellular signal 

molecules. Thus while the genome enables a prediction of the proteome simply 

as the gene products, this cannot be described as the proteome, since it 

remains unknown which genes are expressed at any specific moment in time, 

and many of the proteins which are expressed will be post-translationally 

altered, by one or more of approximately 200 modifications (Mann and Jensen, 

2003; Newton et al., 2004). Despite the differences in the nature of genome 

and proteome, genetic characterization of an organism is required for the 

massive identification of proteins from its complement.

http://www.uwstructuralaenomics.org
http://www.genomesonline.org
http://phvtozome.net/sovbean
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Once the genomic data is acquired, it is stored in large databases 

containing the nucleotide sequence code and gene annotations and provides 

basic foundations for studying biological systems (Ivakhno and Kornelyuk,

2006). However, sequence information alone is insufficient for understanding 

the biology of a given organism. Data on mRNA expression, protein interaction, 

protein localization, and dynamics of signaling pathways is needed before a full 

appreciation of complexity of living cells is grasped. The power of high- 

throughput approaches in functional genomics is exemplified by DNA 

microarray technologies. However, because proteins are the predominant 

functional macromolecules, the identity of potentially expressed proteins at a 

given time defines the functional state of the cell. Since significant molecular 

control is exercised at the level of translation initiation, post translational 

modifications, and mRNA turnover, the investigation of proteome dynamics is a 

vital requirement for understanding of the cell’s regulatory mechanism.

When only model organisms are used, the power of transcript-based 

techniques is lost in non-model organisms due to the lack of genomic 

information or due to the sequence divergence from a related model organism. 

Gene sequences are rarely identical from one species to another and 

orthologous genes are usually riddled with nucleotide substitutions. An 

alternative for examining gene expression is studying its end products, the 

proteins. Protein sequences are more conserved making the high-throughput 

identification of non-model gene products by comparison to well known 

orthologous proteins quite efficient (Liska and Shevchenko, 2003).

Seeds of several species have been investigated at the proteome level, 

such is the case of seeds of the model species Arabidopsis thaliana (Ruuska et 

al., 2002), Medicago truncatula (Gallardo et al., 2003; Gallardo et al., 2007), 

Brasica napus (Hajduch et al., 2006b), soybeans (Herman et al., 2003; Hajduch 

et al., 2005; Agrawal and Thelen, 2006). In every case, complicated networks 

have been reported to orchestrate seed development, such as the onset of cell 

division followed by storage product accumulation and desiccation. However,
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many of the fundamental questions remain unanswered and the extent to which 

comparison can be established between species becomes limited, given the 

observations that these networks can differ considerably.

The standard approach for proteomic analysis is the in-gel separation of 

proteins followed by mass spectrometry. Gel-based pre fractionation of proteins 

allows the separation of complex protein mixtures (Granvogl et al., 2007). Two- 

dimensional electrophoresis (2 DE), although developed over 50 years ago, 

continues to be relevant and useful in the separation of protein complexes 

(Aebersold and Mann, 2003; Gorg et al., 2004). Also, the use of one-dimensional 

gel electrophoresis of proteins offers a number of important advantages 

compared to gel-free approaches (Shevchenko et al., 2006). For instance, the 

sequencing of sharp, molecular weight-separated protein bands increases the 

dynamic range of analysis of protein mixtures (ratio of lowest to highest 

abundance protein detectable) as peptides produced by in-gel tryptic cleavage of 

each band are sequenced in separate experiments. For complex mixture 

analysis, spreading the proteome over 10-20 gel slices dramatically increases the 

depth of analysis, and hence the number of identified proteins. The same idea of 

pre-fractionation holds valid for 2D gels, only that the number of samples are 

increased several times.

After protein separation using gel electrophoresis and protein digestion 

using an enzyme (e.g., trypsin, pepsin), proteins are identified by typically using 

mass spectrometry (MS). Mass spectrometric measurements are carried out in 

the gas phase on ionized analytes. By definition, a mass spectrometer consists of 

an ion source, a mass analyzer that measures the mass-to-charge ratio (m/z) of 

the ionized analytes, and a detector that registers the number of ions at each m/z 

value. Electrospray ionization (ESI) and matrix-assisted laser 

desorption/ionization (MALDI) are the two techniques most commonly used to 

volatize and ionize the proteins or peptides for mass spectrometric analysis 

(Aebersold and Mann, 2003). ESI ionized the analytes out of a solution and is 

therefore readily coupled to liquid-based (chromatographic) separation tools. ESI- 

MS systems (LC-MS) are the methods of choice to analyze complex samples.
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The high-throughput data generated from mass spectrometers are often 

complicated and computational analyses are critical in interpreting the data for 

protein identification (Gorg et al., 2005). Tandem mass spectrometry (MS/MS) 

breaks each digested peptide into smaller fragments, whose spectra provide 

effective signatures of individual amino acids in the peptide for protein 

identification. Many tools have been developed for MS/MS-based peptide/protein 

identification that rely on the comparison between theoretical peptides derived 

from database and experimental mass spectrometric tandem spectra. In general 

terms, protein identification from mass spectra (Veljanovski et al., 2006) can be 

considered as being straightforward for plant species whose genome have been 

sequenced or with a considerable number of ESTs available in either general 

(UniProt, Swiss-Prot, NCBI) or plant specific databases (Basu et al., 2006; Xu et 

al., 2006). In parallel, the development of bioinformatic tools and specific 

algorithms permits data integration, modeling and prediction (Rhee et al., 2006). 

The opposite situation is encountered when dealing with proteomic analysis from 

non-model plants or with poorly characterized genomes, such as oak (Navarro et 

al., 2006) and banana (Samyn et al., 2007). In such cases, sequence databases 

from closely related species are interrogated by de novo sequencing and/or basic 

local alignment search tool (BLAST) (Altschul et al., 1997) similarity searching. 

BLAST results are difficult to score and require a large amount of manual 

validation. However, BLAST remains as a suitable option for cases such as 

soybean, with predicted proteome data not yet available.

The de novo sequencing approach based on MS/MS spectra is an active 

research area (Carpentier et al., 2008). Typically the algorithms match the 

separations of peaks by the mass of one or several amino acids and infer the 

probable peptide sequences that are consistent with the matched amino acids 

(Chen et al., 2001). There are some popular software packages for peptide de 

novo sequencing using MS/MS data such as PEAKS (Ma et al., 

2003)(http://www.bioinformaticssolutions.com/products/peaks). One limitation of 

current de novo methods is that they often cannot provide the exact sequence of

http://www.bioinformaticssolutions.com/products/peaks
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peptide. Instead, several top candidate sequences are suggested (Rhee et al.,

2006).

1.4 Research goal and objectives

The objectives of the present research center on the identification and 

relative quantification of the most abundant proteins present in physiologically 

mature soybean seed coats. The long-term goal is to identify the processes 

involved in seed coat development that could potentially be modified in order to 

improve agronomic traits of soybean seeds, as well as the comprehensively 

assess the effects of introduced genetic modifications on the seed coat 

proteome. This latter objective is expected to be of critical importance in the 

future as new compliance regulations demand information on intended and non­

target gene expression of new cultivare being considered for commercial release; 

making the basic proteomic information of a target organ a requirement.

The first objective of my research is the identification of seed coat proteins 

in order to create the proteomic database that permits the connection of 

functional classes with mainstream biosynthetic and physiological pathways 

known to occur at cellular level.

The second objective is to determine protein expression trends and 

relative amounts of the most abundant proteins expressed during seed coat 

development, in order to understand the nature of the changes and potentially 

determine strategies for seed coat proteome manipulation.

These objectives will be targeted with the use of resources and scientific 

methodology presented in Chapters 2 and 3 of this document.
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Chapter 2

CHARACTERIZATION OF THE SOYBEAN SEED COAT PROTEOME

(Glycine max)

2.1 Introduction

During the 2006-07 growing season, 3500 tons of soybeans were 

produced in Canada, generating around $900 million in annual crop value 

(Statistics Canada, 2007). Soybeans are a significant source of fatty acids and 

proteins for human and animal nutrition as well as for non-edible uses. These 

uses include industrial feedstock and combustible fuel (Thelen and Ohlrogge 

2002). The major source of these commodities is the seed, from which the seed 

coats represent 6-8% of the total weight (Yoshida et al., 2006b). In recent years, 

several studies have focused on the development o f seeds, both model 

organisms such as Arabidopsis thaliana and Medicago truncatula, but also in 

crop species such as soybean and sunflower. Although the general 

understanding of seed development and seed biology has substantially 

increased, there are still major questions to be answered in terms of how the 

different processes governing development are controlled (Le, 2007). 

Undoubtedly, a better understanding of the seed structure will be important for 

future biotechnology efforts, given its potential economic importance.

The function of the seed coat in seed biology has received attention for 

several decades, generating information on individual proteins extracted from 

seed coats mainly involved in defence and storage. Seed proteins have been 

studied in seed development (Weber et al., 2005, Haughn and Chaudhury 

2005, Miranda et al., 2003), germination (Kirmizi et al., 2006; Ferreira et 

al.,1995; Xu et al., 2006b), food allergens (Herman et al., 2003, Xu et al.,

2007), seed quality (Blackman et al., 1992), and the understanding of the 

involvement of the seed coat in such processes has been assessed.
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Several studies have reported on the expression of proteins in the seed 

coat and have drawn some attention to the potential industrial use of this 

agricultural by-product. Proteomic approaches have been undertaken to study 

seed filling process in soybean (Hajduch et al., 2005; Mooney and Thelen 2004), 

and some model systems; e.g., Arabidopsis (Ruuska et al., 2002), Medicago 
truncatula (Gallardo et al., 2003), Brassica napus (Hajduch et al., 2006). These 

studies have laid the foundation for an understanding of the complex regulation 

of seed filling process.

Seed structure is quite diverse among species, even within the legume 

family (Le et al., 2007). To date, a comprehensive proteomic study of soybean 

seed coats has not been produced. This study aims at elucidating the soybean 

seed coat proteome at 35-50 days post anthesis (DPA), a developmental stage 

in which seeds are fully developed, but the desiccation process has not yet 

started. From previous studies we understand that the main role of the seed coat 

is protection of the embryo and its nurture in development (Haughn and 

Chaudhury (2005). We predict, based on the diversity of cell types in this organ, 

that the seed coat has diverse functions that may or may not change during 

overall seed development. A comprehensive proteomic description of the seed 

coat should enable us to gain knowledge on the metabolic processes that take 

place in this organ, as well as provide an opportunity to understand the areas 

that could be further utilized in efforts to enhance the soybean crop value, an 

important commodity in agriculture.

2.2 Experimental procedures

The workflow of the methods used for the analysis of soybean seed coat 

proteome is presented in Figure 2.1.
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a) Plant materials and growth conditions

Soybean seeds (Glycine max) L. Merr. cv Harosoy 63 were planted at the 

Agriculture and Agri-Food Canada Research Centre in London, Ontario, in 2006 

and 2007. Regular agronomic practices and planting dates were followed. 

Flowers at anthesis at nodes 3 and 4 were tagged and harvested weekly 

between 35-50 days post anthesis (DPA). The pods were collected randomly 

from 20-30 plants, and seed coats were excised from seeds, frozen in liquid 

nitrogen, and stored at -80 °C.

b) Trichloroacetic acid precipitation of proteins

Total protein was isolated from soybean seed coats and subjected to 

trichloroacetic acid (TCA) precipitation according to Gorg et al. (1997) with 

modifications from Natarajan et al. (2005). Dissected seed coats were pulverized 

in liquid nitrogen in a mortar with a pestle. Soybean seed coat powder (1 g) was 

homogenized with -3  ml of a solution containing 10% (v/w) TCA in acetone (-18 

°C) with 0.07% (v/v) 2-mercaptoethanol.

Homogenate was vortexed for 1h at 4 °C. Total protein was precipitated 

overnight at -20 °C. Following centrifugation at 10,500 x g for 20 min at 4 °C, the 

supernatant was discarded and the pellet was washed three times with a solution 

containing acetone (-18 °C) and 0.07% (v/v) 2-mercaptoethanol, after which, it 

was dried under vacuum for 30 min, resuspended for immediate gel fractionation 

or stored at -20 °C.

2.2.1 Sample collection and preparation
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proteome.
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a) Two-dimensional gel electrophoresis

For TCA extraction, the dried pellet was resuspended in isoelectrofocusing 

(IEF) media (Hajduch et al., 2005) containing 8  M urea, 2 M thiourea, 2% [w/v] 

CHAPS, 2% [v/v] Triton X-100, 50 mM DTT followed by sonication on ice for 30 

min. Insoluble material was removed by centrifugation at 10,500 g for 20 min at 4 

°C and extracts subjected to quantification prior to 2D-PAGE analysis.

Protein concentration was determined by a fluorescence-based EZQ 

Protein Quantitation kit (Molecular Probes) according to the manufacturer’s 

instructions except fluorescence was recorded by an MFX Microtiter Plate 

Fluorometer (DYNEX Technologies Inc., Chantilly, VA) and spot fluorescence 

was quantified using Ascent Software™ version 2.6 (Thermo Electron 

Corporation, Vantaa Finland). EZQ was previously reported to be insensitive to 

high salt and detergent concentrations in the sample (Churchward et al., 2005) 

which interfered with the quantification by Bradford assay.

I) First dimension

Isoelectrofocusing was performed using 24-cm non-linear IPG strips (pH 

3-11) in the IPGphor system (GE Healthcare) following the manufacturer's 

instructions and according to Gorg et al. (1997). All IPG strips were rehydrated 

with the desired amount o f seed coat protein (500 mg) which was brought up to 

450 pL with rehydration buffer (8 M urea, 2 M thiourea, 2% [w/v] CHAPS, 2% 

[v/v] Triton X-100, 50 mM DTT, 2% IPG buffer [v/v], 0.002% BPB [w/v], 12 pL 

DeStreak reagent/ml rehydration solution [Amehrsham Biosciences]. The mixture 

was vortexed and centrifuged for 5 min at 10,500 x g to remove the remaining 

insoluble matter before rehydration. The protein mix was then transferred to an 

IEF tray, and a 24-cm non-linear Immobiline Dry Strip gel (IPG) (pH 3-11) 

(Amersham Biosciences, Upssala) was carefully placed onto the protein sample, 

covered with mineral oil and allowed to rehydrate for 15-18 hrs. 

Isoelectrofocusing and SDS electrophoresis were carried out in a flatbed

2.2.2 Sample fractionation
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Multiphor I! Elctrophoresis system (GE Healthcare). For IEF, the following 

voltage settings were used: 100 V for 2 h, 500 V for 1 min, 2990 for 1 h 45 min, 

2990 V for 16 h 51 min to a total of 55.88 kVh. The focused strips were removed 

from the focusing tray and either run immediately on a 2D electrophoresis or 

stored at - 80 °C.

II) Second dimension

For the 2D electrophoresis, the focused strips were incubated with the 

equilibration buffer 1 (50 mM Tris-HCI [pH 8 .8 ], 6  M urea, 30% [v/v] glycerol, 2% 

[w/v] SDS, 0.002% [w/v] BPB, 1% [w/v] DTT) followed with the equilibration 

buffer 2 (50 mM Tris-HCI [pH 8 .8 ], 6  M urea, 30% [v/v] glycerol, 2% [w/v] SDS, 

0.002% [w/v] BPB, 2.5% [w/v] IAA) for 15 min each. Second dimension SDS- 

PAGE was performed using precast ExcelGel 12.5% polyacrylamide 

homogeneous gels (11x 24 cm) under constant current 20 mA for 40 min 

followed by 50 mA until the front dye has reached the anodic buffer strip (~1 h 10 

min).

Following SDS-PAGE, gels were visualized by staining with colloidal 

Coomasie Brilliant Blue G-250 (Pierce) following manufacturer’s instructions and 

according to Syrovy and coworkers (Syrovy and Hodny, 1991). The gels were 

fixed overnight in 40% ethanol and 10% acetic acid followed by 3 x 30 min 

washes in distilled water. Then the gels were stained for at least 24 hr with a 

solution containing 2 0 % [v/v] methanol, 0 .8 % [v/v] phosphoric acid, 8 % [w/v] 

ammonium sulfate and 0.08% [w/v] Coomasie Brilliant Blue G-250. The gels 

were stored in 20% glycerol at 4 °C until further analysis.

b) Analysis of 2-D Gels

Image acquisition was performed using a PowerLook 1120 scanner 

(UMAX Technologies Inc., Taiwan) with a resolution of 300 dpi and 16-bit 

grayscale pixel depth. Image analysis was carried out with Progenesis PG220 

v2006 and Progenesis SameSpots TT900 SDS™ software (Nonlinear Dynamics, 

Newcastle upon Tyne, UK).
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Gel digital images were analyzed in four technical replicates (four different 

protein extractions from plants grown during the same growing season) following 

the instructions on the software user’s manual. The aligned images were 

corrected for positional variations using manual and automatic applied vectors 

between spots on two images followed by an image alignment. Protein spots 

were detected using automatic spot detection and the background was 

subtracted using the mode of non-spot method. The digital images were also 

subjected to spot filtering in order to remove artifacts, for contrast enhancement, 

background subtracting, etc. The total intensity of pixels within each spot (the 

integrated intensity) was determined by the software. The integrated intensity of 

each spot (normalized volume) was expressed as percentual fractions of the total 

integrated intensity of all spots within the region of analysis of the gel. This 

normalized the amount of any given spot and gave relative protein abundance 

values for each sample. Protein spots in the two different gels (Rep 2 against 

Rep 1, 3 and 4) were then matched for qualitative and/or quantitative differences 

between the 2D patterns. For the particular task of protein identification, gels 

were compared for the same proteins present on all the replicates using Pearson 

linear regression.

After gel image analysis, spots were selected based upon the following 

criteria: a) were present in all 4 replicates and b) their expression was above a 

normalized volume of 10.7 (provided that they were big and resolved enough to 

be picked), were manually excised from the gels using a OneTouch manual spot 

picker (The Gel Company) (3.0 mm). Excised spots were subjected to automated 

in-gel trypsin digestion using a MassPREP Automated Digestor (Waters) 

following the manufacturer’s instructions. Excised spots (discs) were individually 

placed on wells in a 96 well microplate. Gel discs were distained by washing with 

a solution of 100 mM NH4CO3 and 20% ACN. For cysteine reduction, the discs 

were incubated for 30 min in 20mM DTT in 100 mM NH4CO3. DTT solution was 

discarded followed by 20-min incubation in a solution of 55 mM IAA in 100 mM 

NH4 CO3 for alkylation followed by a washing step. Discs were dehydrated with 

100% ACN and rehydrated with 100 mM NH4CO3. For digestion, discs were
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dehydrated with 100% ACN and rehydrated with trypsin (Promega-Porcine 

modified)(6 ng/mL) in 10 0  mM NH4CO3 for 5 hrs. To extract the peptides, gel 

discs were washed three times with 10% FA and once with 100% ACN. Samples 

were evaporated to dryness in a Speedvac and resuspended in 10% FA for IE- 

LC-MS/MS analysis.

c) Gel enhanced fractionation (Gel LC MS)

For gel-enhanced fractionation, a composite seed coat extract was 

obtained by mixing aliquots from each of the 4 replicates after TCA precipitation. 

The seed coat extracts were reconstituted in 1X Laemmli loading buffer, and 

resolved on a 1.5 mm, 8-15 % gradient SDS-PAGE precast mini-gel (BIO-RAD). 

Two replicate gels were stained with Coomassie Brilliant Blue G-250 and the 

entire lane representing the concentrated sample was divided into ~ 1 0  sections 

(fractions). A total of 45 pg of protein was loaded in each replicate.

Each gel section was digested manually (Shevchenko et al., 2006). 

Briefly, gel bands were cubed into smaller pieces (~2 mm2) and destained by 

washing in 1M (NH4CO3), 20% ACN. For cysteine reduction, the gel pieces were 

dehydrated with 100% ACN and rehydrated with 10 mM DTT in 100 mM NH4CO3 

for 30 min. The DTT solution was removed and the gel pieces were alkylated by 

adding 100mM IAA in 100 mM NH4CO3 for 30 min. The gel pieces were washed 

and dehydrated with 100% ACN, then rehydrated with 50 mM NH4C03 . For 

digestion, the gel pieces were first dehydrated with 100% ACN, then rehydrated 

with trypsin (Promega -  Porcine modified) (20 pg/mL) in 50 mM NH4CO3 on ice 

for 15 min. Excess trypsin solution was removed. The gel pieces were covered 

with 50 mM NH4CO3 and digested for 18 hrs at 37°C. To extract the resulting 

peptides, the supernatant was collected and gel pieces were extracted three 

times with 10% FA and followed once with 100 % ACN. Samples were 

evaporated to dryness with a Speedvac and resuspended in 10% FA for LC- 

MS/MS analysis.
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a) IE-LC-MS/MS analysis

For ion exclusion liquid chromatography tandem mass spectrometry 

analysis, all dried fractions, including 2 0  spots and gel enhanced gel bands were 

reconstituted in 10% FA prior to injection. For analysis, spots and band samples 

were kept separated. The complexity of each sample was estimated based on 

the apparent clear, light or dark intensity of the Coomasie stain and samples 

were subjected to MS/MS in this ascending order. 2D samples were analyzed 

using a 60 min LC method; whereas, band samples were analyzed in three steps 

of 60 min each, first run and two exclusion steps (exclusions lists) (Bendall,

2008). Liquid chromatography (5-40% ACN, 0.1% FA gradient) was performed 

on a NanoAcquity UPLC (Waters, Milford, MA) with a 25 cm x 75 pm C18 

reverse phase column. Peptide ions were detected in data-dependent acquisition 

(DDA) mode by tandem MS (Q-ToF Ultima - Waters) using the following 

parameters: survey scan (MS only) range m/z 400-1800, 1 s scan time, 1-4 

precursor ions selected based on charge state (+2, +3, and +4). For each MS/MS 

scan, the m/z range was extended to m/z 50 -  2000, scan times used ranged 

from 1.5 - 6  s (signal dependent), and a charge state-dependent collision energy 

profile was used.

I) Iterative exclusion list method

For the analysis of each gel band fraction, the m/z and RT values were 

manually extracted from the “.RAW” data folder (‘auto.txt file) for all ions selected 

in the previous MS/MS analysis. All previously selected ions were excluded, not 

just those identified as peptides. This approach ensures that ions with high 

spectral intensity are not analyzed more than once, even if they were not 

identified as peptides via conventional MS/MS analysis. To create an exclusion 

window centered on the major isotopes and avoid excluding masses below the 

monoisotopic peak, a m/z shift of 0.7 was added to each m/z value selected for 

MS/MS. These ions were excluded (Waters-MassLynx DDA exclude 

functionality) from all analyses performed after that fraction using a m/z tolerance

2.2.3 Mass Spectrometry and protein identification
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window of ±0.8 and RT window of ±45 s. This process was repeated twice for 

each fraction. The creation of iterative exclusion lists was successfully used for 

the determination of low abundance proteins in the seed coat, increasing the 

positive by 40 and 15% in each successive round. It allowed the identification of 

new peptides in every round or increased the number of peptides for previously 

identified proteins, augmenting the confidence on the identification.

IIJ MS Data Interpretation and Gene Ontology Assignment

The acquired MS/MS spectra were processed by using the ProteinLynx 

Global SERVER 2.2.5 (Waters) and searched against extracted subsets for 

Plants or Glycine max (forward and reverse) of NCBInr protein databases 

(www.ncbi.nlm.nih.gov) using Spectrum Mill (Agilent Technologies, Santa Clara, 

CA). The following settings were employed: a mass tolerance of 100 ppm for MS 

spectra and 100 ppm for MS/MS spectra, a spectral peak intensity (SPI) limit of 

60%, minimum peptide score of 6 , and minimum protein score of 13. To minimize 

false positives to a rate of 0 .0 0 0 1%, peptides with reverse database scores 

higher than forward scores were removed from the summaries.

Gene ontology was assigned to all identified proteins in all samples 

according to a classification for yeast adapted for the Arabidopsis genome 

(Bevan et al., 1998) with modifications that make it more suitable for a seed 

study (Hajduch et al., 2006b).

2.2.4 Seed coat dissection

Seed coat tissue preparation was previously reported (Dhaubhadel et al., 

2005). Briefly, seed coats from mature soybean seeds (80 DPA) were soaked in 

distilled water for 2-3 h, then cut in halves and the embryos were removed. Seed 

coats were immersed in luke warm 3% agarose solution. Once cooled off, cubes 

of the gel containing tissue were cut and sectioned into 40 p slides using a 

vibrating blade microtome (Leica VT 1000S), stained with 0.05% (w/v) toluidine 

blue and observed under an inverted microscope. Digital pictures were taken 

with a DXM 1200 Nikon camera.

http://www.ncbi.nlm.nih.gov
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2.3 Results

2.3.1 Protein extracts fractionation by 1D and 2D-SDS-PAGE

In this study, the seed coat proteome of physiologically mature soybean 

seeds (35-50 DPA) was pre-fractionated by one and two-dimensional SDS 

PAGE. A flow chart showing the steps in 2D gel analysis is presented in Figure

2.2., the 2D-SDS-PAGE gel from which spots were excised is shown at the 

bottom of the flow chart. The four technical replicates utilized for the 2D-gel 

image analysis are reported in Appendix I. The Pearson product-moment 

correlation coefficient R2 was calculated for the relationships between 

normalized spot volume of replicate 2  (which was chosen to excise the spots) 

and the same values in replicates 1, 3 and 4 and the regression is shown in 

Figure 2.3. The R2 value of 0.92 indicates that there is an almost perfect 

positive linear relationship between the replicates, and therefore the level of 

reproducibility of the gels is very high. It is important to consider this aspect 

prior the selection and excision of spots, to be confident in the consistent 

expression of the spots for further analysis.

The SDS-PAGE pre-fractionation includes two technical replicates 

shown in Figure 2.4 along with the molecular weights at which the 10 bands 

were cut. The bands from each replicate were submitted for trypsin digestion 

and mass spectrometry individually. To better analyze the complex sample 

from each gel fraction, we used the iterative exclusion approach (Bendall, 

2008) in order to maximize the protein identification per fraction. Figure 2.5 

shows the characteristics of the identification of unique peptide obtained 

following this methodology.

Once the all spectral data was acquired, regardless of pre-fractionation 

strategy, that is, from 2D spots and gel fractions (with the iterative exclusion 

results), the files were utilized to create a composite database of proteins found 

in the seed coat of fully developed seed coats.
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Figure 2.2. Flow chart of analysis of 2D gel image analysis using Progenesis220 with 

SameSpots. Four technical replicates of 500 pg of seed coat proteins separated by 2D- 

SDS-PAGE and images analyzed for MS studies. Outlined in red are the spots that were 

found in all four technical replicates of 2D gels after image analysis.
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Figure 2.3. Pearson -  linear correlation between normalized volume values of spots of 

4 gel replicates. 532 selected 2D spots were selected based on their presence on all the 

replicates. The acquired normalized volume values were used to measure the 

consistency of expression of proteins among replicates.
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Figure 2.4. SDS-PAGE pre-fractionation of seed coat proteins. Two technical replicates 

of 45 pg of protein extracted from 35-50 DPA soybean seed coats separated by SDS- 

PAGE. Letters A - J represent excised bands that were further analyzed by LC-MS/MS
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Figure 2.5. Protein identification from seed coat extracts with iterative spectral exclusion 

lists. 10 different gel separated fractions were analyzed using iterative exclusion lists. A) 

Heat maps for iterative exclusion where each row corresponds to a protein identification 

sorted by total spectral intensity show which round of analysis in which 1 or more unique 

peptides were identified. B) The relative increments in protein identification in successive 

iterative exclusions. C) A table outlining high confidence (> 1 unique peptide, score > 13) 

seed coat proteins in which entries are listed according to total spectral intensity of 

unique peptides identified for each analysis round. Highlighted in red are spectral 

intensities that led to the identification of unique peptides.
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2.3.2 Identification of proteins in soybean seed coat extracts

A total of 1705 proteins from 35-50 DPA soybean seed coats were 

identified. Functional classes were established according to a nomenclature 

developed by Bevan et al. (1998) for the Arabidopsis genome project and 

modified by Hajduch et al. (2006) to better reflect processes taking place in 

developing seeds. Such modifications include in the metabolism class, the 

addition of a polysaccharide catabolism subclass, the lipid and sterols subclass 

of metabolism was separated into individual subclasses. Also, a subclass of seed 

maturation was added in the cell growth and division. Appendix II provides a list 

of all identified proteins sorted into plant functional classes with details of protein 

assignments.

Based on the number of identified proteins for each subclass, proteins 

associated with metabolism are the most abundant (21%, 350 proteins) followed 

by proteins involved in transcription of proteins (1 2 %, 2 1 2  proteins), protein 

destination and storage (11%, 184 proteins), energy production (10%, 165 

proteins). Protein relative representations are reported in Figure 2.6.

When comparing the seed coat proteome to that of other plant organs 

previously reported (Figure 2.7) we can observe that there is a general 

distribution among functional classes, although proteins involved in metabolism 

form the largest group, we do find proteins representing all other functional 

groups. In the proteomes utilized for this comparison we find that there is a trend 

to have a very well represented group of metabolic proteins, regardless the 

organ. In the case of leaves, there is however, a very strong specialization of the 

proteins, with about 50% of them devoted to energy production and related 

activities. From this comparison we can infer that the seed coat is a 

multifunctional organ with proteins representing most of the functional classes.

Our results show an unprecedented and unexpected wealth of proteins 

present in the seed coat, both in terms of number as well as in diversity of 

functions. From a preliminary inspection of the data, several enzymes were 

identified that are involved in the biosynthesis of the cell wall, fatty acids, cutin,



and isoflavonoids and also in C i metabolism and the proteolytic pathway. Such 

pathways will be considered in greater detail in the following sections.

12*
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Figure 2.6. The functional distribution of 1705 non-redundant proteins identified from 

fully developed soybean seed coats (35-50 DPA). Classification was based upon 

nomenclature by Hajduch et al. (2006).
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Figure 2.7. Comparison of functional categories of proteins identified from different 

plant tissues. The data were summarized based on data of studies of soybean seed 

coats, seeds (Hajduch et al., 2005), leaves (Xu et al., 2006) and Arabidopsis roots 

(Mooney et al., 2006). The plant tissue is shown in colored squares and n is the 

number of non-redundant proteins identified in each study. The classification was 

based on nomenclature by Bevan et al., (1998) and the categories are shown in the y- 

axis, and the x-axis shows the percentage of identified proteins in each study.
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2.3.3 Cell wall biosynthesis in the seed coat

As previously presented in section 1.1, the soybean seed coat possesses 

different cell types that have thickened cell walls: the epidermal and hourglass 

and parenchyma cells. This feature has been related to the prevalent protective 

role of this organ (Yaklich, 1986a), but also to the relative strength needed to 

withstand the extension a growing embryo (Miller et al., 1999).

In agreement with such observations, the functional classification of seed 

coat proteins shows several of the key enzymes of the cell wall biosynthesis 

pathway present in this organ. The cell wall biosynthesis pathway is shown in 

Figure 2.8. The enzymes involved in this pathway that were found in seed coat 

extracts are presented in the diagram as solid line ovals. The statistical details 

for each of the reported proteins involved in cell wall biosynthesis and others 

associated with the cell wall in general are reported in Table 2.1.



Figure 2.8. Seed coat enzymatic sequences involved in cell wall biosynthesis adapted 
from Seifert et al. (2004). Most enzymes are localized in the cytosol, where they 
interact metabolically with glycolysis and gluconeogenesis through the reversible 
actions of phosphomannose isomerase (PMI), phosphoglucose isomerase (PGI), 
phosphomannomutase (PMM), and phosphoglucomutase (PGM). Nucleotide sugars 
are generated in vivo by UDP-D-glucose pyrophosphorylase (UGP), GDP-D-mannose 
pyrophosphorylase (GMP), and UDP-D-glucuronic acid pyrophosphorylase (UAP). 
UDP-D-glucose is also generated by sucrose synthase (SUS). GDP-D-mannose is 
converted either to GDP-L-fucose by the sequential action of the directly interacting 
GMD (GDP-o-mannose-4,6 dehydratase) and GER (GDP-4-keto-6-deoxy-D-mannose- 
3,5-epimerase-4-reductase) or into GDP-L-galactose and GDP-L-gulose by GME 
(GDP-o-mannose 3,5-epimerase). UDP-D-glucose is converted into UDP-0-galactose 
by UGE (UDP-glucose 4-epimerase), into UDP-D-glucuronic acid by UGD (UDP-d- 
glucose dehydrogenase) or into UDP-L-rhamnose by RHM (rhamnose synthase), 
which hypothetically consists of sequentially acting UDP-o-glucose 4,6-dehydratase 
and UDP-4-keto-6-deoxy-D-glucose 3,5-epimerase 4-reductase. The sequential action 
of inositol oxygenase (INO), D-glucuronokinase (GAK) and UAP represents an 
alternative pathway of UDP-o-glucuronic acid biosynthesis. Two different cytosolic 
UDP-o-glucuronic acid decarboxylase: UXS (UDP-0-xylose synthase) and AXS (UDP- 
o-apiose/UDP-o-xylose synthase) give rise to UDP-0-xylose or to a mixture of UDP-d- 
xylose and UDP-D-apiose, respectively. UDP-o-glucose, UDP-D-galactose, UDP-D- 
glucuronic acid, UDP-L-rhamnose, UDP-0-apiose, GDP-o-mannose, GDP-L-fucose and 
GDP-L-galactose are transported into the endomembrane system, where specific 
glycosyltransferases are localized. UDP-o-glucose is also channeled to cellulose 
synthase (CeS) and callose synthase (CaS), which are localized at the plasma 
membrane. In the lumen of the endomembrane system, UDP-o-glucuronic acid is 
either converted into UDP-D-xylose by membrane-bound UXS or into UDP-d- 
galacturonic acid by membrane-bound GAE (UDP-0-glucuronic acid 4-epimerase). 
UDP-o-xylose is converted into UDP-L-arabinose by membrane-bound UXE (UDP-d- 
xylose 4-epimerase). Api, apiose; Ara, arabinose; Frc, fructose; Gal, galactose; GalA, 
galacturonic acid; Glc, glucose; Gul, gulose; GIcA, glucoronic acid; Man, mannose; 
PPi, inorganic pyrophosphate; UTP, uridine triphosphate; Xyl, xylose. Enzymes 
represented by a solid line oval were identified in the seed coat proteome. Those 
presented by a dashed line oval were not.
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Table 2.1. Seed coat proteins involved in cell wall biosynthesis and related processes. 
The table includes the NCBI nr accession number, MS/MS score, unique peptides, 
percentage of protein coverage, theoretical MW/pl and the species in which the protein 
was found with closest similarity in the database.
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lubbfaip-H kc protease 86439745 15 2 3 76.5 9.3 Ta
xyloglucan eadotransglycosylase precunor 89145876 15 1 7 19.5 6.6 Gm
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2.3.4 Lipid metabolism in the seed coat

Yoshida et al. (2000) reported the composition of lipids of soybean coats 

to be of 70% of TAGs, 17% phospholipids and 12% of other types of lipids, when 

studying the effect of microwave roasting on the lipid composition of seed coats. 

A later chemical analysis study revealed that the inner seed coat and outer seed 

coat layers may differ in their fatty acid composition. This study related to cutin 

deposition in the seed coat with around 30 ng mm'2 seed surface area in each 

layer for the particular Harosoy 63 cultivar that was also analyzed in the present 

study (Shao et al., 2007). It is therefore not a surprise that our results confirm the 

existence of several enzymes involved in lipid metabolism and fatty acid 

biosynthesis in the proteome of 35-50 DPA soybean seed coats. A general 

biosynthetic pathway for fatty acids is presented in Figure 2.9.

Other enzymes involved in lipid metabolism were also found and are 

summarized in Table 2.2 with statistical details for each of the proteins involved 

in fatty acid metabolism identified in the seed coat proteome.



Figure 2.9. The fatty acid (FA) biosynthesis pathway in soybean seed coats (adapted 
from Lung and Weselake, 2006). In plastids, FA are synthesized from acetyl-CoA in a 
three-step process: (a) irreversible carboxylation of acetyl-CoA by the action of acetyl 
CoA carboxylase (ACCase) to form malonyl-CoA; (b) repeated condensations of 
malonyl-CoA with a growing acyl carrier protein (ACP)-bound acyl chain by the action 
of FA synthase complex (FAS), consecutively adding two carbon units to form 16:0- 
ACP; and (c) elongation and desaturation of 16.0-ACP to form 18:0-ACP and 18:1- 
ACP, respectively. The de novo synthesized FA enter the cytosolic pool in an 
esterified form known as acyl-CoA, which are synthesized by an ATP dependent 
esterification of FA and CoA thorugh the action of acyl-CoA synthetase (ACS). In the 
ER, the sequential incorporation of FA onto the glycerol backbone (Kennedy 
pathway). This pathway starts with the acyl-CoA-dependent acylation of sn-glycerol-3- 
phosphate to form lysophosphatidic acid through the action of sn-glycerol-3-phosphate 
acyltransferase (GPAT). The second acyl-CoA-dependent acylation is catalyzed by 
lysophosphatidic acid acyltransferase (LPAAT), leading to the formation of PA, which 
is dephosphorylated through the action of phosphatidate phosphatase (PAP) to form 
sn-1,2-DAG. The third acyl-CoA-dependent acylation catalyzed by acyl- 
CoA:diacylglycerol acyltransferase (DGAT) leads to the production of TAG. DAG is 
situated at the branch point of the pathway between TAG and membrane phospholipid 
formation. Cytidine diphosphate (CDP)-choline: 1,2-DAG cholinephosphotransferase 
(CPT) catalyzes the transfer of a phosphocholine from CDP-choline into DAG and 
leads to the formation of PC and cytidine monophosphate. The acyl moiety at the sn-2 
position of PC may undergo acyl exchange with the acyl-CoA pool by the reversible 
reaction catalyzed by lysophosphatidylcholine acyltransferase (LPCAT). 
Lysophosphatidylcholine can also be formed through hydrolysis of PC catalyzed by 
phospholipase A2. PDAT catalyzes the acyl transfer from PC to DAG leading to the 
formation of lysophosphatidylcholine and TAG, whereas DGTA catalyzes the transfer 
of an acyl moiety between two DAG molecules to form TAG and monoacylglycerol 
(MAG). A9-DES, A9-desaturase; ACCase, acetyl-CoA carboxylase; ACP, acyl carrier 
protein; ACS, acyl CoA synthetase; CPT, CDP-choline: 1,2-diacylglycerol 
cholinephosphotransferase; DGAT, diacylglycerol acyltransferase; DGTA,
diacylglycerol transacylase; FAS, fatty acid synthase; GPAT, sn-glycerol-3-phosphate 
acyltransferase; LPA, lysophosphatidic acid; LPCAT, lysophosphatidylcholine 
acyltransferase; LPAAT, lysophosphatidic acid acyltransferase; LPC,
lysophosphatidylcholine; PAP, phosphatidate phosphatase; PDAT, 
phospholipid.diacylglycerol acyltransferase; PLA2, phospholipase A2; TS, acyl-ACP 
thioesterase. Enzymes represented by a solid line oval were identified in the seed coat 
proteome. Those presented by a dashed line oval were not.
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Table 2.2. Seed coat enzymes involved in fatty acid metabolism. The table includes the 

NCBI nr accession number, MS/MS score, unique peptides, percentage of protein 

coverage, theoretical MW/pl and the species in which the protein was found with closest 

similarity in the database.

NOH MS/MSDWtet
Profeti A erata Starch K|A C’a». Ucard ta l Spetta

M—bir Sore Meat % MW pi

Fjffyma md protein* involved in fatly acid synthetic 
MXam  acdyt-CoA cafbacybae

acdyt-CoA cubwytaie 
a c e ty t^ c a ib a iy te
acdyl ofvcazync A caboKyhae cartxvytbansfme alpha 

ACT acyl earner proteins
MCT nalaay) immfamc bamalog Id AtT^S-msIuoyttasidroc
^  bda-keloacyl-ACP synthetaro 1

bda-kdoacyt-ACP lynthctee 1-2 
bcblctocyMCFwdMrtMt Ble protein 
bda-byta*yacyl-A€P defaydrataro, putative 
cnoyl-ACProdnctMe 
cnoyt-Acp redortaac
ramie <kafe1, cnoyt-ATP reductase (NAt)H) 
dcaroyt-acyl earner protein dentunae B 
stcaroyiacyf earner pmtao dcnhnac A 

CiPAT gtyccnC-3-phMphale acyfciantfaaK (KC 2.3. M 3)
ITA  AT I-acyUo-gtycai)l-3-pho0ptMle acyttiun la—c (EC 23.131)
PAP pbftkbal phtaphabdic acid pheaphatase (KT 3.1.3 4)
KX'iAT phosphabdte acid phnphataae (KC 31.3.4)
DGTA acyl^oA:db c ||pHy u rat aeyhnuafaaac (KC 23.1.20)
fDAT jAo*phtd^diacy%lycerolacylbMdaaro(KC^
PLA, pbwphol»pa*:A2
ITCAT ly M p lia flM lid y ^ ^

Other cn/yiuet and protein involved is lipid metabohm 
Hp«ygamo-2 
Hpaaygcaaae3 
Hpucjncnaâ  
tipnayyuaro 
hpaaygcnaae 
Hpcayyi—r 
bpaRygcaaae 
hpoKygcaaae 
Kpotcygcnaae 
lipoxygenase 
lipoxygenase 
hposygcnaac 
lipoxygenase 
lipoxygenase, putative 
lipoxygenase, putative 
ifrngdntidyhcriredeanboxylase 
alnialclaqpeclBna-nidaladaadRAU3-telated 
ffraphatidyknositol 3- rod 4-kinasc family protein 
pboqjtaidytiooalol 3/4-kinaae family proldo

8886469 54 5 11 58.8 73 dm
14423251 15 2 3 I20j6 6.0 7m
9I2I4I52 57 4 9 49.0 48 dm
4895181

NT.
13 2 4 88.5 5.8 A t

82618886 92 7 27 36.4 6.4 dm
7385201 132 9 30 49.7 11 dm
7385203 57 4 19 49.7 7.6 dm
7019664 17 1 4 32.3 7.5 A t
15238069 17 1 3 24.1 93 A t
2204236 79 6 14 41.7 8.9 M
32400828 28 2 16 15.6 10.0 Ta
1839621$ 4) 3 8 4 M 9.1 A t
62546347 35 3 7 47.2 6.0 dm
62546349 35 3 7 47.2 6.0 dm

NT.
NT.
NT.
NT.
NT.
NT.
NT.
NT.

505138 127 9 16 972 6 2 dm
18394479 19 2 3 1037 7.7 A t

152926332 304 22 32 96.3 6 3 Cm
242462 182 If 24 673 5.6 dm
2598612 50 5 6 97.7 6.0 Ps
245961) 37 3 4 97.4 6.1 Ps
541746 25 2 3 97.1 63 Ps
493730 24 2 5 976 6.1 Ps

6002055 19 2 3 1037 7.7 A t
9665131 19 2 3 102.9 7.7 A t
12620877 18 2 3 96.4 5.7 7m
1407703 16 2 3 96.9 53 St
1495806 15 2 9 513 5 9 St
15218506 15 2 3 104.8 7.1 A t
12323766 15 2 4 793 58 A t
29465780 15 2 5 503 93 U
18422029 14 2 1 303 6.6 A t
18407090 14 2 4 626 5 6 A t
22329206 43 3 1 0 » A t

Table continues from previous page Table continued next page
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NCM MS/RCS Dfctiad
Prate«  AccoIh  Sw tk Pept U r . Tfawcdal Specks

N w * r Scare M o t % MW pi

phoq>haiidylhio«loM-pbosphale 5-kinese t e i ly  protein
coDtsins t  plmplMlidybKMitol kinase domain
iDcne oxide cylaae
aJIcnc oxide synthase
24 kl)> olcoam iaofona

3-kdoacyl-CoA thiolue
3-kctoacyt-CoA thiolase
acyi-CoA oxidase

Other c& tyaes tod  proteins involved ia  bpid mctaboMm 

3-hy&oxyt» tyiyl-CoA dehydrogenat e, putative 
kag^hanhfrtty-acid-A CP hgase 
AMP-dependent synthctaK and ligaac badly protein 
esterase, putative 
fatty acyl coA reductase 

iaorgaaic pynphoaphatase-Mke protera 
Hpase cIm i 3 b o d y  protein 
hpaac, putative

peroaosone defective!, acctyl-CoA C-acyltransJcraic 
acctyl-CoA sytehetaac, putative

Other caqrmes and proteins involved ia Upid catabofan 

G U SL ootif tipaflefflyrkobse fandy protein 
GLIP7 (GDSL-tnotif hpase 7) 
phospholipase!)alpha I 
ptMMpbohpaseD alpha I 
pbosphohpaaeD a^ta
abnormal inflorescence m eristen, cnoyl-CoA hydntase 
eooyl-CoA hydcatascfootneiase 
cnoy!~CoA hydnlaicfaorpcrae family protcia 
eooyl-CoA hydnlasc/isoaaqase family protein 
MFP2 (andtifiractionai protein), eaoytCoA hydkatasc

15230176 24 3 6 891 6 1 A t
8569097 24 3 1 281 6.4 A t
14423351 51 3 12 26.5 8.7 U
82795997 51 4 9 58.8 9 1 Gm

18720 59 5 33 15.8 81 Gm
62321535 36 3 12 35.7 8.8 A t
37549269 128 8 26 47.0 8 1 Gm
15553478 38 4 6 74.3 71 Gm

15232545 20 1 5 31.7 6.6 A t
22328609 17 2 3 81.5 8.9 A t
15218839 16 2 3 64.9 7.6 A t
15227376 36 3 5 31.7 5.9 A t
22003082 16 2 4 57.5 81 Ta
21593570 99 7 27 24.6 51 A t
2244965 17 2 3 75.7 51 A t
13569989 26 3 4 561 8.7 O i
15225798 36 3 9 48.6 8 1 A t
12323178 17 2 | 290.1 51 A t

15241404 21 2 5 43.6 8.7 A t
9755617 24 3 5 40.5 8.7 A t
2499708 14 1 1 921 5.4 7m
15232671 28 2 2 911 51 A t
6573119 17 1 1 921 5.4 Ls
15235527 22 2 2 77.9 9.4 A t
79473201 19 2 7 46.3 6 1 A t
42565158 17 1 2 45.7 6.1 A t
30683577 15 1 4 281 9.1 A t
15231317 23 2 3 781 91 A t
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2.3.5 Isoflavonoids synthesis in the seed coat

A proposed phenylpropanoid pathway and several of the branch groups 

based on the related enzymes found in soybean seed coats is presented in 

Figure 2.10 based on previous studies by (Winkel-Shirley, 2001; Dhaubhadel et 

al., 2008; Yu and McGonigle, 2005). The phenylpropanoid and related 

isoflavonoid pathways are well represented by protein matches. Most steps 

appear to operate despite that pathway flux is restricted by lack of chalcone 

synthase (CHS) which is known to control seed coat pigmentation (yellow or 

black) (Tuteja et al., 2004). The list of proteins and enzymes related to 

phenylpropanoid metabolism found in the seed coat proteome along with their 

statistical information is presented in Table 2.3.



4 7

Figure 2.10. A scheme of the major branch pathways of the phenylpropanoid 
biosynthesis in soybean seed coats modified from (Winkel-Shirley 2001) and 
(Dhaubhadel et a!., 2003). The pathways for the isoflavonoid and leucoanthocyanidin 
groups are shown in green and pink backgrounds. The anthocyanin group is absent from 
soybean. Enzymes represented by a solid line oval were identified in the seed coat 
proteome. Those presented by a dashed line oval were not.
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Table 2.3. Seed coat enzymes involved in phenylpropanoid metabolism. The table 

includes the NCBInr accession number, MS/MS score, unique peptides, percentage of 

protein coverage, theoretical MW/pl and the species in which the protein was found with 

closest similarity in the database.

Protein

NCBI

Accesfea

N am ber

MS/M S

Search

Score

D istinct

P e p t

M e a t

Cov.

%

T heoretical 

MW p i

Specks

K u y it ti  sa d  p ro teias iavotved ia  isoflavoaofid sy i thesis

PAL phenylalanine am ooiaJyase N P .
C4H trans-dnnam k acid hydroxylase 9937081 36 3 10 57.0 8.8 Ps
4CL 4-comnarate:CoA tigase isoenzyme 2 4038973 27 2 5 60.2 6 3 Gm
CHS chakone synthase N P .
CHR chakone reductase N P .
C H I chakone isomerase 14382263 162 10 56 233 6 3 Gm

chakone isomemse 2 31039626 33 2 15 24.6 6.0 Gm
IFS cytochrome P450 monooxygenase CYP93D1 3039126 20 2 4 58.2 8.7 Gm

G T gbcosyttnnsfeiase 28302068 14 2 6 523 6 3 Gm
glncosyttra&sferase 82618888 32 2 4 53.1 6.7 Gm

M T m alonyltiaiuferase 82618886 92 7 27 36.4 6.4 Gm
F6H flavonone-6-hydioxylase N P .
IM T isoflsvone m ethyl-transferase N P .

O ther eazym es a a d  p ro tcias iav d v fd  ia  phcaylpropaaoid BKtabotbm

T-faydtoxydihydrodaidzein redoctase 6573167 68 5 17 36.1 5.7 Gm
F3H flavanooe 3-hydroxylase 51039637 60 6 21 42.6 5.6 Gm

flavanooe 3-hydroxyiase-liie protein 21553527 18 2 6 39.4 5.6 A t
IFR isoflsvone reductase, putative 13222191 15 1 3 35.6 6.1 A t

isoflavooe reductase bomolog 2 6573171 300 18 72 33.9 5.6 Gm
isoflsvone reductase homolog 1 6573169 198 11 52 33.9 5.8 Gm
anthocyamdin synthase 38679407 15 2 7 40.1 5.6 Gm

DFR dibydroflavonoM -rednctase 2 121755811 18 1 2 39.5 6.1 Gm
bydroxycinnsmoyl transferase 27475616 18 I 2 48.2 5.9 N t
N-hydroxyciimamoyi/benzoyltransferase 4 83833813 14 2 4 52.5 6 3 Gm
caffeoyl-CoA 3-O-melhyhransferase 3 2511737 13 5 32 27.2 5.4 N t
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2.3.6 Proteolysis in the seed coat

Many proteolytic processes take place in both the embryo and seed coat 

(see Chapter 1). It is therefore expected that the seed coat be equipped with a 

wide complement of hydrolyzing enzymes as well as proteases. In accordance 

with this expectation, we find a large group of proteases in the seed coat which 

are reported in Table 2.4. What is surprising is the diversity of proteolytic 

enzymes in the seed coat. The emerging picture is that plant proteases are key 

regulators of a striking variety of biological processes, including meiosis, 

gametophyte survival, embryogenesis, seed coat formation, cuticle deposition, 

epidermal cell fate, stomata development, chloroplast biogenesis, and local and 

systemic defense responses (van der Hoorn, 2008).

The classification of 98 seed coat proteases in the five major catalytic 

classes threonine, cysteine, serine, aspartic and metallopeptidases proteolytic 

groups is reported in Figure 2.11. This classification was based on the MEROPS, 

a peptidase database, in which they have been subdivided into families and 

clans on the basis of evolutionary relationships (http://merops.sanqerac.uk) 

(Rawlings et al., 2006). The largest group of seed coat proteases falls in the 

cysteine type, which are generally known to play a role in programmed cell death 

in response to both developmental cues and pathogens, although, they can also 

regulate epidermal cell fate, flowering time and pollen or embryo development. 

The genomes of rice and Arabidopsis encode 678 and 826 proteases 

respectively, with serine proteases as the dominant group (van der Hoorn, 2008), 

whereas, 23 soybean proteases were reported, as of May 2008, prior to whole 

genome sequencing of soybean. This number is obviously under represented 

and further searches are necessary once the complete soybean genome is 

available in an adequate format for proteomic data mining.

http://merops.sanqerac.uk
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□Cysteine protease 

□Threonine protease

□ MetaHopeptidase

□ Serine protease 

■ Aspartic protease

□ Unnasigned protease

Figure 2.11. Distribution of 98 seed coat proteases over the different catalytic classes. 
Classification was based on that reported in the peptidase database MEROPS 
(Rawlings et al., 2006).
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Table 2.4. Soybean seed coat proteases present at 35-50 DPA. Table includes the 
NCBI nr accession number, MS/MS score, unique peptides, percentage of protein 
coverage, theoretical MW/pl and the sp. in which the protein was found with closest 
similarity in the database. Classification was done according to the catalytic activity as 
reported on MEROP protease database (http://merops.sanqer.ac.uk) (Rawlings et al., 
2006).

K T O tai
NOB

Acccalan
MS/MS
Seaicfc
g—nave

M atlnd 
PfcftUea C m . 

t e n t  %

T teardleal 

MW pi

« » sperea

Threonine protese
20Sprotea»ncbetiaubuaitPB&2 20266224 95 6 11 29.6 6.7 At
26S proteaaone facta anfasrot 491757*5 22 2 29 66 10.2 Ps
26S proteanan non-ATPan rcguhkwy robunit 21592398 146 9 42 34.4 6.4 At
268 proteaaone subunit 4-Kke 77745479 72 5 14 49.6 6.1 St
268 proteasoaro « b u *  RPN12 1521766t 35 2 16 38.7 4.8 At
26S p ó ten m e  robust HPNlfa 32708012 38 3 5 98.0 5.1 At
nulticdalytic endapeptidaic complex alpha aubunit-fike 20266140 96 6 25 27.3 5.4 At
PABI (20SprotcasoaK dp te  subunit B l) 15219317 113 6 26 25.7 55 At
PAEl(26Sprotcas(aK alpte rob in t E l) 15220961 125 8 46 25.9 4.7 At
PAG! (206 protean«; alpte ro te s t G i) 15225839 37 3 16 27.4 5.9 At
P H A l(2«S prokuoacbd iu t»atA  I) 79325892 81 5 18 25.3 5 J At
m c i (2 « 8 pro taraebcU B *ou tC I) 21553663 58 4 26 22.8 5.3 At
PBDl (proteaaone su b a*  PKGB) 15228815 66 4 20 215 6.0 At
PBfil (20S proteaaone beta subunit E l) 14594931 96 6 45 18.6 9.2 Nt
PBGI (20S protcuone beta roterot G I) 15223537 21 1 7 27.7 6.1 At
proteaaone alpha subunit-like protein 76160982 III 7 33 28.1 5.4 St
proteaaoneJike protein alpte rofaunit 77999287 125 8 36 27.1 7.6 St
proteoaome subunit 600387 32 2 10 25J 7.8 At
putative 26S protean«« ATRne subunit 6656389 14 2 5 50.3 5.2 At
putative alpte7 proteaaone rofaunit 14594925 98 7 29 27.2 6.1 fit
putative beta7 proteaaone robunit 14594935 41 3 23 14.7 8.2 Nt
RPT5B (26S proteaaone AAA-ATPaee su b a*  RPT5B) 15217431 293 18 47 47.0 4.9 At
RPTIA (legubfaxy particle tripfeA lA) 15226936 131 9 26 47.8 6 J At

Cysteine protean
AESP(aepren) 79482701 IS 2 1 244.8 6.8 At
ATP-Acpcadcnt O p protean ty B  proteuHcteed 145323776 17 2 3 107.8 11 At
cathcpain B-tite cytiene protean, putativa 18370947 15 1 3 40.6 15 At
O fC  (Cip protoMc ATP binding M ta i) 2921158 38 3 4 103.5 6 J At
a.P P9 (nuclear encoded C IP protean 1) 18378902 27 2 9 314 14 At
CLFX (Cfc protean repilstoiy robunit X) I8423503 22 2 3 62.0 7.6 At
CUL2(c*Sn2) 22329365 18 2 2 86.0 7 J At
cyAene protean TDt-6 5 5726641 14 1 3 51.1 5.9 U
cytfeiaeprotcinaro 479066 27 2 8 41.6 10 Gm
cyateíne proteínas 31559536 25 2 9 46.1 6.1 Gm
cyatcineproteinan inhibitor 1944319 82 5 29 27.6 7.3 Gm
cysteine proteinan inbbikr 1277164 56 4 36 10.3 5.9 Gm
cysteine protcinan inMbikr 1277168 25 2 27 11.1 5 i Gm
cyrtcine-typcpcptidan 15241902 17 2 6 56.1 4.7 At
DIM feaäy protein/profcarorelaled 15232958 14 1 2 41.6 S2 At
DNA-doaagc tefacM e protein ÜDII-fikc 21537297 38 3 7 45.4 4.8 At
ubiquitroa 1762935 13 1 23 8.7 11 Nt
ubiquitin activating cnxyne h i 1808656 56 4 5 126.3 5.4 Mr
ubupÉincnfaodiyMcnBÌnalhydrolan 42566353 14 2 6 46.6 9i At

Table continues from previous page Table continued next page

http://merops.sanqer.ac.uk
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P r o t r i i
m m

A t e i
M » ■n re m r

N S M
S e n te

Seam

B i t t e  Cnr. 

M ent %

T kM R tkd  

MW pi

«a te n e i

ubiqaitin c«fao»yMcnn«al hytfcotoe-retocd 15242114 15 2 2 1312 5.9 At
ribiqnitin cvtoxyt-tem inal h y fe te tt to c d 42572001 15 2 1 130.9 5.5 A t
ubiqnitin e m ittin g  c n z y a c ^ 82623381 25 2 II 21.4 5.0 St
abkpKtB finiily proldB 15232924 25 2 5 441 4.8 At
ub^tnfuoon^fegnd^ioQ piotcm -lfl^ 76160972 63 5 16 35.5 61 &
ubipstio riopcptidne T 11994150 14 1 1 88.4 5.0 At
idnq»t»<oqigatinge8zy*c to ly p ro te i^ ^ 76160962 92 6 34 16.6 61 St
ubitpte-coapi^U oncnqrBK 22597164 46 3 25 16.4 7.7 Gm
tepnt»-fpeci& profcaae6 11993465 14 1 1 53.7 5.8 A t
BCR1 (E l C 4cm nal retoed 1) 18419050 19 1 2 50.5 5.5 At
FIE22.3 (ubiqoita cnboxyM cm nd hydrotoe 1) 66S641K 17 1 6 41.4 51 At
UBCl 2 (ubk|attiB~ca(9««ating cnzyrec 12) 18398208 14 1 6 16.7 7.7 At
UHC30 (abiquitiB-prottcin fcg»c) 18423829 16 l 7 16.5 6.8 At
U B C 36,ubic|uit»fro(enigare 18394416 142 9 75 17.2 6.7 At
UBC9 (ubiqreto caq u p tn g  cnzyrec 9) 18417097 30 2 19 201 7.0 A t
UPL2 (Hb«|uitiD^ralca kgnc 2) 15223117 14 2 0 403.6 4.8 A t

( ty l ptoeroe t e l y  protein 15232756 23 3 4 941 5.5 At
U|pl protore faauly protein 15242433 18 2 2 105.8 8.6 At
m »l proteue fareily protein 15229144 14 2 2 146.5 5.3 At
I ty l proteue to n ly  protein 15234224 14 2 2 811 5.4 At
polyubiquitin 3452183 101 6 41 118 9.7 Gm
MMZ4 (MMS zwri horeologye 4) 18409633 44 3 22 16.5 61 At
putative utapritin protein hgue 13174246 16 2 3 84.5 6.4 (k
SUM2 (m f l ubiquitio-likc nodificr 2) 15240471 43 3 25 11.7 5.4 At
thiol protease isofoni B 1619903 40 3 II 35.0 7.6 Gm
Itadproteare 3980198 18 1 2 51.3 6.1 Ps
RI1B1 (retoed to ubiqiatin 1) 30692436 43 3 17 17.4 5.8 At
W JBI-oonjueatingcnzy»c4ikcproteo 76573335 26 2 8 21.0 8.3 St
PEX4 (pennhi 4) 18420949 24 2 17 17.7 8.4 A t
unknown prate«, contain p c p b te  C 12 douuia 15238875 21 2 5 49.7 8.2 A t
unknown proton, with W O E  putative pcftfiduedonuin 15231383 17 1 5 28.8 5.6 At
phoqrfwtidylinoriioJ 3- m d 4-Jtinnse toady protein 18407090 14 2 4 616 5.8 At
ICSI (iaochori— tec ynth—c 1) (dbipriaonc biosynthem) 42572105 20 2 4 69.0 6.1 At

Serine proteaae
ieocioe-ricfa repeti ò m à j protein 15220080 IS 2 3 1101 6.0 At
SFC (« « free , vM nfer nrtw art defective 3) 3914005 17 2 2 97.7 7.7 7m

n é t t e  toady protein 42567017 25 3 5 78.5 9.4 At
n é t t e  fare dy protein 18416719 25 3 3 82.9 6 1 At

n é t t e  &wiy protein 18423316 14 1 I 85.0 9.4 At

nétiKon-Skeprotearo 33621210 118 t 14 831 9.0 Gm
nétifan-Sfce proteue 86439745 15 2 3 76.5 9.3 Ta
n é tte M y p e  protean preem or 11611651 397 25 40 817 6.9 Gm

Table continued next page

Table continues from previous page
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N C H M SA B D U farf

Protein A ccedes Search h p M tf  C m . T hcsretfcal S p e le i

K m k u
—s o n M ate. % MW 0

M ctaUopeptidnc

ATPRHP1/AÏZNMP (pracqueocc p io teac  1) 22331173 35 3 4 121.0 5.5 At
cytoariroiioopcptidrocfiM uly proton 13233763 84 5 9 613 6.6 At
m SH 3 (FtaH protcroc 3) 30684118 33 3 3 89.4 6.8 A i
Fbb-Kkc protease 30892959 22 2 2 86.9 6.2 P t
R rfl-like protein P ftf precursor 4323041 39 3 6 74.4 6.0 N t
a ilo c lH o d ritlp ro c c ttin g p e p tite 587364 14 1 2 593 6.2 St
n tlo c lK « M p ro o e ñ e p c p tid w ilp h tn b ijn it,|^ 21594004 23 2 3 54.5 5.9 A t
M PPA LPH A (reH ochoadrialproccttH igp(ptidflK alpfaw luiit) 14334534 30 3 5 54.1 6 4 At
p e p M u c 12324166 18 2 8 34.9 9.0 A t
pcpbdNcM 20/M 2VM 4O M y  protesi 42366909 25 2 9 4 84 5 4 A t
TPP2 (tripcptidyl pcp tidne II) 5262775 20 2 1 1544 6.1 A t
areroe 14599161 20 2 2 90.7 5.8 Gm

“ “ 14599413 16 2 2 894 5.6 St

Aspartic protesse

p q iñ A 79307883 16 1 2 48.7 9.7 A t

U ossagD odprotene
ATHMOV34 (asy m étrie  leaves enhancer 3) 77745499 84 5 18 34.8 5.9 S t
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2.3.7. Ci metabolism-related enzymes in the seed coat

In the comprehensive proteomic list presented in Appendix II and the 

relative gene ontology assignment (Figure 2.1) it is shown that an important 

fraction of the whole protein complement of seed coats is committed to amino 

acid, nucleotide and protein synthesis. In fact, from a complement of 1705 

proteins, 136 enzymes were found to be involved in amino acid metabolism 

(8%), 51 in nucleotide metabolism (3%) and 130 in protein synthesis (8%), 

rising to as high as 19% of the identified proteome committed to Ci related 

pathways. This is evidence of the high metabolic activity of the seed coat at 

maturity. Figure 2.12 presents an overview of Ci metabolism in soybean seed 

coats. This is an adaptation from (Hanson, 2001), who presented biochemical 

and DNA evidence, to which we add protein evidence of C1 metabolism found 

in seed coats. The enzymes involved in the proposed pathway are 

summarized, along with statistical information, in Table 2.5. The enzyme 

methionine synthase, with 39 unique peptides matching the database entry, 

was found to be the most abundant protein in the seed coat proteome at 35-50 

DPA.



Figure 2.12. Reactions of plant C-i metabolism in soybean seed coats. The principal 

sources of Ci units are boxed and highlighted in yellow. For simplicity, enzymes are 

numbered and listed in Table 2.5. The question mark shows the reaction catalyzed by 5- 

forminino-THF cyclodeaminase, for which there is as yet no evidence in plants. Enzymes 

represented by a solid line oval were identified in the seed coat proteome. Those 

presented by a dashed line oval were not. The double question mark shows the 

reduction of formaldehyde to methanol, which occurs in vivo but the enzymatic basis is 

uncertain. The double asterisks mark adenosine salvage reactions. Substrate 

abbreviations: 10-CHO-THF, 10-formyl-THF; 5-CHO-THF, 5-formyl-THF; 5-10=CH-THF, 

5,10-methenyl-THF; 5,10-CH2-THF, 5,10-methylene-THF; 5-CH3-THF, 5-methyl-THF; 5- 

CH=NH-THF, 5-formino-THF; DHF, dihydrofolate; Hey, homocysteine; Met, methionine; 

GSH, glutathione; HM-GSH, S-hydroxymethylglutathione; FGAR, formylglycinamide 

ribonucleotide; FAICAR, formamidoimidazolecarboxamide ribonucleotide; CH=NH-Glu, 

formiminoglutamate. Pathways based on (Hanson and Roje, 2001).
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Table 2.5. Soybean seed coat proteins involved in metabolism present at 35-50 DPA. 
The table includes the NCBI nr accession number, MS/MS score, unique peptides, 
percentage of protein coverage, theoretical MW/pl and the species in which the protein
was found with closest similarity in the database

P r o t c »
N O B  MS/MS 

AcchIn  Search
Mstinct 
ftpUdes < ** . Tbeorrtiral S p ed o

N im hrr Scare IdcaL % MW pi

1 10-formyl -  Ì1 IF  synthetase N.F.

2 10-Formyt-TIIF defonnytase N.F.
3 5 JO-metfaytcoetetrabyckQlbtelc dehydrogenase 4103987 48 3 H 313 8 3 ft

-S. 10-mdhcnyttctrahydniM ale cyclohydrolasc

4 serine hydrmyrncibyttraorfcnsc 2 <S1 IM2) 30690400 143 10 23 59.1 8.8 A t
serme hydroxyinelhyttnnsfcfise 3 (SHM3) 18418028 34 3 6 580 9.0 A t
serine hydroxymdhyftransfcraac 4 (SIIM 4) 15236375 m 8 23 517 6 8 A t
serine hydruxymcthyltraiitfcraae S (SIIM 5) 15236371 62 4 6 523 5 7 A t
serine faydnuyrarthyttnm fcrasc 6  (SIIM 6) 15219182 16 2 1 6 6 6 6 4 A t

5 5-Hdnnyl-THF cydoligase N F.

6 glycine decarinxytese com piei
T -pra tdn  o f  the glycine decarboxylase complex 407475 159 10 31 4 4 3 8 8 ft

7 formaldehyde dehydrogenase N.F.
8 S-Formylglutalhifliie hydrolase N F .
9 m cthykncfctrabydn^ihlcreductase I (MT11FRI) I52322IS 38 3 7 6 6 J 5 6 A t

10 methioome synthase 33325957 644 39 61 8 4 3 5.9 (m i

methionine synthase 8439545 34 2 3 84.7 5 9 St

potatóre methionine synthase 14532772 29 3 6 8 4 6 6.1 A t
11 «fehydbnfoMe roductaKfthymidytete synthase N.F.

12 kdopantoale hyrhnxymcthyttraMferasc N.F.
13 S-adcnnsyhncdaonine synthetase^ 37051117 89 6 23 3 7 6 6 3 ft
14 S-adentnyFl^methinainrearfmxyl m ethyttnestense fomily protein 22330992 16 2 3 43.4 5.4 A t
15 homocysteine S-mclhyttransfciasc N.F.
16 .'i-adcnayFI.-homocysteine hydmlssc 1 m ntint 60266729 176 13 32 535 5.6 A t
17 mcthéunyt-tRNA Imnsformytase N.F.
IK gtycinmnidc ribonucleotide transformylase 32815066 44 4 14 34.5 9.1 (im
19 AJCAR Transfortnyisso' IM P cyclohydrolasc N.F.

2 0 sarco« ne oxidase N.F.

21 glyoxyfcte synthetase N F .

22 polypeptide deformylaac N F .
23 N A Ildcpendcnl formale dehydrogenase 4760553 91 7 19 4 1 2 6 9 ih

24 glutamate forméremutriasfcrasc N F.
25 edatm e 2661023 115 8 33 358 6 4 im

est sisar 3929924 96 6 13 562 7 4 ih
catalase 40950550 27 2 7 564 6 6 St

26 glyuxyfcte decarboxylase N F.

Other enzymes related to  1C metabolism

formate tctrshyrofolstc ligase 17017271 36 3 9 316 7 2 /m
ACC ostidoc 25989506 IS 2 6 3 5 6 6 3 S t
ethyfcne response sensor 1 15226788 17 2 10 6 8 3 6 1 A t
ethylene rapoasivc  protein 33331083 24 3 8 4 2 2 53 (im
dhytcoc-rcspoiisrvc RNA hefkase 15231074 57 4 7 6 9 2 7.7 A t
1JÌA 14 (htccm biyagcncais abondsot 14) 15223413 24 2 10 16.5 4.7 A t
S srimnayl-tvhomocystcme hydrolase ) mutant 60266729 176 13 32 53.5 5.6 A t
S-adcnusyfmcthiuainc synthdase-2 37051117 89 6 23 37.6 6 3 ft
seed ra n tm tia i  protein PM22 4585271 37 3 19 16.7 5.2 iim
seed m tfu m ian  protein PM24 6648964 13 1 6 26JI 53 (im
seed m ataraban protein PM 31 4838149 32 2 17 17.7 6 3 (im
seed nmtoratiua protein PM34 9622153 88 6 23 31.8 6 6 (im
seed maturalian protein PM37 5802244 71 5 15 4 6 3 5.9 (im
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2.4. Discussion

2.4.1 Protein identification of seed coat proteins using a combined pre­

fractionation and iterative exclusion lists

In this study, the seed coat proteome of physiologically mature soybean 

seeds (35-50 DPA) was pre-fractionated by one and two-dimensional SDS 

PAGE. The tryptic digests were submitted for ESI-LC MS/MS. The use of 

trypsin allowed the specific cleavage of proteins at the C-terminals of the amino 

acids lysine and arginine, except when they were followed by proline, which 

could have implications in the overall composition of the peptide mixture. We 

used iterative exclusion lists to identify peptides from the SDS-PAGE pre­

fractionations, with a total of 10 bands and two replicates. In round 1 (no 

exclusion) 504 proteins were identified, in round 2 (first exclusion list) 278 

proteins more (34 % increase) and in round 3 (second exclusion lis t) 37 other 

proteins were identified (5%). Protein identification was increase by 39% using 

two exclusion rounds. We postulate that these increments could have been 

greater had the peptides found more matching proteins in the NCBI nr 

database.

A total of 149,346 spectra were generated combining 1D and 2D-SDS- 

PAGE pre fractionation methods. A sub set of 15,368 spectra led to the 

identification of peptides in the database, which leaves around 90% of the 

spectra without any peptide or protein assignment. This seems to be a normal 

scenario when dealing with plant protein databases, only about 10% of the 

spectral data acquired by MS/MS methodology gets peptide identification (Dr. 

Martina Stromvik, personal communication). Considering the amount of 

spectral data acquired, it would be necessary to search for further identities 

once the soybean genome and predicted proteome becomes available.

A total of 1705 proteins from 35-50 DPA soybean seed coats were 

identified and functionally classified (Appendix II, Figure 2.6). To classify the
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proteins the assumption was that proteins sharing functional domains have the 

same activity. It should be stressed that the function of a relatively small portion 

of the identified proteins has ever been experimentally demonstrated and the 

assumption that proteins sharing functional domains have the same biological 

function can become invalid in cases where the protein has more than one 

functional domain. Of course, this classification has to evolve to take into 

account new results obtained by other experimental approaches such as 

biochemistry or genetics. At present, such a classification can be proposed for 

1705 proteins from soybean seed coats. To our knowledge, this is the most 

extensive report on the protein complement of a plant organ. Microarray studies 

have revealed the presence of at least 1,382 up regulated genes in seed coats of 

Medicago truncatula (Gallardo et al., 2007) and 15,683 genes expressed in the 

soybean seed coat during development, from which 4,860 were expressed 

uniquely in this organ (M. Gijzen, unpublished).

From the comparison of published proteomic reports on different plant 

organs (Figure 2.7), we observe that there is a general distribution among 

functional classes, although metabolic proteins is the most heavily represented, 

in correspondence with the general trend presented in other organs such as 

Arabidopsis roots (Mooney et al., 2006) and soybean seeds (Hajduch et al., 

2005). No single particular specialization was noted for seed coats, as it was for 

the energy class of proteins in the case of soybean leaves (Xu et al., 2006a).

Based on the functional categories of proteins, the classes of 

transcriptional control and metabolism are particularly well represented (Figure 

2.6). In a comparison of the transcriptome and proteome of Medicago truncatula 
mature seeds, it was found that genes related to transcription and RNA 

processing was unregulated (Gallardo et al., 2007). These are believed to 

contribute to the stored mRNA pool used for protein synthesis during germination 

(Rajjou et al., 2004) and are an indication of the potential of germination 

performance in the case of cotyledons. Our results suggest that the 

transcriptional control taking place in the seed coat is related to cell differentiation
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and fate, given the remarkable cell diversity present in this organ (Gijzen, 1999; 

Miller, 1999; Yaklich, 1990).

Seed development is highly anabolic and it is not surprising to find the 

metabolic class as the most represented. One indicator of metabolic activity is 

methione synthase (#77 in Appendix II, NCBI accession number 33325957), 

which is the most abundant protein in the seed coat proteome (Appendix II) and 

suggests its commitment to anabolism. The same enzyme was found during high 

metabolic activity of germinating Arabidopsis seeds (Gallardo et a!., 2002) once 

metabolic activity was resumed after imbibition. The metabolic activity in soybean 

seed is about to decline when the seed enters quiescence, as previously found in 

seeds of Brassica napus (Hajduch et al., 2006b), soybean (Hajduch et al., 2005), 

Arabidopsis (Ruuska et al., 2002) and Medicago truncatula (Gallardo et al., 2003) 

seeds. The commitment of the seed coat proteins to Ci and Met metabolism will 

be discussed later.

Other functional groups such as protein storage, energy related and 

defense related proteins are important and will be discussed in the light of 

mainstream pathways. Our data demonstrates that the proteins in the seed 

coat carry out a diversity of roles as per their functional classification. Our 

results show an unprecedented wealth of proteins present in the seed coat, 

both in terms of number as well as in diversity of functions. From a preliminary 

inspection of the data, several enzymes were identified as involved in the 

biosynthesis of the cell wall, fatty acids, cutin, isoflavonoids and also in Ci 

metabolism and the proteolytic pathway. Such pathways will be considered in 

greater detail in the following sections.
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2.4.2 Cell wall related proteins in the seed coat

Most of the carbon fixed by plant photosynthesis is incorporated into cell 

wall carbohydrates; the remainder forms glycoproteins, glycolipids, storage 

polysaccharides and small molecules such as glycosides and oligosaccharides. 

The monosaccharide building blocks of plant carbohydrates are highly diverse, 

and carbohydrate biosynthesis requires subtle quantitative control throughout 

growth and development, putting formidable pressure on the evolution of 

versatile regulatory mechanisms. The glycosyltransferases involved in 

carbohydrate biosynthesis typically depend on nucleotide sugars as substrates.

The hourglass cells are the most prominent anatomical feature in mature 

soybean seed coats. The thickened cell walls provide structural support for the 

seed and allow them to withstand the tensile pressure of the growing embryo 

(Thorne, 1981). Thickened cell walls are also observed in the vascular 

parenchyma and aerenchyma, where they may enhance the apoplastic transport 

of nutrients to the embryo during seed filling (Miller et al., 1999; Yaklich et al., 

1995). In Vicia faba and Pisum sativum, cell wall invertases play a role in 

creating sink strength for sucrose (Weschke et al., 2003; Weber et al., 1996). A 

cell wall invertase (116831291) and an acid invertase (47969540) were found at 

maturity in the seed coat, in agreement with several reports on the role of the 

seed coat in nutrient uploading (Zhang et al., 2007; Harrington et al., 2005; Van 

Dongen et al., 2003).

In the analysis of the seed coat proteome we found several key proteins 

involved in the synthesis of the cell wall (Table 2.1). Detailed analysis o f the data 

allowed the identification of several nucleotide sugar interconverting enzymes 

previously reported to be involved in cell wall synthesis (Figure 2.8). For 

example, rhamnose synthase (RHM) was reported as a key enzyme in pectin 

production in Arabidospsis seed coats, affecting directly the amount of mucilage 

produced (Usadel et al., 2004; Western et al., 2004). Although we were not able 

to identify peptides from UDP-glucose epimerase (UGE), the presence of up and 

downstream enzymes could be taken as an indication of their presence. Mutant
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analysis of UGE encoding genes demonstrated that its up regulation does not 

have noticeable effects in the cell wall composition (Doermann et al., 1998) but 

that its down regulation causes a 25% reduction of cell-wall bound galactose 

(Seifert et al., 2002) affecting the cell wall integrity.

A soybean cell wall serine protease encoded by SCSI was reported to 

express specifically in the parenchyma (Batchelor et al., 2000). We found two 

other subtilisin-like serine proteases in the seed coat proteome (#1060, 

33621210; #1061, 86439745) that could be involved in the tissue remodeling of 

this layer.

The epidermis and hourglass cells from the seed coat form a rigid outer 

shell around the seed coats. This rigidity limits seed size and results in the 

crushing of some of the inner seed coat layers as the embryo grows (Weber et 
al., 2005; Murray et al., 1979). The presence of hydroxyproline-rich glycoproteins 

(extensins) (#1207, 14193753) and proline-rich proteins (#1608, 7269684; 

#1099, 9454580) confirms the postulate that their accumulation during 

development and cross-link to the extracellular matrix helps to solidify the cell 

walls of the epidermis, hourglass and vascular cells.

The current view of the cell wall is of a highly dynamic, responsive 

structure which not only is associated with a variety of developmental events but 

is also important in processing information from external stimuli (Humphrey et al., 
2007; Pilling et al., 2003). The cell wall continuum is extended to the plasma 

membrane and underlying cytoskeleton so that the external and the internal 

environments are linked. Cell expansion is initiated by increase in turgor pressure 

and followed by a controlled loosening of the cell wall and simultaneous 

deposition of new wall material (Cosgrove et al., 2005). Expansins are low 

abundance cell wall proteins that are important agents in the control of cell wall 

loosening, as they disrupt the non covalent bonds between cellulose and matrix 

polysaccharides (McQueenmason et al., 1995). It has been reported that 

xyloglucan endotransglycosylases cleave and re-graft xyloglucans and have a 

role in cell wall loosening and strengthening. They have also been implicated in
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the physiological response to mechanical stimuli and auxin-mediated growth 

(Antosiewicz et alM 1997; Fry et al., 1992; Talbott et al., 1992). The presence of 

both expansin and xyloglucan endotransglycosylase in the seed coat proteome is 

not surprising (#1207, 14193753; #298, 89145876), but it brings some detail to 

the actual mechanism of cell wall loosening, a process that is necessary for 

elongation.

Enzymes such as polygalacturonase and pectate lysases cause 

enzymatic degradation of pectin in the plant cell walls and they are known to be 

pathogen secreted, releasing oligogalacturonides, which can act as a signal to 

trigger defense responses (Cote and Hahn, 1994). The presence of these 

defense-related enzymes in the seed coat proteome (#1210, 37051109; #1211, 

110836643; #275, 127464581) is most likely associated with the remodeling of 

cell layers during development in order to affect the cell wall pectin. Other cell 

wall proteins, such as proteases, polysaccharide hydrolytic enzymes, and lipases 

were reported to contribute to the generation of defense signals and response to 

the environment and many still unknown proteins may fall in this category.

Our results establish a baseline for further scientific investigation and 

discovery of key players in the mechanism seed coat response to the 

environment. The spectral data should be further analyzed against a soybean 

cell wall proteome once the resources become available.

2.4.3 L ip id  metabolism  in the seed coat

In terms of soybean oil production, the cotyledons contribute 98% of the 

oil and the seed coats 0.5% (Liu et al., 1995). Although its contribution is 

relatively small, the seed coat potential in the oil industry could become relevant 

when considering the production volume. At maturity, soybean seed oil content is 

approximately 20%, from which 90% is TGA stored in oil bodies in the cotyledon 

(Weber et al., 2005; Wilson et al., 1986).

Our results demonstrate at the protein level that the seed coats are 

capable of de novo lipid synthesis. Although, ER enzymes from the Kennedy 

pathway were elusive, we assume that the elongation of fatty acids take place in
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the seed coat, as there are studies reporting on the lipid content of the seed coat. 

Also, transcripts from GPAT were detected in a seed coat microarray study (M. 

Gijzen, personal communication), which suggests that ER enzymes involved in 

FA elongation were in fact present, but probably in low abundance at the present 

developmental stage. Alternatively, the FA production had already ceased at the 

developmental stage in our study. The lipid composition of seed coats is as 

follows: 17-20% is phospholipids, 67% TAG, 15% others (steryl esters, 1,3- and 

1,2-DAG, free FAs, and glycolipids (Yoshida et al., 2006a).

It is also noteworthy that seed coat seems to have the capability to 

synthesize tocopherols, from a branching of the phenylpropanoid pathway and 

FA synthesis. Soybean and their products are relatively good sources of vitamin 

E (tocopherols). Tocopherols are important biological and nutritive components 

of foods and are regarded as neutraceuticals for their positive impact on human 

health. Tocopherols belong to the group of antioxidant vitamins and prevent 

formation of free radicals (Bramley et al., 2000). They protect the chloroplasts 

from photo oxidative damage (Havaux et al., 2005). In Arabidopsis it was 

demonstrated that tocopherols in the seed inhibit the oxidation of 

polyunsaturated fatty acids during dormancy and germination, increasing 

germination fitness (Sattler et al., 2004a). This report provides additional support 

to the postulated function of the seed coat in germination enhancement.

In soybean oil extracted from different seed components, it was found that 

seed coats contain as much as 30 mg of tocopherols per 100 g of oil, compared 

to 100 mg in cotyledons (Yoshida et al., 2006b). In a metabolic engineering 

approach taken to increase the vitamin E content in soybean utilizing the over 

expression of 2-methyl-6-phytylbenzoquinol methyltransferase (VTE3) from 

Arabidopsis, the levels of a-tocopherol, which is the active vitamin E, was 

increased 7-fold (Van Eenennaam et al., 2003).

Fatty acids are the building blocks for the production of plant cuticles 

(Pollard et al., 2008). We should not forget that the soybean seed coat 

synthesizes two distinct cuticles with the outer one having a direct impact on 

water intake of the seed (Shao et al., 2007; Ma et al., 2004). The functional
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importance of the cuticle to the whole plant is evidenced by the significant 

commitment of epidermal cells to cuticle production. For example, over one-half 

of the fatty acids made by epidermal cells of the rapidly expanding Arabidopsis 
stem are estimated to be channeled into cuticular lipids, more than intracellular 

membrane and storage lipids combined (Suh et al., 2005). Although we know 

that cuticles from stem and seed coats differ in their composition, it is valid to 

assume that the commitment of the soybean epidermal cells to the cuticle 

formation is substantial.

Shao et al. (2007) demonstrated that the inner and outer cuticles of 

soybean seed coats are unique in chemical composition and that they are 

different from cuticles of other organs even in the same plant. The fine tuning of 

the FA composition of the cuticle has been shown to have direct impact on the 

quality of the seed. Some seeds are unable to imbibe water, and are termed 

“stone seeds”. This hardness is due to a continuous impermeable cuticle that 

prevents the water from entering the seed. Stone seeds are a problem in the 

seed processing industry. It was demonstrated that the lack of mid-chain 

hydroxylated FA and the elevated amount of other hydroxylated FA cause the 

cuticle to be continuous (without cracks) preventing the flow of water into the 

seed. In seed coat cutin, there is a predominance of 2-hydroxy- and w-hydroxy- 

fatty acids and the absence of mid-chain hydroxylated fatty acids, and a high 

proportion of long chain (non-wax) monomers in the monomer profile of the seed 

cuticle. It was postulated that these FA are critical in modifying either the degree 

of cross-linking of the components of the cuticle or its integration with the 

underlying cell wall components, thereby preventing the cuticle from cracking 

during development.

Other proteins that are plausibly involved in cutin biosynthesis or related 

processes that control the strength and integrity of the cuticle and its adherence 

to the cell wall, such as fatty acid desaturases, lipoxygenases (#327 - #334), 

thioredoxins (e.g., #964, #1502, #1512), dehydrogenases (#1508, #1509), 

glycosyl transferase (#257) and expansin (#1207) are also present in the seed 

coat proteome.
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Recently there has been some interest in the mechanism of deposition of 

plant cuticles (Pollard et al., 2008). Although still in its infancy, the elucidation of 

this mechanism promises to be crucial for the improvement of crop plants. The 

role of a plasma membrane ABC transporter as main vehicle has been 

demonstrated in the accumulation of stem wax in Arabidopsis (CER5) (Pighin et 

al., 2004). It was suggested however, that other mechanisms would be 

necessary for the apoplastic transport of larger molecules. Our data could be 

further analyzed once more understanding is gained on this process, since ABC 

transporters (#1152-#1162) and oxidoreductases (e.g., #464, #1425, #1426), the 

two main candidates for cutin and wax deposition, are present in the soybean 

seed coat proteome.

2.4.4 Isoflavonoids synthesis in the seed coat

In soybean, isoflavonoids accumulate mostly in developing seeds and 

leaves. In the seed coat, the amount of isoflavonoids present was reported to be 

in the range of 10-90 nmol g/FW (Dhaubhadel et al., 2003). It is known that 

soybean embryos have the capability to synthesize isoflavonoids de novo from 

simple precursors and it was proposed that the isoflavonoids from the seed coat 

are transported to the embryo, helping to increase the total amount of these 

metabolites in the seed.

It was also noted that the inheritance of isoflavonoids in soybean seeds 

presents a maternal effect; that is, it is transmitted from plant to progeny in the 

maternal integuments, from which the seed coat arises. Our results confirm the 

proposed notion that the seed coat is programmed for de novo synthesis of 

isoflavonoids.

The absence of pigmentation in the seed coat results in a yellow color at 

maturity. Yellow seed coat color the dominant phenotype brought about by the 

dominant / allele (inhibitor); whereas, the homozygous recessive /' allele gives 

rise to a fully pigmented seed coat. The locus / locus corresponds to a region of 

chalcone synthase (CHS) (Todd et al., 1996). It comprises six genes, from which 

CHS7/CHS8 controls the increased pigmentation of the recessive allele / (Tuteja
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et al., 2004). We were unable to detect CHS (Table 2.3), which was expected, 

since the cultivar used in our study, Harosoy 63, carries the / gene and has 

yellow seed coat at maturity. The capability of de novo synthesis of isoflavonoids 

may be restricted by CHS silencing via the / locus.

The transport mechanism of isoflavonoid has received some attention in 

the last few years. An ABC-binding cassette-type has been found to be involved 

in the exudation of isoflavonoid ginstein from soybean roots to the rizhosphere, 

during the establishment of symbiosis (Sugiyama et al., 2007). In barley, the 

uptake of endogenous flavonoid glucosides into the vacuoles was found to be 

mediated by a proton antiporter (Klein et al., 1996), whereas the vacuolar 

transport of the same compounds was performed by an ABC-transporter in 

Arabidopsis (Frangne et al., 2002). Also, the role of gluthatione S-transferase 

(GST) and the gluthatione pump from the ABC family of transporters that have 

been suggested to be important in the transport of pigments in maize, petunia 

and soybean (Winkel-Shirley, 1999) and could be common to the transport of 

isoflavonoids.

Isoflavonoids are small molecules and the glycosylated derivatives are 

reasonably soluble, so phloem mobility is certainly feasible. The detection of 

relatively high concentrations of isoflavonoid glucosides in pod exudates provides 

evidence that transport between different organs may occur within the plant 

(Dhaubhadel et al., 2008).

Our results confirm that maternal tissues are programmed for de novo 
synthesis of isoflavonoids and support the notion that seed coat isoflavonoid 

biosynthesis contributes to the overall content of the soybean seed in black- 

seeded varieties. We also demonstrate the presence of several types of 

transporters that have been previously reported in the transport of isoflavonoids. 

The detailed complement of biosynthetic enzymes and potential transporters 

provide a baseline for the closer inspection of the specific mechanisms of 

isoflavonoid accumulation and transport in the seed coats and will certainly be 

helpful in the undertaking of customizing the isoflavonoid contents of soybean.
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2.4.5 Proteolysis in the seed coat

In Chapter 1 we presented an overview of the concomitant proteolytic 

processes taking place both in the seed and the seed coat. The importance of 

proteolysis in the seed coat and endosperm of Medicago truncatula has been 

highlighted by the presence of several proteases at the protein and RNA level 

(Gallardo et al., 2007). This seems to be the case also for soybean seed coats, 

as our data shows a substantial set of proteases present at physiological 

maturity (Table 2.4).

Gallardo et al. (2007) suggested the potential role of a subtilisin-type 

seed coat protease in endogenous nitrogen remobilization. In agreement with 

this report, we found six of these proteases (#1057, 42567017; #1058, 

18416719; #1059, 18423316; #1060, 33621210; #1061, 86439745 and #1062, 

11611651), the latter one was the most abundant with 25 unique peptides. Clp- 

proteases were also reported as amino acid recyclers (Cahoon et al., 2003), 4 

of such a class were present in the seed coat (#1001, 145323770; # 1004, 

2921158; #1005, 18378982 and #1006, 18423503). Other seed coat candidate 

proteins involved in nitrogen recycling are 20S proteasome (#991, 20260224; 

#1031, 15219317; #1032, 15220961; #1033, 15225839; #1034, 79325892; 

#1035, 21553663; #1036, 15228805; #1037, 14594931 and #1038, 15223537). 

In M. truncatula these proteins were expressed at the onset of seed filling and 

reached a maximum at physiological maturity, which is also the case for the 

ones expressed in the soybean seed coat. We present here evidence of the 

involvement of the seed coat in amino acid recycling and protein degradation.

Soybean seed coats undergo “yellowing” at maturity, which is the loss of 

photosynthetic activity due to the disruption of chloroplasts. Cysteine 

proteases and carboxypeptidases are present in lytic vacuoles, especially 

during senescence (Guo et al., 2002). Some cellular evidence points to a 

possible role of vacuolar proteases in the degradation of plastidial proteins 

after vacuolar autophagy of chloroplasts, but evidence for such a process is at
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present not clear-cut (Hortensteiner et al., 2002). In any case, the seed coat 

proteome is equipped with at least 54 cysteine proteases (half of the protease 

component), which gives a direct indication of active chloroplast degradation 

taking place at physiological maturity.

The ubiquitin/proteasome pathway has proven to be one connected to 

most biological processes (Schaller et al., 2004). However, there are many 

other proteases involved with protein turnover and the control of protein half-life 

by degradation, protein trafficking, processing and limiting the activity by 

proteolysis of specific active sites.

It should not be forgotten that glycoside hydrolases are involved in the 

hydrolysis of cell wall polyssacharides and signaling (Minic et al., 2007). We 

found 3 of these enzymes in the seed coat (#247, 42561840; #248, 15224879; 

#249, 30689724). Their presence is an indication of the cell wall degradation 

and remodeling that takes place in the seed coat.

There is a wealth of proteases in the soybean seed coat that could be 

related to the regulation of several processes such as chloroplast biogenesis 

and local systemic defense responses (van der Hoorn, 2008). This data 

provides a detailed prospecting of the proteolytic complement in soybean seed 

coats and will be helpful in future molecular-based efforts to modify the protein 

composition of seed coats.

2.4.6. C-i metabolism-related enzymes in the seed coat

Gallardo et al. (2007) demonstrated that there is a remarkable 

compartmentalization of enzymes involved in methione synthesis in the 

different organs of M. truncatula seeds. They suggested that this could regulate 

the availability of sulfur-containing amino acids for embryo protein synthesis 

during seed filling. The seed coat supports the synthesis of storage compounds 

during seed development. It transmits organic nutrients from the phloem, 

mainly sugars, glutamine and asparagines (Weber et al., 2005). Sulfur
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containing compounds and molecules, such as sulfate, S- methylmethionine 

(SMM) are supplied to the embryo via the phloem and can substantially affect 

seed composition (Tabe et al., 2002; 2001).

Based on relative volume, the most abundant protein in the seed coat at 

35-50 DPA is methionine synthase (#77, 33325957 and #78, 8439545) (Table 

2.5). Together with S-adenosylmethionine synthase (AdoMet) (#107, 

37051117), these two enzymes were previously associated with the status of 

metabolic activity in seeds (Gallardo et al., 2003; 2002, Rajjou et al., 2004). It is 

noteworthy to find these metabolic enzymes as the most abundant in the seed 

coat, as an indication of the importance of this process. Their decreased levels 

could be considered an indication of the switch from active metabolism to a 

quiescent state. In our study, the high abundance of this protein indicates that 

quiescence is not yet a reality. It will be interesting to follow up on the 

expression of this protein in the development o f the seed coat.

It is also known that the overall content on sulfur-containing amino acids 

cysteine and methionine in legumes is low (<1.5%). Although the amino acid 

composition of seed proteins is genetically programmed, it can be influenced 

by the rate of accumulation and nutrient availability during seed filling (Weber 

et al., 2005).

We propose that the high levels of methionine synthase in the seed coat 

could also be related to its participation in genesis of ethylene. Ethylene is 

known to promote fruit ripening (Barry and Giovannoni, 2007). S-adenosyl-L 

methionine (SAM)(#107, 37051117), amonocyclopropane 1- carboxylic acid 

(ACC) oxidase (ACO) (#1445, 25989506) and various forms of ACC synthases 

(late embryogenesis and maturation proteins) (#584 - #589; 15223413, 

4585271, 6648964, 4838149, 9622153, 5802244) were found in the seed coat, 

supporting the active production of ethylene.

A general pathway for Ci metabolism is presented in Figure 2.12. The 

presence of catalase (# 25 in the pathway)(#1465 - #1467; 2661023, 3929924,
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40950550, also reported in Table 2.5) becomes important, as its involvement 

in the glyoxylate cycle will aid in the lipid hydrolysis during the mobilization of 

storage products necessary in the germination and seedling establishment.

Altogether, the data herein presented constitutes evidence of the multi­

functionality of the seed coat at physiological maturity (35-50 DPA). The seed 

coat proteome’s role in the synthesis of cell wall formation and tissue remodeling 

was analyzed, as well as the de novo synthesis of isoflavonoids. The Ci 

metabolism and its potential implications in amino acid synthesis and fruit 

ripening were discussed. The data was presented in the format of structured 

pathways that will be useful for further applied investigation in soybean seed 

coats. The regulation of some of these proteins during development will be 

explored in the next chapter.
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Chapter 3

DEVELOPMENTAL ANALYSIS OF SOYBEAN SEED COAT PROTEOME

3.1 Introduction

In Chapter 2 we reported on the soybean seed coat proteome at 

physiological maturity (35-50 DPA). The protein complement shows a diversity of 

processes taking place in the seed coat, supporting its role as a protective, 

defensive and metabolically engaged organ. To gain insight on the regulation of 

protein expression in this organ, a developmental study is necessary to address 

the major changes during the different seed developmental stages.

The complex process of seed development can be divided into three 

sequential phases: embryogenesis, seed filling and seed maturation. The longest 

phase is the seed filling stage, characterized by cell division, cell expansion and 

accumulation of storage product synthesis (Mienke, 1981). The metabolic events 

that occur during seed filling will eventually determine the overall composition of 

seed, and targeted transgenic alteration of these pathways have the potential to 

greatly impact seed quality traits (Thelen and Ohlrogge, 2002). Given this 

biotechnological importance, the soybean seed filling has been studied in depth 

by Hajduch and coworkers (2005), and at least 216 non-redundant proteins from 

soybean embryos have been reported.

Relative to seed embryos, the molecular and cellular events underlying 

seed coat differentiation have received less attention. A lot of the research in 

seed coats has been done in Arabidopsis (Haughn and Chaudhury, 2005; 

McFarlane et al., 2008; Rautengarten et al., 2008; Truernit and Haseloff, 2008), 

and it as greatly contributed to the understanding of many aspects of seed coat 

biology. There is sufficient evidence to assume that the fundamental regulatory 

mechanisms are similar in legume seeds. However, too much generalization 

could be misleading because, unlike Arabidopsis, grain legumes are crop plants 

selected for high yield and characterized by high metabolic activity and fluxes in 

seeds.
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In legume seeds, seed coat studies have focused on understanding 

transport events (Murray, 1979b; Thorne, 1981; Grusakand Minchin, 1988; Offler 

and Patrick, 1993; Walker et al., 1995; Wang et al., 1995; Rolletschek et al., 

2005), seed filling and morphology (Murray, 1979a; Miller et al., 1999). Other 

aspects of legumes seed coat were also studied, such as seed hardness and 

water uptake (Shao et al., 2007; Shackel and Turner, 2000; Mullin and Xu, 2001; 

Ma et al., 2004; Qutob et al., 2008), morphology and structure (Yaklich et al., 

1992; Van Dongen et al., 2003), and individual proteins (Weber et al., 1995; 

Gijzen, 1997; Schuurmans et al., 2003; Zhou et al., 2007).

More comprehensive approaches were used to study the proteomics of 

seed filling of M. truncatula (Gallardo et al., 2003) and the correlation between 

proteome and transcriptome was established at the seed coat endosperm and 

embryo tissues (Gallardo et al., 2007). Surprisingly, only a few reported proteins 

in all these studies were common among species, pointing to marked proteome 

differences between different legume seeds. The difference was also significant 

when comparing different seed compartments, the seed coat, endosperm and 

embryo. The authors concluded in fact that there is a clear specialization in the 

different compartments, at least in amino acid metabolism.

Our study aims at elucidating the proteomic changes that occur during 

soybean seed coat development, a matter that has been overlooked. The 

expectation is that the information generated from this study will help in the 

understanding of general mechanisms taking place in soybean seed 

development, an important topic in biology and biotechnology.

3.2. Methods

3.2.1 Sample collection and preparation 

a) Plant materials and growth conditions

Soybean seeds (Glycine max) L. Merr. cv Harosoy 63 were planted at the 

Agriculture and Agri-Food Canada Research Centre in London, Ontario, in 2006 

and 2007. Regular agronomic practices and planting dates were followed.
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Flowers at anthesis from nodes 3 and 4 were tagged and harvested at 20, 35, 50 

and 80 days post anthesis (DPA). Pods were collected randomly from 20-30 

plants, and seed coats were excised from seeds, frozen in liquid nitrogen, and 

stored at -80 °C.

b) Protein extraction

Total protein was isolated from soybean whole seeds (20 DPA) and seed 

coats only (35, 50, 80 DPA) and subjected to trichloroacetic acid (TCA) 

precipitation according to Gorg et al. (1997) with modifications from Natarajan et 

al. (2005). The procedure was described in section 2.2 in the previous Chapter.

3.2.2 Two-dimensional gel electrophoresis

The first and second dimensions of the 2D-SDS-PAGE along with the gel 

staining procedures were performed as previously described in section 2.2. For 

the developmental analysis of seed coat proteome, 4 technical replicates were 

analyzed at each stage (E, M, L, Mat). Image acquisition was performed using a 

PowerLook 1120 scanner (UMAX Technologies Inc., Taiwan) with a resolution of 

300 dpi and 16-bit grayscale pixel depth.

3.2.3 Mass Spectrometry and protein identification

After gel image analysis, 342 selected spots that met specific criteria, i.e.: 

a) were present in all 4 replicates in at least 3 developmental stages and b) their 

expression was above a normalized volume of 10.7 (provided that they were big 

and resolved enough to be excised), were chosen. Spots were manually excised 

from the reference gel of Late stage (35-50 DPA) using a OneTouch manual spot 

picker (The Gel Company) (3.0 mm). The selected spots were excised and 

subjected to automated in-gel trypsin digestion using a MassPREP Automated 

Digestor (Waters) followed by ESI-LC MS/MS as described in the previous 

Chapter.

For electrospray ionization tandem mass spectrometry analysis (ESI LC- 

MS/MS), all 2D spot-dried fractions were reconstituted in 10% FA prior to
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injection. For analysis, spot samples were kept separated. Samples were 

analyzed using a 60 min LC method. Liquid chromatography (5-40% ACN, 0.1% 

FA gradient) was performed on a NanoAcquity UPLC (Waters, Milford, MA) with 

a 25 cm x 75 pm C18 reverse phase column. Peptide ions were detected in data- 

dependent acquisition (DDA) mode by tandem MS (Q-ToF Ultima - Waters) using 

the following parameters: survey scan (MS only) range m/z 400-1800, 1 s scan 

time, 1-4 precursor ions selected based on charge state (+2, +3, and +4). For 

each MS/MS scan, the m/z range was extended to m/z 50 -  2000, scan times 

used ranged from 1.5 - 6 s (signal dependent), and a charge state-dependent 

collision energy profile was used.

The acquired MS/MS spectra were processed by using ProteinLynx 

Global SERVER 2.2.5 (Waters) and searched against extracted subsets for 

“Plants” or “Glycine max” (forward and reverse) of NCBI nr protein databases 

(www.ncbi.nlm.nih.gov) using Spectrum Mill (Agilent Technologies, Santa Clara, 

CA). The following settings were employed: a mass tolerance of 100 ppm for MS 

spectra and 100 ppm for MS/MS spectra, a spectral peak intensity (SPI) limit of 

60 %, minimum peptide score of 6, and minimum protein score of 13. To 

minimize false positives to a rate of 0.0001%, peptides with reverse database 

scores higher than forward scores were removed from the summaries.

Gene ontology was assigned to all identified proteins in 2D samples 

according to a classification for yeast adapted for the Arabidopsis genome 

(Bevan et al., 1998) with modifications that make it more suitable for a seed 

study (Hajduch etal., 2006).

3.2.4 Relative protein quantification and expression patterns 

a) Quantification of protein abundance

Gel digital images were analyzed with Progenesis PG220 v2006 and 

Progenesis SameSpots TT900 SDSTM software (Nonlinear Dynamics, 

Newcastle upon Tyne, UK). Image analysis was carried out using the default 

analysis wizard, which combines spot detection, warping, and matching on each

http://www.ncbi.nlm.nih.gov
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set of gels (E, M, L, Mat). Background subtraction was carried out by “Mode of 

non-Spot” with a margin of 45. Normalization was carried out by “Total Spot 

Volume” in which total intensity of pixels of each of the software-delineated 

polypeptide spots was expressed as a percentage of the total intensity of pixels 

of all software-delineated polypeptide spots. This normalized the amount of any 

given polypeptide spot to the total polypeptides on each gel. At each stage, the 

best gel replicate was chosen as a reference (see Appendix III).

In this manner, 565 spots were matched between different stages allowing 

their comparison. Spots of interest were chosen due to sheer abundance or 

changes along development by examining the comparison window in the 

Progenesis220 software package and then highlighted for further study. Only 

consistent spots present in all 4 stages and 4 replicates were finally selected for 

mass spectrometry identification. These spots were then checked for accurate 

detection, and where required manual corrections to spot detection were carried 

out, and spot volumes were re-determined. The total intensity of pixels within 

each spot (the integrated intensity) was determined by the software. The relative 

abundance of each spot per reference gel was then compared with the “mid” 

reference gel and these values were used for statistical analysis.

b) Protein expression profiles

The integrated intensity of each spot or normalized volume was 

determined by Progenesis220 based on the area (number of pixels) and intensity 

of staining (height) and was expressed as percentual fractions of the total 

integrated intensity of all spots within the region of analysis of the gel. This 

normalizes the amount of any given spot and gives relative protein abundance 

values for each sample. The reference gel in each stage allowed for detection of 

qualitative and/or quantitative differences between replicates. SAS statistical 

package (SAS Institute) was used to perform a one way ANOVA analysis 

followed by Dunett’s Multiple Comparison test to determine the overall change of 

protein expression along development. Differences were considered significant 

when P< a.
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c) Cluster analysis of 565 differentially expressed protein spots

The normalized relative volumes of each spot were imported into 

GeneSpring v7.3 (Agilent Technologies). The relative protein expression for seed 

coat development as a function of time was calculated using a single channel 

input for each developmental stage imported into GeneSpringGX. To validate this 

approach, /c-clustering was performed with the choice of 5 distinct expression 

groups. Within each cluster, proteins were cross referred to the functional 

classification presented in Chapter 2 (Appendix II) to determine the correlation 

between expression pattern and functional class of proteins.

d) Protein and transcript levels of proteins of interest

The expression patterns of individual proteins of interest were examined 

in-depth. For selected proteins, a comparison was established between the 

levels of protein and transcript levels. The transcript hybridization intensities were 

those of a soybean seed coat microarray analysis using a platform of 18,462 low 

redundancy cDNAs spotted to glass slides (Vodkin et al., 2004). The values were 

obtained from seed coat cDNA from developing seed coats corresponding to the 

exact developmental stages in our study. This set of data was provided from an 

independent study (M. Gijzen, unpublished).
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3.3. Results

3.3.1. Staging and characterization of developing soybean seed coats

The objective of this study was to characterize the seed coat global 

protein expression during soybean seed development. For the best coverage of 

this period, we analyzed whole seeds (20 DPA), corresponding to the late 

morphogenetic phase. The seeds were too small to be dissected at this point; 

hence, the use of whole seeds. Next, the seed coats of 35 DPA-seeds were 

analyzed, which were undergoing cell division; followed by 50 DPA, with seeds at 

the end of cell enlargement period. The last stage was at 80 DPA, corresponding 

to maturity and desiccation, which is the stage at which soybean seeds are 

harvested.

Figure 3.1 shows the characteristics of the developing seeds used in this 

study. The whole seed data trend is in agreement with measurements published 

previously (Hajduch et al., 2005); (Hill, 1974). However, fresh weight and protein 

values are lower, which can be attributed to differences between varieties and 

growth conditions.
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DPA

Figure 3.1 Development of soybean seeds during the experimental period. A, Whole 
seeds and pods at four stages of seed development. Experimental sampling began at 10 
DPA and continued at precisely 7-d intervals until 50 DPA; last sampling was performed 
at 80 DPA. B, Individual seed and seed coat fresh mass during the experimental period 
expressed as mass per seed. Values are the average of 25 determinations; SD is 
shown. C, Total protein content per seed and seed coat during the investigated period of 
seed development. Values are the average of 20 determinations for mass and five for 
protein; SD is shown.
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3.3.2. Broad-range isoelectric focusing is appropriate for high-resolution 

proteome maps

Seed coat proteins from developing soybean seeds were resolved and 

detected using high-resolution two-dimensional electrophoresis (2-DE) followed 

by colloidal Coomasie Blue staining. Preliminary analysis was performed with 

immobilized pH gradient (IPG) strips that ranged from pH 3 to 10, and also from 

pH 4 to 7 (data not shown). It was observed that the region from pH 4 to 7 was a 

highly dense area on the proteome map; but we also observed that many well 

resolved and abundant proteins fall outside that region. The seed coat proteome 

analysis was carried out with IPG strips that ranged from pH 3 to 11NL (non­

linear), with pH gradients at the extreme ends of the pH scale with non linear 

scaling. This feature allows an even distribution over the gel length to obtain 

maximal resolution (all gel replicates are reported in Appendix I and III).

3.3.3. Relative quantification of protein abundance

After image acquisition, more than 1700 protein spots were detected, but 

only the spots that were at least 2-fold up- or down-regulated in at least one 

developmental stage were chosen for further analysis. The normalized volume 

values of 565 spots in four developmental stages and four technical replicates 

were analyzed by an ANOVA test followed by Dunnett’s test, and an estimation 

of overall change in protein expression was obtained (Table 3.1). The mid-stage 

(35 DPA) was chosen as a developmental reference for comparison with the 

other stages (Dunnett’s Multiple Comparison test) (SAS statistical package). No 

differences were found between the replicates and very significant differences 

were found between the developmental stages at both a levels. The most 

noteworthy changes in protein expression took place between late and mature 

stages.
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Table 3.1 Analysis of normalized spot volume. Normalized spot volume was measured 
from 2D gel images using Progenesis220. The software calculates the volume based on 
the intensity of the stain and the area assigned to each spot and then normalizes it to the 
total relative volume of all the spots in the gel. The table shows results from 565 spots at 
each developmental stage and 4 technical replicates. An ANOVA test was performed 
with a value of 5% and 1%, followed by Dunnett’s Multiple Comparison test for the 
developmental stage parameter.

Parameter a
ANOVA 
p - value

Difference
between
means

Confidence intervals 
limits

lower upper

Replication 0.05 0.626
R2-R1 -42.92 -221.75 135.91
R3-R1 -37.75 -216.58 141.08
R4-R1 -99.65 -278.48 79.18

Developmental stage 0.05 <0.0001
Early - Mid 155.53 -23.3 334.36
Mid-Late 29.74 -149 208.57
Late - Mature 437.86 259.03 616.69 ***

0.01 <0.0001
Early - Mid 155.53 -66.42 377.47
Mid - Late -29.74 -251.68 192.21
Late - Mature 437.86 215.91 659.8 ***

*** Based on Dunnett’s test the comparison presents significant differences at the given 
a level.
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3.3.4. LC-MS/MS using the NCBI nr database yielded 304 protein 
assignments

Each of the 342 spots with confirmed expression profiles were excised 

from reference gels for identification by ESI LC MS/MS as described previously 

(refer to section 3.2.3 of this Chapter). After mass spectrometry analysis of tryptic 

peptides, MS/MS spectral data was used determine protein identities. A total of 

304 protein assignments were obtained using Spectrum Mill search engine 

(Agilent technologies, Santa Clara, CA) against the NCBI nr database. The cut 

off thresholds were established at score 6 for peptides and 13 for proteins. Using 

this approach 304 proteins out of 342 were identified (89%) (Table 3.2). One 

unique protein was often represented by more than one spot on the 2D gel, most 

likely due to post translational modifications, genetic isoforms and proteolysis. 

Taking into account this redundancy, 185 unique proteins were identified (39% 

redundancy). Previously, higher levels of redundancy (~49%) were reported in 

soybean (Hajduch et al., 2005) and 55% in Brassica napus filling studies 

(Hajduch et al., 2006).



Table 3.2 Proteins identified by LC-MS/MS from 2D SDS-PAGE gels of 35-50 DPA soybean seed coats. Proteins were classified 

according to protein functional categories described by Bevan et al. (1998). Proteins were identified by ESI-LC-MS/MS analysis of 

tryptic peptides following searching against NCBI nr database. The putative protein identifications with score £ 13 were considered 

as positive. The table includes spot number, /c-cluster, NCBI nr accession number, MS/MS score, unique peptides, percentage of 

protein coverage, theoretical MW /pi and the species in which the protein was found with closest similarity in the database.



Expression
cluster Protein

Spot NCBI MS/MS Distinct
No. Accssion Search Peptides Coy. In gel Theoretical

PG220 Number Score Ident % HW pi MW pi
Species

01 Metabolism

4 acctylomithinc transaminase, putative 223 21554043 29 3 8 40.0 5.3 48.8 6.3 At
4 aspartate aminotransferase glyoxysomal isozyme 2506 2654094 58 6 14 42.0 7.8 49.7 8.7 Cm
3 chorismatc synthase 513 77547031 38 3 5 44.0 7.0 47.3 6.3 Gm
2 cysteine synthase 195 126508784 32 2 11 32.0 5.1 34.7 5.3 Gm
4 cytosolic glutamine synthetase GSbctal 2632 10946357 77 5 22 35.5 5.3 39.0 5.5 Gm
2 glutamate—ammonia ligase 2534 547508 55 4 12 37.0 5.8 39.2 5.9 Gm
2 isovaleryl-CoA Dehydrogenase 382 5869967 23 2 5 41.0 5.6 44.7 6.3 Ps
1 methionine synthase 18% 33325957 140 12 18 0.0 5.4 84.3 5.9 Gm
2 methionine synthase 42 33325957 40 4 6 39.0 3.9 84.3 5.9 Gm
2 methionine synthase 67 33325957 40 4 6 32.0 3.9 84.3 5.9 Gm
4 methionine synthase 557 33325957 270 21 39 85.0 6.2 84.3 5.9 Gm
4 methionine synthase 2140 33325957 94 10 15 80.0 5.1 84.3 5.9 Gm
4 pyridoxinc biosynthesis protein 2293 72256519 82 7 24 31.0 5.6 33.2 5.6 Gm
3 serine hydroxymethyltransfcrase 4 (SHM4) 466 11762130 25 2 5 50.0 6.8 51.8 7.1 At
4 serine hydroxymethyhransferase 4 (SIIM4) 2616 11762130 52 4 10 52.0 7.1 51.8 7.1 At
3 serine hydroxymethyhransferase 2 (SHM2) 

01 Métabolisai
441 30690400 56 5 13 90.0 6.3 59.1 8.8 At

-»■ - ■ 
3 auxin amidohydrolase 

01 Metabolism 
01.03 Nudeotides

436 51538213 16 1 3 44.0 5.5
:-••• HBi 

47.3 5.5 7a

3 ferric leghemoglobin reductase 2715 546360 32 3 6 53.0 6.3 55.8 6.9 Gm
1 nucleoside diphosphate Irinasc 2494 6435320 41 3 16 16.0 7.8 25.3 9.4 Ps
4 nucleoside diphosphate kinase 319 26245395 44 4 32 15.8 5.6 16.4 6.9 Gm
4 nucleoside diphosphate kinase 489 26245395 66 5 39 50.0 10.5 16.4 6.9 Gm
5 nucleoside diphosphate kinase 

01 Metabolism
1651 26245395 38 3 24 15.0 6.7 16.4 6.9 Gm

4 AXS2 (UDP-D-APIOSE/UDP-D-XYLOSE SYNTHASE 2) 531 18390863 13 2 5 43.0 6.1 43.8 5.6 At
4 catalytic/ coenzyme binding 1991 18404496 17 2 7 28.5 5.6 34.9 8.4 At
4 chloroplast NAD-MDH 2689 3256066 75 5 16 33.0 5.5 42.4 8.5 At
1 fruit ripening protein 3008 7580480 13 2 5 24.0 5.0 24.0 6.1 U
4 gamma-aminobutyratc transaminase subunit isozyme 1 3221 29837282 16 2 5 49.0 6.9 56.7 7.7 Ls
4 gamma-aminobutyrate transaminase subunit isozyme 2 3221 29837284 18 l 2 49.0 6.9 50.5 6.6 f j
3 gamma-aminobutyrate transaminase subunit isozyme 3 211 29837286 17 1 2 49.0 6.7 57.2 6.7 Ls
4 glutamate dehydrogenase 1 2993 59668638 106 8 24 38.0 6.2 44.5 6.0 Gm

_1______ tactoylglutaUnone lyase, putative / glyoxaiase 1, putative 1647 15220397 14 3 11 32.0 5.0 29.4 5.0 At

Table continues next page
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Expression

cluster DguktAiitKroiem
Spot
No.

PG220

NCBI
Accesion
Number

MS/MS
Search
Score

Distinct
Peptides

Ident
Cov. 
' %

In gel
" T O ------pT"

Theoretical
“ T O ------- pi”

Species

5 succinate dehydrogenase iron-sulphur subunit 603 21555840 28 2 7 30.0 83 313 8.8 At
4 phosphomannoniutasc 3010 90762150 64 6 27 28.0 5.8 28.0 5.8 Gm
1 RIIM1/ROL1 (RILAMNOSE BIOSYNTHESIS l) 5555 15218420 46 5 7 72.0 63 75.4 6.8 At
3 RHMl/ROl.l (RHAMNOSE BIOSYNTHESIS l) 535 15218420 63 6 8 75.0 7.0 75.4 6.8 Ai
5 succinyl-CoA ligase alpha 2 subunit 672 49617539 33 3 13 32.0 8.5 35.4 9.0 Ij
2 TIIFS (1O-FORM YLTETRAHYDROFOLATE SYNTHETASE) 6666 18403095 17 2 3 62.0 5.9 67.8 6.3 At
3 UDP-glucosc 6-dchydrogcnasc 716 48093457 45 3 6 53.0 5.6 61.0 6.5 Ni
3 U DP-glucose: protein transglucosylase-like 

01 Metabolism
675 77416931 84 6 17 39.0 5.6 41.2 5.6 Si

4 allene oxide cyclase 574 40644130 25 2 8 25.0 9.3 26.5 9.1 Nt
2 epoxide hydrolase 2152 2764806 15 2 7 33.0 5.5 393 5.4 Gm
2 epoxide hydrolase 2603 2764806 43 4 12 33.0 5.4 39.2 5.4 Gm
4 inorganic pyrophosphatase-like protein 

02 Energy 
02.01 Glycolysis

664 21593570 35 3 14 30.0 5.5 24.6 5.3 At

1 cytosolic phospboglycerate kinase 1410 9230771 68 5 18 35.0 6 2 42.3 5.7 Ps
3 cytosolic phospboglycerate kinase 2652 9230771 144 11 37 24.0 5.1 42.3 5.7 Ps
4 cytosolic phosphoglycerate kinase 734 9230771 95 7 19 37.0 6 2 42.3 5.7 Ps
3 enolase 1849 42521309 136 9 27 50.0 5 2 47.7 5.3 Gm
4 enolase 445 42521309 180 12 45 47.0 53 47.7 5.3 Gm
4 enolase 567 42521309 144 10 31 47.0 5.4 47.7 5.3 Gm
4 enolase 2492 42521309 155 11 36 45.0 4 2 47.7 5.3 Gm
4 fructoso-bisphosphate aldolase-like protein 443 15231715 39 3 8 40.0 6.7 383 6.1 At
3 glyccraldchydc-3-phosphatc dehydrogenase C subunit 3096 15229231 59 5 17 37.0 6.3 36.9 6.6 At
4 glyceraldebyde-3-phosphate dehydrogenase C subunit 2962 15229231 101 8 26 37.0 7.0 36.9 6.6 At
4 glyccraldehyde-3-phosphate dehydrogenase 455 85720768 86 7 25 37.0 73 36.8 6.7 Gm
4 glyccraldchydc-3-phosphatc dehydrogenase 459 85720768 25 3 7 38.0 7.0 36.8 6.7 Gm
4 glyceraldehyde-3-phosphate dehydrogenase 1829 85720768 54 5 14 38.0 7.0 36.8 6.7 Gm
4 glyccraldchydc-3-phosphatc dehydrogenase A subunit 2962 77540210 94 6 19 39.0 6.7 43.2 8.4 Gm
4 glycine hydroxymethyl transferase 275 7433553 16 2 3 50.0 7.0 59.3 9.0 At
5 pfkB-type carbohydrate kinase family protein 1712 15221364 24 3 10 17.5 5.1 37.6 5.5 At
2 PGK1 (PHOSPHOGLYCERATE KINASE 1) 376 15230595 36 3 9 17.0 5.6 50.1 5.9 At
4 phosphoglycerate Idnaso-likc 418 15223484 14 2 5 40.0 6.3 49.9 8.3 At
L phosphoglycerate mutasc 3185 551288 47 4 6 70.0 5.6 60.6 5.3 Zar
3 phosphoglycerate mutasc 2015 551288 33 3 4 70.0 5.6 60.6 5.3 Zm
4 T-protein o f the glycine decarboxylase complex 447 407475 38 3 9 39.0 83 44.3 8.8 Ps
4 T-protein o f the glycine decarboxylase complex 2962 407475 39 4 12 41.0 73 443 8.8 Ps

Table continues next page
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Expression Spot NCBI MS/IIS Distinct

duster Protein No. Acce sion Search Peptides Cov. In gel Theoretical Species
PG220 Number Score Ident % MW P* MW PT"

1 triose phosphate isomcrase 2371 77540216 33 4 18 17.5 5.1 27.2 5.9 Gm
2 tnose phosphate isomer asc 2276 77540216 79 7 38 31.0 6.1 27 2 5.9 Gm
4 triosepbosphate isomera.se 

02 Energy
646 48773765 49 4 21 29.0 6.1 27.2 5.9 Gm

02.02 Gluconeogenesis
3 cytosolic mal ate dehydrogenase 2886 15241923 16 1 4 33.0 5.9 36.9 5.8 At
4 cytosolic malatc dehydrogenase 3040 42521311 159 9 46 34.0 5.8 35.5 63 Gm
4 cytosolic malalc dehydrogenase 

02 Energy
2819 42521311 74 6 26 35.0 5.8 35.5 63 Gm

02.07 Pentose phosphate
3 6-phosphogluconatc dehydrogenase 

02 Energy
485 2529229 82 7 15 46.0 7.0 56.4 5.6 Gm

02.10 TCA pathway
4 cytosolic aconitasc 683 11066033 58 6 6 100.0 6.0 98.1 5.9 Nt
4 isocitrate dehydrogenase (NADP+) 660 3021512 13 1 2 44.0 5.8 53.9 83 Nt
1 pyruvate dehydrogenase El beta subunit isoform 2

02 Energy
3140 162458637 13 2 8 36.0 5.1 35.8 4.8 Zm

02.20 Electron-transport Affina" - ' HiS ¿2, - Èt&jiaèà
4 cinnamyl alcohol dehydrogenase 1 385 60265616 18 1 3 35.0 7.3 35.5 6 5 Nt
1 F22C12.4 (similar to vacuolar ATPasc) 3161 6692094 34 3 8 31.0 5.9 35.8 6.1 At
4 FQR1 (FI-AVOIX)XIN-LIKE QUINONK REDUCTASE l) 2862 3269288 15 2 9 25.0 6.8 22.3 6.3 At
4 malatc dehydrogenase 2683 5929964 131 10 57 35.0 6.1 36.1 8 2 Gm
2 malatc dehydrogenase Glycine max 2534 5929964 13 4 17 37.0 5.9 36.1 8.2 Gm
4 malale dehydrogenase, cytoplasmic 1785 18202485 33 3 8 36.0 6.5 35.6 5.8 Zm
3 NADH-cytochromc b5 reductase, putative 681 18420117 29 2 5 32.0 7.4 36.0 8.8 At
4 NADPI1 dependent mannose 6-phosphate reductase 2802 21554266 18 2 5 34.0 5.9 35.1 6.1 At
4 vacuolar 11+-ATPasc A2 subunit i so form 2515 27884018 n o 9 17 67.0 5.1 68.7 5.3 Ij
4 VILA-A 

02 Energy
297 15219234 39 4 8 67.0 4.9 68.8 5.1 At

02.30 Photosy nthesis
1 33kl)a precursor protein o f oxygen-evolving complex 2407 809113 34 3 5 32.0 5.1 35.3 5.9 St
1 33kDa precursor protein of oxygen-evolving complex 519 809113 37 3 5 31.0 5.0 35.3 5.9 St
4 ATP synthase CF1 beta subunit 445 91214126 159 14 37 47.0 5.3 53.8 5.3 Gm
2 ribulose 1 5 bisphosphale carboxylase small subunit 1743 1055368 17 4 23 15.8 5.3 20.0 8.9 Gm
2 ribuloso-1,5-bisphosphate carboxylase small subunit 2850 10946375 47 3 18 16.0 7.8 20.0 8.9 Gm
4 ribulose-1,5-bisphosphate carboxylase small subunit 2008 10946375 24 3 18 13.0 6.8 20.0 8.9 Gm
3 ribulose-1,5-bisphosphate carboxylase large subunit 2550 91214125 71 6 13 50.0 5.9 52.6 6.0 Gm

Table continues next page



Table JJ (t'Mrttotd troni previous page)
Expression

cluster Protein
Spot NCBI MS/MS Distinct
No. Accesion Search Peptides Cov. in gel

PG220 Number Score Ment % MW
Theoretical Species
MW

03.22 (  ell cycle 
transitional endoplasmic reticulum ATPase 
transitional endoplasmic reticulum ATPase 
transitional endoplasmic reticulum ATPase

3279 98962497 140 12 16 70.0 4.2 89.9 5.1 Nt
2421 11265361 106 10 12 100.0 5.1 93.6 5.4 At
2021 11265361 104 9 10 100.0 5.1 93.6 5.4 At

03 JO Seed maturation
desiccation protectant protein homolog o f Leal4 
desiccation protectant protein homolog o f I .cal 4 
seed maturation protein PM34 
seed maturation protein PM34

369 472850 13 
652 472850 54 
435 9622153 16 
2151 9622153 41

elongation factor BF-2 468 6056373 139 12 18 92.0 6.1 94.2 5.9

3
4 
4 
2
3
4 
1

04.1901 General TFs
F28C11.12 (Arfl-Arf5-likc subfamily) 
F28C11.12 (Arfl-Arl5-like subfamily) 
glycine rich RNA binding protein Glycine max 
glycinc-rich RNA-binding protein 
glycine-rich RNA-binding protein 
glycine-rich RNA-binding protein 
novel calmodulin-like protein

05.01 R ib o so m al p ro te in s  
60S ribosomal protein L10 (RPL10C)
05 Protein synthesis 

05.04 Translation factors 
eukaryotic initiation factor 311 subunit 
translation initiation factor 
translational elongation factor KF-TuM

597
1858
408
2027
1633
375

3074

477

8778579
8778579
5726567
5726567
5726567
5726567
1235664

18408550

33
45
13 
32 
75 
74
14

31

HSvHMHWBHHMMHHMM 
708 12407664 21
230 2286151 50
528 11181616 99

3 14 19.5 6.5 28.4 9.0 At
4 17 26.0 8.5 28.4 9.0 At
1 9 15.8 5.3 15.8 7.2 Gm
3 23 15.5 5.1 15.8 6.6 ( Ì M

6 50 20.0 6.4 15.8 6.6 Gm
6 54 16.5 6.3 15.8 6.6 Gm
1 6 16.0 4.0 21.0 4.8 Os

X ■■■ ù'ÆiSiiLtjSSÊh -à

3 14 25.0 3.9 24.9 10.6 At
æ N S Ë /Ai&kà'ìiï'W?r*

2 6 35.0 6.4 36.5 6.9 At
5 12 45.0 4.6 47.0 5.4 Zm
7 16 40.0 6.0 48.5 6.0 Zm

Table continues next page
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Expression

duster Protein
Spot
No.

PG220

NCBI
Accesión
Number

M KcteiaVatltesls
05.99 Others 

calrcticulin-1 
calrcticulin-1

ms/m s
Search
Score 
■■ 11 ■■

Distinct
Peptides

IdenL
Cov.
%

——

In gel Theoretical Species
MW MW

—

CCH (COPPHR CHAPERONE) 
chapcronin 21 precursor 
cycloptnlin 
cyclophilin
endoplasmic reticulum HSC70-cognate binding precursor 
endoplasmic reticulum HSC70-cognatc binding precursor 
endoplasmic reticulum HSC70-cognatc binding precursor 
endoplasmic reticulum HSC70-cognate binding precursor 
heat shock protein 70 
MnSOl) (superoxidc dismutase)
MTHSC70-1 (mitochondrial heat shock protein 70-1) 
MTHSC70-1 (mitochondrial heat shock protein 70-1)

2059
132
537

2193
607
2722
422
2636
3160
2986
2238
1875
2386

62433284 
6525011 
7331143 
17981611 
17981611 
2642238 
2642238 
2642238 
2642238 
6746592 

147945633 
30691626 
30691626

304
14
21
62
69
122
156
224
75
95
41
68
82

24
1
2
5
5
10
11
17
8
7
3
5
6

36
9
8

44
29
18
20
25
12
9
12
8
11

72.0
41.0
24.0
18.0
19.0
65.0
65.0
72.0
71.0
71.0 
25.4
72.0
56.0

5.0 
4.4
5.1
10.3
7.6
4.9
5.0
5.1 
5.0
4.7
7.9
4.8
4.3

73.6
13.6
26.6 
18.2 
18.2
73.6
73.6
73.6
73.6
77.1
26.7
73.1
73.1

5.1
4.7 
6.9
8.7
8.7
5.2
5.2
5.2 
5 2  
5.1 
8.6
5.5
5.5

Gm
Cm
Ls
Gm
Gm
Gm
Gm
Gm
Gm
At
Gm
At
A t

06.07 Modification
.......

4 protein disufidc isomcrasc-likc protein 699 49257111 112 8 26 37.0 5.5 40.4 5.7 Gm
4 protein disulfide isomcrasc-likc protein 3103 49257115 84 6 18 37.0 5.8 39.8 6.0 Gm

4 20S protéasome alpha 4 subunit 3190 125662835 45 4 16 25.6 8.0 27.2 8.3 Zm
1 26S protéasome AAA-ATPaae subunit RPT5a 728 23197864 32 3 7 43.0 5.0 47.5 5.0 At
1 26S protéasome non-ATPase regulatory subunit 2454 21592398 20 2 6 34.0 6.3 34.4 6.4 At
3 26S protéasome non-ATPase regulatory submit 537 21592398 57 4 25 24.0 5.1 34.4 6.4 At
3 cytosol aminopeptidase family protein 2222 15235763 46 3 6 59.0 5.6 61.3 6.6 At
3 PAB1 (20S protéasome alpha subunit B 1) 2751 15219317 54 4 25 24.0 5.3 25.7 5.5 At
4 PAB1 (2ÛS protéasome alpha subunit B l) 2319 15219317 27 3 16 24.5 5.4 25.7 5.5 At
4 PBA1 (20S protéasome beta subunit A 1) 648 79325892 41 3 12 22.0 5.4 25.3 5.3 At
5 PBE1 (20S protéasome beta subunit E l) 1626 14594931 42 4 26 17.0 8.6 18.6 9.2 Nt
4 putative alpha7 protéasome subunit 475 14594925 70 5 22 28.0 5.5 27.2 6.1 Nt

Table continues next page
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Spot
NO.

PG220

NCBI 
Accès ion 
Number

MS/MS Distinct 
Search Peptides 
Score Ident

Cov. 
% '

In gel 
MW pi

Theoretical 
WW pT~

Species

3 putative bct*4 protéasome subunit 561 14594929 26 2 11 13.0 5.9 14.5 6.4 Nt
1 RPT5B (26S PROTEASOME AAA-ATPASE SUBUNIT RPT5B) 2234 15217431 115 9 31 44.0 5.0 47.0 4.9 At
2 subtilisin-type protease precursor 2207 11611651 23 2 2 18.0 5.4 82.7 6.9 Gm
3 subtilisin-type protease precursor 482 U61L651 102 8 14 49.8 5.7 82.7 6.9 Gm
3 subtilisin-type protease precursor 2042 11611651 163 10 20 60.0 6.4 82.7 6.9 Gm
4 subtilisin-type protease precursor 246 11611651 14 1 0 20.0 5.6 82.7 6.9 Gm
4 subtilisin-type protease precursor 491 11611651 68 6 9 52.0 6.4 82.7 6.9 Gm
3 UBC35 1774 3834310 47 4 30 17.0 53 18.3 5.9 At
4 UBC36 (UBIQUIT1N CONJUGATING ENZYME 36) 2000 18394416 59 5 39 16.0 6.0 17.2 6.7 At
4mÊÊmmÊtÊÊÊÊÊÊm UBC9 (UBIQUITES CONJUGATING ENZYME 9) 1954■ ■ ■ ■ ■ ■ ■ ■Hi 18417097 16 I■ H HBHH ■ 6 30.0 8.2 202 7.0 A t■ ■ HHBIHI

5 bela-conglycinin alpha subunit 2986 14245736 137 11 20 65.0 5.0
3 beta-cooglycinin alpha-subunit 155 15425633 79 7 11 60.0 5.0
4 beta-ketoacyl-ACP synthetase 1-2 491 7385203 51 4 8 47.0 6.4
l glycinin 615 18641 68 5 12 21.0 10.6
1 glycinin 2497 4249568 47 3 8 12.5 5.6
2 glycinin 477 18641 50 4 9 22.0 10.3
2 glycinin 233 18641 70 5 12 22.0 10.2
4 glycinin 458 18641 31 3 6 31.0 7.9
4 glycinin 2768 18641 17 2 4 32.0 7.9
1 glycinin A lbB2-784 1935 18609 58 4 12 21.0 7.7
1 glycinin AlbB2-784 108 18615 63 4 9 51.5 6.0
1 glycinin AlbB2-784 250 18609 57 5 14 52.0 5.1
l glycinin A lbB2-784 2247 18615 58 4 9 21.0 8.6
2 glycinin A lbB2-784 290 18609 80 6 20 32.0 5.1
3 glycinin AlbB2-784 2040 18609 25 3 7 52.0 53
3 glycinin AlbB2-784 347 18615 42 4 8 23.0 63
4 glycinin AlbB2-784 2264 18609 93 6 20 32.0 5.1
l prepro beta-cooglycinin alpha prime subunit 1731 32328882 97 11 20 67.0 5.3
2 prepro beta-cooglycinin alpha prime subunit 2722 32328882 117 11 21 68.0 53
3 prepro beta-cooglycinin alpha prime subunit 1675 32328882 117 10 21 70.0 5.6
5 prepro bcta-conglycinin alpha prime subunit 2982 32328882 120 10 21 67.0 5.3

07.01 Ions
2 chloroplasl ferritin 3144 117650780 49 5 20 25.0 5.1
3 chloroplast ferritin 497 117650780 66 6 32 75.0 6.7
4 mangancsc-supcroxidc dismutasc 3276 27526758 67 5 33 25.5 63
2 F.DA9 (embryo sac development arrest 9) 2460 15235282 27 3 5 54.0 5.6

70.3 5.1 Gm
72.5 5.3 Gm
49.8 7.6 Gm
63.9 53 Gm
63.8 5.2 Gm
63.9 5.2 Gm
63.9 5 2 Gm
63.9 5 2 Gm
63.9 5.2 Gm
54.3 5.6 Gm
55.5 6 2 Gm
543 5.6 Gm
553 6 2 Gm
543 5.6 Gm
54.3 5.6 Gm
55.5 6.2 Gm
543 5.6 Gm
72.2 5.5 Gm
72.2 5.5 Gm
7 1 2 5.5 Gm
72.2 5.5 Gm

28.0 5.6 Gm
28.0 5.6 Gm
15.4 6.1 Gm
63.3 6.2 At

Table continues next page
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Protein

081
08.01 Nuclear 

Rani 
Rani
09 Cdl structure
09.01 Cell wall
3-deoxy-l>-manno-2-octulo8onic acid-8-phosphale 
UXS3 (UDP-GLUCURONIC ACID DECARBOXYIASE)

Spot NCBI 
No. Accesión

PG220 Number

MSMS Distinct 
Seared PeptKtes Cov. 
Score Ment % 

—

In gelmw— i Theoretical 
mé pi

M M ”  MW MB I

718
3084

3199
1829

123192431
123192431

32169731
145334845

38
32

31
42

12
15

20
9

29.0
25.0

15.0
38.0

6.3
6.4

7.1
7.0

25.3
25.3

19.5
40.2

6.4
6.4

7.6
8.5

Species

Ps
Ps

Nt
At

09 Cell structure 122 £ ÎS& IS Ë B & iiâS ki** ¿  $ ■'¡¡âÈSsâtê . . ...
TT’

« à É S S îfc S ;.
09.04 Cytoskeleton

1 aedn 3275 50058115 147 10 35 40.0 5.2 41.6 5.3 N t
1 actin 3275 1666234 76 7 20 41.0 5.1 42.7 5.3 P s
4 aeda 555 1498346 57 5 14 32.0 4.6 37.2 5.3 Gm
4 alpha lubulin-4A 3236 90289610 110 8 24 49.0 5.1 49.8 4.8 Ta
4 beta tubulin 498 15451226 124 11 27 50.0 4.5 50.6 4.8 At
1 profilin 1934 156938901 27 3 24 13.2 4.6 14.1 4.7 Gm
1 profilin 982 156938901 18 2 16 12.0 4.5 14.1 4.7 Gm
3 TUB2 (Tubulin bcta-2) 622 18424620 21 2 4 55.0 4.9 50.7 4.7 At
4 TUB2 (Tubulin bcta-2) 331 18424620 157 12 34 50.0 5.0 50.7 4.7 At
5 TUB2 (Tubulin beta-2) 331 18424620 106 11 26 50.0 5.0 50.7 4.7 At
3 tubulin A 1432 62546341 53 5 14 47.0 4.3 49.7 5.0 Gm
4 tubulin A 1724 62546341 143 10 31 47.0 5.1 49.7 5.0 Gm
4 tubulin B4 492 62546343 171 14 34 48.0 4.9 50.4 4.7 Gm

09 Ceil structure 
09.16 Mitochondria

34 kDa outer mitochondrial membrane porin
10 Signal transduction

11.01 Resistance genes 
universal stress protein (USP) family protein

11.02 Defence-related 
24 kDa protein SC24 
24 kDa protein SC24

1142 30693971 18

1052 18448973 26
1028 18448973 57

10

10
18

16.0 5.4

20.0
23.0

10.3
9.0

17.8

24.6
24.6

5.7

9.1
9.1

At

Gm
Gm

Table continues next page
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No. Accesión

PG220 Number

MS/MS Distinct
Seared Peptides Cov. In gel Theoretical 
Score Ident % MW pi HW 5T

Species

^Pffueaae/aeiescT
11.05 Stress responses

2 cafTcoyt-CoA 3-O-mcthyltransfcrasc 5
2 caffeoyl Co A 3 O-mcthyltransferase 5

2511737
2511737

26
26

29.0
29.0

5.4
5.4

212
212

5.4
5.4
US

N t
Nt

2
11.06 Detoxification 

alcohol dehydrogenase 1 515 22597178 88 7 17 37.0 6.8 40.0 6 2 Gm
3 alcohol dehydrogenase 1 2066 22597178 52 4 10 37.0 7.0 40.0 6 2 Gm
4 alcohol dehydrogenase 1 2962 22597178 90 7 17 39.0 6.7 40.0 6 2 Gm
4 alcohol dehydrogenase 1 2903 22597178 77 6 15 39.0 6.7 40.0 6 2 Gm
4 alcohol dehydrogenase 1 661 22597178 14 2 4 16.8 5.6 40.0 6 2 Gm
4 alcohol dehydrogenase 1 453 22597178 19 2 5 31.0 6.6 40.0 6 2 Gm
4 alcohol dehydrogenase 1 2478 22597178 60 6 14 42.0 6.8 40.0 6 2 Gm
2 alcohol-dehydrogenase 546 4039115 100 8 25 39.0 6.1 36.4 6.1 Gm
3 aldehyde dehydrogenase family 7 member A 1 3036 29893325 43 4 8 54.0 5.6 54.7 5.5 Gm
3 AIDH2B4 (ALDEHYDE DEHYDROGENASE 2) 451 15228319 38 3 6 50.0 6.6 58.6 7.1 At
4 ALDH2B4 (ALDEHYDE DEHYDROGENASE 2) 620 15228319 57 4 8 50.0 6.3 58.6 7.1 At
4 aldo/kcto reductase family protein 534 4895205 43 3 7 32.0 6.3 39.0 6.8 At
2 ascorbate peroxidase 1888 4406539 21 1 7 19.0 5.9 212 5.7 Gm
3 ascorbate peroxidase 2 354 1336082 150 9 52 26.5 5.6 27.1 5.7 Gm
4 CAT2 (CATALASE 2) 2616 15236264 28 3 6 52.0 7.1 56.9 6.6 At
4 Chain A The Structure O f Soybean Peroxidase 719 13399943 54 4 23 20.0 4.6 20.0 4.4 Gm
3 cytosolic ascorbate peroxidase 1 355 37196683 31 3 12 52.9 6.9 27.9 5.8 Gm
4 cytosolic ascorbate peroxidase 1 99 37196683 88 5 28 26.0 5.5 27.9 5.8 Gm
4 cytosolic ascorbate peroxidase 1 530 37196683 37 3 12 26.0 5.3 27.9 5.8 Gm
3 dehydro ascorbate reductase 561 28192427 21 l 8 23.0 5.8 23.7 7.7 Nt
4 dehydroascorbatc reductase 183 28192427 20 1 8 23.0 5.6 23.7 7.7 Nt
4 DHAR2 183 21593056 16 2 10 23.0 5.6 23.4 6.0 At
4 glutathione peroxidase Phaseolus lunatus 554 62946785 13 3 16 20.0 5.5 11.9 4.9 PI
2 ln2-l protein 2633 11385579 164 10 49 49.8 5.0 27.0 5 2 Gm
2 ln2-l protein 2636 11385579 159 11 54 26.0 5.3 27.0 5 2 Gm
3 In2-1 protein 441 l 1385579 85 6 33 90.0 6.3 27.0 5 2 Gm
3 ln2-l protein 556 11385579 25 3 12 25.0 4.8 27.0 5 2 Gm
3 In2-1 protein 2652 11385579 59 5 20 24.0 5.2 27.0 5.2 Gm
2 L ascorbate peroxidase Medicago saliva 2605 168067 14 2 17 29.0 5.4 0.0 14.0 14
1 mitochondrial peroxiredoxin 330 47775654 13 1 4 17.0 6.9 21.5 8.4 Ps
1 peroxidase 3287 17467210 15 2 4 48.0 4.9 38.1 5.0 Gm
2 peroxidase 165 17467210 26 2 6 43.0 4.1 38.1 5.0 Gm
2 peroxidase 9 17467210 26 2 6 39.5 4.1 38.1 5.0 Gm

Table continues next page
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Ident.

2 peroxidase 417 17467210 29 2 10 22.5 4.5 38.1 5.0 Gm
2 peroxidase 222 17467210 16 2 4 36.0 4.8 38.1 5.0 Gm
5 peroxidase 73 (PLR73) (P73) (PRXR11) 1729 15240737 14 1 3 34.0 9.3 35.9 9.4 At
2 phospholipid hydroperoxide glutathione peroxidase 1888 46200528 15 1 6 18.0 6.0 19.4 8.2 Zm
4 ripening regulated protein DDTFR 10-like 352 78191406 17 2 6 23.0 4 2 25.3 4.5 St
4 short chain alcohol dehydrogenase 385 2739279 14 1 5 27.7 5.4 29.8 6.2 Nt
2 itnoredoxin fold Arachis hypogaea 2664 115187464 17 5 34 14.8 5.9 17.4 5.5 Ah
4 ihioredoxin fold Arachis hypogaea 593 115187464 17 5 34 16.8 5.4 17.4 5.5 Ah
1 thioredoxin M-typc, chloroplast precursor (TRX-M) 1615 3334376 24 2 11 14.0 5.1 18.1 8.7 Zm

12 Unclear clasification . iv'. “ « O - C Â1ÎÎ
dormancy related protein, putative 
Kunitz trypsin inhibitor 
Kunitz trypsin inhibitor 
13 Uadauiried 
ddlS
root border ccIl-spccific protcin-likc protein 
unnamed protein product 
unnamed protein product 
unnamed protein product 
unnamed protein product 
unnamed protein product 
20 Secondary Metabolism 

20.1 Phen>1propanoids/phenoiics 
chalconc isomcrasc 
isoflavone reductase homolog 1 
isoflavone reductase homolog 1 
isoflavone reductase homolog 1 
isoflavone reductase homolog 2 
isoflavone reductase homolog 2 
isoflavone reductase homolog 2
20 Secondary•»
20.99 Others
myo-inositol-3-phosphate synthase

638 12322163 
3225 13375349 
575 13375349

2364
2031
729
2264
454
2752
170

m&m
484
338

2712
2232
1402
1719

328

28542706
82400120

18615
18615
18615
18615
18615

14582263
6573169
6573169
6573169
6573171
6573171
6573171

13936691

13
82
48

40
22
50
34
17
27
48

63 4
25 2
110 7
75 6
85 8
89 7
69 7

119 10

2
34
19

50
4
7
8 
6 
7 
10

20
8

32
28
28
23
23

23

31.0
18.0 
17.8

34.0
32.0
52.0
31.0
29.0
17.0
34.0

23.0
19.0
33.0
35.0
33.0 
34.8
33.0

6.5
4.6
4.9

6.5
5.4 
6.1
5.1
5.4
6.9
5.2

6.0
5.5
5.6
6.1
5.6
5.5
5.5

31.2
24.1
24.1

5.8
36.0
55.5
55.5
55.5
55.5
55.5

W ,

23.3
33.9
33.9
33.9
33.9
33.9
33.9

5.9
5.0
5.0

5.3
8.3 
6.2 
6.2 
6.2 
6.2 
6.2

At
Gm
Gm

Gm
Si

Gm
Gm
Gm
Gm
Gm

48.0 5.4 56.5

6.2
5.8
5.8
5.8
5.6
5.6
5.6

a a H B H M  

5.3

Gm
Gm
Gm
Gm
Gm
Gm
Gm

Gm

Table ends
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3.3.5. Cluster analysis of 565 differentially expressed protein spots

To obtain a general idea of protein expression changes, we clustered 565 

differentially expressed protein spots into five groups according to their 

expression patterns. The general hypothesis of k -  means cluster analysis is that 

proteins engaged in a similar function or similar metabolic pathway will have 

similar profile of expression and thus likely to be grouped into the same group. 

The average pattern of the protein spots that are included in each specific set are 

shown in Figure 3.2. Each group consists of several proteins with some 

functional correlations. The corresponding spot identification by mass 

spectrometry is presented in Table 3.2.

Group A included proteins that accumulated to a moderate level until 50 

DPA and then were substantially up regulated. Proteins that belong to the 

destination and storage class like beta-conglycinin alpha subunit and several 

isoforms of glycinin (storage) and 26S proteasome AAA-ATPase subunit 

(proteolysis), Kunitz trypsin inhibitor (unclear classification), 24 kDa 24SC 

(defence-related) and actin (cell structure) were grouped together in cluster A.

Group B included proteins that sharply increased until 50 DPA and then 

their levels decreased dramatically. The most abundant proteins found in this 

cluster were endoplasmic reticulum heat shock protein (protein destination and 

storage, folding and stability); In 2-1 protein (herbicide safener inducible 27 kDa) 

and alcohol dehydrogenase (disease/defence, detoxification); chloroplast ferritin 

(ion transporter).

Group C included proteins that were expressed at moderate levels at 20 

DPA and their expression was slowly down-regulated during the next 

developmental stages. Representative proteins of this cluster include elongation 

factor EF-2 (transcription, mRNA synthesis), subtilisin-protease precursor 

(protein destination and storage, proteolysis), enolase (energy, glycolysis), 

isoflavone reductase homolog 1 and 2 (secondary metabolism, 

phenylpropanoids), 6-phosphogluconate dehydrogenase (energy, penthose
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phosphate), rhamnose biosynthesis 1 (metabolism, sugars and polysaccharides), 

homoglutathione synthetase (disease/defence, detoxification) and calreticulin-1 

(protein synthesis, translation factor).

Figure 3.2 Cluster analysis of 565 differentially expressed protein spots in soybean seed 
coats. The proteins were classified using the /(-means technique into five groups. Spots 
belonging to each group were averaged together and presented. The y axis is the 
normalized level of expression as a function of developmental stages (20, 35, 50 and 80 
DPA).
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Group D was constituted by proteins whose expression starts at relatively 

moderate levels that plateau until 50 DPA, and then decrease sharply. Most 

spots clustered together in this group. The most abundant spots corresponded to 

BiP (protein destination and storage, folding and stability), methionine synthase 

(amino acid metabolism), glutamate dehydrogenase 1 (sugar metabolism), 

soybean peroxidase SBP (disease/defence, detoxification), late embryogenesis 

abundant protein (cell growth/division, seed maturation), and glycine-rich RNA- 

binding protein (transcription factor).

Group E included proteins that were expressed at moderate levels at 20 

DPA and remained constant until 35 DPA. Then they decreased until 50 DPA 

and then were slightly up regulated at maturity. Tubulin (cell structure, 

cytoeskeleton) and beta-conglycinin alpha subunit (protein destination and 

storage) were representatives of this cluster.

The clustering did not bring about a clear-cut correlation between protein 

functional class and expression pattern, since some functional classes were 

represented in more than one cluster or different isoforms or subunits of the 

same protein were grouped in different clusters. To overcome this shortcoming, 

an indirect correlation was established taking into account the total number of 

peptides identified for proteins that belonged to the same functional class. In 

other words, even if a protein was present in more than one cluster, we 

considered it to be predominant in a cluster based on the number of peptides 

identified as presented in the next section.

3.3.6. Composite expression profiles of plant functional classes reveal 

different expression trends

To characterize global expression trends of proteins involved in different 

processes, we established composite expression profiles by summing protein 

abundance, expressed as normalized volume, for each protein in each functional 

class for the four seed coat developmental stages (Figure 3.3).
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Figure 3.3 Composite protein expression profiles of gene functional categories. The 
combined expression profiles were calculated as the sum of all normalized volumes for 
each protein in the functional category. Gene functional classes are the ones presented 
in Table 3.2 following classification according to Bevan et al, (1988). Shown in 
parenthesis are the number of proteins engaged in each of the functional categories 
whose normalized volume was added to create the composite.
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The expression trend for energy-related proteins reaches a maximum at 

50 DPA, to sharply decrease thereafter. This same trend is followed by plant 

disease/defence and destination and storage-related proteins. These 3 groups, 

together with metabolic proteins, represent the most highly expressed functional 

classes in the soybean seed coat.

Metabolic proteins show a sharp increase in expression after 50 DPA, 

which is unusual, given the expected metabolic slow down after reaching 

maturity. In the next section we will take a closer look at the individual proteins 

driving the changes in expression.

3.3.7. Key enzymes of Met and Ci metabolism drive the rise in metabolic 

class protein expression in seed coats

Relative abundance of metabolic proteins increased during the 

experimental period (Figure 3.3), suggesting metabolic activity increases as 

seeds approach maturity. Metabolic proteins represented in this group involved in 

amino acid synthesis, nitrogen and sulfur and nucleotides follow very similar 

patterns, but the ones involved in metabolism of sugars and lipids did not 

increase at later developmental stages (Figure 3.4A). Within the group of 

proteins involved in amino acid metabolism, methionine synthase (33325957) 

and serine hydroxymethyltransferase 4 (11762130) follow the same trend (Figure 

3.4B); that is, after a down regulation at 50 DPA, their expression peaks at 80 

DPA.

Other proteins involved in amino acid metabolism, such as aspartate 

aminotransferase (2654094), glutamate— ammonia ligase (547508) and 

glutamine synthase (10946357) were also up-regulated at maturity but in a less 

dramatic fashion. Cysteine synthase (126508784) remained constant throughout 

development. The slight differences in expression profiles both in terms of trends 

and relative amount of expression of proteins involved in amino acid synthesis is 

an indication of a fine tuned mechanism of amino acid regulation in the seed 

coat.
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Developmental stage

Figure 3.4 Composite expression profiles of metabolic related proteins. A) The 
combined expression profiles were calculated as the sum of all relative volumes for each 
protein in the metabolic functional category. The combined expression of 11 proteins 
involved in metabolism of amino acids (01.01), 16 in sugars and polysaccharides 
(01.06), 3 in nucleotides (01.03), 3 in lipids (01.07), 1 in nitrogen and sulphur (01.02) are 
presented. B) Composite expression profiles of most abundant proteins from amino acid 
metabolism class are presented, methionine synthase (1), serine
hydroxymethyltransferase (2), glyoxysomal aspartate aminotransferase (3), glutamate- 
ammonia ligase (4), glutamine synthase (5) and cysteine synthase (6).
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3.3.8. Glycolysis is the dominant energy-related process in soybean seed 
coats.

Within the class of proteins devoted to energy production, glycolysis 

(02.01) and electron transport (02.20) related proteins were up-regulated during 

the late-stage and both groups followed a sharp decrease afterwards (Figure 

3.5A). They were also the relatively most abundant proteins within the energy 

class. Photosynthetic proteins were expressed a moderate level from early- to 

mid-stages, after which they were consistently down-regulated (02.30). This is in 

agreement with the reported loss of photosynthetic capacity of the seeds due to 

disruption of chloroplasts or yellowing (Hortensteiner and Feller, 2002). The 

gluconeogenesis (02.02) group was slightly up-regulated at the late- and mature- 

stages, but overall, their expression levels were the lowest amongst the energy 

group.

The expression of most abundant glycolytic enzymes is presented in 

Figure 3.5B. Cytosolic phosphoglycerate kinase (9230771) was by far the 

glycolytic protein with highest expression (4-fold) as compared with the other 

proteins within the glycolysis class. The expression trend follows steady up 

regulation until-late stage, followed by sharp down regulation at maturity. At lower 

normalized volumes, enolase (42521309) and glyceraldehyde-3-phosphate 

dehydrogenase (85720768) follow the same trend of up-regulation at late stage 

followed by down regulation at maturity. Other glycolytic enzymes such as 

subunit A of glyceraldehyde-3-phosphate dehydrogenase 77540210), 

triosephosphate isomerase (48773765) and glycine hydroxymethyltransferase 

(7433553) were resolved in 2D spots and their expression during overall 

development did not present noticeable changes.
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Figure 3.5 Composite expression profiles of energy related proteins. A) The combined 
expression profiles were calculated as the sum of all relative volumes for each protein in 
the energy-related functional category. The combined expression of 15 proteins involved 
in glycolysis (02.01), 9 in electron-transport (02.20), 5 in photosynthesis (02.30) and 2 in 
gluconeogenesis (02.02) are presented. B) Composite expression profiles of most 
abundant proteins from energy related class are presented, cytosolic phosphoglycerate 
kinase (1), enolase (2), glyceraldehyde-3-phosphate dehydrogenase (3), 
glyceraldehyde-3-phosphate dehydrogenase subunit A (4), triosephosphate isomerase 
(5) and glycine hydroxymethyltransferase (6). Graph B is presented in double y axis 
format to realistically represent the difference in levels of expression between cytosolic 
phosphoglycerate kinase and the rest of proteins presented.
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3.3.9. Seed maturation proteins follow a similar expression profile 

throughout development.

Cell growth and division proteins were abundantly expressed from early- 

to late- stages, followed by declining expression thereafter (Figure 3.6A). In seed 

embryos, seed maturation proteins (03.20) are considered markers of the 

developmental stage (Gallardo et al., 2007). In the seed coat, these proteins 

were moderately expressed until late stage, and were down regulated at 

maturity. The group of cell cycle proteins (03.22) was expressed at higher levels 

than recombination/repair-related proteins (03.19), the latter being expressed at 

virtually unchanging levels throughout development.

The expression profiles of two maturation proteins are presented (Figure 

3.6B). Seed maturation protein PM34 (9622153) was moderately expressed from 

early- to late- stages, after which its expression declined. Its expression was 

previously reported in soybean embryos (Hajduch et al., 2005) without level 

changes in development (spot 2537, (http://oilseedproteomics.missouri.edu/). A 

late-embryogenesis-abundant protein homolog to Lea14 (472850) was 

expressed at constant levels from early- to mid-stages, undergoing down- 

regulation thereafter. Such an expression pattern differs from that reported in 

developing soybean embryos, in that case embryonic Lea proteins were sharply 

down-regulated after 21 DPA, during the early stage of development (spots 900, 

2225, 2233, 2304, etc). A potential explanation could be that the water-binding 

activity of these proteins (Maitra and Cushman, 1994) is required to preserve a 

certain degree of moisture for a prolonged tirne in the remaining layers of seed 

coat.

http://oilseedproteomics.missouri.edu/


1 1 0

Cell growth/division Seed maturation

Developmental stage

Figure 3.6 Composite expression profiles of cell growth and division related proteins. A) 
The combined expression profiles were calculated as the sum of all relative volumes for 
each protein in the respective functional category. The combined expression of 2 
proteins involved in seed maturation (03.30), 2 in cell cycle (03.22) and 1 in 
recombination/repair (03.19) are presented. B) Expression profiles of the two seed 
maturation proteins from the functional class are presented, desiccation protectant 
protein homolog of Lea 14 (1) and seed maturation protein PM34 (2).
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3.3.10. Protein destination and storage sub classes show different 
expression profile trends.

The expression profiles of the protein destination and storage functional 

class are presented in Figure 3.7A. Proteolysis-related (06.13) is the most 

represented class both in terms of number of proteins and in terms of normalized 

volume. Their expression peaks at mid-stage and gradually decline in later 

stages. Even at its lowest level, their expression surpasses that of any other of 

the functional classes. Previously, it was reported that in developing soybeans, 

proteolysis-related class expression did not change much during the seed the 

filling period (Hajduch et al., 2005) and was only expressed at moderate levels. 

In soybean seed coats, ubiquitin conjugating enzyme 9 (18417097) is the most 

abundant protease by at least 2-fold (Figure 3.7B). Less abundant proteases are 

26S proteasome non-ATPase regulatory subunit (21592398), subtilisin-type 

protease precursor (11611651), which is considered a seed coat tissue marker 

(Gallardo et al., 2007), 20S proteasome alpha subunit B1 (4) and cytosolic amino 

peptidase (5).

In the soybean seed coat, storage proteins (06.20) are expressed 

moderately from early- to mid-stages (Figure 3.7A), after which, there is a 

considerable increase in their levels to reach a peak at the late-stage, followed 

by slow decline. Storage proteins have previously been described to accumulate 

at the beginning of physiological maturity, in fact, they are considered a marker of 

such a stage. In soybean seeds, 54 storage proteins were reported to 

accumulate steadily starting at 21-28 DPA (early stage) until the end of seed 

filling (Hajduch ët al., 2005); whereas, in Medicago truncatula the two major 

storage proteins reported (vicilin and legumin B) started accumulating at 20 DPA 

(seed filling period) but decreased sharply thereafter. The prolonged expression 

of storage proteins in the seed coat seems contradictory to the notion of protein 

turnover in the embryo surrounding tissues (endosperm and seed coat) that was 

previously reported (Gallardo et al., 2007). In soybean seed coat, the most 

abundant storage protein is glycinin with the different isoforms and precursors, 

which resolved in at least 7 different spots reported in Figure 3.7C.
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Figure 3.7 Composite expression profiles of protein destination and storage proteins. A) The combined expression profiles were 
calculated as the sum of all relative volumes for each protein in the respective functional category. The combined expression of 12 
proteins involved in proteolysis (06.13), 8 in storage (06.20), 8 in folding and stability (06.01), 2 in protein modification (06.07) and 1 
in complex assembly (06.10) are presented. B) Composite expression profiles of most abundant proteins from proteolytic class are 
presented, ubiquitin conjugating enzyme 9 (1), 26S proteasome non-ATPase regulatory subunit (2), subtilisin-type protease 
precursor (3), 20S proteasome alpha subunit B1 (4) and cytosolic amino peptidase (5). C) Composite expression profiles of most 
abundant proteins from storage protein class are presented, glycinin A1bB2-784 (6), glycinin (7) and prepro beta-conglycinin alpha 
prime subunit (8), beta conglycinin alpha subunit (9).
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Chaperones and stability-related proteins (06.01) (Figure 3.7A) were most 

up-regulated earlier in development and their expression followed a declining 

trend throughout the study period. The group of protein modification (06.07) was 

represented by disulfide isomerase (49257111) which was resolved in at least 

two high-abundance spots. Disulfide isomerase expression was moderate up to 

mid stage, to follow down regulation in subsequent stages. Complex assembly 

class (06.10) was represented by chloroplast 60 kDa chaperonin alpha subunit 

(21554572) with unchanging expression levels throughout the study period.

3.3.11. Cytoskeleton proteins are the most abundant proteins in cell 
structure class.

Cell structural proteins are considered housekeeping proteins whose 

expression remains unchanged regardless experimental conditions. In the seed 

coat, structural proteins most abundantly expressed at late-stage of development 

are related to the cytoskeleton (09.04) (Figure 3.8A). Cell wall (09.01) proteins 

were less abundant than cytoskeleton proteins and were represented by only 2 

entries (3-deoxy-D-manno-2-octulosonic-8-acid phosphate (32169731); UDP- 

glucoronic acid decarboxylase (145334845). Outer mitochondrial membrane 

porin 34 kDa (83283993) was the only mitochondrial protein (09.16) and its 

expression remained virtually unchanging during seed development, as 

previously reported for spot #2560 in developing soybean seeds (Hajduch et al., 

2005)(http://oilseedproteomics.missouri.edu/).

The cytoskeleton proteins that were identified are tubulin A (62546341), 

beta tubulin (18424620), actin (1666234) and profilin (156938901) (Figure 3.8B). 

These proteins remained expressed at consistent levels from early to late stages, 

undergoing severe down-regulation at maturity. Considering the overall seed 

coat protein turnover prevalent at maturity, in part due to the desiccation of the 

whole seed and proteolysis occurring at levels of epidermis and hourglass cells, 

cytoskeleton proteins follow the general trend of housekeeping proteins and are 

conformed by smaller protein subunits (Higgins, 1984).

http://oilseedproteomics.missouri.edu/
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Figure 3.8 Composite expression profiles of cell structure proteins. A) The combined 
expression profiles were calculated as the sum of all relative volumes for each protein in 
the respective functional category. The combined expression of 9 cytoskeleton proteins 
(09.04), 2 in cell wall (09.01) and 1 in mitochondria (09.16) are presented. B) Expression 
profiles of the most abundant cytoskeleton proteins are presented, tubulin A (1), tubulin 
B2 (2), actin (3) and profilin (4).
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3.3.12. Important role of detoxification proteins in the disease/defence 
functional class.

Figure 3.9A shows the expression profiles of disease/defence related 

proteins. The most represented group is detoxification (11.06), with 21 proteins 

and the highest normalized volumes during development. High levels were 

consistent until maturity, when a sharp down regulation was observed. Caffeoyl- 

CoA 3-O-methyltransferase 5 (2511737) was the only identified protein from the 

stress response-related class (11.05). Its expression was up-regulated at late 

stage and down regulated at maturity. A defence-related (11.02), 24 kDa SC24 

protein (18448973) was expressed at unchanging levels during the study period. 

The resistance-related (11.01) class was represented by universal stress protein 

(USP) (30693971) with consistent low expression levels all along seed 

development.

Soybean peroxidase (17467210) (number 1 in Figure 3.9B) was 

consistently expressed at high levels from early through late stages, and 

underwent a sharp decline at maturity. Peroxidase resolved as the most 

abundant protein in at least 6 highly abundant 2D spots with MW within a range 

of 20 to 48 kDa, most likely representing different glycosylation events typical of 

this protein (Gray and Montgomery, 2006). Soybean peroxidase is one of the 

most abundant proteins present in the soybean seed coat, where it may 

constitute up to 10% of the total protein (Gillikin and Graham, 1991) and is 

sequestered mainly to the hourglass cells (Gijzen, 1997).

Another defence-related protein expressed in the seed coat is catalase 

(15236264) with the highest expression level early in development, and shows a 

decreasing trend thereafter. Ripening regulated protein DDTRF10-like 

(78191406) increased gradually until late-development but was expressed at 

relatively low levels.
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Figure 3.9 Composite expression profiles of disease and defence related proteins. A) 
The combined expression profiles were calculated as the sum of all relative volumes for 
each protein in the respective functional category. The combined expression of 21 
proteins involved in detoxification (11.06), 1 in stress responses (11.05), 1 in defence- 
related (11.02) and 1 in resistance-related (11.01) are presented. B) Composite 
expression profiles of most abundant proteins from disease/defence class are 
presented, peroxidase (1), alcohol dehydrogenase 1 (2), 24 kDa protein SC24 (3), 
catalase (4) and ripening regulated protein DDTRF10-like (5).

(r
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3.3.13. Comparison of protein profiles with transcript patterns during seed 
coat development

In an attempt to compare seed coat proteomic data with

transcriptome data, every identified protein was attributed a tentative contig 

number (TC), which is an alignment of overlapping expressed sequence tags 

(ESTs) for a particular organism. The gene index project

(http://compbio.dfci.harvard.edu/tQi/plant.html) has 381524 soybean ESTs and 

42647 TC deposited as of July 11, 2008. The comparison of protein with

transcript using TC numbers is an approach often taken when studying

organisms that are not fully sequenced, for which there exists a database of 

ESTs (Gallardo et al., 2007). In our study, the full sequence of each identified 

protein was retrieved in an automated search from the NCBI nr protein database. 

These sequences were then searched against the soybean TC database from 

the Gene project index website using the BLAST function. The same procedure 

was used to retrieve TC numbers for the 18,462 ESTs in the seed coat 

microarray. The TC comparison yielded only 348 matches (data not shown), only 

8 corresponding to identified proteins. This mismatch could be due to the fact 

that ESTs represented in the microarray had often a gene identifier from a 

species different than Glycine max, making it difficult to find them in a soybean 

TC database (Dr. M. Stromvik, personal communication).

Selected identified proteins were correlated with transcript data from the 

microarray utilizing keyword searches. Figures 3.10 to 3.14 show comparisons of 

protein and transcript levels. Three different trends were observed, a coordinated 

expression of protein and transcripts (Figure 3.10-11); an apparent preferential 

transcript turnover during seed coat development (Figure 3.12) and a poor 

correlation between protein and transcript levels during the developmental period 

(Figure 3.13-3.14).

a) Protein and transcript levels coordinately expressed

Specific proteins whose transcripts were coordinately expressed during 

seed coat development are presented in Figures 3.10-11. This coordinated

http://compbio.dfci.harvard.edu/tQi/plant.html
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expression suggests that protein accumulation is primarily regulated by transcript 

abundance. Aspartate aminotransferase (Figure 3.10A, 2654094) provides the 

source of aspartate used in the synthesis of the aspartate family of amino acids, 

including the agronomically important essential amino acids methionine and 

lysine (Gebhardt et al., 1998). Glutamate—ammonia ligase also called glutamine 

synthase (Figure 3.1 OB, 547508) is the enzyme responsible for the assimilation 

of ammonia into organic compounds (Marsolier et al., 1995). D-apiose serves as 

the binding site for borate cross-linking of rhamnogalacturonan II in the plant cell 

wall, and biosynthesis of D-apiose involves UDP-D-apiose/UDP-D-xylose 

synthase 2 (Figure 3.10C, 18390863) catalyzing the conversion of UDP-D- 

glucuronate to a mixture of UDP-D-apiose and UDP-D-xylose (Ahn et al., 2006). 

Phosphoglycerate mutase (PGM) (Figure 3.10D, 551288) is the catalyst of step 8 

in glycolysis. It catalyzes the internal transfer of a phosphate group from C-3 to 

C-2 which results in the conversion of 3-phosphoglycerate to 2-phosphoglycerate 

through a 2,3-bisphosphoglycerate intermediate. This cofactor independent PGM 

is present in all green plants, is monomeric and quite unstable (Perez De La 

Ossa et al., 1994). This enzyme was detected in the absence of mRNA in dry 

maize embryos, it was found that new synthesis of the protein was required to 

permit the progress of germination (Grana et al., 1993).

Isoflavone reductase homolog 1 (Figure 3.10E, 6573169) and chalcone 

isomerase. (Figure 3.1 OF, 14582263) are involved in the biosynthesis of 

isoflavonoids in soybean and other legumes (Paiva et al., 1994; McGonigle, 

2002; Shoji et al., 2002; Dhaubhadel et al., 2003). Their transcripts were reported 

to decrease sharply after late-stage of development in soybean embryos 

(Dhaubhadel et al., 2007), which would correspond to the trend found in the seed 

coat, both at the protein and transcript level.

Detoxification protein alcohol dehydrogenase (Figure 3.11A, 22597178) 

was steadily up-regulated, both at transcript and protein level, until the late-stage, 

to sharply decrease at maturity. Ascorbate peroxidase (Figure 3.11B, 4406539) 

on the other hand, was abundantly expressed early in development; it decreased
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at mid- and late-stages to substantially increase at maturity. Stress responsive 

protein caffeoyl-CoA-O-methlytransferase (Figure 3.11C, 2511737) was

moderately expressed throughout development. Kunitz trypsin inhibitor protein 

(Figure 3.11D, 13375349) was steadily up-regulated throughout the study period, 

it resolved in 2 spots (3225, 575). This food allergen was reported to start 

accumulating in soybean embryos as early as 21 DPA and to continue steadily 

until maturity or to decline at mid-stage (Hajduch et al., 2005).

Dormancy related protein (Figure 3.11E, 12322163) was expressed at 

relatively low levels with corresponding values for the transcript. The highest 

level was observed at late stage, after which it declined until maturity. The 

functional classification of this protein is unclear, but it displays high homology to 

chloroplast short chain oxidoreductase from Arabidopsis thaliana (79366418) 

involved in sugar metabolism.
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Figure 3.10 Comparison of protein profile with transcript patterns with coordinated 
expression during seed coat development. Panels A-B amino acid metabolism; C sugar 
metabolism; D energy (glycolysis); E-F secondary metabolism (isoprenylpropanoids). 
Bars represent protein normalized volume (with SD) and lines represent transcript 
hybridization intensity. Individual labels show protein name, NCBI protein accession 
number and systematic cDNA source clone from microarray.
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Figure 3.11 Comparison of protein profile with transcript patterns with coordinated 
expression during seed coat development. Panels A-B disease/defence responses 
(detoxification); C stress responses; D-E unclear classification. Bars represent protein 
normalized volume (with SD) and lines represent transcript hybridization intensity. 
Individual labels show protein name, NCBI protein accession number and systematic 
cDNA source clone from microarray.



122

b) Protein with apparent transcript turnover

Enolase (42521309) also known as phosphopyruvate dehydratase, was 

the only selected protein that displayed apparent transcript turnover, while 

protein levels remained constant during seed coat development until the late- 

stage of development. In soybean embryos, enolase (spots 557, 558; 

http://oilseedDroteomics.missouri.edU/1 levels were reported to be high early in 

development (14-20 DPA) and to decrease throughout development (Hajduch et 

al., 2005). This trend is different to what we observe in soybean seed coats, in 

which enolase was expressed at constant levels until the late-stage of 

development, when it started down-regulation (Figure 3.12).

http://oilseedDroteomics.missouri.edU/1
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Figure 3.12 Comparison of protein profile with transcript patterns with apparent 
preferential transcript turnover during seed coat development, enolase: involved in 
glycolysis. Bars represent protein normalized volume (with SD) and lines represent 
transcript hybridization intensity. Individual labels show protein name, NCBI protein 
accession number and systematic cDNA source clone from seed coat microarray.
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c) Protein and transcript levels poorly correlated

In Figures 3.13 and 3.14 we report several identified proteins whose 

transcript levels were poorly correlated to protein levels. Within this group we find 

that proteins that belong to the same functional class expressed at contrasting 

levels. This is the case for catalase (15236264; Figure 3.13A) expressed at 

relatively constant low levels and peroxidase (17467210; Figure 3.13B) 

expressed in an increasing fashion until late-stage and then sharply decreasing. 

The increasing levels of peroxidase despite the decreasing transcript trend could 

be due to the high stability of this protein (Kamal and Behere, 2003)

Cysteine synthase (126508784, Figure 3.13C) was expressed at 

increasing levels; whereas, the transcript was sharply reduced at mid-stage. 

Methionine synthase (33325957, Figure 3.13D) was expressed at relatively low 

and constant levels during seed coat development, despite the increasing trend 

of transcript levels, suggesting translational control of this protein’s expression. 

Homoglutathione synthetase (7799808; Figure 3.13D) showed the highest 

protein levels early in development, and the trend was decreasing thereafter, 

whereas, the transcript levels were low early in development, reached a 

maximum at mid-stage to decrease at late stage. Protein and transcript levels of 

serine hydroxymethyltransferase (30690400) were coordinately expressed until 

mid-stage at very high levels; it is after mid stage that protein expression 

decreases and transcript increases, pointing to a developmentally regulated 

translational control of this protein.

Allene oxide cyclase (40644130; Figure 3.13G) and 14-3-3-like protein 

(4775555; Figure 3.13E) were expressed in similar trends, both at protein and 

transcript level. Interestingly, the transcripts were up-regulated early to sharply 

decrease at mid-stage, followed buy a steady up-regulation at late stages, 

suggesting translational control of these proteins involved in lipid metabolism and 

signal transduction. 14-3-3-like protein was reported in soybean embryos in 

several 2D spots, even following different trends along development, which led to
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believe its regulatory involvement in different processes in embryo development 

(Hajduch et al., 2005).

The protein and transcript expression trends of cinnamyl alcohol 

dehydrogenase (6026516), subtilisin-type protease precursor (11611651), seed 

maturation protein (9622153) and universal stress protein (30693971) and beta- 

ketoacyl-ACP-synthetase 1-2 (7385203) were similar in that protein levels were 

moderately expressed and transcript levels increased as development 

progressed, suggesting the regulation of protein levels by translational control 

(Figure 3.14A, C, D, E, F).

Cytosolic phosphoglycerate kinase (15230595, Figure 3.14B) showed an 

increasing protein expression until late-stage, which started to decrease 

afterwards, which is in agreement with the decrease in metabolic activity 

associated with the down-regulation of energy related proteins (Gallardo et al., 
2003). A t the transcript level, the highest level was observed at early-stage and 

the trend was decreasing as development progressed, suggesting high protein 

stability. This protein was reported as very abundant in the endosperm and not in 

the seed coat of Medicago truncatula seeds (Gallardo et al., 2007).

Isoflavone reductase homolog 2 (6573171; Figure 3.14F) showed the 

highest protein level at the mid stage of development, after which it was down- 

regulated. It was resolved in 4 2D spots (Table 3.2). At the transcript level, the 

trend continued to increase until late-development, suggesting high transcript 

stability. This was the only protein isoform reported in soybean embryos 

(Hajduch et al., 2005) with similar expression profile (spot 912 and 920; 

httD.y/oilseedproteomics.missouri.edu/). Notice that protein level of isoflavone 

reductase homolog 1 (6573169; Figure 3.10E) started to decrease only at 

maturity, showing a slight variation in the duration of the expression of the 

protein. The subtle control of protein expression of isoflavonoid synthesis related 

proteins has been previously reported (Zabala et al., 2006) and could be 

considered evidence of a sophisticated expression mechanism in the seed coat. 

However, isoflavone reductases are a large gene family with many isoforms.
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There is the possibility that many of them do not participate in isoflavonoid 

biosynthesis and that their annotation carries errors due to conceptual 

translations (putative proteins).
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Figure 3.13 Comparison of protein profile with poorly correlated transcript and protein 
expression profile patterns during seed coat development. Panels A-B disease/defence; 
C-F amino acid metabolism; G lipid metabolism and H signal transduction. Bars 
represent protein normalized volume (with SD) and lines represent transcript 
hybridization intensity. Individual labels show protein name, NCBI protein accession 
number and systematic cDNA source clone from seed coat microarray.
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Figure 3.14 Comparison of protein profile with poorly correlated transcript and protein 
expression profile patterns during seed coat development. Panels A-B energy 
production; C-D protein destination and storage; E cell growth/seed maturation; F 
secondary metabolism (phenylpropanoids) and G resistance proteins. Bars represent 
protein normalized volume (with SD) and lines represent transcript hybridization 
intensity. Individual labels show protein name, NCBI protein accession number and 
systematic cDNA source clone from seed coat microarray.
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3.4. Discussion

Soybean seed development has been divided into four major phases: a) 

morphogenesis and cell division; b) cell enlargement; c) seed maturation; and d) 

desiccation and dormancy (Mienke, 1981). By 8-10 DPA, the morphogenetic 

phase of early embryogenesis is completed and the most active period of cell 

division occurs from 8 to 15 DPA. The overall frequency of cell division in 

developing cotyledons declines sharply after 18 DPA. The transition from a 

period of morphogenesis and cell division to a period of cell enlargement occurs 

between 16 and 19 DPA and lasts for 6-9 days. Later stages of seed maturation 

are characterized by an increase in both fresh weight and dry weight. The 

maximum fresh weight is achieved late in development and it declines at maturity 

due to desiccation.

Major changes occur in the protein profiles of seed coats during 

development. The k-cluster analysis (Figure 3.2) shows how intense these 

changes are, which was confirmed by the Dunett’s test (Table 3.1) that reported 

the changes between late- and mature-stages as the most noticeable. Dramatic 

changes between early- and mid-stages were reported in the development of 

Brassica napus (Hajduch et al., 2006), M. truncatula (Gallardo et al., 2003; Lei et 

al., 2007), sunflower (Hajduch et al., 2007) and soybeans (Hajduch et al., 2005) 

invariably driven by accumulation of storage proteins. Our results provide an 

indication that in the seed coat, the major protein changes are driven by 

metabolic (0.1 in Figure 3.3) and energy (0.2 in Figure 3.3) related proteins, 

providing a new insight into the functional role of this organ. Accumulation of 

protein destination and storage proteins (0.6 in Figure 3.3) is also important 

group that was mostly affected by proteases as opposed to storage proteins.

The use of relative volume as a means to measure protein abundance 

was found to be quite useful; however, it should be considered that it is an 

approximation based on the staining intensity, which could be affected by the 

presence of specific amino acids; also, the method does not measure total 

protein. The use of internal markers (such as specific amino acids) could be of
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potential use if the addition of such addition of amino acids and the further 

complication of the sample could be treated in the analysis.

3.4.1. Key enzymes of Met and Ci metabolism drive the rise in metabolic 

class protein expression in seed coats

The rise in expression of metabolic proteins during the experimental 

period (Figures 3.3-4) especially approaching maturity suggests that metabolism 

is highly active in the seed coat at the end of seed development. This seems 

contradictory with the general decrease in metabolic activity reported for seeds of 

Arabidopsis (Ruuska et al., 2002), Brassica napus (Hajduch et al., 2006), M. 
truncatula (Gallardo et al., 2003), Pisum sativum (Golombek et al., 2001) and 

soybean (Hajduch et al., 2005) during late stages of development. Our results 

indicate that proteins involved in amino acid synthesis are very abundant at later 

stages of development, especially methionine synthase, serine 

hydroxymethyltransferase and aspartate aminotransferase (Figure 3.4B). The 

abundance of expression of amino acid related proteins have been reported in M. 
truncatula seed coats and endosperm (Gallardo et al., 2007). However, these 

were reported at decreasing levels during seed filling; that is, relative abundance 

of amino-acid related proteins decreased as development progressed, contrary 

to what we observed in the soybean seed coat. This is an indication that the 

regulation of amino acid synthesis in the seed coat is highly species-specific, and 

could point to more complex regulatory pathways in which each amino acid is 

involved after biosynthesis. Examples may be: ethylene production for fruit 

ripening and C and N fluxes within the seed compartments. Overall, our data 

suggests that the seed coat is highly active in the synthesis of amino acids, 

which are transported to the embryo, where they help meet the high demand for 

protein synthesis. We know that there is no vascular connection between the 

seed coat and the embryo (Yaklich et al., 1984), which would suggest that 

transport events should be active and involve specific amino acid transporters.
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Another possibility is that, there is no effective change in the relative 

amount of protein expression, but there is a change in the relative stability of 

specific proteins as they are affected by proteolytic processes of yellowing and 

desiccation taking place in the seed; which could account for an apparent 

increase of protein expression of metabolic proteins.

3.4.2. Glycolysis is the dominant energy-related process in soybean seed 

coats

Within the energy-production functional class that showed very high 

normalized volumes, glycolytic proteins are the most influential class in the 

overall rise of expression (Figure 3.5A). At least 11 glycolytic proteins were 

identified in the seed coat (Table 3.2) from which at least 3 are developmentally- 

regulated phosphoproteins in Brassica napus (phosphoglycerate kinase, 

phosphoglycerate mutase, triosephate isomerase) (Agrawal and Thelen, 2006). 

This is evidence of the importance of glycolysis in the seed coat and points to its 

potential regulatory mechanisms.

Cytosolic phosphoglycerate kinase is a specific protein whose expression 

was down-regulated at maturity and raised considerably the overall trend of the 

class. It transfers a phosphate group from 1,3-biphosphoglycerate to ADP, 

forming ATP and 3-phosphoglycerate. In M. truncatula seeds, its expression was 

confined to the endosperm, was down-regulated before 24 DPA and was 

considered evidence of commencing of metabolic quiescence. In isogenic 

sunflower lines, it was found that plastidic phosphoglycerate kinase was up- 

regulated in high oil varieties; whereas, the cytosolic isoform was the 

predominant one in seeds with lower oil content (Hajduch et al., 2007).

Enolase was detected at moderate levels (Figures 3.5B and 3.12) with 

slight decrease at maturity. Enolase catalyzes the 9th step of glycolysis, turning 2- 

phosphoglycerate (2-PGA) into phosphoenolpyruvate (PEP). Because PEP is the 

likely precursor for plastid de novo fatty acid synthesis during seed development, 

it was proposed that enolase could be important in “pulling” glycolytic and 

RuBisCo-generated 3-PGA into PEP and therefore, de novo fatty acid synthesis
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in sunflower seeds (Hajduch et al., 2007). This model would presume that 3-PGA 

and 2-PGA are in equilibrium through phosphoglycerate mutase, which we found 

at consistent levels in the seed coat (Figure 3.1 OB; spots # 3185 and 2015 Table 

3.2). The apparent differential expression of multiple enolase isoforms (spot # 

1849; 445; 567; 2492) may point to a complex regulation for PEP production in 

the seed coat. Moreover, the transcript turn over of this protein (Figure 3.12) 

could be an indication of high protein stability and the notion of different isoforms 

expressed in a coordinated manner should not be ruled out. Further study of the 

regulation of glycolysis in the seed coat promises to be fruitful to understand the 

impact of the seed coat contribution to the seed fatty acids content.

3.4.3. Seed maturation proteins follow a similar expression profile 

throughout development.

Proteins involved in cell growth and division were few and expressed at 

relatively low levels during seed coat development (0.3 in Figure 3.3). Two 

different forms of transitional endoplasmatic reticulum ATPase were the only cell 

cycle-related proteins identified in the seed coat. This group of proteins were 

reported as abundant early in the seed development of Brassica napus (Hajduch 

et al., 2006) and M. truncatula (Gallardo et al., 2003). Proliferating cell nuclear 

antigen (Table 3.2) was the only DNA recombination and repair protein. This 

could probably be due to the fact that 2D spots were harvested from the late- 

stage technical replicates, a stage in which metabolic proteins were predominant 

in the 2D map and other groups (Appendix II), like cell cycle proteins that were 

present at lower abundance, were not picked for analysis.

In the case of seed maturation proteins (Figure 3.6B), desiccation 

protectant homolog of Lea 14 and seed maturation protein PM34, were highly 

expressed early in development and were slowly down regulated. These proteins 

are considered markers of protein maturation, since their expression in embryos 

peaks after 28 DPA at the commencement of maturation. In the seed coat,
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however, their expression starts earlier than 20 DPA, and therefore, can not be 

associated with the timing of maturation.

3.4.4. Proteolysis-related proteins are the dominant class within destination 

and storage sub classes.

The importance o f proteases in the seed coat has been highlighted in a 

comprehensive proteomic study of different seed compartments in M. truncatula 
(Gallardo et al., 2003; Gallardo et al., 2007). In this study, the authors associated 

the persistence of several proteases in the seed coat and endosperm with the 

supplementary source of amino acids for protein synthesis identified in the 

embryo. Although, this is an interesting hypothesis and very feasible, we propose 

that in the soybean seed coat the main role of the numerous proteases is related 

to tissue remodeling instead of that o f amino acid recycling. This is illustrated by 

the dramatic changes in structure reported in the seed coat of legumes, such as 

the crushing of the parenchyma due to tensile tension that is so intense, that at 

maturity, the seed coat possesses only the remnants of parenchyma and some 

aleurone cells (Figure 1.1, all panels) (M iller et al., 1999), (Yaklich et al., 1990; 

Yaklich and Barlaszabo, 1993). At maturity the seed coat is formed of epidermis 

and hourglass cells that due to their sclereid nature are able to provide protection 

and resistance to environmental factors along with their ability to almost 

encapsulate their contents, preserving protein stability for longer periods of time.

The diversity of proteases found in the seed coat points to several 

regulatory mechanisms that are known to be driven by the proteolytic pathway. 

Ubiquitin binding proteins (UBC) and proteasome-related enzymes that have 

often vital and versatile functions (reviewed by Sakamoto, 2006) are prevalent in 

the seed coat. The UBC complex represents the specificity component of the 

ubiquitin-mediated pathway, and is therefore of especial interest, and has been 

studied in Arabidopsis. Some proteases act as a chaperone whose activity is 

inducible under specific conditions. Such is the case of the subtilisin-type
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protease precursor in response to auxin signaling (Brechenimacher et al., 2008) 

or in response to light (Barnaby et al., 2004). Previously it was proposed that a 

subtilisin-type protease (SCSI) expressed in the soybean seed could be involved 

in the regulation of thick-walled parenchyma cell differentiation before the tissue 

is crushed by the expanding embryo (Batchelor et al., 2000; Beilinson et al., 

2000). Their prevalent presence in the seed coat (Table 3.2; Figure 3.7B; Figure 

3.14C) suggests their involvement in such regulatory processes and could be 

subject of further study. Altogether, regulated proteolysis can be regarded as fine 

tuning at the last step of gene expression (Gottesman et al., 1997; Wickner et al., 
1999). The ubiquitin-dependent degradation pathway through 26S proteasome 

provides a regulatory circuit with many developmental phenomena in plants 

(Hellmann and Estelle, 2002; Moon et al., 2004) and this work shows that the 

seed coat is no exception.

Within the protein destination and storage class, storage proteins in the 

seed coat accumulate at a relatively low level (Figure 3.7A and C) with glycinin 

(14 spots) and beta conglycinin (6 spots) of different isoforms and precursors 

being the main two forms, previously reported for the embryo (Hajduch et al., 

2005). The moderate abundance of storage proteins in the seed coat is an 

indication of the relative low ability of the seed coat to store reserves.

3.4.6. Important role of detoxification proteins in the disease/defence 

functional class.

Disease and defence related proteins in the seed coat are of importance, 

as they enable the execution of the protective role of this organ. From this class, 

detoxification proteins are mostly represented in a steady manner from early to 

late stages, to decline at maturity (Figure 3.9). Soybean peroxidase has been 

reported for its high stability (Kamal and Behere, 2003; Welinder and Larsen, 

2004), and potential use in immunoassays due to its thermal stability superior to 

that of horseradish peroxidase (Berlina et al., 2007) and phenolic removal from 

water (Bassi et al., 2004; Geng et al., 2004; Mao et al., 2006; Bodalo et al., 2007; 

Magri et al., 2007). This becomes important considering the abundance of this
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protein in the seed coat, which is around 10% of the total protein content (Gillikin 

and Graham, 1991) and its confined location to the hourglass cells (Gijzen, 

1997), a common feature to legume seed coats Protein expression under the 

control of a suitable promoter could be targeted to these cells and used for the 

accumulation of soybean peroxidase or other economically important proteins, 

using the hourglass cells and the seed coat as a bioreactor.

Cell structure, transcriptional and protein synthesis related proteins are 

expressed at similar levels (Figure 3.3), providing an indication of the close 

control of transcription and translation exerted in the seed coat. Glycine-rich 

RNA-binding proteins from Arabidopsis were found to delay seed germination 

during salinity stress and to accelerate it during cold-stress situations (Kim et al.,

2007) and to affect stomata opening and closing during abiotic stress (Kim et al.,

2008) . ADP-ribosylation factors (Arf1-Arf5 protein families) have been implicated 

in endocytic and secretory membrane traffic and microtubule dynamics (Kahn et 

al., 2005) in Arabidopsis. Clearly, further study on the protein synthesis and 

transcriptional control in the seed coat could be beneficial for the applied use of 

seed coats as target organ for heterologous protein expression.

3.4.7. Comparison of protein and transcript trends during seed coat 

development

In this study, specific proteins were compared to their transcript levels, 

providing indication of the regulatory mechanism governing protein expression. A 

comprehensive comparison of the abundant proteomic data generated for the 

seed coat to that of the custom made seed coat microarray was in a way 

unsuccessful and required tedious use of tentative contigs (TC) for the 

comparison. Once the predicted soybean proteome becomes available for blast 

searches, the comparison of the full proteome and transcriptome components 

would be feasible, opening an exciting door to the details of protein expression 

and its regulation in the seed coat.
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A large protein database is made available through our work for scientific 

investigation of the seed. The use relative volume as an indirect method to 

estimate protein expression allowed the semi-quantitative analysis of selected 2D 

spots. Undoubtedly, it will be of importance in the elucidation of protein regulation 

mechanics in the seed coat, important for the applied use of controlled 

heterologous protein expression and seed development manipulation.
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CHAPTER 4 

DISCUSSION

In the studies described in the preceding chapters, it has been 

demonstrated that the seed coat proteome is very complex and possesses 

numerous proteins. This is evidence of intricate mechanisms taking place in this 

organ, and led to an exploration of the general cellular pathways represented by 

functional classes. The association of the seed coat proteins with such pathways 

led to the establishment of detailed enzymatic pathways that represent the 

mechanisms of biosynthesis of cell walls, lipids, isoflavonoids and Ci metabolism 

pathways in the seed coat. Although, we used well established pathways, the 

association o f specific seed coat proteins with such important biosynthetic 

pathways is novel, confirming at the protein level the major functions of this 

tissue.

The developmental study that followed, allowed the identification and 

relative quantification of proteins that are differentially expressed during seed 

development. As the seed matures, the trend of metabolic proteins increases in 

the seed coat, leading to the conclusion that although metabolic quiescence is 

generally the situation in the embryo, the seed coat remains active to later stages 

of physiological maturity. It was also demonstrated that energy-related proteins 

along with the detoxification proteins, are the most abundant proteins expressed 

at physiological maturity in seed coats.

4.1 Protein identification

Large-scale identification of seed coat proteins is reported in Chapter 2.

A combination of methods was utilized to extract, pre-fractionate and identify 

seed coat proteins, using TCA precipitation, SDS-PAGE and 2-SDS-PAGE, 

followed by iterative exclusion lists and tandem mass spectrometry. The 

combination of these methods allowed the identification of over a thousand 

proteins, which surpasses the number o f proteins reported for whole soybean 

seeds. The use of iterative exclusion lists allowed the identification of lower
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abundance proteins. These are normally not detected by conventional spectral 

processing due to the high abundance of house-keeping proteins, such as 

storage and structural proteins. The combination of these methods promises to 

be fruitful in the study of single cell proteomes, such as epidermal and 

hourglass cells, which are highly differentiated and specialized cell types 

(Yaklich et al., 1986).

4.2 Gene onto logy assignm ent

The gene ontology assignment o f the identified proteins is relevant in 

that it allows proteins to be grouped according to their cellular function, 

involvement in major pathways or at least their sub cellular localization. Due to 

soybean’s econom ic importance, many efforts have been made to develop 

genetic and genomic resources for soybean, including genetic linkage maps 

and EST collections. Furthermore, sequencing of the entire soybean genome 

was completed and made available to the scientific community on January 18, 

2008 (http://phvtozom e.net/sovbean). However, the information is still 

prelim inary and is not yet suitable for protein searches yet. Once the predicted 

proteome becomes available, the protein data that we report could be probed 

against the predicted proteome first to confirm our report, but more importantly, 

to identify more proteins within the ~130,000 spectral profiles that did not find 

any match in the NCBI nr protein database.

Gene ontology assignment was done manually, given the current lack of 

automated gene ontology assignment tools for other plants other than 

A rab idops is  tha liana  and Oryza sativa. Genes associated with the Rhizobium  

colonization capacity are believed to account for 30% of the total genome of 

legume plants. That implies that if one was to use a non-legume protein 

database to search for legume proteins, there is a 30% less chance to find it 

before starting the search. Also, plant genomes are quite different. The 125- 

Mbp A rab idops is  genome is one of the smallest known among higher plants 

(Arumuganathan and Earle, 1991); whereas, the soybean haploid genome 

contains 1,115 Mbp. This almost 8-fold difference in genome size could be due

'i

http://phvtozome.net/sovbean
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to ancient polyploidization events during the evolution of the fam ily and the 

high level of repetitive sequences in the soybean genome (Grant e t al., 2000). 

Another factor is that there is considerable difference even between the 

genomes of model legume species such as M edicago truncatu la  and soybean 

(Choi et al., 2004) making comparisons even within the same fam ily not robust. 

One example demonstrated here is the difference in expression of metabolic 

proteins that we reported in Chapter 3 between soybean and M. truncatula, this 

suggests different Ci metabolism trends, which could be quite significant in 

terms o f seed physiology and might be due to the intensive selection for 

agronomic traits in soybean as opposed to lower selective pressure exerted on

M. truncatu la.

Protein identification in tandem mass spectrometry is carried out by 

virtue of database searches (Sadygov et al., 2004). One should not forget that 

the current state o f plant protein databases in general is still under developed 

(Yates et al., 2004). Although major efforts are currently being undertaken to 

resolve this issue, a large proportion of plant protein databases rely on the 

theoretical translation of nucleotide sequences, which only give putative 

proteins. Undoubtedly, seed research will benefit from the further development 

o f protein databases and predicted proteomes as these resources become 

available.

4.3 Im portant ce llu la r pathways confirm ed in the seed coat

The identification of most of the enzymes involved in cell wall biosynthesis 

in the seed coat proteome is evidence of the importance of this pathway in this 

organ. Hourglass and palisade layers are formed by sclereid type cells much 

differentiated plant cells with thickened cell walls. The hourglass cells are the 

most prominent anatomical feature in mature soybean seed coats. The thickened 

cell walls provide structural support for the seed and allow them to withstand the 

tensile pressure of the growing embryo. Their rigidity limits seed size and results 

in crushing of some of the inner seed coat layers as the embryo grows. 

Thickened cell walls are also observed in the vascular parenchyma and
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aerenchyma, where they may enhance the apoplastic transport o f nutrients to the 

embryo during seed filling. The presence o f extensins and proline-rich proteins 

provides further evidence for the cross-link to the extracellular matrix and 

solidification of cell walls.

Several cell-wall related proteins are reported that point to processes 

different than cell wall biosynthesis, such as cell wall invertases and their known 

role in the creation of sink strength. Two examples are: rhamnose synthase in 

pectin production and UDP-glucose epimerase in cell wall integrity. Serine 

proteases potentially involved in parenchyma tissue remodeling and cell wall 

loosening proteins are also reported. Other cell wall proteins, such as proteases, 

polysaccharide hydrolytic enzymes, and lipases were reported to contribute to 

the generation o f defense signals and response to the environment and many 

still unknown proteins may fall in this category. Our results establish a baseline 

for further scientific investigation and discovery o f key players in the mechanism 

of seed coat response to the environment. The spectral data should be further 

analyzed against the soybean cell wall proteome once the resources become 

available.

O ur results demonstrate that at the protein level the seed coats are 

capable o f de novo  lipid synthesis. It is also noteworthy that seed coats seem to 

have the capability to synthesize tocopherols, from a branching of the 

phenylpropanoid pathway and FA synthesis. In A rab idopsis  seeds tocopherols 

inhibit the oxidation of polyunsaturated fatty acids during dormancy and 

germination, increasing germination fitness (Sattler e t al., 2004), which would be 

fitting with the postulated function of the seed coat in germination enhancement. 

A metabolic engineering approach taken to increase the vitamin E content in 

soybean utilizing the over expression of 2-methyl-6-phytylbenzoquinol 

methyltransferase (VTE3) from Arab idopsis, the levels o f a-tocopherol, which is 

the active vitamin E, increased its expression by 7-fold (Van Eenennaam et al., 

2003). This demonstrates that data obtained from engineering tocopherols 

synthesis in a model system can be readily transferred to crop plants, marking 

the beginning of exciting times in which plant metabolic engineering can be used
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to have a positive impact on human nutrition and health. In that sense, our 

results provide the protein information necessary for the evaluation and 

implementation of biotechnological efforts to modify seed coat and seed lipid 

synthesis.

Isoflavonoids have been reported to accumulate mostly in developing 

seeds and leaves, and in some extent in the seed coats (Dhaubhadel et al., 

2003). It is known that soybean embryos have the capability to synthesize 

isoflavonoids de novo  from simple precursors and it was proposed that the 

isoflavonoids from the seed coat are transported to the embryo, helping to 

increase the total am ount o f these metabolites in the seed. It was also noted that 

the inheritance of isoflavonoids in soybean seeds presents a maternal effect; that 

is, it is transmitted from plant to progeny in the maternal integuments, from which 

the seed coat arises. Our results confirm the de novo  synthesis o f isoflavonoid in 

maternal tissues and support the notion that seed coat isoflavonoid biosynthesis 

contributes to the overall content o f the soybean seed. W e also demonstrated 

the presence of several types of transporters that have been previously reported 

in the transport o f isoflavonoids. The detailed complement o f biosynthetic 

enzymes and potential transporters provide a baseline for the closer inspection of 

the specific mechanisms of isoflavonoid accumulation and transport in the seed 

coats and will certainly be helpful in any metabolic engineering o f the isoflavonoid 

contents o f soybean.

Proteolysis is one of the main processes taking place in soybean seed 

coats. Its presence is undoubtedly related to tissue remodeling, which is very 

dramatic during seed development, and even at maturity. A t maturity the seed 

coat is formed of epiderm is and hourglass cells that due to their sclereid nature 

are able to provide protection and resistance to the seed coat, besides their 

ability to alm ost encapsulate their contents, preserving protein stability for longer 

periods o f time. There is also evidence to support the notion of nitrogen 

remobilization and protein degradation by subtilisin-type proteases, Clp- 

proteases, 20S proteasome. Also, the seed coat proteome is equipped with at 

least 54 cysteine proteases, half o f the protease component, which have been
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reported in chloroplast degradation or yellowing that takes place at physiological 

maturity. Glycoside hydrolases are involved in the hydrolysis o f cell wall 

polyssacharides and signaling (M inic e t al., 2007); their presence is an 

indication of the cell wall degradation and remodeling that takes place in the seed 

coat. There is a wealth o f proteases in the soybean seed coat that could be 

related to the regulation of several processes such as chloroplast biogenesis and 

local system ic defense responses. Our data provides a detailed prospecting of 

the proteolytic complement in soybean seed coats and will be helpful in future 

biotechnological efforts to modify the protein composition of seed coats. W ithin 

this same functional class, the moderate abundance of storage proteins in the 

seed coat is an indication of the relative low ability o f the seed coat to store 

reserves.

A t physiological maturity, the most abundant protein in the seed coat is 

methionine synthase. Together with S-adenosylmethionine synthase (AdoMet), 

these two enzymes were previously associated with the status o f metabolic 

activity in seeds (Gallardo et al., 2003; Rajjou et al., 2004). It is noteworthy to 

find these metabolic enzymes as the most abundant in the seed coat, as an 

indication of the importance of this process. Their decreased levels could be 

considered an indication of the switch from active metabolism to a quiescent 

state. In our study, the high abundance o f this protein indicates that seed coats 

are metabolically active for a prolonged period in comparison to the embryo. 

We propose that the high levels o f methionine synthase in the seed coat could 

also be related to its participation in the production of the fruit ripening hormone 

ethylene. Several other enzymes found in the seed coat proteome, such as S- 

adenosyl-L methionine (SAM), am inocyclopropane 1-carboxylic acid (ACC) 

oxidase (ACO) and various forms of ACC synthases (late embryogenesis and 

maturation proteins), support the idea of active production of ethylene in the 

seed coat.

The finding that proteins involved in amino acid synthesis that are very 

abundant at later stages of development, especially methionine synthase, serine
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hydroxymethyltransferase and aspartate aminotransferase is contradictory to the 

declining trend reported for metabolic proteins (Gallardo et al., 2007). The 

difference in the expression patterns of these proteins between the soybean 

seed coat and M. truncatu la  seed coats and endosperm is substantial. This is an 

indication that the regulation of amino acid synthesis in the seed coat is highly 

species-specific, and could indicate more complex regulatory pathways in which 

each amino acid is involved after biosynthesis, such as ethylene production for 

fru it ripening and C and N fluxes within the seed compartments. Overall, our data 

suggests that the seed coat is highly active in amino acid synthesis. The amino 

acids made in the seed coat may be transported to the embryo, where they help 

meet the high demand fo r protein synthesis. W e know that there is no vascular 

connection between the seed coat and the embryo (Yaklich et al., 1984), that 

would infer that transport events are expected to be active and involving specific 

amino acid transporters, presenting a very interesting opportunity for the study of 

the manipulation of amino acid composition in the seeds.

Energy-production related proteins are important in the seed coat, as they 

are probably in every other plant organ. In the seed coat, glycolysis takes a 

noteworthy place, with the enzymes expressed at high relative volumes. Some 

glycolytic proteins are developm enta l^ regulated phosphoproteins such as 

phosphoglycerate kinase, phosphoglycerate mutase and triosephate isomerase. 

Further study of the regulation of glycolysis in the seed coat promises to help 

understand the impact o f the seed coat’s contribution to the fatty acid content o f 

the seed.

Disease and defence related proteins in the seed coat are o f importance, 

as they enable the execution of the protective role of this organ. From this class, 

detoxification proteins are mostly represented in a steady manner from early to 

late stages and decline at maturity. Soybean peroxidase has been investigated 

for its high stability, potential use in immunoassays due to its thermal stability 

superior to that of horseradish peroxidase, and in the removal o f phenolic waste 

from water. These uses become important considering the abundance of this 

protein in the seed coat, which is around 10% of the total protein content (Gillikin
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and Graham, 1991) and its confined location to the hourglass cells (Gijzen, 

1997), com mon feature to legume seed coats. Protein expression under the 

control o f a suitable promoter could be targeted to these cells and used for the 

accumulation o f soybean peroxidase or other economically important proteins, 

using the hourglass cells and the seed coat as a bioreactor.

In this study, specific proteins were compared to their transcript levels, 

providing an indication of the regulatory mechanism governing protein 

expression, as in the case of transcript or protein turnover during seed coat 

development. A  large protein database is made available through our work for 

scientific investigation of the seed. Undoubtedly, it will be o f importance in the 

elucidation o f protein regulation mechanism in the seed coat.

4.4 Summary

The results presented here provide useful resources that can be 

exploited in future studies o f the seed coat and its protein composition 

modification during development. Also, it is also an important contribution to 

the general understanding of seed development and the involvement of the 

seed coat in this process. These resources include a comprehensive list of 

over a thousand proteins classified into functional classes, representing a 5- 

fold increase in the number o f proteins identified in whole soybean seeds. Over 

300 hundred of these proteins were followed up during seed coat development, 

and there is information available on the expression levels at each stage with 

transcript level comparisons for some of them. Also, the allocation of several 

enzymes to important cellular biosynthetic pathways, such as C i metabolism, 

lipid synthesis and proteolysis, gives very detailed information on the 

mechanics and particularities o f their regulation in the soybean seed coat.
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Appendix I. 2D-SDS-PAGE pre-fractionation of seed coat proteins. Four technical replicates of 500 pg of protein extracted from 35- 

50 DPA soybean seed coats. Images were analyzed using Progenesis PG220 and spots were excised from replicate 3.
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Appendix II. Proteins identified by LC-MS/MS from 35-50 DPA soybean seed coats 1D and 2D SDS-PAGE 
gels.

Proteins were classified according to protein functional categories described by Bevan et al. (1998). Proteins were 

identified by ESI-LC-MS/MS analysis of tryptic peptides following searching against NCBI nr database. The putative 

protein identifications with score M 3  were considered as positive. The table includes the NCBI nr accession number, 

MS/MS score, unique peptides, percentage of protein coverage, theoretical MW /pi and the species in which the 

protein was found with closest similarity in the database.

NC8I MS/MS Distinct
Acci lion 3csch Peptides Cov. Theoretics/ Species 
Number Seen kfcnt % MW pi

01 Metabolism

1 3-dchydroqum atc synthase 5 7 2 8 36 7 9 14 1 9 16 .3 10 .4 ¡h
2 3-m crcaptopyn rvttc  « M a t a n s f a a s e 7 5 8 19 7 2 16 1 2 4 0 2 5.8 Al
3 4-hydroxyphcnylpyn jvate d ioxygen ase 14 8 6 16 2 0 6 28 2 4 48.4 5 .6 Gm
4 S '-a m m o t r a k / o lc  ribonucleotide synthetase 3 7 9 8 3 5 6 6 16 1 7 4 2 .9 5 1 Si
5 acetylorni th in e transam inase, putative 2 15 5 4 0 4 3 48 3 8 48.8 6 .3 Al
6 A C T  dom ain-containing protein 2 15 9 2 9 6 3 15 1 2 3 3 .3 5 3 Al
7 alanine a m in o tn a s id a s e  ( A L A A T I) 4 2 5 6 2 1 1 9 2 4 2 2 59 .8 6 .0 Al
8 a la n m c ft y o u la t c  am inotransferase 2  (A G T 2 ) 18 4 2 0 4 9 8 13 1 1 5 2 .0 7 .7 Al
9 alan in c-2-o xo g lu tan te  am inotransferase 1 (GC7TI) 3 0 6 8 8 3 3 0 69 4 1 1 5 3 3 6 .5 At

I » am m oocylasc h kc protein 30 6 9 38 4 9 2 5 2 5 49 .0 5 .7 Al
1 1 am m o m eth yltran siaase 7 9 4 7 0 3 3 7 13 1 2 4 3 3 6 J Al
1 2 am inotransferase c lass  IV  (am ily protein 2 2 3 3 0 8 5 6 26 2 6 6 2 1 6 .4 Al
13 argm inosuccinate synthase-like protein 4 6 7 8 26 2 13 1 2 5 4 .9 6 3 Al
14 asparagin e synthetase 7 7 8 19 9 0 9 15 2 2 6 5 1 6 1 Gm
IS aspartate am inotransferase 29 468 08 4 20 2 4 4 5 .9 5 .9 (h
16 aspartate am inotransferase 1 ( A S P 1 ) 15 2 2 4 5 9 2 42 4 1 1 4 7 .8 8 .4 Al
1 7 aspartate am inotransferase g lyoxysom al isozym e A A T 1 precursor 2 6 54 09 4 2 5 0 17 42 4 9 7 8 .7 Gm
18 aspartate ca ib am o y ltra n sfe ru e 2 1 5 3 5 7 9 5 17 2 3 4 2 6 6 .1 Si
19 aspartyl am tnopeptidaso-likc protein 2 1 5 3 7 2 9 0 14 1 2 5 2 .5 6 3 At
2 0 •tax is-te lan g iec tasia  mutated protein (A tm ) 7 5 2 9 2 7 2 19 2 0 4 3 5 .1 7 .0 At
2 1 au x in u p rcgu la tod  l .y a d o k a r i 1 ( Y D K I ) 15 2 3 5 5 3 8 13 2 3 6 8 .2 5 .9 At
2 2 bcta-alan in e-pyn ivale am inotransferase, putative 1 5 2 3 19 7 4 29 2 5 5 2 5 8 .1 Al
2 3 beta-u radopropion aae 3069 8009 2 7 2 6 4 5 .6 5 .9 Al
2 4 biotm  synthase 8 2 3 9 3 8 5 1 13 1 2 4 1 .6 6 .8 Gm
2 5 branched ch ain  alpha-kcto ac id  dehyrhogcnaac F 2  subunit 7 0 2 12 8 4 14 2 3 5 2 .8 6 .4 Al
2 6 ch on sm atc m utaac 1 ( C M I) 18 4 0 6 10 0 17 2 12 3 8 1 5 .7 Al
2 7 ch on  sm ite  synthaae 7 7 5 4 7 0 3 1 106 8 17 4 7 3 6 3 Gm
2 8 sim ilar to leu cy l tK N A  synthetase from  Ilom o u p ie n s  g b jlJ6 4 2 2 3  856 9 0 9 0 34 2 4 9 6 3 6.8 Al
2 9 cyste in e synthase 126 50 8 7 8 4 12 7 8 35 3 4 .7 5 3 Gm
3 0 cyste in e synthase 12 6 5 0 8 7 7 8 12 0 8 3 2 3 4 5 5 .5 Gm
3 1 cyste ine synthaae ( O A S -T I3 ) 14 8 5 6 2 4 5 1 2 1 2 5 4 0 .1 6 .6 Gm
3 2 cyste in e syn thase (O A S -T IA ) 14 8 5 6 2 4 5 7 13 9 9 3 2 4 1 3 8 .1 Gm
3 3 d iam in op im d ate dccarboryiaso-bke protein 9 2 7 9 5 8 6 15 1 3 5 8 .5 7 .6 Al
3 4 d iam inopim eiate epunerase fam ily protein 1 5 2 3 1 8 4 1 26 2 8 3 9 0 5 .5 Al
3 5 dihydrodip icolinate reductase fam ily  protein 1 8 4 1 1 3 6 8 26 2 6 3 7 .9 6.8 Al
3 6 IcTTcdoxin-dcpcndcnt glutam ate synthaae 17 0 2 8 7 2 2 1 3 2 1 8 0 1 6 .1 Al
3 7 glutam ate d ecarboxylase 16 2 2 6 2 9 4 28 2 4 5 6 .2 5 3 At
38 glutam ate d ecarboxylase ( G A l) l ) 3 1 2 9 6 7 1 1 36 3 6 5 4 3 5 3 ¡h
39 glutam ate d e ca rb o x y k se , putative 2 1 5 3 6 9 1 9 29 2 3 5 5  8 5.4 At
4 0 glutam ic acid -rich  protein 15 2 4 0 9 0 7 13 1 1 7 2 0 5.8 At
4 1 glutam ine am idotransfcrasc/cyclase 3 2 19 1 6 4 40 3 5 6 4 .7 6 .5 At
4 2 glutam ine synthetase 2 8 6 12 4 2 2 2 6 3 9 3 5 3 7m

(Table continues on following page)
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NCBI MS/MS Distinct
A cco ta i Search P tptkta Cov. Thtoratical Spoeta 
Number Scoro I dent % MW pi

43 glutamine synthetase iso form G S e l

44 glutamine synthetase precursor

45 homologue to thiamine pyrophosphate (T 2 5 K 16  8)

46 homologue to tyrosinc/scrinc/thrconinc phosphatase

47 hypothetical protein

48 hypothetical protein

49 hypothetical protein

50 hypothetical protein

5 1  hypothetical protein

52 hypothetical protein

53 hypothetical protein

54 hypothetical protein

55 hypothetical protein

56 hypothetical protein

57  hypothetical protein

58 hypothetical protein

59 hypothetical protein

60 hypothetical protein

6 1 hypothetical protein

62 hypothetical protein

63 hypothetical protein

64 hypothetical protein

65 hypothetical protein

66 hypothetical protein

67 hypothetical protein

68 hypothetical protein

69 hypothetical protein S T B 1  54t00008

70 lA A-leucincresistant (ILR)-likcgene I ( U L I )

7 1  IN C O M PLET E R O O T I1A 1R  ELO NGATIO N (IR E )

72 E O V A L E R Y L rC O A -D E IIY D R O G E N A S E  (1V D )

7 3  light induced protein like

74 lysine kctoglutarate reductase/saccharopine dehydrogenase

75 membrane aianyt ammopeptidase

76 methionine over-accumulator (M T 0 2)

77 methionine synthase

78 mcthioainc synthase

79 m ethkm ine-tRN A ligasc, putative

80 methyknctetrahydrofolatcreductase I (M T IIF R I)

8 1 mitogen-activated protein kinase

82 NADU dependent glutamate synthase

83 nodutin-like protein

84 ornithine aminotransferase

85 ornithine carfeam oyltransfcnsc (OTfC)

86 peptidase M 3 fam ily protein / thimet ohgopeptidase family protein

87 peptidanethionme sulfoxide reductase 1 (P M S R 1)

88 peptidanethionme sulfoxide reductase 2  (P M SR 2)

89 phosphatidylserinc decarboxylase

90 plastid transcriptionally a c t iv e ! 7  (P T A C 17 )

91 prepbenate dehydratase fam ily protein

92 prohne 4-dioxygenase (P4H ISO PO R M  2 )

93 protcm-scrinetthrconine kinase

94 putative ammopeptidase

95 putative aspartate aminotransferase

%  putative carbamoyl phosphate synthase large subunit

4 0 3 17 4 2 0 25 3 17 39 .5 5.5 Ta
13 8 7 7 5 1 1 63 4 12 4 7 .7 6 .7 Gm
6 7 15 6 4 5 17 1 1 7 5 .3 8.9 At
16 6 12 2 4 6 27 3 6 42.6 6.5 At
20043048 25 3 21 17 .7 1 1 . 1 Os
1567638 38 23 2 5 74.2 8.3 Nt

1402889 2 1 2 15 24.6 9.9 At
4 5 8 1 17 9 19 2 2 129 .3 5.3 At

20 19 7 28 8 18 2 2 79 .7 5.2 At
199 20070 18 2 1 1 4 3 .1 10.9 Os
12 3 2 10 8 4 17 2 4 69.7 6.4 At
3 3 3 2 10 4 5 17 2 5 70 .1 6.5 Zm
2829867 17 2 3 9 1 .2 9.6 At
4680491 16 2 1 98.2 7.7 Os

3 3 3 2 10 4 6 16 2 3 99.5 5.9 Zm
110 7 9 4 8 8 16 2 10 4 7 .5 9.6 At
6562308 16 2 2 168.9 6.0 At
12 3 2 16 8 4 15 2 6 72.9 9.9 At
2244937 15 2 2 56.6 4.0 At
47339 86 15 2 3 97.8 6 .2 At
19 9 2 0 12 1 15 2 3 8 1 .2 5.5 Os
2 18 0 5 7 4 7 14 2 3 44.8 9.6 At
1 10 7 4 0 2 36 14 1 1 1 1 1 .9 10 .3 At
19 8 8 15 6 3 14 2 1 9 5.8 1 1 .5 Os
20 19 7 0 7 6 13 1 7 12 .6 8.8 At
9802760 13 1 1 58.8 9.3 At

53749455 15 2 6 6 1 .5 8.4 St
15 2 4 18 9 2 16 1 3 4 7 .7 6.2 At
15 2 4 !7 9 5 17 2 2 13 0 .1 5.4 At
15230664 2 7 3 12 44.8 7.5 At
79325005 44 3 20 16 .5 9.6 At
10 7 16 9 6 5 2 7 3 4 1 16 .3 5.5 Zm
2 2 3 3 0 6 18 23 3 3 15 5 .7 6.2 At
18 4 10 19 1 3 1 2 5 56.9 8.2 At
33 32 5 9 5 7 644 39 61 84.3 5.9 Gm
8439545 34 2 3 84.7 5.9 St
15 2 3 6 3 5 0 19 1 1 89.9 6 .7 At
1 5 2 3 2 2 15 38 3 7 66.3 5.6 At
78096654 25 3 12 42.9 6 .1 Nt
4 00 8 156 3 1 4 2 236 .7 6.7 Os

110 7 3 6 3 6 6 15 2 9 36 .5 8.9 At
7 7 54 0 2 14 14 1 2 5 1 .4 8.1 Gm
15 2 2 2 19 2 16 1 2 4 1 .0 7 .2 At
18424970 30 2 4 88.8 5.9 At
12597894 3 7 3 14 22.8 6 2 Os
1524079 5 15 1 4 24.4 5 .1 At
29465780 15 2 5 50 .2 9 .3 f e

15 2 18 2 8 7 16 1 3 50 .3 5.3 At
18390869 27 2 5 44.8 6 .1 At
18 39 7528 27 2 10 33 .0 5.9 At
5 0 5 14 6 13 2 7 47.0 9.0 Nt

123249 50 30 3 2 108 .1 6.0 At
4 10 28 8 7 19 1 IS 10 .2 5.0 IN

2 15 3 5 7 9 1 16 2 4 13 2 .1 5 .7 Nt

(Table continues on following page.)



(Table continued from  previous page.)
157

Appendix D. (Continued from previous page)

A cess ion Scardi Peptides Coviwewnni VW1NI i Wf«
NON M8/MS Distinct

Species
H u n te r Scora a-a---am m . % MW Pi

3 2 4 9 3 1 14 14 9 10 2 7 5 1 .3 5 .7 Gm
12 14 8 9 6 2 3 23 2 6 3 9 0 5 .5 Ps
14 5 3 2 7 7 2 29 3 6 84.6 6 .1 Al
4 4 6 7 12 8 3 3 2 2 83.4 5 3 Al
1 19 6 7 8 6 1 3 1 2 4 55 .6 6 .1 Ps
4639 9 26 9 29 2 7 3 3 .1 5 .9 Nt
18 4 2 4 36 6 16 1 3 27 .4 5 1 At
7 2 2 3 6 5 19 13 8 9 3 1 3 3 1 5 .6 Gm
6 0 26 6 7 29 17 6 13 3 2 53 .5 5 .6 Al
2 2 3 3 0 9 9 2 16 2 3 4 3.4 5 .4 At
3 7 0 5 1 1 1 7 89 6 1 3 3 7 .6 6 3 Ps
2 2 5 3 10 3 4 3 1 2 4 55 .9 5 .8 At
12 32 2 9 8 5 22 2 3 5 1 3 6 .9 At
15 2 2 3 9 9 1 18 1 2 49.2 5 .4 At
3069 0400 14 3 10 2 3 59 .1 8.8 At
18 4 18 0 2 8 34 3 6 5 8 0 9 0 At
15 2 3 6 3 7 5 1 3 1 8 2 3 5 1 .7 6 .8 At
15 2 3 6 3 7 1 62 4 6 5 2 3 5 .7 At
1 5 2 19 18 2 16 2 1 66.6 6 .4 At

1 10 7 3 6 5 8 9 16 2 1 6 1 . 1 6 .4 At
14 5 3 3 9 10 8 15 2 5 10 6 .4 6.8 At
1 5 2 3 7 17 4 18 2 10 64.9 5.6 At

12 6 5 17 9 7 2 32 3 10 3 5 .5 5 .1 Ta
14 5 3 5 8 5 5 7 30 3 5 8 1 J 5 6 At
30690669 28 2 3 1 0 6 3 6 .0 At
9 294588 15 2 1 1 4 1 .6 4 .9 At
7 4 8 50 7 3 14 1 2 4 0 .4 8.8 At
18 4 0 16 9 6 14 1 5 2 3 1 6 .1 At
3 3 3 4 0 5 15 32 2 II 28 .6 4 .8 Nt
1 0 1 7 7 5 7 1 19 2 6 6 3 .1 5 .7 At
7 5 4 7 1 I I 19 1 3 39 .9 5 .9 At

8 3 2 7 2 14 7 3 0 2 4 5 6 J 6 .7 Gm
10 7 5 9 9 34 8 3 2 2 20 18 .3 6 .4 Gm
3 0 6 9 0 8 15 2 1 2 5 3 6 .8 5.4 At
3 4 13 4 7 3 76 5 18 3 8 .3 6 .1 Gm

18 5 4 3 1 2 2 8 3 1 4 6 3 8.6 Gm
9 29 46 43 3 2 4 4 1 1 5 . 8 5 .7 At
9 7 5 8 5 2 3 20 2 2 6 4 3 9 .5 At
9 294460 16 2 3 7 7 3 6.8 At
10 17 6 9 9 5 14 2 3 8 2 .7 6 .3 At
9 2 9 4 5 10 13 2 2 6 7 0 5 .5 At
1 8 4 1 1 2 5 4 14 2 1 8 0 .3 9.4 At

•’ ' ¿ J  M ." '
9 0 19 4 2 9 5 50 4 8 5 1 .8 7 .3 Gm
5 1 5 3 8 2 1 3 18 1 3 4 7 .3 5 .5 Ta

19 8 75 55 4 16 5 1 .0 7 .1 Nt
18 4 12 3 0 7 4 1 3 7 4 1 .9 6 .0 Al
4 3 8 9 4 17 2 2 3 5 10 0 .1 6 .4 Gm
5 0 20 38 5 14 2 3 1 0 1 .5 6.4 Zm
190 6 00 2 24 3 8 6 6 .9 7 .0 Gm

7 7 4 16 9 6 5 14 1 4 2 8 9 9 .1 St
2 7 3 8 7 5 2 15 2 9 2 5 3 10 .1 Zm
15 2 3 2 2 3 0 16 2 5 4 3 .3 8.8 At

9 7  putative glutam ate decarboxylase

9 8 putative glutam in e synthetase

9 9  putative m ethionine synthase

0 0  putative protein

0 1  putative serin e carb o xyp ep tid u e

0 2  p yrid o xm c b iosynthesis I 3  (P O X  I )

0 3  p y rid o x m c b iosynthesis 2  (A T P O X 2/F .M B 24 0 7/P D X 2)

0 4  p y rid o x m c biosynthesis protein 

0 3  S -adcaosyl-L -h om ocyste in c hydrolase 1 mutant

0 6  S -ad cn osyW ^m cth ion in ccarb oxyl m cthyltransfcrssc fam ily  protêt

0 7  S-adenosylm cthioninc synthctaso-2

08  serin e carboxypeptidase I precursor-like pro tan

0 9  serin e carboxypeptidase 0 , putative

10  serine carboxypcptidaso-likc $0  (S C P f.5 0 )

1 1  serin e hydroxym eth yltrin sferaac 2  (S I  IM 2 )

1 2  serin e h ydroxym eüiyltram fcrase 3  (S H M 3 )

1 3  serin e h yd ro sy m d h y te rsn sfa aa e  4 (S H M 4 )

14  te rm e hydroxym cth yltran sfcn uc 3  (S U M S )

1 3  sen n e  h yd ioxym eth y ttrsn s ia sa e  6  (S I  1M 6 )

16  serin e protein  k in ase  like protein

1 7  serincfthtcrm tne protein k inase

18  serinefthtoontne protein kin ase (W N K 4)

19  senne/threonm e-protem  phosphatase P P 2 A -I catalytic subunit

2 0  serino-type peptidase

2 1  serine-type peptidase

2 2  ser-thr protein  k inaso-Jike protein

2 3  sim ilar to Aim ary iacctoacctalc hydrolase

2 4  sim ilar to lys in e  decarboxylase ( T 3 B 2 3 .2 / Ï 1 B 2 3 .2 )

2 3  spen n idm e synthase

2 6  tetn h ydro fo ly lp o iyglutam atc synthase-like protein

2 7  threonine a ld o la se  2  (T H A 2)

28  threonine syn thase

2 9  tryptophan syn thase alpha subunit

3 0  type o n e senne/threoom c protein phosphatase 8 (T 0 P P 8 )

3 1  tyrosine phosphatase I

12 unnam ed protein product

13 unnam ed protein  product

14 unnam ed protein product 

3 3  unnam ed protein product

3 6  unnam ed protein  product

3 7  unnam ed protein  product

3 8  x y la n  serin e peptidase I (X S P I  )

01 Metabolism
01.02 NHrogtn and sulphur >J|

139 ATP sulfuryiaae
14 0  auxin  am idobyrko lase

1 4 1  g lu tam ate-1-arm iald rh yd c 2 ,1-am in om u tasc

14 2  m crcap to p yru vatcsu lfistran sfcrasc  I ( S T 1 )

14 3  nitrate reductase

14 4  nitrate reductase 

14 3  nitrite reductase

14 6  r ic sk c iro n -iu liu r  protein-like

14 7  su lfate  perm ease

14 8  suU itc o x id ase  (S O X )

( I able continues on following page.)
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A p p en d ix  I I  (Continued t o n  p re v io u i page)

NC8I 
Arre lion

MB/M8 Distinct 
Search Peptides Cos. mtomcai Species

Number Scon Went % MW p|

¿1 MtttbolUm
01.03 Nucleotides

49 3 '-5 ' cxon uclcaae/ nucleic a c id  binding 4 5 8 5 9 8 7 2 3 3 7 7 4 .1 5.4 At
50 3 '-5 '-cxo ribo n u c lease/ R N A  binding 15 2 2 7 4 8 8 20 2 10 3 3 .4 4 .7 At
5 1 adenine ph<M phoribosyltransferaso-likc 8 2 6 2 1 16 6 60 4 24 19 .8 5 2 St
52 aden ylate k in ase  fam ily protein 30 6 8 6 8 29 22 2 8 2 7 .8 7 .0 At
53 adcn ylocuocin atc synthetase 9 8 5 8 7 7 5 56 5 10 6 4 .5 8.1 U
54 ad en ylosu ccin ate synthetase 2 1 5 3 7 3 4 5 29 2 6 5 3 .0 6 .7 At
55 A T R Z -I  A , n uclocbde binding 1 5 2 3 1 5 5 7 15 2 12 26 .9 8 9 At
56 b e ta -1 ,3 -gtu can asc-likc protein 9 7 5 8 1 1 5 17 1 1 50 .7 5 .7 At
57 ch lorop last alpha-glucan  w ater d ik m atc  iso  form 3 5 3 7 7 18 3 4 17 2 1 1 3 1 . 3 5 .9 At
58 cytoso lic  g lu tam in e synthetase G S b cta l 10 9 4 6 3 5 7 2 6 5 16 5 7 39 .0 5.5 dm
59 d a n c t a - h k c  protein 3 (D M L 3) 2 9 1 1 0 5 6 15 2 3 10 6 .3 9.5 At
60 dibydroorotase, pyrim idm  4  (P Y R 4 ) 15 2 3 5 8 6 5 19 1 4 4 1 .9 8.6 At
6 1 d ibydroorotatc dehydrogenase fam ily  protein 15 2 2 9 5 2 9 5 3 3 9 46 .8 6.4 At
6 2 cn d o -l 3 -b cta-g lu can aae 3 8 6 4 0 7 9 5 10 4 7 3 3 36 .6 8.9 dm
6 3 endonuclease 14 5 4 4 2 2 8 8 3 2 2 9 3 3 .5 6 .1 dm
64 cxo n u cicaae  fam ily  protein 15 2 3 9 1 6 7 16 2 4 5 3 .2 8 .7 At
6 5 form ate tctrahyrofolalB  Kgaae 1 7 0 1 7 2 7 1 3 6 3 9 3 1 .6 7 2 Zm

66 G O P  d isso cia tio n  inhibitor 2 5 0 18 5 0 1 1 5 8 2 1 49 .7 5.4 Nt
6 7 G D P-D -m aim oee-4,6-dchydrataac M U R  1 2 15 3 6 8 0 8 28 3 8 4 2 .0 5 .7 At
68 g lyc m am id c  ribonucleotide tra n sfo n n y to e 3 2 8 15 0 6 6 44 4 14 34 .5 9 .1 dm
69 GrTP-binding protein, putative 8 4 3 9 9 10 2 5 3 2 1 1 6 J 6 2 At
70 guan in e n ucleotide exch an ge fam ily  protein 1 5 2 3 3 7 3 4 20 2 1 18 8 .8 5 .5 At
7 1 gu an in e  n ucleotide regulatory protein 12 0 8 5 3 7 58 4 2 3 2 3 .2 7 .7 dm
72 guan osin c polyphosphate pyrophoephohydrohsc (R S H 1) 1 10 7 4 2 2 8 6 16 2 2 9 8 .7 6.6 At
7 3 hypothetical protein 6 2 3 1 9 3 1 5 19 1 7 2 1 6 6 .3 At
7 4 in osin e m onophosphate dehydrogenase 4 4 6 8 19 3 24 2 7 53 .4 5.5 dm
7 5 isopen tony 1 transferase 4 7 4 9 8 59 2 15 2 8 3 8 .1 9.0 dm
76 N A I >  A D P -rib o sy l transferase 2 6 4 5 1 2 % 13 2 4 4 3 .6 5 0 At
7 7 n u cleosid e diphosphate k inase 2 6 2 4 5 3 9 5 12 4 8 5 5 16 .4 6.9 dm
78 n ucleoside diphosphate k inase 6 4 3 5 3 2 0 10 5 7 24 2 5 J 9 .4 Ps
79 nucleoside diphosphate k inase 1 6 3 % 16 1 8 1 6 1 7 0 At
80 nucleoside diphosphate km asc (N D P K 2) 30 6 9 7 8 20 2 1 2 5 2 5 .6 9 .1 At
8 1 nucleotidyltransferase 3 0 6 7 7 8 9 3 19 2 6 4 2 J 6 .1 At
82 nucleotidyltransferase fam ily protein 18 4 0 6 8 4 1 17 2 2 8 5.8 6.4 At
83 pigm ent d e fec tiv e  (PDF, 19 4 ) 1 5 2 19 6 8 1 16 2 8 3 8 .5 9 .3 At
84 pollen  tube R h o G D Q 8 9 4 736 9 8 16 2 7 26 .6 4 .7 Nt
85 p o ly  (A D P -rib oae) polym erase, putative 3068 49 08 13 2 2 1 1 1 . 2 8.8 At
86 pseudourid ine synthase and aich aco sin c  transgtycosy lase- 

(P U A ) dom ain-contain ing protein

15 2 17 4 3 4 14 1 4 2 0 .5 8.9 At

87 putative carbam oyl phosphate synthase sm all subunit 2 1 5 3 5 7 9 3 38 3 6 4 7 .3 6 .1 Nt
88 putative protein 30 4 6 7 0 4 15 2 3 12 9 .7 9 .1 At
89 R l  (b om ologu c to putative d isease resistance protein ) 5 3 8 3 1 1 6 7 17 2 4 5 9 .7 5 .7 St
90 repressor o f  silen cin g 2 b 138 9 9 6 9 9 0 16 2 2 18 6 .5 6 .4 Nt
9 1 ribon ucleotide reductase 4 15 1 0 6 6 15 2 3 9 1 2 7 . 1 Nt
92 sec7  dom ain-contain ing protein 1 5 2 4 1 1 4 2 14 2 1 15 6 .2 5.0 At
93 sim ilar n ucleotide ex c ision  repair proteins 9 9 7 2 38 3 19 2 4 7 I J 8 1 At
94 tatD -f d a te d  deoxyribonu clease fam ily  protein 4 2 5 7 2 6 4 5 14 1 3 3 6 .0 6 .1 At
95 tR N A -sp lic in g  endonuclease p o sitive dTector-rdatcd 10 17 7 9 9 9 18 2 2 1 0 0 2 8.6 At
96 U M P  syn th ase 14 5 8 2 2 9 2 17 I 1 5 1 .9 6 .5 At
9 7 unknow n protein , contains polynucleotidyl transferase dom ain 18 39 9 6 2 4 14 2 5 2 5 .4 9 .8 At
98 uracil p b osp h orib osyltn n sferasc 8 7 7 8 3 0 1 5 1 5 7 6 1 .0 6.8 At
99 u n d y b tc  k in a se  / uridine m onophosphate km asc 30 6 9 0 24 3 6 3 5 2 1 2 3 . 1 6 .4 At

(Table continues on follow ing page.)
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NC» MS/MS Dtefnct
Acc—ion Search Pnpddaa Coy. Theoretical Sped— 
Number Score Ment % MW pi

oT B e t a b d i e m

01.04 Fhocphate ^  . m m m m s m m & M Æ ' ' W jj ■  H H

01 Metabolism
01.06 Polysaccharide catabolism L i "ì. fl r V- . ■ H g S M

200 alpha-galactosidaac I 53 7 4 7 9 2 7 90 5 16 45.0 6.5 Ps
20 1 alpha-glucoaxlaac, putative 4 256 229 9 15 2 3 90.6 5 .5 Al
202 alph a-rylostdasc I ( A T X Y I .I / X Y U ) 15 2 2 14 3 7 20 2 2 102 .4 6 3 Al
20 3 beta-am ylase 6 2 12 2 6 3 5 95 7 18 56.1 5 .3 Cm
204 bcU -galactosK hac 15 4 5 1 0 18 22 2 4 80.6 8.9 Al
20 5 bcta-galactosidasc like protein 2 9 6 13 9 0 44 3 4 9 5 .2 7 .0 Al
206 bcta-ghicosH iaso-hkc protein 4 455 28 4 17 2 4 59.9 7 .2 Al
20 7 beta-m annosidase enzym e 17 2 2 6 2 7 0 39 2 5 5 9 3 8.8 IjB
208 B G A L 1 2  (bda-galactoeidasc 1 2 ) 4 538 9 43 28 2 2 8 1 .7 8.0 Al
209 B M Y 7 / T R -B A M Y  (bcta-am ylasc 7 ) 152 2 9 5 4 4 22 2 4 63.8 5 .7 Al
2 1 0 B X I 2  (beta-xylosidase 2 ) 18 37 8 9 9 1 14 2 4 83.0 8.6 Al
2 1 1 cn do-l,4-bcta-xylanaac 7 1 14 2 5 8 8 25 3 8 60.8 5.4 ffv
2 1 2 putative 1,4 -beta-xylaaase 19 9 2 0 13 4 20 3 S 59 .7 8.8 Oe
2 1 3 putative beta-galactoaidaie 3 4 14 8 0 7 7 70 5 9 10 2 .5 6 .1 Gm
2 1 4 putative bcta-£alac to n d u e 16 9 0 5220 20 2 2 9 1 .5 6 .0 Os

01 Metabdism

2 1 5 3-dcoxy-O -arabino-hcptuloaoiialc 7-pbosphate synthase 24 745903 14 2 3 59 .7 9.0 St
2 1 6 3-iaopropyfanalatc dehydrogenase, chloroplast, putative 15 2 4 13 3 8 18 2 5 44.2 5.8 At
2 1 7 A D P -gh icose pyrophosphorylisc 12 37 0 8 0 68 5 12 5 6 J 6 .1 Ps
2 1 8 aliéné o x id e  cylaae 14 4 2 3 3 5 1 5 1 3 12 26 .6 8 .7 U
2 1 9 aliène o x id e  synthase 827959 97 5 1 4 9 58.9 9 .2 Gm
2 2 0 alpha 1,4 -g lu can  p h o sp h o ryla»  L  isozym e 2 15 7 9 83 6 7 10 9 .6 5.4 SI
2 2 1 a lpha-1,4-glucan-protcin  synthase [U D P -forming] 3 4 5 8 8 14 6 2 3 3 15 4 1 AM 5 .8 Zm
2 2 2 alpha-D arabm ofùranosidasc/bcta-D -xy losidasc isoenzym e A R A -I 18 0 2 5 34 0 18 2 2 82 .0 5 .6 Ih
2 2 3 A T C W IN V 2  (c d l w all in v e r t s»  2 ) 1 1 6 8 3 1 2 9 1 19 2 5 66.9 9 .2 Ai
2 24 A 'IX iS L 0 3  (glucan synthaso-like 3 ) 3 0 6 8 5 13 1 15 2 1 2 2 7 .1 9 .2 Al
22 5 A 1 Ï Î S L 0 9  (glucan  synthase-likc 9) 4 2 5 6 8 15 5 16 2 1 2 14 .9 8.4 Al
2 2 6 A T R S I . 1 1 (glucan synthase-likc 1 1 ) 4 2566048 14 2 1 2 2 5 .1 8.8 Al
2 2 7 A T S P S 2 F  (sucrose phosphate synthase 2 F ) 7 9 5 10 9 10 14 1 1 1 1 7 . 0 6 .2 Al
22 8 A X S I  (U D P-IX apioM A JU P -D -xyloae synthase 1) 15 226 26 4 16 7 12 3 1 4 3 6 5 .5 Al
2 2 9 csrboo-m troçcn hydroiaae (amity protein 2232 6 7 4 4 17 1 4 4 0 J 8.8 Al
2 3 0 chloroplast N A D -M D II 3256 0 66 41 2 7 4 2 .4 8.5 Al
2 3 1 galactok inasc 5 3 7 4 7 9 2 5 50 3 7 54 .6 5 .4 Ps
2 3 2 galactoay Itransfcrasc fam ily protein 4 8 357 8 4 25 3 I I 4 5 .6 9 .2 Al
2 3 3 gam m a-am inobutyrate transam inase subunit p rccirso r isozym e 1 29 8 37 2 8 2 64 4 10 56 .7 7 .7 1*
2 34 gam m a-g lutam ylcys to n e synthetase p re c tn o r 10 13 0 0 0 4 16 1 6 34 .4 8.5 Gm
2 3 5 G A T L 5  (poly gakcturonaL&-4-ak>ha-galac ton urosyltransfcrasc 15 2 17 8 5 1 17 2 8 4 1 .2 8.9 Al
2 3 6 G D I II (glutam ate dehyrkogenase 1 ) 15 2 3 8 7 6 2 15 1 4 4 4.5 6.4 Al
2 3 7 G D P-m annose pyrophosphorylasc 135 0 9 2 8 7 77 5 16 .39.6 6 J Al
2 3 8 G H R 2 (G I3P-4-kcto-6-deoxym annose-3,5-epim oas& 4-(cductase 1 18 39 4 54 7 18 1 3 3 6 .2 6 .3 Al
2 3 9 glucosaim nc/galacloeaannc-6-phosphalc isosrxrasc-relaled 15 2 3 8 5 2 6 14 1 3 2 8 5 5.8 Al
24 0 g hicoso-6-phosphate dehydrogenase 1 15 3 9 4 8 0 6 5 1 4 7 59 .4 5.9 Ps
2 4 1 ghicotc-6-phosphatc isom erasc 5 13 4 0 0 6 2 14 3 I I 24 6 7 .7 5 .5 Le
2 4 2 ghicosc-6-phosphatc isom crasc 5 134 0 0 6 0 20 2 7 6 2 .9 6.5 Si
24 3 glucoae-6-pbosphate-dehydrogenase 3 4 5 2 13 7 41 3 44 8.2 9.6 Gm
244 glucosyltransferase 8 2 6 18 8 8 8 32 2 4 5 3 .2 6 .7 Gm
245 glutam ate dehytkogenase 1 59668638 250 15 53 4 4 .5 6.0 Gm
246 (H .X 2-5 (g lyo xa lasc 2 -5 ) 15 2 2 4 6 6 1 17 2 3 3 5 .8 9.0 Al
24 7 g !y c o « d e  hydrolase lam ily 2  proton 4 2 5 6 18 4 0 17 2 1 10 7 .7 6 .0 Al
248 glyco sy i h ydrolase fam ily 1 protein IS 224 8 7 9 19 1 1 56 .9 7 .6 Al
249 g iycosyl hydrolase fam ily 1 protein 3068 9724 15 2 2 5 1 .7 6 .1 Al

(Table continues on following page.)
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1 6 0

NCa MS/MS Distinct
A o e w i o n

N u m b e r

ai
t C o v .

%

W--------as _ _■
i n e o r v o c a  

"MW p T

S p e c i e s

2 5 6 g lyc o sy l tranf i a s s e  fam ily 4 3  protein 15 2 4 0 2 4 5 IS 2 8 5 5 3 9 .7 At
2 5 7 gfyeosyl transferaso-rdatod 15 2 3 5 2 2 2 16 2 1 14 7 .4 6 3 At
258 g ly o x a la a c l 4 12 7 8 6 2 10 1 8 4 7 2 1 .0 5 .6 Gm
2 5 9 g ly o x a la a c l 3 7 9 3 2 4 8 3 14 1 3 32 .4 5 .6 7m
26 0 gtyoxalaac I, putative 9 8 28 6 30 46 3 8 40.0 7 .0 At
2 6 1 granule-bound starch lynthaac I I 9 7 I 0 I 5 8 13 2 5 6 8 .1 6 .6 Gm
26 2 hexokm ase, putative 15 2 2 2 9 7 3 14 2 10 54 .6 5 3 At
26 3 h ydro lase fam ily p roton  / H A D -supcrfam ily protein 1 5 2 3 12 2 6 14 1 2 4 1 .9 6 .8 At
264 hydroxy isourste hydrolase 19 56 9 6 0 3 22 2 4 6 3 .8 6 .1 Gm
26 5 in d o lo -3-g ly ca o l phosphate synthase (K JP S ) 2 15 9 2 5 8 7 14 2 2 44.6 7 .0 At
26 6 iron su lfur subunit o f  succinate dehydrogenase 4 8 0 3 7 1 1 16 I 3 3 1 . 1 8.8 Zm
26 7 isoam ylase iso form  2 7 3 6 9 8 6 27 IS 2 I 9 6 .1 5 .4 Pi
268 latex abundant protein, putative (A M C 5 )/c a sp a a c  fam ily protein 15 2 19 3 4 0 2 1 2 10 40 .2 4 .7 At
269 L -galacton o-gam ou -b cton e dehydrogenase 6 5 19 8 7 2 19 2 3 66.8 7 .7 Nt
2 7 0 m alatc dehydrogenase, cytoplasm ic 18 2 0 2 4 8 5 IS I 6 3 5 .6 5 .8 Zm
2 7 1 m etacasp aac l 2 3 3 4 3 8 8 5 63 4 8 44.9 4 .8 U
2 7 2 m ctacaspase 7 15 2 19 3 4 5 28 2 4 4 5 .5 4 .7 At
2 7 3 m itochondrial succm alc dehydrogenase iron-sulphur subunit 2 15 5 5 8 4 0 72 5 16 3 1 3 8.8 At
2 7 4 nodule-enhanced sucrose synthase 3 3 7 7 7 6 4 17 9 12 1 7 9 2 .4 6 .0 P i
2 7 5 p a t a t e  ly a se  precursor 12 7 4 6 4 5 8 1 15 1 3 3 4 .5 6 .4 Gm

2 7 6 phosphornannom utasc 9 0 7 6 2 15 0 90 6 2 7 28 .0 5 .8 Gm
2 7 7 putative 3-deoxy-D -arabino-heptuloaonate 7-phosphate synthase 12 5 9 7 8 8 4 13 1 2 58 .5 8.7 O r

2 7 8 putative glucosyttran sfcn se 28 30 20 6 8 14 2 6 52 .3 6 3 Gm
2 7 9 putative trrhalose-6-phoephate synthase 12 3 2 4 0 7 5 14 I 2 96.5 5.8 At
28 0 R H M I/R O I.I  (rh aam oscb iosyn th esis 1 ) 1 5 2 18 4 2 0 19 1 1 3 19 7 5 .4 6.8 At
2 8 1 n perring-rdaled protein- like 8 8 8 5554 14 1 4 3 1 .5 4 .7 At
28 2 S I X I I - 2  (succinate dehydrogenase 1 -2 ) 1 5 2 2 4 17 4 54 4 7 69.4 5 .8 At
28 3 S H X I (starch excess  1 ) 6 5 7 3 7 4 5 3 1 3 3 1 7 2 . 1 5 .8 At
28 4 sim ilar to  3-dcoxy-D -m anno-2-octulosonato-8-phosphatc synthase 4 9 6 6 354 63 4 1 5 32 .6 5.8 At
28 5 S IP 1  (seed im bibition 1- lik e) 15 2 4 2 6 8 0 13 1 1 86 .2 4.9 At
28 6 soluble acid  invertase 4 79 6 9 54 0 14 2 4 7 1 .7 5 3 Hv
2 8 7 succiny 1 C o A  h gase beta subunit-kkc protein 8 328 4 0 0 7 63 5 14 4 5 3 5 .7 Si
28 8 sucrose synthase 6 3 8 5 2 2 0 2 69 5 3 9 2 3 .2 6 .0 Gm
289 sucrose synthase 3 2 2 1 2 19 9 0 24 2 1 9 1 .9 6 .1 Zm
29 0 su cro so fh o sp h a tc  synthase 2 3 3 3 4 10 8 3 18 2 2 1 1 1 3 6 3 Ta
2 9 1 sucrose-phosphate synthase iso  form  C 7 7 17 6 8 2 9 16 2 1 1 1 7 . 9 6 3 Nt
2 9 2 S U S 2  (sucrose synthase 2 ) 15 2 3 9 8 16 19 2 1 9 2 .1 5 .7 At
29 3 thiam in biosynthetic en/ym e 6 5 5 2 3 9 7 63 5 2 2 3 7 .0 5.8 Gm
294 U D f-gfucoron osyl/U D P-gh icosyt transferase fam ily protein 1 5 2 2 12 3 2 22 3 1 1.34.8 8.0 At
29 5 l  JD P-ghicosc-6-dehy<hogenasc, putative 4 8 0 9 34 57 1 1 8 7 1 7 6 1 .0 6 .5 Nt
296 U T R alp h a-D -gk ieo ae-1 -phosphate uridy lyltransferaac 28 863909 12 3 9 19 5 1 .9 5 .5 St
29 7 I JX S 2  (U D P-ghicoronic acid  decarboxylase 2 ) 4 8 0 93465 63 5 14 49.9 9 .4 Nt
298 xy loghican endotransglycosylasc precursor 8 9 14 5 8 7 6 15 1 7 19 .5 6 .6 Gm
29 9 x y lo se  isom crase 2 1 5 3 7 1 7 8 57 4 9 5 3 .7 5 .5 At

01 Metabolism

1
30 0 2 4  k l)n  oieosm  isoform 18 7 2 0 59 5 3 3 15 .8 8 3 Gm
3 0 1 3-hydroxybu tyryl-C oA  dehydrogenase, putative 15 2 3 2 5 4 5 20 1 5 3 1 . 7 6 .6 At
3 0 2 3-k eto acy i-C o A  Lhiolase 37 54 9 2 6 9 12 8 8 26 4 7 .0 8.8 Gm
30 3 A A F .I5  (acyl-activating enzym e 15 ) 22 32 8 6 0 9 17 2 3 8 1 .5 8 .9 At
304 a ccty l-C o A  carboxylase 8886469 54 5 I I 58 .8 7 3 Gm
30 5 accty l-C o A  carboxylase 14 4 2 3 2 5 1 IS 2 3 12 0 .6 6 0 7m
306 acety 1-C oA  carboxylase carb oxyltran sfcn se beta subunit 9 1 2 1 4 1 5 2 57 4 9 4 9 0 4.8 Gm
3 0 7 a cctyk C o A  synthetase, putative 1 2 3 2 3 1 7 8 17 2 1 2 9 0 .1 5 .8 At
308 A D P -ribosylation  (actor 4 32 4 9 6 7 12 7 8 4 7 2 0 .4 6 .4 Gm
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NCBf IBM Distinct

3 0 9  A IM  I (A B N O R M A L  IN F L O R liS C liN C li M liR IiT IliM )

3 1 0  AM P-dependent synthetase and Hgasc fam ily protein

3 1 1  A R F 3 /A R L I /A T A R I. I (A D P-nbosylaU on factor 3 )

3 1 2  beta-h yrkoxyacyl-A C P  dehydratase, putative

3 1 3  beta-kctoacyl-A C P  synthetase I

3 1 4  C A C 3  (acetyl co-enzym e A  carboxylase carboxyl tnm *fcriac alpha

3 1 5  cn o y l-A C P  reductase

3 1 6  ca o y l-A c p  reductase

3 1 7  c a o y L C o A  hydkatase/isom ense

3 1 8  cn oyl-C oA  hydratasc/isom erasc fam ily protein

3 1 9  cn oyl-C oA  hydratasc/isom erasc fam ily protein

3 2 0  esterase, putative

3 2 1  fatly a cy l co A  reductase

3 2 2  O n S I .m o d f  hpasc/bydrolasc fam ily proton

3 2 3  C R JP 7  (G O SI/-m otif hpaae 7 )

3 2 4  inorganic pyrophoqrhatase-like protein 

3 2 3  bpese c la ss  3  fam ily protein

3 2 6  lipase, putative

3 2 7  lipoxygenase

3 2 8  lipoxygenase

3 2 9  lipoxygenase

3 3 0  lipoxygenase

3 3 1  lipoxygenase

3 3 2  lipoxygenase, putative

3 3 3  bpoxygcnasc-9

3 3 4  1 ,0 X 3  (lipoxygen ase 3 )

3 3 3  M FP 2 (m ultifunctional protein)

3 3 6  P liD l (peroxisom e defective I)

3 3 7  pbosphocstcnue

3 3 8  phospholipase D  alpha

3 3 9  Phospholipase D  a lpha I ( P I J )  alpha I )  (Choline phosphatase I )

3 4 0  P L U A L P H A I (phospholipaseD afc>ha I )

3 4 1  stcaroyl-acyl earn er protein d esatu m seB

34 2  W A V E 3  (identical to in cgu lar trichom e branch I)

01 Metabolism

1 5 2 3 5 5 2 7 2 2 2 2 77.9 9.4 A t

1 5 2 18 8 3 9 16 2 3 64.9 7 .6 A t

306 8 254 5 17 1 8 20 .2 5 1 A t

15 2 3 8 0 6 9 1 7 1 3 2 4 .1 9 3 A t

7 3 8 5 2 0 1 1 3 2 9 30 49.7 7 1 Gm

4 8 9 5 18 1 1 3 2 4 88.5 5.8 A t

2 2 0 4 2 36 79 6 14 4 1.8 8.9 N t

324 00 8 28 28 2 16 15 .6 1 0 0 Ta

7 9 4 7 3 2 0 1 19 2 7 46.3 6 3 A t

4 2 5 6 5 15 8 1 7 1 2 4 5 .7 6 .1 A t

30 6 8 35 7 7 15 1 4 28 .8 9 .1 A t

15 2 2 7 3 7 6 3 6 3 5 3 1 .7 5.9 A t

220 0 30 8 2 16 2 4 57 .5 8.8 Ta

15 2 4 14 0 4 2 1 2 5 4 3 .6 8.7 A t

9 7 5 5 6 17 24 3 5 40.5 8.7 A t

2 15 9 3 5 7 0 99 7 2 7 24 .6 5 3 A t

224 4 9 6 5 1 7 2 3 7 5 .7 5 3 A t

1356 9 9 8 9 26 3 4 56.8 8.7 O s

2 5 9 8 6 12 50 5 6 9 7 .7 6.0 Ps

5 4 17 4 6 2 5 2 3 9 7 .1 6 3 Ps

4 9 3 7 3 0 24 2 5 9 7 .0 6 .1 Ps

12 6 2 0 8 7 7 18 2 3 96.5 5 .7 Zm

14 0 7 7 0 3 16 2 3 9 7 .0 5 3 S t

15 2 18 5 0 6 1 5 2 3 10 4 .8 7 .1 A t

15 2 9 2 6 3 3 2 304 22 3 2 96.4 6.5 Gm

18 39 4 4 7 9 19 2 3 10 3 .7 7 .7 A t

1 5 2 3 1 3 1 7 2 3 2 3 78 .8 9 1 A t

15 2 2 5 7 9 8 3 6 3 9 48.6 8.6 A t

8 7 7 7 4 7 2 1 5 2 2 8 7 3 6.0 A t

6 5 7 3 1 1 9 17 1 1 9 2 1 5.4 L e

2499708 14 1 1 9 2 1 5.4 Zm

1 5 2 3 2 6 7 1 28 2 2 9 1.8 5.5 A t

6 254 6 34 7 3 5 3 7 4 7 1 6 .0 Gm

7 3 2 7 8 3 2 17 2 2 1 3 1 . 9 4 3 A t

34 3 cytosolic acctoaccty l-eocnzyiie A  thiolasc 5 3 8 5 4 3 5 0 52 3 I I 4 1 3 6 3 N t

344 gcranytgcranyl pyrophosphate synthetaso-like protein 76 36 39 4 9 16 2 10 2 1 6 8.7 L e

34 5 O G P S 1 (g e n n y lg c n n y l phosphate synthase 1 ) 15 2 3 4 5 3 4 1 5 2 5 4 0 1 6 1 A t

346 S M T 1 (s to o l m ethyltransfcnue 1 ) 1524 0 6 9 1 30 2 7 3 8 .3 5.9 A t

01 Metabolism

34 7 G L P 10  (geraiin -like protein 10 ) 15 2 2 8 6 7 3 15 1 7 2 3 .6 8.9 A t

348 pantothenate kin ase family protein 

02 Energy
2 1 5 5 4 14 5 2 1 1 5 4 1 .0 4.8 A t

0 1 0 1  G l y c o ly s i s

349 A  K J002N O I.2I gene product 7 26 7 6 29 14 2 3 5 2 .5 7 1 A t

3 5 0 acy l-C o A  oxidase 15 5 5 3 4 7 8 38 4 6 7 4 J 7 J Gm

3 5 1 aldolase 77 7 4 548 3 10 1 7 2 3 3 7 .7 7 .7 S t

3 5 2 aldolase C - l 7 8 6 17 8 3 3 3 10 38 .8 8.4 O s

3 5 3 aldose l-c p im c n s c  fam ily protein 15242 0 9 9 44 3 10 3 5 .4 5 .7 A t

35 4 aldose l-c p im c n s c  fam ily protein 306 8 4727 16 1 3 3 7 1 5.9 A t

35 5 chloropiastic aldolase 17 8 13 4 8 100 7 2 7 38 .5 5.9 S t

3 5 6 cytosolic phosphoglucom utase 15 2 2 3 2 2 6 12 3 8 14 6 3 .5 5.6 A t
3 5 7 cytosolic ph o sp h o g lycen lc  kinase 9 2 30 7 7 1 260 16 4 3 4 2 J 5 .7 Ps
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%

T f i a n r n l i n a lincoreucai 
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SpMtec

.158 cnolaac 4 2 5 2 1 .10 9 468 28 72 4 7 .7 5.3 Gm
359 cnolaac 2  (2 -p b o sp h og iy caitc  dehydratase 2 ) 1 16 9 5 2 8 66 4 14 48.2 5 .7 7m
360 fr u t ta io  1 ,6-bisphosphstase 5 3 0 5 14 5 17 1 3 35.9 6 .3 P i
36 1 fructosc-bisphosphatc aldolase 4 0 4 57 2 6 7 45 3 8 38.4 6.8 Cm
362 fructosc-bisphosphatc aldolase, putative 15 2 2 6 18 5 54 3 12 4 2 3 8.2 Ai
36 3 fructosc-bisphosphatc aldolaao-Kke protein 1 5 2 3 1 7 1 5 79 6 12 38.5 6 .1 Al
364 G A P C P -I (glycem ldchydo-3 phosphate dcbyihogcnaic) IS 2 I9 4 0 6 47 4 14 44.8 8.8 Ai
365 G A P C P -2  (glyccraldchydo-3-pboflpahtc dehydrogenase) 2 1 6 18 0 2 7 3 1 2 5 44.9 8.7 Al
366 glyccrildchydc-3-phosphate dehydrogenase 8 57 2 0 7 6 8 340 2 1 7 7 36 .8 6 .7 Gm
36 7 glyccraldchyde-3-pbosphate dehydrogenase 19 8 8 0 0 27 97 7 17 54 .2 6.8 Ok
368 gtyccnldchydo-3-phosphatc dehydrogenase 1 3 8 3 1 5 7 1 3 1 2 28 10 .2 4.8 Gm
369 glyccnldchydo-3-phosphatc dehydrogenase A  subunit 7 7 5 4 0 2 10 1 1 8 7 2 1 4 3 .2 8.4 Gm
3 7 0 gtyceraidcbydo-3-phoephatc dehydrogenase, cytosolic 3 6 16 6 1 6 7 % 6 16 36 .4 7.0 7m
3 7 1 inorganic pyrophosphatase-like protein 2 15 9 2 8 7 8 22 2 6 33 .4 5.6 Al
37 2 ketoi-acid rcductoiaom ense 288063 44 3 7 63.9 6 5 Ai
3 7 3 L-lactalc dehydrogenase ( 1 1 3 1 1 ) 126 0 6 6 44 3 14 38.6 9 .0 7m
37 4 M E E 5 I (maternal effect em bryo arrest 5 1 ) 3 15 7 9 3 1 55 4 5 62.4 5.8 Al
3 7 5 p fld W yp c carbohydrate k inase lhm ily protein 15 2 2 13 6 4 83 5 12 37 .6 5 .5 Ai
3 7 6 phospboglyccrate mutase 15 2 3 19 3 9 98 7 10 60.8 5 .5 Al
37 7 ph osph oglycaate m utare fiunily protein 15 2 3 2 3 2 4 IS 1 2 30.4 6 .1 Al
37 8 pyrophosphate-dependent phoaphofructo-1 -kinase 4 539 4 2 3 96 7 17 5 5 .3 8 .1 Al
37 9 pyrophosphate-dependent ptraphofructok inasc alpha subunit 1 10 7 3 8 7 7 3 22 2 3 6 7.6 6.8 Al
38 0 pyrophosph ate-h ue tose-6-phosphate- 15 2 18 0 7 4 3 1 3 4 6 7 .1 6 .5 Al

1-p h osp h otn n sfaasc-rd atod

38 1 pyruvate kinase 59 668642 189 13 33 54.4 6.8 Gm
38 2 pyruvate kinase-tike protein 18 409 740 38 2 9 57.5 6 .7 Al
38 3 T IM  (trisephosphate isom craac) 15 2 2 6 4 7 9 62 4 18 3 3 J 7 .7 Al
384 T-protein o f  the g lyc in e decarboxylase c o m p ia 4 07475 15 9 10 3 1 44 .3 8.8 P i
385 triosepbosphate isom erase 5 5 3 10 7 14 1 5 2 7 .6 6 6 O r

02 Energy
0 2 .0 2  G lu c o r w o g a n a s ls

386 3-iaopropy hnalatc defaydrogenaso-hke protein 7 378 6 0 9 62 5 13 40.4 6 .3 Al
38 7 c y to so ic  m alate dehythogenaae 4 2 5 2 1 3 1 1 2 3 5 13 55 3 5 .5 6 3 Gm
388 malate dehydrogenase 5929964 326 18 72 3 6 .1 8.2 Gm
389 malate defaydrogenasobke protein 8 328 39 6 5 63 3 4 3 5 .5 5 .7 Si
390 nodule-enhanced nudate dehydrogenase 3 3 7 7 7 6 2 17 1 2 4 1 .8 7 .6 Pi

3 9 1 P M D ill (peroxisom alN A D -m alatedehydrogenase 1 ) 3 7 7 2 5 9 5 3 42 3 10 3 7 .1 7 .0 Pi

02 Entrgy
0 2 .0 7  P a n t O M  p h o s p h a t e

392 6-phospboglucorialc dehydrogenase 2 5 2 9 2 2 9 203 13 28 56.4 5.6 Gm
393 6-phosphoglucotule dehydrogenase fam ily protein 15 2 2 2 6 3 9 73 5 10 53 .4 5 .3 Al
394 transaldolase-likc 8 10 7 6 3 4 3 70 5 12 4 7 .9 6 .0 SI

02 Energy
0 2 . 1 0  T C A  p a th w a y

395 2-oxoglutaratc dehyrkogenaae, E l  subunit 4 2 10 3 3 0 104 7 9 1 1 6 .7 7 .0 Al
3 % a co n ta se  fam ily protein / »com tale hydratasc fam ily protein 18 4 14 0 0 6 3 1 2 4 55 .0 8 .1 Al
39 7 acooitale hychalase, cytoplasm ic / citrate hydro-lyase 15 2 3 3 3 4 9 2 1 7 15 22 9 8 .2 6 .0 Al
398 copropotphyrinogen ID oxidase 82469 923 26 2 5 4 7 .1 7 .2 Zm
399 C S Y 2  (citrate synthase 2 ) 1 5 2 3 1 1 3 0 17 1 2 56 .6 8 .7 Al
400 C S Y 5  (citrate synthase 5) 14 5339 6 9 3 28 3 7 5 1 .7 6 .2 Al
401 dihycholipoatrodc dehydrogenase 2 ,  p fastidie 18 4 14 6 0 3 42 3 7 6 0 .1 7 3 Al
402 fam arasc 14 8 8 6 52 17 2 4 5 3 .4 6 .5 Si
403 isocitratc dehydrogenase (N A I)P )(lvC  1 . 1 . 1 .4 2 ) 479386 259 18 46 50 .2 6 .3 Gm
404 \SXYl (Hpoamide dehydrogenase 2) 30 6 8 4 4 19 17 2 3 5 4 0 6 6 Al
405 I.T A 2 (piastid  H2 subunit o f  pyruvate decarboxylase) 152 .30922 54 4 8 5 0 .1 8 .3 Al
406 matate synthase, putative 15 2 3 7 5 5 1 3 1 3 3 6 3 9 8 0 Al
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« 7 putative protein 14 14 0 14 4 15 1 8 2 6 4 7 .6 Om

m pyruvate decarboxylase 16 16 7 8 7 46 4 7 65 .9 5.7 At
409 pyruvate d ecarbo xyk sc fam ily protein 15 2 3 7 9 5 4 33 3 4 6 1 .5 5 .7 At
4 10 pyruvate dehyikogcnase HI alpha subunit 3 8 5 10 0 5 54 4 7 42.9 8.4 7m

4 1 1 pyruvate dehydrogenase HI beta subunit 2 4 5 4 18 4 35 2 6 4 4 3 5 9 At
4 12 pyruvate dehydrogenase HI beta subunit isofonn 2 3 8 5 10 0 1 45 3 9 40.0 5.6 7m

4 1 3 pyruvate dehydrogenase HI beta subunit, mitochondrial 

02 Enargy
IS 2 4 I2 8 6 26 2 6 3 9 3 5.7 At

02.13 Jtaaplration
4 14 A C L B - 2  (A TP-citrate lyase 13-2) 15 2 3 9 8 9 7 14 8 10 19 65.8 7.5 At
4 1 5 A T 4g269 7(M  IOM 23 3 10 18 4 16 9 0 0 3 3 2 2 108 .5 6 .7 At
4 16 A T P  synthase subunit beta, m itochondrial precursor 1 14 4 2 0 2 7 4 1 7 46 59 .1 6 .0 7m

4 1 7 d ibydrobpoam ide acety (transferase 119 9 4 3 6 4 3 7 2 3 59 .7 7 3 At
4 18 uncoupling protein la  

02 Energy 
02.11 Ftrmtntaton 

02 Energy

18 3 7 8 3 7 6 26 2 7 2 5 .8 9.6 Gm

02.20 EledroMraneport
4 19 anion-transporting A T P ase  fam ily protein 3 0 6 8 12 6 0 38 3 7 44.8 7.6 At
4 20 A T B 5 -A  (cytochrom e b5 A ) 15 2 3 8 7 7 6 16 1 6 15 .1 5 .1 At
4 2 1 A T C R R  (N A D tl cytochrom e B 5  reductase 1 ) 15 2 3 8 0 2 5 18 1 6 3 1 3 8.6 At
4 22 A T IT N R I  (LH A F FN R  IX sim ilar to fenodozm -N AD P-reductaac) 14 5 3 3 4 9 19 42 3 18 29 .7 5.9 At
4 23 A T P a se  subunit 1 IS226 0 9 2 55 4 6 85.9 5.4 At
424 A T R F N R 2  (R O O T  FN R  2), oxidorcductaac 3 0 6 9 19 10 3 7 3 6 42.8 8.8 At
4 25 C A D 4  (cttmamyl alcohol dehydrogenase 4 ) 15 2 3 0 3 8 2 18 1 4 39 .1 5.3 At
4 26 cin n am yl alcohol dehydrogenase 1 6 0 2 6 5 6 16 45 3 9 3 5 3 6.5 Nl
4 27 cm nam yl alcohol dehydrogenase, putative 12 3 2 5 3 5 9 19 2 1 9 1 .8 8 8 At
420 C O X 6 B  (cytochrom e c oxidase 6 B ) 15 2 19 8 8 6 3 3 3 12 2 1 3 4 3 At
429 C Y P 7 1 0 A I  (cytochrom e P 450  7 1 0 A 1  ) 15 2 2 6 7 5 8 15 2 6 5 5 .7 7 .7 At
4 30 C Y P 7 1 2 A 1  (cytochrom e P 450  7 1 2 A 1 ) 1 5 2 2 7 9 1 1 19 2 4 58 .1 9 0 Al
4 3 1 C Y P 7 I 8  (cytochrom e P450  7 1 8 ) 1 5 2 2 8 0 1 1 13 1 1 55 .4 9 .1 At
4 3 2 C Y P 7 1 A I 3  (cytochrom e P 450  7 1 A I 3 ) 4 2569483 17 2 1 56.8 8.7 At
4 33 C Y P 7 1 B I 7  (cytochrom e P 450  7 I B I 7 ) 1 5 2 3 1 5 1 7 15 2 4 5 7 3 7 3 At
4 34 C Y P 7 I B 2  ( C Y T O a iR O M E  P 450  7 I B 2 ) 15 2 2 2 17 4 16 2 8 5 7 .1 7 3 At
4 35 C Y P 7 I B 3 4  (cytochrom e P 450  7 I B 3 4 ) 1 5 2 3 15 3 8 18 2 7 5 7 .1 6 9 At
4 36 cytochrom e b -559  alpha subunit 2 7 4 4 6 5 12 29 2 3 6 6 .5 4 .4 P m

4 3 7 cytochrom e c 1 18 0 0 4 16 1 7 12 .0 9 3 7m

4 3« cytochrom e c oxidase subunit V b 1 1 3 7 3 4 3 1 3 44 3 3 1 16 .7 5.9 P m

4 39 cytochrom e c l 498789 34 2 13 28 .6 5 .3 St
440 cytochrom e f 9 1 2 1 4 1 5 5 34 3 15 3 5 3 8.9 Gm
441 cytochrom e P 450  fam ily protein 4 2 5 6 5 5 4 3 16 2 7 54 .9 9 3 At
442 cytochrom e P450  i k e  protein 224 4 8 8 9 17 2 8 36 .9 7 .1 At
443 cytochrom e P 450  m onooxygenase C Y P 7 4 A 2 8 5 0 0 17 0 7 12 9 9 46 22 .8 5 6 dm
444 cytochrom e P 450  reductase 6 5 0 3 2 5 3 2 1 2 3 7 8 3 5.4 Pm

445 cytochrom e P450-likc protein 4 6 7 9 8 536 16 2 10 5 3 .7 8.6 Ta
446 cytoch ro m e« o x id u e 56 6 754 40 15 1 7 2 9 3 5.0 P m

447 U N A  (cytoaino-5)-m ethyltransfaase 2 (Chromomethy laae 2 ) 7 5 16 7 6 2 3 16 2 2 1 0 1 .6 5 4 7m

448 H TFA 1 J f l A  (electron transport flavoprotem alpha) 15 2 2 3 6 8 0 19 1 5 3 8 4 6.5 At
449 F 2 7 F 5 .14  (sim ilar to copper ion binding / d e e  Iron carrier) 7 7 6 7 6 7 4 15 2 7 4 3 .7 5 6 At
4 50 fcrrcdoxin isuliitc reductase precursor 12 6 5 8 6 3 9 89 6 13 6 3 .8 9 .1 Gm
4 5 1 fcrrcdoxin -N A U flfl1)  oxidorcductase 2 0 3 0 2 4 7 1 19 2 7 38 .8 8.3 Ta
4 52 FQ R 1 (flavodoxm -hke qum onc reductase 1 ) 15 2 3 9 6 5 2 57 4 26 2 1 .8 6.0 At
4 53 nad7 (N A D U  dehydrogenase subunit D ) 8 1 17 6 5 4 5 14 1 2 4 4 3 6 .6 Ta
454 N A D -dependent formate dehydrogenase 4 7 6 0 5 5 3 9 1 7 19 4 1 3 6.9 Q m

4 55 NAD-dependent isocitratc dehydrogenase 54 7779 4 9 75 5 2 3 2 9 0 5.6 7m

456 N A D H  dehydrogenaae, subunit 9 5 7 3 3 7 5 17 57 4 26 2 2 .9 7.8 2m
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N A D H -cytochrom cbS reductase, putative 1 8 4 2 0 1 17 63 4 IS 36 .0 8.8 At
N A D H -ubiquinoocoxidoreductase 20  k D i subunit, mitochondrial 15 2 3 9 7 * 2 4 1 3 22 24 .0 9 .5 At
N AD P-depcndcnt m a tte  dehydrogenase 18 3 7 7 7 5 1 7 3 5 1 5 48 .3 5.8 At
N A D PII-dependent mannose 6-phosphate reductase 2 15 5 4 2 6 6 57 4 13 3 5 .1 6 .1 At
ndhD g e n e  product 12 4 2 4 16 2 7 58 .2 8 .7 Zm

nucleotide-binding subunit o f  vacuolar A 'lP aae 166 6 27 300 18 55 54 .7 5.0 At
O P R 3 (O PO A-roductase 3 ) 15 2 2 5 0 4 5 13 2 6 4 1 7 7 .7 At
oxidoreductaac 15 2 3 2 5 4 2 16 I 3 3 7 .2 5 .7 At
oxidoreductaac; zrnc-bmdmg dehydrogenase fam ily protein 15 2 3 4 5 2 9 28 2 6 3 4 .5 6 .5 At
PDI-Hkc proton 2 15 9 2 9 9 6 1 7 2 2 6 5 .2 4 .9 At
predicted N A D fl dehydrogenase 24  k D  subunit 18 4 119 8 5 3 7 3 1 1 28 .4 8 .1 At
putative cytochrom e 1378 6 46 8 14 1 1 1 14 .8 4 .8 O t
Putative qu inone oxidoreductaac 15 4 5 15 7 8 14 1 2 3 5 .5 5 .5 Ot
ricake Fe/S  protein o f  cytochrom e b 6 /f com plex 199 99 15 I 5 2 4 .1 7 .6 Nt
V IIA -A  (vacu o lar H i -A T Paac A 2  subunit form ) 15 2 19 2 3 4 268 17 3 3 68.8 5 .1 At
V -typ c proton-A TPaae 1 14 3 3 9 4 54 4 14 2 6 .1 6 .0 At
Y U C 2 ( Y U C C A 2 ) 15 2 3 5 6 5 2 16 2 3 4 6 .5 8.2 At

02 Enurgy
02.30 Photosynthesis
33  k l)a  polypeptide o f  oxygen-evolving com plex 15 4 5 10 0 6 38 4 14 3 5 .2 5 .6 At
3 3 k l) a  precursor protein o f  oxygcn-evolvm g com plex 8 0 9 113 87 6 16 3 5 .3 5 .9 St
A P H , carbon ate dehydratase 15 2 2 0 15 3 20 2 8 3 0 .1 6 .7 At
A T P  synthase C F 1  alpha subunit 14 0 17 5 6 9 16 2 2 5 5 .3 6 .1 Ta
A T P  syn thase C F I  beta subunit 9 1 2 1 4 1 2 6 3 2 7 2 1 58 5 3 .8 5 .3 Cm
A T P  synthase C F I  epsilon subunit 9 1 2 1 4 1 2 7 13 1 I I 14 .8 5.4 Gm
C A 2  (beta  carbonic anhydrase 2 ) 306 8 5030 18 2 4 3 6 .6 7 .1 At
carbonic anhydrase 8 09 6277 19 1 13 13 .8 5 .5 Nt
carbonic anhydrase, putative / carbonate dehydratase, putative 15 2 2 0 8 5 3 1 7 1 4 28 .8 6 .5 At
chlorophyll a/b binding protein type II 16 8 0 5 33 2 29 2 6 2 8 6 5 .5 Cm
chlorophyll a-b  binding protein 2 5 7 0 5 1 1 2 2 2 8 3 3 .4 9 .7 Ot
ch loroph atic A T P  synthaae gamm a subunit 12429 4 6 8 3 2 3 2 4 1 7 .2 4 .6 Cm
glycolate o x id ase 2 5 7 0 5 15 15 2 4 4 0 .2 8.7 Ot
sim ilar to  pbosphocnolpynivate synthaae (ppsA ) (G B A E 0 0 I0 3 6 ) 3 3 19 3 5 7 1 7 2 3 7 0 8 5 .3 At
C RTTSO  (carotenoid iaom crase) 4 2 5 6 17 6 4 19 2 3 6 5 .4 8.3 At
F K R P I5 -2  (KK506-binding protein 15  k l> 2 ) 15 2 3 9 0 19 14 1 7 17 .7 5 .3 At
1 1  ̂ -transporting A T T  synthaae 19 8 8 15 4 5 38 3 10 4 1 .0 8.5 Ot
light-harvesting chlorophyl-aA ) binding protein L h cb l 56809 379 2 3 1 6 28 .4 5 .5 Pt
N A O PII-protochlorephyllide oxidoroductaae 4 6 019 9 8 2 IS 2 5 3 9 8 9 .2 Zm

o x yg c n -cv d v m g  complex-related 7 57 34 0 2 18 2 9 3 5 .8 9 .0 At
pbosphocnolpynivate carboxylase 2 5 9 0 10 15 428 29 3 6 1 10 .9 6 .1 Cm
photosystem  I subunit P la D 14 8 37 2 34 7 14 1 14 2 3 .0 9 .6 Cm
photosystem  I subunit VO 7 5 250 8 6 3 6 2 3 5 9 .0 6 .7 At
photosystem  II protein D2 9 1 2 1 4 1 3 8 2 2 2 5 39 .6 5 .3 Cm
photosystem  11 protein H 9 1 2 1 4 1 7 0 16 1 2 1 7.8 5.0 Gm
photosystem  11 protein V I 1 14 6 5 9 7 4 14 1 20 4 .5 10 .7 Nt
P IIY A  (P IlY T O C H R O M Ii A ) 1 5 2 17 5 6 2 14 2 3 12 4 .5 5 .9 At
phytochrom e B 856 79 50 5 14 2 3 12 5 .3 5 .7 St
phytochrom c R 2  apoprotein 379 26 8 8 1 14 2 2 12 8 .3 5.8 Zm
P ll protein 89 357468 2 2 2 18 1 1 . 3 5 .5 Nt
P O R A  (protochlarophyDide reductase A ) 15 2 3 9 5 7 4 2 1 2 5 4 3 .9 9 .4 At
ppc2 (pbosphocnolpynivate carboxylase) 37 7 7 4 4 9 42 3 3 1 1 0 2 5.6 St
P S A II-I  (photosystem  I subunit l l - l ) 1 5 2 18 18 6 1 7 1 7 1 5  3 9 .9 At
P S B P -I (oxygen-evolving enhancer protein 2 ) 15 2 2 2 16 6 18 1 5 2 8 .1 6 .9 At
ribose 5-phosphate isom erase-rdated 2 15 9 4 0 0 2 2 0 2 10 2 9 .3 5 .7 At
n bulose 1.5-b isph osph ate carboxylase large subunit 3 1 14 7 6 9 25 0 19 43 5 1 4 6 .1 Gm
nbulosc bisphosphatc carboxylase activa.se B 79 60277 86 5 16 4 7 .8 6 9 Ta
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S l l  ribuloac-l,5-b isph osph atccartw xylascsm all subunit rb cS l 10 9 4 6 37 5 1 7 1  1 1 48 20 .0 8.9 Gm
S 1 2  succinyi-C oA  ligase alpha 2  subunit 4 9 6 17 5 3 9 76 5 17  35 .4 9.0 Le
S I 3  transkctolasc 1 7 7 56 36 7 3 IS  1 18  7 .1 9 .1 Nt
5 14  transkctolasc, chloropU st (T K ) 7 5 14 0 2 2 9 6 7  5 8 7 3 .0 5 .5 7m

fcCaHgrowttVdivfeon ■ d m
0 3 . 0 1  C a ll  g r o w th

MCaugreMhMMsian ■ v S w « f
03.13 Ntokwls

5 1 5  P R IM , involved in meiotic DSH formation 15 2 3 6 4 3 4 19 2 2 142-3 5 .2 Al
5 1 6  unknown protein, contains Shugochm domain, C-tcrmmal 14 5 3 3 4 2 8 9 16 2 4 53 .7 9.4 Al

U M I g r e r t f t H v M o n  ' 1 ^ .

m  m

; i  a n p ' ì
O N A  *y n th /ra p H e a tlo n 1

O-'

5 1 7  ania-6a type cyclin 20 2588 46 17 2 2 4 7 .6 9 0 Al
5 1 8  A t4gQ 519 0  (sim ilar to kincam -likc protein) 34849893 18 2 2 89.2 6.5 At
5 19  C 2  dom ain-containing protein 15 2 3 8 7 9 2 26 2 6 18 .3 6 .7 Al
5 20  C a  12-b ind ing E F  hand protein 2270 9 9 4 28 2 10 27 .0 6 0 Gm
5 2 1  calcium -binding E F  hand fam ily protein 1 5 2 18 0 2 1 32 3 3 109 .8 5.0 Al
52 2  calcium -binding E F  hand fam ily protein 2232 6 59 8 14 1 5 3 7 .1 6.4 Al
5 2 3  ceil d ivision  protein KtsH-lflce protein 2 15 9 2 7 4 5 19 2 4 69.4 9 .7 Al
524  centrom eric protein-related 18 4 17 9 6 0 18 2 4 90.0 5.0 Al
5 2 5  CTPI (C O P l- in la a c tiv c  protein 1) 1 5 2 3 8 18 1 18 2 2 150 .0 4.9 Al
526  copia-likcrctiotianspoaable dem ent 10 17 6 7 0 1 28 3 4 15 2 .9 6 .9 Al
52 7  cyc lin , putative 18 39 9 27 8 18 2 3 56.9 9 .3 Al
528  E D A  10  (em bryo sac development a n a l  10 ) 15 2 17 5 7 9 IS 2 1 194 .9 5.4 Al
529  elongation fe t o r - 1 alpha 2 13 0 5 6 0 69 5 40 I 4 J 8.4 Gm
5 3 0  Hn/Spm-Hke transpoaon protein 4 1 1 5 3 5 3 1 3 2 2 85.5 6 .2 Al
5 3 1  F 2 8 J9 .5  (sim ilar to replication protein) 6 2 7 2 3 7 5 17 2 4 54.6 7.9 Al
5 3 2  kinesin  motor protcin-rdated 15 2 2 6 9 15 18 2 2 I 2 0 J 6 .1 Al
5 3 3  m itotic cyclin  a2-typc 8 57 39 7 17 2 2 53 .8 8.2 Gm
534  N -d h ytm akiin id e sensitive fusion protein 14 4 9 17 9 14 1 1 80.9 5.8 Nl
5 3 5  origin recognition com plex subunit 3 158 6 6 7 7 9 15 2 3 79.0 7 J Zm
5 3 6  putative nou-LTR  rctrockm cnt reverse transcriptatc 3 3 2 7 39 2 20 2 2 1 10 .6 9 .4 Al
5 3 7  putative n ou-L TR  rdioeicm cnt reverse transcriptase 37859 84 16 2 1 166 .5 8.5 Al
5 38  putative rd io ek m cn t 13 12 9 4 6 5 22 3 1 24 4 .2 8.7 (N
539  Ran G T P sac  binding / chromatin binding 79 29 54 8 2 18 2 7 3 3 .6 5 .5 Al
540  letrotranspocon - like protein 2 8 2 7 7 18 16 2 1 1 1 2 .8 9 .4 At
5 4 1 R P A  7 0 k l) i  subunit (replication protein) 3 3 6 2 12 5 9 18 2 2 7 1 .5 8 .1 P s

542 T I O I l  J  (sim ilar to A A A -typc A T Pase) 2 4 9 4 12 9 18 2 4 50.5 9.4 Al
54 3  T 2 5 K I6 .4  (D E A D -like h d icase) 6 7 15 6 3 4 16 2 0 2 2 7 .4 6 J Al
544 unknown protein, contains domain 15 2 19 6 4 1 2 1 2 8 27 .4 8.7 Ai

n on -l.T R  id w d a n e n t  reverse Ironacriptase related

0 3  Ctil c iD W lh fd h W flA

03.1t Rscomblnation/rspair
54 5  A T M 2 (m yiosin  4) 14 5 3 3 4 8 19 2 1 2 1 13 8 .6 8.9 Al
546 F 2 I D 1 8 J 6 ( D N A  repair) 8 7 7 8 524 14 2 3 80.0 5 .6 Al
547 M S I 4  (D N A  mismatch repair protein) 50 08 3056 19 2 4 8 9 0 7 .3 Al
548 myosin heavy cham -rdated 8778462 26 3 2 18 2 .0 8.5 Al
549  myosin heavy chain-rdated 9294208 17 2 3 7 1 J 6 .5 Al
550  m yosin heavy chain-rdated 15 2 2 5 9 4 7 17 2 2 54 .2 9 .5 Al
5 5 1  myosin heavy cham -rdated 15 2 36 0 0 5 16 2 8 6 0 5 5 .1 Al
5 5 2  m yosin-like protein 18 26 6 6 39 20 2 2 10 4 .6 5 .5 (h
5 5 3  probable myosin heavy chain | imported | 2 5 4 0 8 2 2 1 3 1 3 3 14 2 .0 4 8 Ai
554  probable m yosm -like protein (imported] 4 25 6 6 32 7 17 2 4 9 0 6 9 0 Ai
555  Putative m yosin heavy chain 15 4 5 15 9 1 26 3 2 18 2 .9 9 .2 a

556  putative m yosin heavy chain class V I I I A 1 proton 4 0 6 4 15 9 5 16 2 10 20 .8 10 .5 Ta
5 5 7  putative retrodanent 20 0 4 30 5 7 20 2 1 18 5 .5 6 .4 Or

(Table continues on following page.)
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1MHi C o y .

%

•■Ha ■ n  r m H n  mlincoirwcai
“ T R 5---------pT

Spedes

5 5 8  sim ilar to m icrotubulc-associatod protein 7-2 2 2 1 3 5 8 1 8 24 3 6 7 0 .2 6 .7 At

5 5 9  unknown protein 15 2 3 4 2 9 5 19 2 1 1 1 0 .4 6 .1 At

5 6 0  unknown p ro to n , A I P s s c  in volved  m  l)N A  repair 12 3 2 4 5 8 7 2 4 3 2 10 4 .2 4 8 At

5 6 1  X K i  (m y o « n 4 ik e  protein X K i) 4 2 5 6 9 18 1 14 2 1 16 9 .1 7 .3 At

f l l  Call g r e w l M d M s I o n . 6KJ yjBCPÎT̂ÿTNT* ,-T; 'vH H
03.22 Coll cycle

5 6 2  A T G 2  (G 2p -rd ato d  protein) 3 0 6 9 3 5 3 7 2 2 2 6 4 3 .9 6 .5 At

5 6 3  A -typ e  cych n 849 070 1 6 2 6 5 3 .9 8 .1 Nt

56 4  c d c 2 (c y c lin  dependent k in ase 2 ) 3 6 0 8 17 7 4 3 3 I I 3 3 .9 6 .8 P i

5 6 5  C D C 5  protein  (cyc lm  dependent k inase 5 ) 18 0 9 2 6 5 3 1 6 2 4 10 4 .4 5 .3 Zm

5 6 6  cyclindcpendent k in ase C D K U 4 2 3 6 2 2 9 5 1 5 2 10 3 5 .8 9 .0 Gm

5 6 7  kin csin  h ea v y  chain 15 2 0 8 4 5 1 18 2 7 36 .2 6 .4 Zm

56 8  kin csin  m otor protein-related 1 5 2 3 1 2 5 9 2 0 2 2 1 1 9 .0 5 .7 At

56 9  M E N  (m e io d s  d efective 1 ) 14 5 3 3 7 6 6 6 14 2 2 10 8 .0 6 .6 At

5 7 0  M o25 fam ily  protein 1 5 2 3 8 12 6 14 2 4 39 .6 6 .3 At

5 7 1  S K P I  (k in ctoch are protein required for c d l  c y c le  progression) 5 12 9 2 0 0 7 2 9 2 18 17 .5 4 .6 N i

5 7 2  transitional endoplasm ic reticulum  A T P ase 9 8 9 6249 7 460 3 0 40 89.9 5 .1 N i

1)3 C a ll  rrowth/dlvislon \? ‘ '¿'¿to | $ 1 ‘L'.VÀ PURR03.26 Cytokinesis ìÌiSî Ŝ 'r. Jj
5 7 3  d iv ision  protein 3 3 4 3 6 3 3 9 2 1 3 5 88 .3 4 .8 At

5 7 4  F tsZ  protein (sim ilar to p lastid-divid ing ring protein) 3 1 1 6 0 2 0 3 3 2 6 44.4 7 .7 P i

5 7 5  F T S Z 2 -2  (F tsZ 2 -2 ) 15 8 10 5 8 5 2 6 2 7 5 0 .3 5 .7 At

5 7 6  P O K I (p h n g m o p la st orienting kincsin  1 ) 14 5 3 3 8 6 2 7 3 2 4 2 2 3 3 .9 5 J At

5 7 7  P O K 2 (phragm oplast orienting k in esis 2 ) 14 5 3 3 8 6 9 7 2 0 2 0 3 1 5 . 1 5 .1 At

5 7 8  S M C I protem  (structural m aintenance o f  chrom osom es) 2 7 2 2 7 8 0 1 16 2 1 14 5 .4 6 .7 O r
• » .. 'T | ■ ■ ■ ■ ■ ■ ■ ■

•ti' V .

03.20 Growth regulators
13  Cell growth/diultion v • fri

r&tVyk'îe W ilStfïM ,• ',A;
*>»*•**•> ■ IH

03.30 Seed maturation
5 7 9  3 4  k D a  m aturing seed vacuo lar thiol protease precursor 1 19 9 5 6 3 26 2 6 4 2 .8 5 .7 Gm

58 0  bH LH  fam ily  protein (chrom osom e segregation A T P a se ) 4 25 6 7 4 9 6 3 1 3 2 17 5 .0 5 .5 At

5 8 1  dcssicatiao-relatod  protein, putative 2 1 5 9 3 1 9 1 3 2 2 7 3 4 .3 8.8 At

5 8 2  H v A l (catty a n b ry o g e n e n s  associated) 257 0 4 0 2 16 2 8 4 5 .0 7 .1 IN

5 8 3  h ydrophobic seed protein precursor 5 0 19 7 3 0 6 4 4 25 12 .5 6 .7 Cm
58 4  L E A  14  (late  a n b ry o g en e sis  abundant 14 ) 1 5 2 2 3 4 1 3 2 4 2 10 16 .5 4 .7 At

58 5  seed m aturation protein  P M 2 2 4 5 8 5 2 7 1 3 7 3 19 16 .7 5 .2 Gm

58 6  seed m aturation protein P M 24 6648964 13 1 6 26 .8 5 .1 Gm

5 8 7  seed m aturation p ro to n  P M 3 1 4 8 3 8 14 9 3 2 2 17 17 .7 6 .1 Gm

58 8  soed m aturation protein P M 34 9 6 2 2 15 3 88 6 23 3 1 . 8 6 6 Gm

58 9  seed m aturation protein P M 37
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

5 8 0 224 4 7 1 5 15 4 6 .3
■ 1

5 .9 Gm

59 0  ghrtaaryl tR N A  R c d u c tu c

59 1 a sp a rta te -tR N A  lig ase  -  lik e  protein 306 8 8 9 44 3 2
I

2
■  ■ ¡ ■ i

4 6 2 .9
■ ■ ■ ■ ■

5 .9 At
59 2 elongation factor 1 A  S M V  resistance-related protein 5 0 2 6 3 0 10 2 7 2 15 2 1 .0 9 6 Gm
59 3 elongation factor 1 -gam m a 18 9 58 4 9 9 16 1 2 4 7 .7 6 3 Gm
594 g lyc y l-tR N A  syn thetase/ g ly c in e -tR N A  ligase 15 2 9 2 9 2 3 10 4 7 9 8 2 .0 6 6 At
59 5 putative elongation  factor 1 -gam m a-hke 8 2 6 2 33 8 7 3 0 2 5 4 7 .3 5 .5 St
5 % T 5 E 2 I . 1 1 (sm m o acyM R N A  ligase) 7 5 2 7 7 2 6 19 2 3 12 6 .7 6 .7 At
59 7 tR N A  pscud ou rid in c synthase fam ily protem 15 2 2 7 7 3 5 19 2 4 59 .0 6 .0 At

(Table continues on following page.)
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Number Score ktarrt % MW pi

598 elongation factor E F-2 6 0 56 37 3 324 22 28
mmmm wmtmi

H I 5.9 At
599 A 1R A D 3  (ataxia tdangiectaaia-m utated) 10 17 7 9 6 1 14 2 0 3 14 . 1 6 .7 At
600 R A D 2 3-lik e  protein 1 5 2 2 1 0 1 3 29 3 7 39.8 4.4 At

0 4 . 1 9 0 1  C a n a r a l  T F »

6 0 1 1 10  k J *  4SN c-T udar dom ain protein

602 agenct domain-conlanimg protein

603 A R K  (iA P -Jik e  zinc fin ga-con tain in g protein Z K ÌA 3

604 A T A R D 2  (acidoreductone dioxygenase)

6 0 3 A T M IN 7  (hopm mtcractor 7 )

606 A T P  binding / l)N A  binding

6 0 7  A T P  binding / l) N A  b in d in g /h d ic a se  

600 auxin response factor 16

609  binding / hem e binding / protein binding / zinc ion binding

6 10  bZIP  (transcription factor)

6 1 1  bZIP  p ro te il B Z 3

6 1 2  bzip transcription factor

6 1 3  bZIP  transcription factor b Z IP l 1 7

6 14  bZ IP  transcription factor b Z IP l 3 3  

6 1 3  s im ib r  to reverse trancriptssc

6 1 6  sim ifar to reverie  transcriptase

6 1 7  D N A  binding

6 18  D N A  binding / binding

6 19  D N A /R N A  binding protein-like

6 20  D N A -binding brom odom ain-conlaining protein

6 2 1 D N A -binding bromodoma in-containing protein

6 2 2  D N A -binding protein, putative

6 23  F 2 2 G 5 .9  (transcription factor)

624  F 2 7 F 5 .2 I  (reverse transcriptase, putative)

6 2 3  F 3 M I8 .I4  (hom cbox-l transcription factor)

6 26  F S O I 1 .4  (sim ilar to calm odulin, putative)

6 2 7  F-tw x fam ily protein

628  F-boa fam ily  protein

6 29  F-box fam ily protein

6 3 0  F-box fam ily protein

6 3 1 F-box fam ily  protein

6 3 2  F-box fam ily protein

6 3 3  F-box fam ily protein

6 34  F-box fam ily protein

6 3 3  F 1ÌS I (F R K ìID A -liS S K N llA L  1 )

6 3 6  F L U  (flow ering locus KH  dom ain)

6 3 7  G B F 3  (G -B O X  B IN D IN G  F A C T O R  3 )

6 38  gtycm e-nch  protein

6 39  glycinc-rich RNA -binding protein

640  g lydn o-rich  RN A -binding protein P sO R B P

6 4 1 C im i  (CHjO B A I.'IR A N S C R IP IIO N  FA C T O R  G R O U P  H I)

642 heat shock transcription factor-hkc protein

643 m gp I (H P -b in d in g  protein

644 Mutator tru isposablc dcm en t-idatcd  protein, putative

643 contains nascent polypeptide-associated com plex (N A C ) domain

646 contains nascent polypeptide-associated com plex (N A C ) domain

647 N IM I-tik e  protein 2  (zinc f in g a )

648 nuclcotd DNA-binding-Hkc protein

2 19 2 9 2 2 0 43 3 3 1 0 8 2 7 .1 Ps
3069 5584 16 2 3 80.7 6.9 At
10 4 4 13 5 2 15 1 1 5 1 .9 7.8 At
224 4 8 27 35 2 2 108 .0 6 3 At

4 256 539 9 28 3 2 194 .8 5.4 At
15 2 2 9 0 2 2 14 2 1 2 1 5 .8 7 3 At

14 5 339 4 8 5 13 1 0 2 2 6 3 5.6 At
19 3 5 2 0 5 3 3 1 4 6 7 7 .1 5 .5 Qs
1 5 2 3 7 19 1 20 2 1 20 8 .7 5 J At
67906424 17 2 3 4 3.9 9 3 to
3 0 6 9 19 7 8 16 2 5 3 4 3 8.4 At
8 3 8 5 38 2 1 23 3 6 4 5 .2 9.8 Gm
1 1 3 3 6 7 2 1 2 24 3 9 3 5 .7 5.5 Gm
1 13 3 6 7 2 4 8 15 2 9 3 0 .1 8.4 Gm

3 3 7 7 8 5 6 20 2 2 126 .4 8 3 At
4 3 2 5 3 6 1 15 2 3 1 0 1 .0 8.0 At

14 5 3 3 2 6 6 3 15 2 2 12 8 .2 7.8 At
14 5326 6 4 6 17 2 3 9 1.9 5.8 At
9 2 9 4 6 14 13 1 1 5 4 3 5 .7 At
15 2 3 0 9 10 17 2 2 7 0 3 9 3 At
1 5 2 2 14 2 4 15 2 3 84.1 5 .2 At
18 3 9 5 5 18 18 2 2 70.9 8 3 At
8 77 8 54 0 16 2 1 16 9 .7 5.6 At
77 6 7 6 7 2 19 2 1 1 1 5 . 7 8.8 At
656 0 763 20 2 1 2 0 5 .7 5.4 At
8 7 7 8 6 50 28 3 3 I I 0 J 7 3 At

223269 94 24 2 4 53 .9 5 .7 At
IS 398 404 20 2 5 4 7 .7 7.8 At
15 2 2 3 3 6 2 17 2 2 6 4 .1 9 0 At
15 2 2 9 8 34 16 2 7 49.9 6 3 At
1 5 2 19 6 2 7 16 2 3 5 2 .7 8 3 At
1 5 2 17 8 3 9 16 2 6 42.9 9 .1 At
12 3 2 4 7 5 9 15 2 8 40.5 9.8 At
15 2 3 2 4 8 6 14 2 5 4 5 3 9 0 At
30685865 15 2 4 64.4 6 .1 At
15 2 2 9 3 2 1 25 2 4 6 3 .4 4.6 At
15 2 2 5 9 5 3 20 2 4 4 1 . 1 9 3 At
2 19 6 5 4 2 18 2 IS 20 .6 9.5 Os
5 7 26 56 7 17 6 II 83 15 .8 6.6 Gm
17 7 8 3 7 4 18 1 10 15 .1 7.9 Ps

14 5 32 6 6 5 6 17 2 2 18 5 .9 5 .1 At
7340 6 57 16 2 5 53 .8 5.9 At
1020092 15 2 6 2 3 .2 6 .0 Zm

1 13 2 0 5 4 3 4 24 3 4 7 0 J 9 3 St
15 2 2 9 14 9 3 7 2 13 2 3 .7 4.4 At
15 2 3 0 4 7 6 2 1 1 6 2 2 .0 4 3 At
4 9 18 2 2 7 8 17 2 4 6 4 .2 6 0 U
2 1 6 17 9 3 3 13 1 2 4 5 .5 9 3 At

(Table continues on following page.)
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Accalori
Number

ötiicn rtpooev V/OV. 

Score Ident %
Theoretical 

MW pi
Spades

649 O C I.I hom cobox proton 5 5 3 14 8 4 14 2 3 8 4 5 5 6 Zm
6 50 P A P A - l-h k c  fam ily protein / /m e l in g o  ( l i r e  type) fam ily protein 12 3 2 3 0 2 5 2 1 2 3 59 .6 8.6 Al
6 5 1 P U D  f in g o  protein-related 1 5 2 3 3 0 1 5 16 2 2 10 5 .4 8.2 At
6 52 poly(A)-btnding protein 8 38 538 0 8 89 7 14 68.5 6 .2 Gm
6 53 P R H A  (pathogenesis related homedomain protein A ) 15 2 3 3 7 6 6 19 2 2 9 0 7 4.9 At
654 P U R  A L P H A -1 (purin-rich alpha 1 ) 18 4 0 2 8 7 1 3 1 2 6 32 .2 5.8 At
6 55 putative protein 7 3 4 0 7 2 3 2 1 2 2 80.4 8.4 At
6 56 putative protein 28 32 6 7 8 16 2 4 53 .4 6 .3 At
6 5 7 putative transcription factor B T O -lik e 8 2 6 2 3 4 3 1 22 2 14 17 .5 6 .3 Si
658 putative W R K Y -ty p e  D N A  binding protein 3 2 4 9 3 10 8 14 2 5 53 .6 6.8 Gm
659 regulator o f  chrom osom e condensation (R C C I ) fam ily protein 15 2 18 8 6 7 2 6 3 3 l l l . l 8.8 Al
660 n evo se  transcriptase like protein 2 2 4 4 9 15 26 3 3 10 5 .7 9.6 Ai
6 6 1 riboaom al protein L 24-lik e  protein 8 2 4 0 0 15 4 19 1 7 19 .6 10 .7 Si
662 sec6 l beta fam ily protein 15 2 3 9 3 3 7 16 1 9 1 0 9 1 1 .6 Al
663 S E T  dom ain protein 10 5 20 9 776 0 6 18 2 2 75 .0 7 .7 Zm
664 sim ilar to  nascent polypeptide associated com plex alpha chain 4 1 1 5 9 1 8 20 1 6 2 5 .4 4 .2 Al
665 S P 1 I 6  (G L O B A L  T R A N SC R IP T IO N  F A C T O R  C ) 15 2 3 6 8 9 9 18 2 1 12 0 .6 5 .7 Al
666 TO PI (tdom eric D N A  binding protein 1 ) 15 2 4 0 7 2 5 14 2 5 7 0 .5 6.8 Al
667 td om crase r e v o s e  transcriptase 13 6 2 5 3 0 2 16 2 3 14 3 .7 9.5 Ot
668 transcription factor 2 2 3 2 8 7 4 0 28 2 8 3 3 .7 5.9 Al
669 transcription factor 2 34 26 7 9 22 2 1 1 0 8 3 5 6 Al
670 transcription factor b Z !P 38 14 5 6 5 2 3 2 9 18 2 6 48 .0 9.6 Gm
6 7 1 transcription factor jum onji (jm jC)dom ain-containing protein 3 0 6 9 9 3 19 1 7 2 3 10 5 .5 5 .1 Al
6 7 2 transcription faclor-rdaled 1 5 2 18 0 1 6 28 3 3 1 9 5 4 8.7 Al
6 7 3 transcription factor-related 30 6 8 54 5 0 IS 2 2 10 2 .7 6.4 Al
6 74 transcription initiation factor IIP’  (TFUF-bcta) fam ily protein 15 2 2 2 2 6 4 2 3 2 8 29 .7 6 .5 Al
6 7 5 translational inhibitor protein like 1 10 7 3 9 3 8 4 48 3 16 27 .8 9 .2 Al
676 T I R I  (W R K Y  dom ain fam ily protein 16 ) 306 9 4 6 75 16 2 2 1 5 5 .7 6 0 Al
6 7 7 W R K Y 6 0  (W R K Y  D N A -bm dm g protein 60) 15 2 2 4 6 6 0 14 2 4 3 0 6 9 .1 Al
678 rin c lin ger (C 2H 2 type) fam ily protein 15 2 2 8 6 8 5 16 2 1 72 .8 9 .1 Al
679 zinc fin ger (C 3H C 4-type R IN G  finger) fam ily protein 15 2 3 7 2 2 3 3 3 4 0 5 2 7 .3 5.4 Al
680 zinc fin ger (C 3IIC 4 -ty p e  R IN G  fin g a )  fam ily protein 1 5 2 3 2 14 3 19 2 4 10 4 .1 9 6 Al
6 8 1 zinc f in g a  (C 3 !IC 4 -ty p e  R IN G  fin g a )  fam ily protein 1 5 2 4 1 1 8 8 19 2 7 44.4 5.4 Al
682 zinc f i n g a  (C 3H C 4-type R IN G  fin g a )  fam ily protein 15 2 19 5 4 4 18 2 9 40.6 9.4 Al
683 zinc f in g a  (C 3H C 4-typ e R IN G  fin g a )  protein-related 3068 638 9 18 2 2 8 2 5 6.4 Al
684 /in e f in g a  protein-related 2 2 3 3 0 4 3 5 19 2 1 64.8 4 .9 Al
685 zinc f in g a  transcription f a c t a  W R K Y 1 6 6 8 9 9 16 17 2 8 44.8 9 .0 (h
686

687

688
689

690

6 9 1

692

693

694

695

696

697

698

699

700

70 1

702

(Table continues on following page.)

zinc ion binding 14 5 3 5 9 5 13 18 48 .0  10 .1

A R F 9  (auxin  response f a c t a  9) 15 2 3 3 6 4 7 20 3 4 7 2 .3 6.5 Al
ATBFTT9 (brom odom ain and extra term mal domain protein 9) 18 4 17 3 3 5 18 2 3 7 5 .9 4.9 Al
A T B R M /C H R 2  (A t B R A H M A ) 4 2 5 7 12 4 3 2 7 3 1 2 4 5 .5 8.9 Al
I 3 L 2  (transcription fa c t a ) 30 0 16 8 9 6 1 7 2 4 6 9 9 5 6 Nt
ethylene respon sive protein 3 3 3 3 10 8 3 24 3 8 4 2 .2 5 .1 Gm
m b  (auxin  response f a c t a ) 850 6 9 28 3 IS 2 13 3 7 .2 9 .7 Nt
G i l l  protein (auxin inducible) 2388 689 13 2 6 3 6 5 8.7 Gm
m itochondrial transcription lam in ation  fa c ta -rd a tc d 15 2 2 0 6 6 2 19 2 10 4 7 .0 9.5 At
M S I (m ale sterility 1 ) 1 5 2 4 2 18 1 18 2 4 7 7 .0 7.8 Al
m yb fam ily transcription f a c t a 1 5 2 3 1 1 7 0 16 2 2 18 4 .1 6 .7 Al
M Y B  transcription f a c t a  M Y U 6 1 1 10 9 3 16 6 0 15 2 8 3 3 7 1 0 1 Gm
M Y R S 5  (m yb  dom ain protein 8 5) 1 16 8 3 1 3 8 5 14 2 16 3 0 5 5 .2 Al
M Y R 9 8  (m yb  dom ain protein 9 8) 1 16 8 3 1 3 7 3 15 2 5 5 0 2 6 .1 Al
pm orcsm oU aricffcsin ol reductase, putative 2 15 9 2 8 3 0 16 1 3 3 5 6 6 0 Al
P T A C 2 (pfastid transcriptionally active 2 ) 1 5 2 2 1 4 1 1 18 2 2 9 6 3 5 .7 Al
R N A  binding protein-like 9 29 39 8 1 19 2 2 10 7 .2 5 .7 Al
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703 F 2 4 0 1 .3  (transcription factor) 79 4029 3 19 2 3 10 4 .0 5.8 At
704 hem e activated  protein 779 99 309 20 1 5 2 8 J 5 .9 St
705 histone H 2A -lik e  protein 2 15 9 3 5 0 7 23 2 II 14 .9 10 .3 At
706 histone II2D 15 2 2 6 9 4 3 23 2 16 16 .5 10 .0 At
707 Histone H 4.3 (IIM 4) 5 1 3 1 5 7 4 4 55 4 38 1 1 .6 1 1 . 7 Zm
708 H IJR 1 (histone mono-ubiquitm stion 1 ) 30689877 2 1 3 4 99.7 6 .5 At

04.22 mRNA p ro em in o
709 argonaute 1 1 1 9 3 5 1 1 8 3 49 4 5 12 0 .9 9 .4 ft
7 1 0 A T C R S I/ C R S I  (Zm  chloroplast sp lic ing factor C R S I ) 15 2 3 7 2 9 5 22 3 4 8 3 J 9.4 At
7 1 1 binding (contains A rm adillo-like h d ica l dom ain) 15 2 3 9 6 2 1 15 2 2 9 3.8 6.8 At
7 1 2 binding (contains A rm adillo-hkc h d ica l) 686 29 25 17 2 2 94.5 6 .7 At
7 1 3 binding (contains tctntricopcptide dom ain) 4 4 5 5 36 7 22 3 1 19 6 .2 5 .5 At
7 1 4 binding (contains tctntricopcptide dom ain) 15 2 3 8 2 3 8 20 1 3 62.4 4 .7 At
7 1 5 binding (R N A  stabilisation) 6 5 2 2 5 5 2 19 2 2 1 3 7 .5 5.0 At
7 1 6 binding (R N A  stabilisation) 79 329 38 9 17 2 4 68.9 7 .1 At
7 1 7 binding (transcription (actor) 15 2 4 0 2 9 3 14 2 1 7 1 .0 7 .1 At
7 1 8 C C -N B S -L R R  protein 12 32 2 9 4 8 2 7 3 2 16 6 .3 7.8 At
7 1 9 C C - N B S - I J t R  protein 149 7 8 6 54 0 14 2 1 14 4 .1 5 .7 Si
7 20 ch loroplastic group UA mtron splicing fa c ilita to rC R S I 7 5 17 3 3 0 8 16 2 1 8 1 .4 9 .9 Zm
7 2 1 c infill 1 polyprotein 3 3 1 1 3 9 6 8 15 2 2 10 9 .6 5 .3 Zm
7 2 2 C L JP -associatin g  protein (C L A S P ) -related 4 257 0 28 6 2 7 3 2 15 9 .0 6 .7 At
7 2 3 co p ia-b k c  poiyprotcin 6 9 9 6255 3 1 4 4 ¡5 5 .5 7 .3 At
7 24 D N A -binding protein 6 9 58 20 2 22 3 8 6 8 .7 7 .5 Ta
7 2 5 D N A -binding protein-related 18 4 0 339 7 15 1 9 2 0 .1 9 .4 At
7 26 F I  7 F 8 .5  (hom oigue to reverse transcriptase) 9 7 5 5 3 7 4 24 3 5 10 0 .8 9 .5 At
7 2 7 F 2 7 F 5 .1 9  (rctrotransposon gag protein) 7767664 15 2 2 14 8 .1 8.9 At
7 2 8 F 7 F 2 2 .1 5  (rctrotransposon gag p roton ) 2 5 3 5 4 7 18 17 2 1 16 3 .2 5 .7 At
7 29 gag-pol (rctrotransposon) 18 0 9 2 3 3 7 20 2 0 16 9 .2 8 .7 Zm
7 3 0 gag-pol poiyprotcin 29 4 2 32 8 2 14 2 1 17 9 .8 8.4 Gm

7 3 1 h ilo a c id  dehalogcnase-likc hydrolase fam ily protein 15 2 4 15 6 4 42 3 12 2 8 8 6 .9 At
7 3 2 harpin binding protein 1 3 8 6 7 9 3 15 47 4 19 28 .4 7 .9 Gm
7 3 3 harpm -m duccd protein-related/H IN 1-related 15 2 34 6 6 3 15 2 8 26 .0 1 0 6 At
7 34 H ighly sim ilar to T a l-3  polyprotein 6 6 239 7 3 IS 2 1 15 3 .8 8 .1 At
7 3 5 intron m atu n se , type 0  fam ily protein 15 2 2 0 6 3 8 13 2 4 8 1 .5 9.4 At
7 3 6 leucino-rich repeat fam ily protein 1 1 1  1 8 3 16 1 16 2 3 6 5 .7 6 .4 Le
7 3 7 leucino-rich repeat fam ily protein/jprotcrii k inase fam ily proton 15 2 2 3 4 5 9 16 2 4 1 1 4 .6 6 .0 At
7 38 m aturaso-hke protein 7 4 0 6 4 15 18 2 2 80.5 8.4 At
7 39 M K H I (m orphogenesis o f  root h sir  1 ) 7 268658 15 2 3 76 .6 6 .6 At
740 N B S -L R R -h k e  protein 15 7 8 8 5 10 14 2 7 46 .7 8.8 Ih
7 4 1 N I jOE (contains I .R R  dom ain) 4 2356 4 3 17 2 3 8 5 .7 5 .9 U
7 4 2 pcntatricopcptide (P P R ) repeat-containing protein 15240 4 44 23 2 3 78 .0 6 .8 At
743 pcntalricopeptide (P P R ) repeat-containing protein 15 2 4 2 2 6 6 23 3 2 13 9 .6 7.6 At
744 pcntatricopeptide (P P R ) repeal-containing protein 15 2 2 7 0 6 7 22 3 8 68 .2 7 .2 At
745 pcntalricopeptide (P P R ) repeal-containing protein 18 4 0736 5 20 2 5 45 .8 8.8 At
746 pcntatricopeptide (P P R ) repeat-containing protein 15 2 2 2 0 36 19 2 2 5 5 .1 9 .4 At
7 4 7 pcntatricopeptide (P P R ) repeal-contam mg protein 15 2 3 3 14 2 19 2 2 9 5 .1 5 .7 At
748 pcntatricopeptide (P P R ) repeal-contam mg protein 15 2 2 8 6 5 3 16 2 3 6 7 .3 6 .6 At
749 pcntalricopeptide (P P R ) repeat-containing protein 15 2 4 0 0 32 16 2 2 1 1 6 .9 8.4 At
7 5 0 pcntatricopeptide (P P R ) repeat-containing protein 15 2 3 13 3 8 16 2 5 9 8 .3 6 .5 At
7 5 1 pcntalricopeptide (P P R ) repeat-containing protein 15 2 3 3 0 5 0 16 2 3 8 7 .7 7 .0 At
7 5 2 pentatricopcptidc(P PR ) repeat-containing protein 15 2 2 2 4 9 2 IS 2 3 7 7 .4 8.2 At
7 5 3 pcntatricopeptide (P P R ) rcpcat-conUm m g protein 15 2 2 3 7 6 3 15 2 5 6 1 .7 8.8 At
7 54 pcntalricopeptide (P P R ) repeat-containing protein 30686506 14 2 2 1 0 0 8 8.2 At
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7 55 paitatricopcpO dc (P P R ) repeat-containing protein 15 2 2 13 0 4 14 2 2 98.7 5.9 At
756 pcntatricopcptidc repeat-containing protein 9 18 0 6 0 15 15 2 5 40.3 7.9 At
7 5 7 potyprotem 10 17 7 4 8 5 19 2 0 159 .5 9 .3 At
758 potyprotein 4 2356 4 4 18 2 1 17 5 .6 9 .0 L b

7 59 polyproton 18 6 57 0 20 16 2 1 20 5 .8 8.8 Ok
760 polyproton 2776 4 54 8 16 2 2 17 6 .4 8 .1 Cm
76 I putative Atfaila retro d em cn lO R F l protein 4 4 1 7 3 10 17 2 7 56.5 5.9 At
762 putative Athila retrodem ent O R F I protein 20 19 7 6 0 5 16 2 3 1 15 .9 5.5 At
76 3 putative athila-hkc proton 7267490 16 2 2 65.9 6.4 At
764 putative gag-pol polyprotein 13 4 3 5 2 4 3 24 3 2 20 3 .7 7 .6 Ok
765 putative ga g -p d  polyprotein 18 8 550 0 3 19 2 2 128 .5 8.7 Ok
766 putative gag-pol polyprotein 139 2 8 4 4 9 19 2 1 19 3 .8 8.1 Zm
76 7 putative gag-pol potyprotem, V-partial 14 0 18 0 8 5 16 2 1 1 2 1 .2 7 .1 Ok
768 putative gag-pol precursor 3 3 1 1 3 9 6 3 15 2 1 2 0 7 .2 9 J Zm
769 Putative mutator-like trampoaaac 15 4 5 16 0 6 26 2 1 269 .6 7 .0 Ot
7 7 0 putative polyprotein 14 0 18 10 6 29 4 2 169 .3 8.6 Ok
7 7 1 putative polyprotein 18 56 8 26 7 20 2 0 30 7 .0 9 .4 Zm
7 7 2 putative polyprotein 18 6 5 7 0 16 20 2 5 7 6 J 8.6 Ok
7 7 3 putative polyprotein 16 9 2 4 1 10 17 2 10 32 .4 9 .2 Ok
7 7 4 putative potyprotein 16 5 19 4 7 6 17 2 1 159 .5 6.6 (h
7 7 5 putative protein 4 972086 18 2 3 104 .6 7 .1 At
7 7 6 putative protein 7529 26 4 18 2 9 3 1 J 5 .6 At
7 7 7 putative protein .1269282 17 2 3 148 .8 8.9 At
778 putative protein 728 8029 13 2 2 48.5 6.6 At
77 9 putative protein (possibly fragment) 4 7536 4 6 18 2 2 87.9 5.6 At
780 putative netroekment 16 9 24 0 5 1 16 2 4 48 .1 6 .2 Or

7 8 1 putative retrodem ent 15 2 17 2 4 0 15 2 1 188 .8 9 .1 Or

7 8 2 putative retroekm ent 19 8 8 16 7 1 14 2 2 84.4 6.8 Ok
78 3 putative retrodonent pol polyprotein 4 38 8 8 18 32 4 4 15 3 .0 8.5 At
784 putative retrodem ent pol polyprotein 7 5 2 36 7 0 22 3 3 1 3 1 .9 8.9 At
785 putative retrodement pol polyprotein 13 12 9 4 5 5 17 2 5 9 9.7 7 .0 Ob

786 putative netrodcm ait pol potyprotein 44327 9 7 16 2 1 98.7 9.8 At
7 8 7 putative R IR K 2 orf3 4 5 5 5 0 14 5 17 2 2 90.8 5.0 Zm
788 putative transpoaase 328 30 26 16 2 5 841 6.5 At
789 putative transposase 16 9 2 4 10 9 IS 2 4 77.4 8.6 Ok
790 retrodem ent pol pdyprotcm -H ke 9 759493 26 3 3 126 .4 9 0 At
79 1 retrodem ent p d  poiyprotem-Kkc 10 17 7 6 4 3 20 2 1 2 1 2 . 1 6 .5 At
79 2 id ro c le m a it pol potyprotcm-Ukc 9 2 9 4 13 2 16 2 2 98.7 9 .2 At
79 3 retrodem ent p d  polyprotcin-likc 8 7 7 7 5 8 1 15 2 1 1 2 1 . 2 8 8 At
794 splicing factor S C 3 5 9 8 4 36 53 25 3 9 3 5 .2 1 1 . 5 At
79 5 splicing factor, putative 18 4 0 37 22 16 1 14 10 .2 5.3 At
796 S R M I0 2  (SR -rich  pro-m RNA splicing activator) 9 8 4 36 5 1 16 2 1 1 0 2 4 1 1 . 7 At
7 9 7 T l  2 C 2 4 .2 2  (contains h d  tease domian) 9 50238 6 17 2 3 13 8 .9 8.7 At
798 T l 4P 8 .20  (ribonuclcoprotein) 3 19 3 3 0 0 18 2 2 98.5 5.8 At
799 transposablc dem en t activator uncharacterixed 14 0 17 1 18 2 10 2 3 0 9 .4 Zm
800 transpoaase 7 6 7 36 7 7 18 2 2 8 1 .9 8.7 Zm
801 unknown protein, contains D W N N  domain 14 5 3 4 0 3 3 7 15 2 3 9 1 J 8.9 At

04.31 RNA transport 
up rrowin syiuntsss

06.01 Rlbosomal proteins
802 4 0S  ribosom al protein S 1 0  (R P S 10 C ) 8 9 53720 20 2 12 19 .8 9.6 At
803 4 0 S  ribosom al protein SlO-Nke 8 10 7 4 0 3 7 5 1 3 IS 19 .8 9.8 St
804 4 0 S  ribosom al protein S I 2  (R P S 12 A ) 15 2 18 3 7 3 17 1 6 15 .4 5.4 At
805 4 0S  ribosom al protein S I  3  ( R P S 13 A ) 1 8 4 1 1 7 1 6 16 1 7 1 7 .1 10 .4 At
806 4 0S  ribosom al protein S I 4  (C lone M C H 2) 1 3 1 7 7 3 43 3 22 16 .3 10 .6 Zm

807 4 0S  ribosom al protein S I  5 A  ( R P S 15 a C ) 1 1 6 8 3 1 1 4 7 18 2 2 1 15 .4 9 .3 At

(Table continues on following page.)
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808 4 0S  riboaom al protein S I 7-üke protein 7 6 57 334 5 16 1 7 16  J 1 0 0 St

809 40S  n b o so n u l proton S I9  (R P SI9 H ) 15 2 4 2 3 2 2 47 4 30 1 5 8 10 .1 At

8 10 40S  riboaomal protein S2 2 IS 5 3 8 5 I 55 3 9 30.9 10 .3 At

8 1 1 40S  riboaomal protein S 2 3  (R P S 23A ) 2 39 2 8 4 37 16 l 3 34 .0 9.9 Zm
8 12 4 0S  riboaomal protein S 25 3359 0 37 4 IS 1 10 10 .5 1 0 8 Cm
8 13 40S  riboaomal protein S 2 5  (R P S 2 5 B ) 15 226 59 0 15 1 12 12 .1 10 .7 At

8 14 40S  riboaom al protein S 3  (R P S 3 A ) 8 262339 7 73 6 26 26.4 9 .7 St

8 13 40S  riboaomal protein S3a-lik c protein 8 2 4 0 0 124 17 2 9 29.6 9.9 St

8 16 40S  riboaomal protein S9  (R P S 9 C ) 1524249 8 48 4 17 2 3 .2 1 0 3 At

8 17 40S  riboaom al S 4  protein 2 2 13 8 10 8 12 9 10 35 30.0 I 0 J Cm
8 18 4-coum aratcC oA  Hgaae iaocn/ymc 2 4038975 2 7 2 5 60.2 6 .3 Cm
8 19 6 0 S  acid ic riboaomal p rotan  P0 (RPPOB) 15 2 3 2 6 0 3 72 5 13 3 4 .1 5.0 At

820 6 0 S  riboaom al protein LIO  (R P L 10 C ) 184 08 550 64 5 24 24.9 1 0 6 At

8 2 1 6 0 S  riboaomal protein 1 .1 2  (R P 1.I2 B ) 1 5 2 3 18 1 4 39 2 16 18 .0 9 .1 At

822 6 0 S  riboaomal protein 1 .18  (R P I .18 C ) 15 2 4 10 6 1 3 2 2 13 2 1 .0 1 1 0 At

823 6 0 S  riboaom al protein L 19  (R P L 19 C ) 15 2 3 5 2 9 0 20 2 10 24 .2 1 1 .4 At

824 6 0 S  riboaomal protein 1 2 2 - 2  ( R P I2 2 B ) 152300 08 28 3 27 14 .0 9.6 At

8 23 6 0 S  riboaomal protein L 23  (R P L 2 3B ) 2 3 4 10 2 8 104 7 44 17 .0 10 .1 At

826 6 0 S  riboaomal protein L 30 6094049 15 1 14 12 .5 9.6 Zm

827 6 0 S  riboaomal protein 1 3 4  (R P I3 4 A ) 15 2 2 3 3 7 7 34 3 22 13 .7 1 1 .6 At

828 6 0 S  riboaom al protein L6 (R P L 6 A ) 15 2 2 17 9 8 26 2 8 26 .2 10 .1 At

829 6 0 S  riboaom al protein L6, putative 2 15 9 3 9 10 2 2 2 7 2 6 .1 10 .1 At

830 6 0 S  riboaomal protein l.7A -lik e 8 2623429 15 1 3 29.4 10 .3 S i

8 3 1 A T R P S 5 B  (R 1B O S O M A L  PR O TEIN  5 B ) 1 5 2 2 8 1 1 1 87 6 24 23 .0 9 .7 At

8 32 hypothetical protein H 6 M 2 .4 0 112 7 7 8 0 1 25 3 15 3 2 .1 9 .4 A t

833 KH domain-containing protein 1 5 2 4 1 1 3 6 24 2 8 34.0 7.9 A t

834 K II domain-containing protein 15 2 2 5 2 2 9 15 1 1 64.6 5 .3 At

8 35 PM M flte protein 15 2 17 2 9 4 96 7 30 3 3 .1 4 9 Os

836 putative 6 0 S  riboaomal protein 19 4 2 3 9 12 18 2 9 23 .4 1 0 4 At

8 37 riboaomal protein L I  1 ,  cytoaohc 7440684 60 4 2 1 2 1 . 1 9 .9 At

838 riboaomal protein L 13  fam ily protein 30678423 2 1 2 4 23 .4 1 0 4 At

839 riboaomal protein 1 2 12054 50 7 19 2 II 28 .0 10 .5 Cm
840 riboaomal protein 1 2 17 6 4 4 1 12 18 2 7 2 1 .9 10 .7 Ijê

841 riboaomal protein 12 5 -b k e  protein 7 6 5 7 3 3 39 28 2 19 17 .2 1 0 3 St

842 riboaomal protein 1 3 0 5 7 4 7 17 10 15 1 10 I 2 J 9.4 Ta
843 riboaomal protein L9 6 0 156 0 4 60 4 2 1 22 .0 9 .2 Pi
844 riboaoanal protein S I  1 9 1 2 1 4 17 4 1 5 2 19 15 .0 12 .1 Cm
845 riboaom al protein S26 5706704 14 I 6 14 .9 10.9 Pi

846 riboaomal protein S 2 7 6850878 45 3 29 9 i 9 .1 At

847 riboaomal protein S 3 9 12 1 4 17 9 28 3 12 24 .7 9.9 Cm

848 riboaoanal protein S 3 5 7 0 13 9 3 7 14 2 3 65 .0 10 .2 Nt

849 riboaomal protein S 5  fam ily protein 18 4 0 8 15 1 16 2 3 60.2 7 .1 At

850 R P S I (riboaomal protein S I ) 3069 2346 18 1 2 4 5 .1 5 .1 At

8 5 1 R P S 15 A  (R IB O SO M A I. PR O TEIN  S I 5 A ) 7 6 57 330 7 59 4 30 14 .8 9 9 St

8 52 rps3 (riboaom al protein S 3 ) 8 16 8 778 2 22 2 8 6 41 10 .4 Ta

8 53 R P S6  (riboaomal protein S6) 152360 4 2 26 2 10 28.4 10.6 At

854 S I  R N A -binding domain-containing protein 152220 7 6 18 2 2 85.7 5 .3 At

855 S I 8 A  riboaomal protein 138 7 7 5 2 5 2 7 2 13 17 .6 10 .5 At

856 S28  riboaomal protein 32400865 28 2 22 9.8 1 1 3 Ta
8 57 U 2A ' (U 2  small nuclear ribonucleoprotein A ) 15 2 18 2 7 4 59 4 21 28 .0 5.8 At

AJI Wmialn------- »-uo rroztin synxnesis
08.04 Translation factors

858 A T 5g236 9 0 /M Q M l 4  (tRN A  nuclootidyltranafaaac) 18 3778 6 2 14 2 2 5 9 6 7.6 At

859 A 1 1 1 P I | V | ,R N A  binding 1524 2 9 29 14 2 1 13 3 .0 5 .3 At

860 A lP-dcpcndcnt hclicaac 6 52257 7 15 2 1 1 5 1 . 2 6.0 At

861 resistance to Pseudomonas syringac p v m aculicob  intcractor 1 15 2 4 2 2 17 34 3 7 50.3 5 .7 At

862 C A A 3 0 3 7 7 .1 protein (contains Arm adillo-like b d ica l dom ain) 57 7 7 6 19 14 2 6 7 0 J 5 .7 Os

(Table continues on following page.)
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863 C E T S 1  (phosphatidylethanokm m c binding protein) 9 9 079228 3 3 2 12 1 9 0 9 .1 Gm
864 C R P  (C R Y P T IC  PREC O C IO U S) 7 9 4 57 8 34 2 7 3 2 2 3 7 .5 9 .0 At
865 D N A  polym erase 7 6 8 8 0 15 0 2 2 3 4 12 8 .6 8.6 Ht
866 F JF 2  B E T A  (embryo defective 14 0 1) 15 2 4 2 10 0 2 3 2 7 30 .7 6.8 At
867 E JF 4 E  (eukaryotic translation initiation factor 4 E ) 15 2 3 6 7 3 5 1 7 ! 5 26 .5 5 .0 At
868 clF4-gam m a/e!F5/eIF2-cpstk)n dom ain-containing protein 9 7 59 0 36 30 2 5 49.3 5 .7 At
869 E IF -5 A  (eukaryotic translation initiation factor 5 A - 1 ) 15 2 2 3 0 0 2 56 5 25 17 .4 5.4 At
870 elongation factor 1-alpha-hkc protein 8 32 8 39 7 7 60 4 8 49.3 9 .2 St
8 7 ! H M B 12 2 0  (em bryo defective 12 2 0 ) 3249066 16 2 4 55 .5 5 .7 At
8 72 E M B I 3 5 3  (em bryo defective 1 3 5 3 ) 15 2 3 4 6 15 15 2 7 35 .9 9 .3 At
8 73 E M B 18 6 5  (em bryo defective 18 6 5 ) 15 2 2 9 6 3 6 14 2 3 96.0 5.8 At
8 74 K M B I9 7 4  (em bryo defective 19 7 4 ) 14 5 3 3 8 2 15 1 7 2 2 77 .9 5 .1 At
8 7 5 E M B 2 10 7  (em bryo defective 2 1 0 7 ) 4 2 5 7 3 3 2 3 15 2 6 50.9 7 .6 At
876 E M B 2 2 2 1  (em bryo defective 2 2 2 1 ) 3069 5804 16 1 ! 1 19 .9 5 .0 At
8 77 E M B 228 4/P O L 2A /T IL I (E M B R Y O  D E F E C T IV E  228 4 ) 1 5 2 2 3 15 8 2 6 3 1 2 6 1 .3 6 .4 At
878 E M B 2 4 10  (em bryo defective 2 4 10 ) 4 2 56 9 32 0 3 0 3 1 238 .0 7 .6 At
879 E M B 2 7 19  (E M B R Y O  D E F E C T IV E  2 7 19 ) 8778 9 79 1 7 2 3 59 .1 8.5 At
880 E M B 2 7 5 5  (em bryo defective 2 7 5 5 ) 15 2 4 18 9 7 40 3 4 6 3.8 5.4 At
8 8 ! E R F I - 3  (E U K A R Y O T IC  R E L E A S E  F A C T O R  1 - 3 ) 4 2 5 6 5 2 16 26 2 4 49.0 5 .4 At
882 ethylene-responsive R N A  h d icase 1 5 2 3 10 7 4 5 7 4 7 69.2 7 .7 At
883 eukaryotic initiation factor 3 (1 subunit 124 0 7 6 6 4 6 2 4 14 36 .5 6 .9 At
884 eukaryotic translation initiation factor 2 B  fam ily protein/ 

e(F -2B  fam ily protein

18 3 9 6 17 0 3 3 2 9 39.6 5 .9 At

885 eukaryotic translation initiation factor d F 4 K 5 15 9 9 16 9 17 1 4 2 5 .2 5 .2 Ht
886 F I 1 3 . 2 ,  R N A  binding 8778 48 4 14 ! 1 64 .0 8.4 At
88 7 h chcasc-hkc protein 3 0 6 9 4 6 18 19 2 1 17 2 .2 9 .0 At
888 hypothetical E IF-2-Alpha 4588 003 19 1 4 4 1 .6 5 .1 At
889 initiation factor d F -4  gam m a like 1 10 7 4 18 7 5 3 7 4 3 18 7 .9 7 .7 At
890 m cthyl-CpG-brnding domain 13 2 2 5 3 1 1 3 0 16 2 3 82.6 9 .4 At
891 N R P D 2 a  (nuclear R N A  polym erase D 2 A ) 7 9 4 16 7 0 9 18 2 1 1 3 2 .7 8.6 At
89 2 oligouridylate-binding protein, putative 15 2 3 17 8 3 1 7 I 2 4 7 .1 7 .2 At
893 P A B 2  (poty(A)-binding protein 2 ) 19 3 4 7 8 16 59 4 8 6 7 .1 8.2 At
894 P IE I (photopcriod-indcpcndcnt early  flowering 1 ) 4 2 5 6 4 10 2 14 2 1 2 3 4 .0 5 .2 At
895 P O L G A M M A 2 (polym erase gamm a 2 ) 12 3 2 18 0 0 16 2 3 1 19 .4 6 .7 At
896 poly (A )  polymerase 2 6 2324 6 1 7 2 4 5 0 2 5 .3 Ps
897 polypyrim idm c tract-binding protein, putative 22329 9 9 9 26 2 6 48.2 6.4 At
898 probable protein ATP-dcpcndcnt D N A  h d ica se  RccQ 254 0 30 4 0 18 2 2 10 4 .2 8.9 At
899 chloroplast translation elongation factor E F-T u precursor 2 339 7 0 9 5 3 2 3 1 1 5 1 .7 5.8 At
900 putative D N A 2-N A M 7 h d ica se  fam ily protein 169 24 04 0 14 2 1 1 6 3 5 6 .6 Or

9 01 putative protein 5 2 6 2 15 6 16 2 0 26 2 .6 6 .1 At
902 putative RNA-depa>dent RN A -polym erasc 14 29 4 240 2 1 7 2 2 12 7 .2 8.6 Si
903 R D R I (RN A-dependent R N A  polym erase 1) 15 2 2 3 9 0 6 14 2 1 12 6 .2 7 .9 At
904 R D R 6  (RN A -dependent R N A  polym erase 6) 15 2 2 9 15 3 18 2 1 136 .9 6.8 At
905 R N A  h d ic a se 3776 00 5 28 2 3 5 1 . 1 5 .7 At
906 R N A  h d ic a se 15 2 3 15 7 4 2 3 3 1 13 4 .2 6.4 At
9 07 R N A  h d ica se  like protein 3 0 6 8 37 36 17 2 4 89.4 5 .5 At
908 R N A  polym erase beta* chain 1 14 6 7 18 4 2 7 3 2 17 6 .1 6 .2 7m
909 R N A  polym erase beta I chain 8 27 54 6 20 16 2 3 8 0 3 9.0 St
9 10 R N A  p o iy m a a se  beta subunit 10 8 7 7 3 12 2 16 2 2 12 0 .6 8.5 St
9 1 1 R N A  polym erase subunit 2 15 9 2 3 0 4 13 2 2 4 1.8 5 .5 At
9 12 R N A  recognition m o tif (RRM )-containing protein 4256 24 9 2 19 I 4 26.2 7 .7 At
9 13 R N A  recognition m otif (R RM )-con!ain ing protein 15 2 4 2 7 19 1 5 1 2 42.4 6 .0 At
9 14 R N A  recognition m otif (R RM )-con!ain ing protein 1 5 2 3 1 1 9 3 15 2 2 10 8 .4 5.9 At
9 15 R N A -directed  D N A  polym erase-like protein 4 538 9 0 1 2 5 3 2 14 3 .9 9 .2 At
9 16 R P E  (em bryo defective 2 7 2 8 ) 15 2 4 0 2 5 0 15 1 5 30.0 8.2 At
9 17 rpoB 15 7 7 8 18 7 2 1 3 2 1 2 1 . 2 8.8 Gm
9 18 rp o C l (R N A  polym erase beta' subunit) 15 7 7 8 18 8 2 9 4 5 79 .1 9 .2 Gm
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9 19 R S Z 3 2 , nucleic acid binding 3069 3839 14 2 5 3 1 .8 1 0 2 A t

920 SN F 2P , l)N A  repair 2 3 19 3 4 8 1 14 2 4 9 9.1 6 .3 Hv

9 2 1 S Y D  (SP L A Y E D ), DNA/ R N A  unwinding 3068 3830 IS 2 1 389 .9 4 .1 At
922 tobacco mosaic virus b d ica se  domain-binding protein 16 5 18 9 7 4 19 2 4 59 .2 9 3 Nt

923 translation elongation factor-TU 254 6 9 52 86 6 3 3 2 7 .2 S .I Cm
924 translation initiation factor 30246 57 3 3 2 29 1 1 7 8 9 Zm

925 translation initiation factor 6 14 3 8 9 7 2 7 3 3 12 7 .0 5.8 A t

926 translational elongation factor 1 subunit Bbcta 38 23256 8 78 5 17 2 5 .3 4 .4 P i

9 27 translational elongation factor EF-TuM 1 1 1 8 1 6 1 6 16 1 10 24 48.5 6 .0 Zm

9 2 * U lsnK N P -specific  protein, I J I A 1050640 17 2 18 28 .0 9 .4 St

929 U B A 2 A , R N A  binding 14 5 9 6 19 5 16 1 2 5 1 .4 5.0 A t

w rrowin lymnfwi j 'A: &  % :■
A*'

06.07 Translation control
06 Protein synthesis * ^

V
'ex ' *■ \

06.10 tRNA synthases
A C  T a  n  ten I n  s i n i l t i i a l aud rrown *ymne«f m r * , y V i 't ¡ M i

06.» Others
9 30 abate 56744207 40 4 8 6 1 0 4 .8 Cm

9 3 1 cakcticu lin -l 1 1 7 1 6 5 7 1 2 408 27 68 48.2 4 .4 Cm

9 32 uroporphyrinogen decarboxylase, chloroplast precursor 6 0 14 9 38 18 2 3 4 3 .4 8.3 Zm

fPfvepm eaiunsuotitete ■.

06.01 Folding and stability
H I M H M U

'*4.

HHEI a

V, N

9 33 15 .7  k D a  d a ta  (-related sm all heat shock proton-tike 15240 308 2 2 2 9 15 .7 7 .9 At
9 34 70 -kD  best shock protein 2 14 8 1 5 1 3 46 9 .2 6 .1 St
9 35 allergen (By m B d  28 K 126 9 778 2 13 6 9 2 1 52 .6 5 .7 Cm
9 36 A T 4g28520/F20O 9 2 10  (cruciTerin 3 ) 1969 9273 16 2 4 5 8 .2 6 .6 At
9 37 A TO O A K , A T P  binding, dephospbo C o A  kinase 152258 8 6 14 1 5 2 5 .7 9 .5 At
938 A T P  binding 6466% .! 7 3 6 6 9 1 .0 5 .3 At
9 39 A T P  binding / protein binding / transmcmbranc receptor 59 03073 16 2 2 12 5 .8 6.0 At
940 A T P  binding, D N A  binding 15236 34 0 17 2 1 24 0 .1 5.6 At
941 A T P  binding, beat shock protein, putative 15 2 2 10 7 2 15 2 2 86.3 5 .5 At
942 A T P D R .I-3  ( P D H JK E  1 - 3 ) 2 2 3 3 17 9 9 28 2 3 64 .2 4 .7 At
943 A T P D i . l - 5  (PIM-I.DCH 1 -5) (thiol-disulfide exchange intermedia!« 1 1 3 2 3 1 3 4 19 2 3 6 1 .2 5 0 At
944 B iP  (binding iraatn o g lo b u im  protein ) 624 3328 4 564 35 52 7 3 .6 5 .1 Cm
945 C L P B -M /C L P B 4/IISP 9 8.7  (beat shock protein 9 1 .7 ) 18400 735 24 3 6 10 8 .7 6 .5 At
946 C O N S T A N S  interacting protein 3 4 554 48 71 20 1 14 1 1 1 6.6 U

947 copper chaperone 30 0 39 18 0 15 1 16 8.5 6 .2 U

9 4* C P I IS C 7 0 -1  (chloroplast heat shock protein 7 0 -1) 15 2 3 3 7 7 9 18 5 13 17 76 .5 3 .1 At
949 Cu/Zn-supcroxide dism utasc copper chaperone precursor 12 7 1 16 4 5 42 3 17 3 1 5 5.6 Cm
950 cyclophilin 17 9 8 16 1 1 17 5 10 7 1 18 .2 8 .7 Cm

9 5 1 cyclophilin-like protein 3 7 7 8 8 3 10 29 3 5 6 9 9 10 .4 Ta
9 52 D N A J heat shock N-terminal domsm-con taming protein 152349 6 2 20 2 12 38 .5 7 .0 At
9 53 D N A J heat shock N-terminal domain-containing protein 15 2 3 19 9 3 16 2 4 6 2 .6 9.5 At
9 54 D n al-h ke protein 6 78 24 21 15 2 6 4 6 .7 6 .1 U

9 55 dn aJ-likc protein 2 2 3 0 7 5 7 14 1 3 4 8 .2 5 .3 At
956 heat shock protein 26 453670 17 2 15 26 .4 7.9 Zm
9 57 beat shock protein 70-3 3 8 3 2 5 8 15 408 25 47 7 1 .0 5 .1 Nt
9 5 * heat shock protein 90 110 0 8 3 3 9 1 202 14 2 1 8 0 .2 4.9 Nt
959 heat shock protem-refated 15242 8 50 2 1 2 3 10 8 .7 8.3 At
960 heat shock transcription laclor 29 6 7 18 6 6 24 3 19 3 1 4 5.4 Cm
9 61 H SP9I (Heat shock protein 9 1 ) 15220 026 46 3 5 9 1 .8 5.2 At
962 IcgA class precursor 4 2 18 5 2 0 16 2 4 58 .8 6 .2 Pt
963 M T H SC 70 -I (mitochondrial heat shock proton  7 0 - 1) 30 6 9 16 26 17 8 12 19 7 3 .1 5 .5 At
964 N T R A  (NADPH-depcndcnt thtoredoxm reductase 2 ) 7 9 5 5 7 5 18 33 2 8 4 0 .0 6 .3 At
965 pep txfyl-prolyl cis-trans isotnense (PPfase) (Rotamaae) 1 18 10 4 2 2 1 8 18 .3 8 9 Zm

966 pcptidyl-prolyl cis-trans isom en se / cyclophilin (C Y P 2 )  / rota mast 15226 46 7 2 1 2 2 2 18 .5 8.3 At
9 67 pepbdyl-protyl cis-trans is o n e n se  cyclophilm -type fam ily protein 3 0 6 7 8 2 11 43 3 16 17 .5 8.4 At
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968 pcptidyl-prolyl cis-trsns isom erasc, putative / cyclophilin , putative 15224 9 4 4 17 i 5 2 1 .5 8.5 At
969 pep lidy tprotyl isom en se 13 3 7 4 19 2 5 43 3 13 25 .9 9 4 To
9 70 pcptidylprolyl isom erasc 9 2 9 4 18 0 25 2 3 6 1 .8 5.2 At
9 7 1 P L A  DIA/PLP7 (palatin-likc protein 7 ) 15 2 3 3 1 3 6 16 2 5 5 3 .1 8.6 At
9 7 2 protein disulfide isom en se 5 9 8 6 12 6 1 58 4 7 56.9 5 0 Zm
9 73 protein disulfide isom en se 59 8 6 12 7 3 17 1 2 46.9 5 5 Zm
9 74 R O C 2 (rotamase C y P  2) 15 2 2 8 8 14 34 3 2 7 18 .9 7 .7 At
9 75 R O C 7 (rotamaae C y P  7) 15 2 3 7 7 3 9 28 2 8 2 2 .0 9 .1 At
976 S Í ÍT 1  -2 , hom olog toco-chaperone 126 54 4 4 56 18 2 3 4 1 J 5 0 Ta
9 7 7 sim ilar to heat shock protein binding 15 2 2 5 6 7 6 17 2 7 52 .0 5.4 At
9 78 superoxide dism utasc |Cu-Zn| 4A 13 4 5 9 7 69 4 26 1 5 .1 5 .7 Zm
9 79 trigger b e  tor-like protein 9 7 5 8 1 19 16 2 5 6 5 .2 5.2 At

08.04 Targeting
980 p u tativ e  c o a ta d  v n a ic ie  m e m b ra n a  prote in 2 1 5 9 5 6 5 3 2 2 1 10 2 4 .3 5 .9 At

08.07 Modification
9 81 protein d isufidc isom aaso-h ke protein 4 9 2 5 7 1 1 1 24 2 15 46 40.4 5.7 dm

0110 Complex atcambiy
982 ch ap ao n in  2 1  precursor 7 3 3 1 1 4 3 38 3 1 1 26 .6 6.9 U
983 c h a p ao n in  hsp60 16 2 2 1 26 2 4 6 1 .4 5 .7 At
984 chaperonm , putative 15229 8 6 6 97 6 12 59.8 6.0 At
985 chaperonm , putative 15 2 4 0 3 17 48 4 8 6 0 3 5 6 At
986 chaperonm , putative 15242 0 9 3 27 2 7 5 7 3 5.6 At
987 chaperonm , putative 18 3 9 6 7 19 15 2 5 58.9 5.3 At
988 C P N 2 0  (chapaon in  20) 15242 0 4 5 33 3 8 26.8 8.9 At
989 C P N 6 0 A  (chloropiast / 6 0  k l)a  ch ap ao n in  alpha subunit) 2 15 5 4 5 7 2 95 7 II 6 2 .1 5.0 At
990 T C P -1 chaperonm -like protein 2 15 3 6 9 7 1 45 3 6 59 .0 5.8 At

991

08.13 Proteolysis
2 0 S  proteaaome beta subunit P B B 2 20 260224 95 6 I I 29 .6 6 .7 At

992 2 6 S  proteaaom e beta subunit 4 9 17 5 7 8 5 22 2 29 6 .0 10 .2 Pt
993 2 6 S  proteaaom e n o n -A T P u e  regulatory subunit 2 15 9 2 3 9 8 14 6 9 42 34 .4 6 4 At
994 2 6 S  proteaaom e subunit 4 -like 77 7 4 54 7 9 72 5 14 49.6 6 .1 St
995 2 6 S  proteaaom e subunit R P N I2 15 2 17 6 6 1 35 2 10 30 .7 4 8 At
996 2 6 S  proteaaome subunit R P N Ib 3 2 7 0 0 0 12 3 1 3 5 98.0 5 .1 At
997 A K S P  (aepnae) 79482708 18 2 1 24 4 .8 6 8 At
998 aspartic proteinase I 15 18 6 7 3 2 93 7 18 55 .5 6 .3 Gm

999 aspartic proteinase 2 15 4 2 5 7 5 1 58 4 12 55 .5 6 .3 (!m
100 0 A 1H M O V 3 4  (asymmetri leaves enhancer 3 ) 7774549 9 84 5 18 34 .8 5 9 Si
10 0 1 ATP-dcpcndcnt O p  protease CIpH protem-rdatod 14 5 3 2 3 7 7 0 17 2 3 10 7 .8 8 1 At
10 0 2 A T P R H P I/A T /.N M P  (prcaoqucncc protease 1 ) 2 2 3 3 1 1 7 3 35 3 4 1 2 1 . 0 5.5 At
1003 cathcpsin B-Hkc cysteine protease, putative 18 378 9 47 15 1 3 40.0 6.5 At
100 4 C Ip C  (C lp  protease A 'lP  binding subunit) 2 9 2 1 1 5 8 38 3 4 10 3 .5 6 .3 At
100 5 0 3 * 1* 5  (nuclear encoded O  P  protease 1) 18 378 9 8 2 27 2 9 3 2 .4 8.4 At
100 6 C l J» X  (C lp  protcaacregulatory subunit X ) 18 4 2350 3 22 2 3 6 2.0 7.6 At
10 0 7 C U L 2  ( c u S n  2 ) 22 32 9 30 5 18 2 2 86.0 7 .3 At
1008 cysteine protease 11)1-6 5 5726 6 4 1 14 1 3 5 1 . 1 5 9 1m
1009 cystcm c proteinase 479060 27 2 8 4 1 .6 6 0 dm
1 0 1 0 cysteine proteinase 3 15 5 9 5 3 0 25 2 9 40.1 6 .1 dm
1 0 1 1 cy sto n e  proteinase inhibitor 19 4 4 3 19 82 5 29 27 .6 7 .3 dm
10 12 cystcm c proteinase rah ib* tor 12 7 7 16 4 56 4 36 10 .3 5 9 dm
1 0 1 3 cystcm c proteinase inhibitor 12 7 7 16 8 25 2 2 7 I I I 5.8 dm
10 1 4 cysto n c-typ e  peptidase 15 2 4 19 8 2 17 2 6 56 .1 4 .7 At
1 0 1 5 cytosol am inopeptidase fam ily protein 15 2 3 5 7 6 3 84 5 9 6 1 .3 6.6 At
1 0 1 6 DHGP7 (DBCR* protease 7 ) 30678834 15 2 1 1 19 .9 5 .7 At
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0 17 1 XI-1 fam ily protein / protease-related 15 2 3 2 9 5 8 14 1 2 4 1.6 5 3 At
0 18 l)N A -dam agc inducible protein D IM I-likc 2 15 3 7 2 9 7 38 3 7 4 5.4 4.8 At
0 19 Ü C R 1 ( E l  C-tenninal related 1 ) 18 4 19 8 5 0 19 1 2 50.5 5 3 At
020 F I  E 2 2 .3  (ubiquitin carboxyl-termina] hydrolase 1 ) 6 6 8 6 4 11 17 1 6 4 1.4 5 3 At
0 2 1 K 13H .3  (F lati protease 3 ) 3 0 6 8 4 1 18 3 3 3 3 89.4 6.8 At
022 R ih d ik e  protease 5089 29 59 22 2 2 86.9 6 3 Ps
023 Fta ll-lik c  protein P ft f  precursor 4 32 5 0 4 1 39 3 6 74.4 6 0 Nt
024 1C S 1 (isochoriiamete sy n th u c  I) (ubiquinone biosynthesis) 4 2 5 7 2 10 5 20 2 4 69.0 6 .1 At
025 leucine-rich repeat fam ily protein 15 2 2 0 0 8 0 18 2 3 1 1 0 1 6.0 At
026 m itochondrial procearing peptidase 587564 14 1 2 5 9 3 6 3 St
0 27 m itochondrial processing peptidase alpha subunit, putative 2 15 9 4 0 0 4 2 3 2 3 54.5 5.9 At
028 M M7/4 (M M S zwei homologue 4 ) 18409 633 44 3 2 2 16 .5 6 3 At
029 M P P A L P IIA  (mitochondrial processing peptidase alpha subunit) 14 3 3 4 5 3 4 3 0 3 5 54 .1 6 3 At
030 m it ic a talytic endopeptidase com plex alpha subunit-like 2 0 2 6 0 14 0 % 6 25 2 7 .3 5 .4 At
0 3 1 P A B I (20 S  protéasome alpha subunit H I) 1 5 2 1 9 3 1 7 1 1 3 6 26 2 5 .7 5 .5 At
0 32 P A E I (20 S  protéasome alpha subunit H I) 15 2 2 0 9 6 1 12 5 8 46 25 .9 4 .7 At
0 33 P A G I (20 S  protéasome slpfaa subunit G l ) 15 2 2 5 8 3 9 3 7 3 10 27.4 5.9 At
034 P U A I (20 S  proteasonc beta subunit A  1 ) 7 9 325 8 9 2 8 1 5 18 2 5 .3 5 3 At
0 35 PH C I (20S proteuotnc beta subunit C l ) 2 15 5 3 6 6 3 58 4 20 22 .8 5 3 At
036 P B D t (protéasome subunit P R G B ) 152 2 8 8 0 5 60 4 20 22 .5 6.0 At
0 37 P B E I (20 S  protéasome beta subunit H I) 14 5 9 4 9 3 1 96 6 45 18 .6 9 .2 Ni
038 P B G l  (20 S  proteasomc beta subunil G l  ) 15 2 2 3 5 3 7 2 1 1 7 2 7 .7 6 .1 At
0 39 pepsin A 79 5078 83 16 1 2 48.7 9 .7 At
040 peptidase 12 3 2 4 16 6 18 2 8 34.9 9.0 At
041 peptidase M 20/M 25/M 40 fam ily protein 4 2566909 2 5 2 9 48.2 5 3 At
042 P E X 4  (peroxin 4) 184209 49 2 4 2 17 17 .7 8.4 At
043 phosphatidylinositol 3 -  and 4-kinase fam ily protein 18 407090 14 2 4 62.6 5.8 At
044 potyubkjuitm 345 208 3 10 1 6 41 12 .8 9 .7 Gm
045 proteasom c alpha subunit-like protein 7 6 16 0 9 8 2 I I I 7 33 28 .1 5.4 St
046 proteasom e-like protein alpha subunit 779 9 9 28 7 12 5 8 36 2 7 .1 7.0 St
047 proteosom e subunit 600387 3 2 2 10 2 5 3 7.8 At
048 Putative 2 6 S  proteasomc A 'lT a se  subunit 60 56 38 9 14 2 5 50.3 5 3 At
049 putative atpha7 proteasomc subunit 1459 4 9 25 98 7 29 2 7 .2 6 .1 Nt
050 putative beta7 proteasomc subunit 14 59 4 9 35 4 1 3 23 14 .7 8 3 Nt
0 5 1 putative ubiquitin protein ligase 13 17 4 2 4 6 16 2 3 84.5 6.4 Q»

052 R F I l A  (regulatory p a t ic lc  triplo-A IA ) 15 2 2 0 9 3 0 1 3 1 9 26 47.8 6 3 At
0 53 R P T 5H  (268  proteasomc A A A -A 'IP a sc  subunit R P 13 B ) 1 5 2 1 7 4 3 ! 293 18 47 47.0 4.9 At
054 R U B I (related to ubiquitin 1 ) 306 9 24 36 43 3 17 17 .4 5.8 At
055 R U B ! -conjugating enzyme-tike protein 7 6 5 7 3 3 3 5 2 6 2 8 2 1 .0 8 3 Si
056 S I C  (sc a rb c c , vascular network defective 3 ) 3 9 14 0 0 5 17 2 2 9 7 .7 7 .7 7m
057 subtilaae fam ily protein 4 2 5 6 7 0 17 2 5 3 5 78.5 9.4 At
058 subtilasc fam ily protein 18 4 16 7 19 2 5 3 3 82.9 6 3 At
059 sribtilasc fam ily protein 18 4 2 3 3 16 14 1 1 85.0 9.4 At
060 subtilisin-hkc protease 3 3 6 2 12 1 0 1 1 8 8 14 8 3.2 9 0 Cm
061 subtiliain-like protease 86439745 IS 2 3 76.5 9 3 Ta
062 subdlisin-typc protease precursor 1 1 6 1 1 6 5 1 39 7 25 40 82 .7 6.9 Gm
063 S U M 2  (sm all ub iq utm -kk e m odifier 2 ) 15 2 4 0 4 7 1 43 3 25 1 1 . 7 5.4 At
064 thiol protease is o le r a  B 16 19 9 0 3 40 3 1 1 35 .0 7.6 Gm
065 thiolprotcase 39 8 0 19 8 18 1 2 5 1 3 6 .1 Pm

066 IP P2 (tripeptidyl peptidase II) 526 2775 20 2 1 15 4  2 6 .1 At
067 U B C I 2  (ubiquitin-conjugating enzym e 12 ) 18398 208 14 1 6 16 .7 7 .7 At
068 U B C 3 0  (ubiquitnfrprottem hgase) 18 4 2 38 2 9 16 1 7 16 .5 6.8 At
069 U B C 3 6 , ubtqui tin-protein hgaae 18 3 9 4 4 16 14 2 9 75 17 .2 6 .7 At
070 U B C 9  (ubiquitin conjugating enzym e 9 ) 18 4 17 0 9 7 3 0 2 19 20 .2 7 .0 At
0 7 1 ubiquitin 17 6 2 9 35 13 1 23 8.7 8 .1 Nt
072 ubiquitin activating enzym e HI 1808656 56 4 5 1 2 0 3 5.4 Nt
0 73 ubiquitin carboxyi-tenunal hydrolase 4 256 6 353 14 2 6 46.6 9 3 At
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1074 ubiquhin carboxyl-terminal hydrolase-related 1 5 2 4 2 1 1 4 15 2 2 13 2 .2 5.9 At
10 7 5 ubiquitm  carboxyl-terminal hydroiaao-related 4 2 5 7 2 0 0 1 15 2 1 130 .9 5 .5 At
10 7 6 ubiquitin conjugating enzyme-like 8 2 6 2 33 8 1 25 2 I I 2 1 .4 5 .0 St
10 7 7 ubiquitm  fam ily protein 15 2 3 2 9 2 4 2 5 2 5 44.2 4.8 At
1078 ubiquitm  fosion-degradition protein-like 7 6 16 0 9 7 2 63 5 16 35 .5 6 .2 St
10 7 9 ubiquitm  isopeptidaac T 1 19 9 4 1 5 0 14 1 1 88.4 5.0 At
108 0 ubiquitm -coiqngitm g enzym e fam ily protein-like protein 7 6 16 0 9 6 2 92 6 34 16 .6 6 .2 St
10 8 1 ubiquitm -coojugation enzyme 2 2 5 9 7 16 4 46 3 25 1 6 4 7 .7 Cm
108 2 ubiquilin-specifk  protease 6 119 9 3 4 6 5 14 1 1 5 3 .7 5.8 At
108 3 Ufpl protease fam ily protein 15 2 3 2 7 5 6 23 3 4 9 4 .1 5 5 At
1084 t i p i  protease Ikmily protein 15 2 4 2 4 3 3 18 2 2 lo s s 8.6 At
108 5 U lp l protease fam ily protein 15 2 2 9 14 4 14 2 2 146 .5 5 .3 At
100 6 D ip l protease Ikmily protein 15 2 3 4 2 2 4 14 2 2 8 2 .1 5.4 At
108 7 unknown protein, contains peptidase C 1 2  domain 15 2 3 8 8 7 5 2 1 2 5 49 .7 8.2 At
1088 unknown protein, with P IT D K  putative peptidase domain 15 2 3 13 8 3 17 1 5 28 .8 5.6 At
1089 U P L 2 (ubiquitm-protem ligase 2 ) 1 5 2 2 3 1 1 7 14 2 0 403.6 4.8 At
109 0 urease 14 5 9 9 16 1 20 2 2 9 0.7 5.8 Gar

10 9 1 in case 14 5 9 9 4 13 16 2 2 89.8 5.6 St

0120 Storage proteins
109 2 afcum in 1 3 2 3 2 8 7 3 8 2 3 2 30 1 1 .0 5 .5 Cm
109 3 A T P G P I (P-glycoprotdn 1 ) 15 2 2 8 0 5 2 19 2 3 140 .6 8.5 At
109 4 bcta-conglycinin alpha subunit 14 2 4 5 7 3 6 486 3 1 49 70 .3 5 .1 Cm
109 5 fibrillin-precursor like protein 18 37 7 8 6 8 2 5 2 8 3 3 .7 5 .7 At
1096 glycin in 4249568 27 0 17 39 6 3 8 5 .2 Cm
109 7 glycm in  ( B  precursor 18609 36 2 2 1 64 54 .3 5 .6 Cm

1098 glycoprotein-like protdn 7 6 16 10 0 8 3 7 3 14 15 .4 10.4 St
1099 hydroxyprolinc-nch glycoprotein fam ily protein 9 454 58 0 16 2 1 234 .3 7.8 At
1 10 0 M D R -lik e  p-glycoprotein 26449 438 16 2 1 136 .9 8.3 At
1 1 0 1 napin-type 2 S  albumin 1 precursor 4097894 2 7 2 12 17 .8 6 .0 Cm
1 10 2 P G P l 3  (P-glycoprotein 1 3 ) 1 5 2 17 7 7 6 14 2 0 13 5 .8 9 .2 At
1 10 3 P G P I7  (P-glycoprotcin 17 ) 15 2 3 2 9 7 7 16 2 1 13 6 .1 8.6 At
1 10 4 R  13  protein 27 7 6 4 54 3 15 2 4 72 .8 6 8 Cm

07.01 Ions
1 10 5  A A A -typ c  A T P u c  fam ily protein

1 10 6  A A A -ty p c  A T P sac fam ily protein

1 1 0 7  A A A -ty p c  A T P u c  faaiily  proton  

1 10 0  A A A -ty p c  A T P u c  fam ily protein

1 10 9  A A A -ty p c  A 'lP a se  fam ily proton

1 1 1 0  A K i l  -lik e  A T P u c  ikm ily protein

1 1 1 1  A IIA 7  ( l l ( t  ) -A T P ase7 )

1 1 1 2  A 1IA 8  ( 1 I ( i )-A TPm c 8)

1 1 1 3  A T C IIX I8  (cation/hydrogen exchanger 18 )

1 1 14  A TPaac, plasm a membrane-type, putative / proton pump, putative

1 1 1 5  A lP -b in d in g  region, A T P u c-h k c  domam-containmg protdn

1 1 1 6  calcium  ion binding

1 1 1 7  calcium-transporting A T f a c ,  plasm a membrane-type, putative

1 1 1 8  ch loropk st ferritin

1 1 1 9  HCA3 (K R -type calcium-transporting A 'lP a se  3 )

1 1 2 0  H tS 8  (F A R  I -related sequence 8)

1 1 2 1  haloacid dchalogcnaso-likc hydrolase fam ily protein

1 1 2 2  high affin ity  sulfate transporta I IV S T 1

1 1 2 3  h igh-aflim ty mckd-transport fam ily protein

1 1 2 4  m agnesium  d q x n k n t  soluble m orgm ic pyropho^rfiatase

1 1 2 5  manganeso-superoxide dismutasc

1 12 6  m cchan oeaisitivc ion chaim d domain-containing protein

4 256 28 7 9 3 0 4 5 1 12 .8 5.9 At
15 2 3 4 4 5 5 26 3 6 6 9.6 9 .2 At
30696968 16 2 5 9 2 .6 6 .5 At
10 17 8 0 6 1 14 2 3 9 8 6 5 .7 At
4 2 5 6 7 1 1 7 14 2 1 12 4 .2 6 .4 At
18 4 17 6 0 5 3 5 4 7 56.5 8.6 At
15 2 3 2 3 0 0 14 2 5 10 5 .5 6.4 At
1 5 2 2 9 12 6 20 2 2 1 0 4 1 5 .5 At
4 2 5 7 3 5 3 9 20 2 3 80 .1 8.4 At
15 2 3 4 2 7 7 17 2 2 9 0 4 6.4 At
18408 874 18 2 6 66.8 5.4 At
79 59 58 78 18 2 3 5 5 .2 6 .0 At
15 2 2 8 8 9 1 14 2 1 1 1 2  5 8 .7 At

14 5 4 4 2 17 7 2 1 0 14 45 2 8 .1 5 .7 Cm
4808840 17 2 1 10 9 .1 5 .7 At
15 2 2 0 0 4 3 18 2 2 79 .6 5 .9 At
15 2 3 2 2 7 8 16 2 3 1 3 3 6 6 .1 At
12 7 9 8 7 6 14 2 5 72 .6 9 .0 Ih

18 4 18 5 7 1 18 2 7 38 .5 9 .5 At
270 6 450 7 3 6 17 24 .8 5.0 St

14 7 9 4 56 33 17 3 I I 44 26 .7 8.6 Cm
15 2 3 9 8 5 9 23 3 4 8 3 0 9 .2 At
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1 1 2 7  mi tochoodrial phosphate transporter 15 2 4 12 9 1  1 7  2  5 4 0 1  9 J  At
1 1 2 8  O E P 37 , ion channd 18406405 24 2  7  38.8 9 .2 At
1 1 2 9  pm -form ed 8 1 3 2 4 2 2 12  16  2  3  40.3 6 .4  At
1 1 3 0  P I P 2 1 ,  aquaponn 6 234 6 339  14  I 4 3 0 8  8 J  Gm
1 1 3 1  pksana membrane Ca2+ -A'l V ase 110 6 6 0 3 4  33  4 3 1 10 .7  3 .7  Cm
1 1 3 2  pofin , putative 132 4 0 7 6 3  30  2  3  29.6 8 9  At
1 1 3 3  proton P-A TPaae 64460298 18  2  2 104 .6  6 .0  Ht
1 1 3 4  p u titive  A T P  dependent copper transporter 4 83749 34  17  2  6  108 1 6 .3  Zm
1 1 3 $  root bonier c d l-sp o c ifk  protan-ükc proton 8 2 4 0 0 12 0  32  S 2 1  36 .0  8 J  St
1 1 3 6  selenium  binding protein 134 8 3 7 2 2  83 6  1 3  3 3 .1  3 .6  Gm
1 1 3 7  sdem um  binding proton  136 0 3 8 2 3  27  2 3  34.0  3.8  At
1 1 3 8  adenium  binding protein 13 2 3 6 3 8 3  17  I 2  3 4 .1 3 .4  At
1 1 3 9  vo lU go^epcn den l a n io o -s d e c t iv c e la n d  protein h ® 2  13 2 3 2 0 7 4  3 3  3  IS  29.4 8.8 At

07.07 8ugars
1 14 0  C4-dicarboxylatc traupartcr/m alic acid transport fam ily proton 18 3 9 14 0 0  17  2  6  6 3 .2  9 J  At
1 1 4 1  carbohydrate transporter/ sugar porter 30680863 1 3  2  6  32 .2  6 J  At
1 1 4 2  d ka faoxy lsteftricarb axylite  carrier 19 9 13 10 9  29 2  8 3 1 1  9 .5 Nt
1 1 4 3  dicarboxylatcfricarbaxyfate c a r ie r  (DWC) 1 3 2 4 1 1 6 7  17  1 3  3 1 .9  9 .4  At
1 14 4  sucrose-binding protein 2  29469034 17 1  1 2  3 4  55.8 6 .1  Gm
1 1 4 3  sugar transporter fo n t y  p ro la n  306 78 739  14  I 2  53 .5  7 5  At

1 14 6  E D A 9  (embryo sac deve lopment a r r e t  9)

1 1 4 7  X P O IB  (exportai IB )

13 2 3 5 2 8 2

30678764

07.13 Upidt
1 14 8  hom cobox-kxicm e zipper family protein

1 1 49 tempera turo-induced Itpocalm’

07.16 Purlns/pyramidts
1 1 5 0  A D P /A 1V  tru is locator

3 0 6 8 4 155

777448 61

18 9 0 1 16

14

74

62

4

28

79.3

21.2

42.1

6 1

7.8

9.8

07.H Others 
08 Intrscsiluiar trafic 

08.01 Nuclear

At
Gm

I I 3 1  p lasbd developmental protein D A G , putative 13 2 2 6 10 8 20 2 7 24.7 8.5 Al

07.22 T tsnsport ATPase ¿ri*1.' /¿s
. 'V& v

07.26 ABC-type
1 1 5 2  (P-glycoprotein 7 . 1»GP7) 15 2 3 7 4 5 6 23 1 1 136 .1 7 1 At
1 1 5 3  A B C  transporter fam ily protein 4 2 0 4 3 13 20 2 4 6 3 2 6.4 Al
1 1 3 4  A B C  transporter fam ily protein 15 2 39 4 2 0 14 2 3 I I7 .S IS Al
1 1 3 3  A T A T I I I 1 (A B C 2  homolog 1 1 ) 132 4 0 3 34 18 2 3 10 4 5 7.9 Al
1 1 3 6  A T N A P 6  (non-in trinaic A B C  protein 6) 18398 463 13 1 1 52.8 5 .7 Al
1 1 5 7  A T P-binding cassette transporter M RP6 18 0 3 18 9 9 13 2 2 164.4 6 4 At
1 1 5 8  A T W B C 19  (white-brown com pter homolog 19 ) 1 3 2 3 3 1 9 1 18 2 1 80.7 8.6 At
1 1 5 9  mullkfcug resistance-associated protein (M RP)-like 9 28 0 227 41 5 6 144.9 7.0 At
1 16 0  P D R -lik e ABC-transporter 9 4732079 39 4 3 16 2 .7 9 0 Gm
1 1 6 1  P C P I0(P -g lyco p ro lem  10) 15 2 2 0 18 8 25 3 3 134 .5 6.8 At
1 1 6 2  putative protein 449 0 736 2 1 2 1 13 4  8 8.8 Al

1 16 3 a tn n b p la 2038282 2 1 1 6 26.4 5.0 At
1 16 4 N B S I (nijmegen breakage syndrome 1) 14 5 3 3 8 0 2 7 2 1 2 4 60.1 5 .1 At
1 1 6 $ nuclear fusion defective I 2980773 17 2 3 8 8 0 5.7 At
1 16 6 nuclear transport factor 2 B 143324 0 4 6 22 1 10 ISO 5.9 At
1 16 7 nuclear-pore anchor 15 2 19 3 3 6 14 2 0 1 18 .9 5 0 At

(Table continues on following page.)



A p p en d ix  IL (C on tin u e] from  previous page)

(Table continued from  previous page.)
178

N ca M8/M8 Disttnct
Accostai Starch Paptidaa Cow. W1----- -A-t _ - «1 monticai Spadas
Number Scora k ta it % MW H

1 16 8 n uclcop on n  15 5 8 7 7 8 2 2 7 IS 2 1 1 6 1 . 3 5 .4 Ai
1 16 9 nucleoporin-reU ted 170 6 4 8 8 6 18 2 2 8 1 .7 9 .3 At
1 1 7 0 R an i (R aa-rd ated  nuclear protein) 1 2 3 1 9 2 4 3 1 17 2 II 5 3 2 5 .3 6.4 Pt
1 1 7 1 ras-G T P asc-activatm g protein SH .1-dom ain  binding protem -like 2 1 5 5 3 5 3 5 3 2 3 7 49.4 5 .7 Ai
1 1 7 2 sten le  a lp h a  m o tif (S A M ) dom ain-containing protein 15 2 2 5 5 4 8 20 2 5 8 1 .0 6 0 Ai

08 IntntnHulir trifle f 1

08.02 Plaitid
08 Intracallular trifle : . 'A y . \ >

08.04 Mitochondrial
1 1 7 3 m itochondrial substrate carrier fam ily  protein 15 2 2 3 0 9 8 17 2 6 3 3 .4 9.8 At
1 1 7 4 m itochondrial substrate carrier fam ily protein 15 2 3 6 7 8 3 16 2 6 4 1 6 9.4 At
1 1 7 5 T O M 2 0 -2  (translocasc o i le r  m em brane 2 0 -2 ) 3068 99 02 IS 1 3 2 3 .2 5 .5 At

08 Intracellular tafle
08.07 Vesicular

1 1 7 6 binding (endom em btane system ) 18 4 16 8 5 2 15 2 19 17 .9 4.9 At
1 1 7 7 binding (intracellu lar traffickin g and  secretion) 4 256 8 6 28 16 2 1 1 2 1 . 5 5 .7 At
1 1 7 8 C A S P  p m te m -ik e 1 1 9 9 4 1 1 1 1 7 2 3 84.4 5 .7 Ai
1 1 7 9 clatbrin  h eavy  chain, putative 3 0 6 8 16 17 18 2 1 19 3 .2 5 .3 Al
1 18 0 dynam in-tike G T P  binding protein 2 2 6 7 2 1 3 19 2 8 68 .5 8.8 Al
1 1 8 1 dyn am in -h ke protein 8 7 7 8 7 4 5 24 2 3 12 0 .3 8.6 At
1 1 8 2 dyn am in -like protein 6 8 50 8 6 7 14 1 2 70 .0 6 9 At
1 1 8 3 dyn am in -like protein 4 6 6 5 14 0 1 2 2 2 3 7 0 .3 8.6 Ai
1 18 4 P utative gam m a-adaptin  1 1 5 4 5 1 5 8 5 14 2 1 14 8 .5 6 .3 Os
1 1 8 5 R ab  G T P a s c  hom olog G 3 f 1 5 2 3 0 2 1 1 9 4 7 3 7 2 3 . 1 5.0 Ai
1 18 6 R ab  t iT P a s e  hom olog H ie 14 5 3 5 7 8 5 0 29 3 1 3 2 3 . 1 7 .7 Ai
1 18 7 transport protein particle (T R A P P ) com ponent B et3  fam ily protein 15 2 2 9 8 6 3 3 6 2 15 19 .6 7.6 Ai
1 18 8 unknow n protein, contains Rxocyst com plex subunit S E C 6 18 4 2 4 5 19 18 2 6 4 7 .7 9.5 Al
1 18 9 unknow n protein, vesicu lar transport 15 2 3 7 3 2 2 15 2 4 1 1 8 .8 5.5 Ai

08lntraca!!ulartraflc
08.10 Pirlxoaomal

1 19 0 p a o x in  5 1 5 2 4 1 1 7 5 19 2 3 80.9 4 .7 At
08 IntreeMIular trifle

08.13 Vaeuolir
1 1 9 1 S N F 7  fam ily  protein 15 2 2 0 8 19 13 1 3 2 1 8 6 .7 Al
1 19 2 vacuo lar processin g enzym e 2 37 5 4 2 6 9 2 17 1 2 5 3 .5 5.4 Gm
1 1 9 3 vacuo lar protein sorting-associated protein 28  J a r a ly  protein 15 2 3 4 5 0 9 14 1 6 2 3 .5 5 .2 Al
1 19 4 vacuolar sorting receptor protein P V 7 2-lik e  protein 8 3 2 8 4 0 15 24 2 3 69.3 5.2 St
1 19 5 vacuo lar targeting receptor bp-80 8 8 8 6 326 26 2 3 6 9 .3 5.4 Ta
1 1 % V I IS  and  G A T  dom ain protein 8 2 7 9 1 8 1 2 15 1 2 7 3 .0 5.4 Gm
1 19 7 V I IS  dom ain-containing protein / G A T  dom ain-containing protein 15 2 3 7 8 6 9 3 1 2 5 4 5 .3 4 8 Al

08 Intracellular traile
08.18 Extracellular

1 19 8 3-phosphoinositidc dependent protein k in ase  I 8 15 3 8 2 0 0 17 2 4 5 5 . 1 8 .1 Zm
1 19 9 oxystcrol-bm dm g fam ily  protein 15 2 2 2 2 0 4 18 2 3 9 1 3 6 .1 Al
12 0 0 phox (P X ) dom ain-containing protein 2 2 3 2 7 9 4 4 5 3 4 7 6 5 .5 5 2 At
12 0 1 polyphosphoinositide binding protein S s h lp 2 7 39 0 4 4 16 2 5 3 6 .9 6.8 Gm
12 0 2 potyphospboinosi tide-binding protein, putative 15 2 3 8 7 9 4 16 2 5 38 .9 6 .9 At

08 Intraodiular trifle ')X '
08.19 Import

12 0 3 importili 3 3 3 3 7 4 9 7 6 3 4 10 5 7 .6 5 .1 Os
120 4 super sen sitive to A B A  and drought 2 3 0 6 8 5 0 14 16 1 1 1 1 9 .2 4 . 1 Al

08 Intracallular trifle
08.99 Other*

120 5 exo cyst com plex subunit S e e l5 -h k c  fam ily protein 1 8 4 1 1 9 2 0 14 2 2 8 6 .5 6.0 At
12 0 6 SIX .'14  cytoso lic  factor fam ily protein / pbosphoglyccn de transfer 306 9 59 9 1 24 3 5 7 2 .0 8.9 Ai

(Table continues on following page.)
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NCBI MS/M8 Distinct
A o c e s i o i i

N u m b e r

B a a f N k  w ---- S» -a-----
o f w c n  r t p o o t s  

S c o r e  I d s n t

C o v .

%

-----------^ — ■
in e o r e o c a i

“ H R -------------- p —

S p s e t e s

OS C e lt  s t r u c t u r e

0 S .0 1  C e ll  w a i l

12 0 7 ilp h a -cx p a n sm  2 1 4 1 9 3 7 5 3 2 1 2 6 28 .8 9 .7 Zm

120 8 cellu lose syn th ase cata lytic  subunit 6 2 3 18 9 8 9 19 2 3 28 .4 8 .9 At
120 9 G A H 6 (U D P-D -gl hicoronatc 4-cp im crasc 6 ) 2 4 4 17 2 8 0 2 1 2 7 50 .6 9 .7 At
1 2 1 0 polygalacturon ase inhibiting protein 3 7 0 5 1 1 0 9 14 1 6 20 .9 9 .4 Ps
1 2 1 1 polygalacturon ase inhibiting protein p reew sor 1 10 8 3 6 6 4 3 14 1 5 3 6 .9 8.6 Gm

1 2 1 2 U D P -gk jcuron atc d ecarboxylase 1 4 8 0 9 3 4 6 1 1 1 9 8 23 3 8 .7 7 .1 Nt
1 2 1 3 U X S 1  (U D P -glu co ro n ic  acid  d ecarbo xy lase  1 ) 4 8 0 9 3 4 6 7 3 2 3 8 4 5 .9 9 .0 Nt

1 2 1 4 w all-associated  k in ase 15 2 2 0 8 8 2 1 5 1 1 8 5 .2 6 .6 At

OS C a d  s t r u c t u r e :- f i -  - \ 9 \ ■ ■ '■ i  • . f

O S.04  C y t o s k s l f t o n

I 2 1S actin 14 9 8 3 3 4 298 19 66 3 7 .2 5 .5 Gm

1 2 1 6 actin 16 6 6 2 2 8 54 3 10 4 1 . 7 5 .3 Pa

1 2 1 7 actin 14 9 8 3 9 3 2 1 2 12 3 7 .2 5 .6 Zm

1 2 18 actin dcp oh im cri/ in g  factor 2 1 8 4 0 8 1 1 6 2 7 2 2 1 1 5 .7 5 .3 At
1 2 1 9 actin-dcpolym crizing factor, putative 1 5 2 2 3 4 7 1 2 7 2 13 16 .3 5 .5 Ai

12 2 0 actin -rd ated  protein C 4 7 9 3 2 5 0 9 5 18 1 8 19 .9 7 .6 At

1 2 2 1 alpha tubulin-2 A 9 0 28 9 59 6 10 7 6 2 2 4 9 .7 4 .9 Ta

12 2 2 alpha tu butin -5D 9 0 2 8 9 6 14 5 1 3 10 49 .9 5 .1 Ta

12 2 3 an k yn n  rep ea t fam ily  protein 1 5 2 2 9 3 3 1 18 2 4 4 9 .3 5 .2 At

12 2 4 ankyrin  rep eat fam ily  protein 9 2 8 0 6 5 7 16 2 3 7 0 .7 7 .« At
12 2 5 ankyrin  rep eat fam ily  protein 1 5 2 3 6 3 1 0 16 2 5 7 0 .5 6.8 At

12 2 6 apospory-associated  protein 19 0 7 0 7 6 7 1 5 1 3 2 3 . 1 4 .5 O r

12 2 7 A R P C  p 20 3 4 14 8 0 7 2 4 1 4 30 14 .7 8 .5 Gm

12 2 8 cy c la se  associated  protein 1 1 5 2 3 6 1 2 8 46 4 6 5 1 0 6 .2 At
12 2 9 m icrotubule m otor 2 2 3 3 1 2 9 1 15 2 1 14 6 .6 5 .3 At

12 3 0 m icrotubule organization  1 306 8 6 48 9 1 7 2 1 2 1 7 .6 7 .6 At

1 2 3 1 m icrotubule-associated  protein M A P 6 5 - lb 1 15 5 8 2 5 4 14 1 1 6 5 .9 5 .2 Nt
1 2 3 2 m icrotubule-associated  proteins 7(3-3 15 2 2 6 3 4 4 17 2 4 69 .8 9 .4 At

1 2 3 3 profilm 15 6 9 3 8 9 0 1 42 3 24 14 . 1 4 .7 Gm

12 3 4 putative protein 4 4 5 5 19 9 19 2 5 5 3 .7 5 .0 At

12 3 5 suppressor o f  actin  9 4 256 6 0 6 8 16 2 0 18 0 .1 6 .3 At
12 3 6 tetraspore 306 9 0 89 8 16 2 2 10 6 .5 8.6 At
1 2 3 7 1X 3 )  1 2  K  interacting protein 2 2 9 8 2 6 2 4 2 9 1 6 18 3 7 .3 4 .5 Nt
12 3 8 T U B S  ( h M i n  beta-8) 18 4 2 0 7 2 4 99 6 22 50 .6 4 .7 At
12 3 9 tubulin A 6 2 5 4 6 3 4 1 3 2 3 20 64 4 9 .7 5 .0 Gm
12 4 0 tubulin 1)4 6 2 5 4 6 3 4 3 39 9 25 66 50 .4 4 .7 Gm
12 4 1 tubulin b eta-5 chain 18 3 9 4 8 12 42 3 8 50 .3 4 .7 At

12 4 2 vilfan 2 18 4 0 5 7 9 4 20 2 1 10 7 .8 5 .2 At
OS C o ll  s t r u c t u r a

.7’ ‘■M ". .ÎT ■
■■ É i , -  m

‘ k : '■& *
-«StoSBi : > »  •

0 S .0 7  E R / G o lg l

12 4 3 bcta-Ig-H 3 dom ain-contain ing protein / 18 3 9 9 3 19 1 5 2 6 50 .8 6 .7 At
fascichn dom ain-contain ing protein

12 4 4 plant b a s k  secretory protein (B S P )  fam ily  protein 15 2 2 6 0 6 0 3 5 2 10 2 5 .4 6 .0 At

12 4 5 unknow n 1 1 6 8 3 1 5 7 3 29 2 7 2 3 .5 9 .3 At

12 4 6 unknown 1 17 6 7 0 15 4 2 5 2 8 2 7 .2 5 .8 Hv

12 4 7 unknown 7 7 4 16 9 4 5 2 1 1 6 3 2 .5 9.4 St
12 4 8 unknown 116 8 3 0 9 4 4 19 1 23 8 .2 1 1 3 At

124 9 unknown 7 8 1 9 1 3 % 17 2 • 7 3 0 . 1 1 1 . 5 St

12 5 0 unknown 2 15 9 2 4 3 4 17 2 7 2 7 .2 9 .2 At

1 2 5 1 unknown 1 1 6 8 3 12 7 7 16 2 3 6 6 .7 9 .4 At
1 2 5 2 unknown protein , endom em brane system 1 5 2 3 5 4 1 4 2 3 2 II 2 7 .9 9 .5 At

(Table continues on following page.)
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Appendix IL (Continual from previous page)

OS Cell structure 
09.10 Nucleus

12 5 3 N A P I 15 2 2 4 7 8 2 28 2 5 4 3 .5 4 .3 At
09 Cot! structure V. , ^ ."‘j.i.ti «iw w i V i'iéV ir J \  -

09.13 Chromosomes
12 5 4 D N A  topoisom crasc 1 beta 15 2 4 0 4 9 2 2 7 3 3 10 2 .8 9.4 At

12 5 5 D N A  topoisom crasc 11  fam ily protein 30 6 8 0 38 7 19 2 4 60.9 8.2 At

12 5 6 M A G 2 (sim ilar to chrom oaom e structural maintenance) 15 2 2 8 2 3 3 16 2 3 9 0.2 5 .4 At

12 5 7 m ini-chrom osom e m aintenance protein M C M 6 6 8 2 36 7 6 2 18 2 2 9 2 .9 5 .7 Ps
12 5 8 telomere rep eat binding factor 1 15 2 2 9 6 2 5 16 2 7 3 2 .2 9 .5 At

09 Coll structura
09.16 Mitochondria

12 5 9 34  k l)a  outer m itochom kial urea in a n e  protein porm-Hke protein 8 328 39 9 3 59 4 14 29 .4 7 .7 St

126 0 hypothetical protein A rthM p060 134 4 9 3 4 5 1 7 2 10 3 0 .2 4 .9 At

12 6 1 m itochondrial F l-A T P a a e , gam m a subunit 1 10 7 4 0 9 8 1 19 1 4 3 5 .5 9 .0 At

12 6 2 N FU 4 (N F U  dom ain  protein 4 ) 18 4 0 2 8 17 3 3 2 9 3 0 .5 4 .9 At

12 6 3 unknown protem , contains dom ain A R M  repeat 18 4 10 0 3 9 15 2 1 3 1 2 .0 5 .5 At

126 4 unknown protein, sim ilar to C 2  dom ain-containing protein 7 9 4 0 19 1 1 2 3 2 3 7 8 .1 8 .5 At

09 Cell structure i l l $ $

09.19 Psrixosome
12 6 5 peroxisom al copper-containing am ine oxidase 5 2 3 0 7 2 8 29 2 5 78 .6 6 . 1 Gm
126 6 uricaac (N o d -3 5 ) 14 9 8 17 2 6 1 5 2 1 3 5 .2 8 .3 Gm

09 CeO structure mi-, rm*L» > * T i ‘J  'îiC - • AÆj Y + »&. vSP tob &5- dirait*

09.26 Vacuole
12 6 7 G T P  binding 15 2 2 14 4 4 10 3 7 2 1 4 4 .5 6 .4 At

126 8 G T P-bm din g protein 3 0 3 7 5 0 48 3 2 1 2 2 .5 5 .3 Ps

126 9 N T G B 2  (G T P -bm din g protein) 1 18 4 9 8 9 12 8 7 57 15 .8 5 .8 Aft

12 7 0 ras-rdated  G T P  binding protein possessing G T P ase  activity 4 32 6 0 7 28 2 13 2 2 .6 5 .3 Os

12 7 1 sm all (T IP-bin d in g  protein 2 2 5 9 7 17 2 55 5 3 1 2 4 .1 7 .7 Gm

12 7 2 sm all G T P -b in d in g  protem 13 8 16 7 8 4 7 4 20 2 2 .4 5 .1 Gm

09 Cell structure
09.29 Plastkl

12 7 3 hypothetical ch loroplasl R F 1 9 1 2 1 4 1 8 7 2 1 3 1 2 1 5 .9 1 0 0 Gm

12 7 4 tianaiocon outer m em brane com p lct 7 5-111 15 2 3 2 6 2 5 3 2 4 4 8 9 2 8 .9 At

12 7 5 unknown protein 3 0 6 8 28 7 7 19 2 2 1 0 5 . 1 6 .2 At

12 7 6 unknown protein, ch lo ro p lu t 306 8 9 549 4 5 3 13 3 2 .2 6 .3 At

12 7 7 unknown protein, ch kxoplast 14 5 3 3 4 4 9 7 26 2 14 17 .9 7 .7 At

12 7 8 unknown protein, ch k ro p last 1 8 4 1 1 5 9 7 2 5 3 9 3 5 . 1 10 .0 At

12 7 9 unknown protein, ch kxoplast 15 2 4 0 6 5 9 16 2 3 6 4 .4 9 .8 At

12 8 0 unknown protein, sim ilar to m ov34  fam ily protein 14 5 3 2 3 8 3 2 1 7 2 6 2 4 .8 5 .0 At

12 8 1 unknown protein, sim ilar to pollen preferential protem 1 8 3 9 9 3 17 2 3 3 12 2 7 .9 9 .0 At

12 8 2 unknown protem , sim ilar to sim ilar to Glutathione S-transferase 7 9 3 2 5 17 3 44 3 6 4 3 .7 8.0 At

12 8 3 unknown protein, sim ilar to threonine a idopcptidasc 1 8 4 1 1 5 5 5 1 5 2 18 1 7 .7 9 .2 At

09 Ceil structure i * 3

09.99 Others
128 4 A rabtdopris hom olog o f  n ucleolar protein N O P56 15 2 2 3 4 5 8 17 2 2 5 8 .7 8 .8 At

12 8 5 Nrap protein, nucleolus 14 5 3 3 7 14 4 14 2 1 1 2 0 2 6 .4 At

12 8 6 nuclcolm , putative 15 2 2 2 0 0 9 15 2 4 58 .8 5 .1 At

12 8 7 prohibitin 7 7 16 4 5 8 4 3 4 15 3 0 .7 6 .6 7m

128 8 suppressor o fh n - 12 - l ik e  p ro te in -re la ted /sd -1 protein-related 14 5 3 2 7 1 6 1 5 2 3 7 5 .9 5 .8 At
10 Signal transduction

10.01 Receptors
128 9 O lL -m ta a c tm g  protein k inase 4 15 2 3 3 5 0 0 1 3 2 5 4 7 .8 8 .2 At

12 9 0 ethylene response sensor I 15 2 2 6 7 8 8 1 7 2 10 6 8 3 6 .1 At
12 9 1 F l  7 L 2 1 .26 , contains W D 40 dom ain 9 8 0 2540 2 3 2 1 1 1 3 . 9 7 .1 At

(Table continues on follow ing page.)
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12 9 2 h istid ine k inase 2 38 34 7 6 8 6 26 3 2 1 1 2 .4 8.7 Zm

12 9 3 phototropic-responsive protein, putative 15 2 2 9 6 4 7 14 2 4 59.9 6 .4 At
12 9 4 receptor k in ase 2 1 10 3 4 1 7 9 4 2 1 2 3 8 1 6 7 .6 Ta

12 9 5 receptor protein kinase-related 1 5 2 3 3 2 1 1 18 2 9 30 .8 9 2 At
1 2 % receptor protein-like 1 19 9 4 3 2 8 24 3 5 9 2 .2 9 .5 At
12 9 7 receptor »crine/threonine kinase, putative 30 6 8 4 34 6 18 2 3 9 5 3 6 .6 At
12 9 * receptor-like kinase 8 5 7 5 5 4 3 15 2 3 7 4 .2 8 9 O r

12 9 9 receptor-like protein kinase-related 1 16 8 3 1 2 2 8 13 2 10 3 1 0 9 2 At
13 0 0 signal transducer 7 9 57 9 4 2 7 16 2 3 67.6 8 2 At
1.301 sim ilar to  receptor-like protein k inase prccusor 6 049 88 1 2 1 2 3 87.5 8.4 At

10 Signal transduction
10.04 Mediators H 1 1 M

130 2 phosphoserm e am inotransferase 1 10 7 3 7 8 2 5 90 6 13 46.6 8.6 At
13 0 3 transductn fam ily  protein / W D -40 repeat fam ily protein 6 0 9 17 5 0 3 7 4 2 14 7 .7 6 0 At
130 4 transducin fam ily  protein / W D -40 repeat fam ily protein 1 5 2 4 2 3 1 1 16 2 2 65.8 6 .5 At
13 0 5 transduc in  fam ily  protein / W D -40 repeat fam ily protein 18 4 0 0 8 38 15 2 9 37 .4 6 0 At
13 0 6 W D -40 rep eat protein 228 9 0 9 5 52 4 8 35 .8 7 .6 At
13 0 7 W D -40 rep eat protein 6 9 2 0 7 9 14 36 3 7 48.7 4 .7 Pt

10 Signal transduction : ••• ? ,i

10.0404Klrtasss $ . > ■  =v  ; • at
- r-J

13 0 8 adenosine k inase 2 16 9 8 9 2 2 16 1 4 32 .2 5 3 d r

13 0 9 adenosine kin ase isofbem 2 S 5 19 4 9 8 0 2 44 3 14 37 .6 5 .2 Nt
1 3 1 0 adenylate kin ase 7 6 3 0 19 3 88 6 34 22 .9 8.2 d r

1 3 1 1 aspartate kinaso-hom oscrine dehydrogenase I 2 6 4 5 2 5 7 5 24 3 5 9 9 5 6 3 At
1 3 1 2 A T 5 g 5 2 9 2 0 /M X C 2 0  15 1 5 0 8 16 1 2 18 1 1 6 3 .5 6 6 At
1 3 1 3 A T M P K 4  (M A P  K IN A S E  4) 1 5 2 3 4 1 5 2 20 2 6 42.9 5 .7 At
1 3 1 4 H ON3 ( H O N / A I3 ) 7 9 3 3 9 17 1 16 2 4 64.2 5 .7 At
1 3 1 5 carbohydrate k inase fam ily 18 4 19 8 4 0 55 4 12 39 .3 6 .6 At
1 3 1 6 C D G I (constitutive differential growth 1 ) 1 16 8 3 1 2 4 0 18 2 6 48.6 9 .2 At
1 3 1 7 C IP K I3  ( C IP K I3 ) 15 2 2 6 2 4 1 20 2 4 56 .7 8.4 At
1 3 1 * C IP K 5  ( C B  W N T E R A C T IN C x P R O T E IN  K IN A S E  5) 30 6 8 339 8 15 2 6 50 .9 6 .1 At
1 3 1 9 F A T  dom ahvoontaining protein 2 2 3 2 9 2 0 6 45 5 1 4 34 .0 6.8 At
13 2 0 g cran y lg ean y lated  protein A T G P I 15 2 4 2 9 3 3 24 2 19 2 2 5 7 .0  ‘ At
1 3 2 1 h exokin ase la 4 5 38 7 4 0 3 18 1 2 53 .8 6 1 Nt
1 3 2 2 L S T K - I - ik e  kinase 1 5 6 3 7 1 1 0 16 2 5 68.5 9.4 U
1 3 2 3 m itogen-activated protein k inase 2 3 3 34 0 5 9 3 43 3 9 44.8 5 .5 Gm
1 3 2 4 N A D K 2  (N A D  kinase 2 ) 18 3 9 5 0 13 17 2 3 10 9 .2 7 .5 At
13 2 5 P A K  (P 1IO S P 11A  ITDfC A C ID  K IN A S E ) 18 3 9 13 9 4 17 2 2 10 0 .9 6 2 At
1 3 2 6 ph ospfasiidyim ositoM -phoaphalc 5-k in ase iu n ily  protein 1 5 2 3 0 1 7 6 24 3 6 89.2 6 8 At
1 3 2 7 phosphatidylinositoM -phoaphale 5-k in ase  liunily protein 15 2 2 7 3 0 5 19 2 3 88.2 7 .0 At
13 2 8 protein k in a se  fam ily protein 2 2 3 3 13 3 5 20 2 3 1 0 8 0 6.9 At
13 2 9 proton  k in a se  fam ily proton 17 5 2 9 2 8 0 19 2 4 7 5 .4 5.9 At
1 3 3 0 protein k in a se  fam ily protein 4 2 5 6 6 2 14 17 2 2 74.9 6 .0 At
1 3 3 1 protein k in ase  fam ily protein 15 2 4 2 7 3 1 16 2 3 6 9 6 5 9 At
1 3 3 2 protein k in ase  fam ily protein 4 256 8 9 7 4 15 2 2 78.1 6 .2 At
1 3 3 3 protein k in ase  fam ily protein 2 2 3 2 7 9 0 4 14 2 3 88.5 8.8 At
13 3 4 protein k in ase  fam ily protein 5 18 4 7 8 3 6 14 2 6 56.2 8 9 Gm
1 3 3 5 protein k in ase  fam ily protein 4 2 5 6 3 2 8 2 14 2 2 87.5 5 .3 At
13 3 6 protein k in ase  fam ily protein 15 2 2 4 7 7 5 14 1 1 90.9 9 .1 At
1 3 3 7 protein k in a se  fam ily protein /

g lyccrophosphoryi dicstcr phosphodiesterase fam ily protein

9 7 554 4 9 14 1 0 12 3 .0 6 .1 At

13 3 8 proton  k in ase  k k c 7 8 0 16 9 1 16 2 2 14 3 .9 5 .6 At
13 3 9 protein k in ase  S P K -2 2 1 5 9 3 5 3 4 16 2 6 4 1 . 1 4 .7 At
134 0 protein k in ase , putative 1 1 1 2 0 7 % 17 2 3 12 9 .8 5 0 At
1 3 4 1 protein k in ase , putative 1 5 2 2 14 6 5 16 2 2 64.9 9 2 At
13 4 2 protein k in ase-lik e 2 9 2 4 5 14 16 2 4 52 .2 6.4 At
13 4 3 protein k in ase-lik e protein 18 4 15 2 0 5 18 2 5 52.6 5 .7 At

(Table continues on follow ing page.)
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"Ü W -----------pi—
S p ecies

13 4 4 putative arabinosc kinase 2 3 2 6 3 7 2 16 2 8 10 8 .4 5 .7 At
13 4 5 putative protein k inase 12 0 4 0 0 3 9 7 19 2 4 5 1 .9 6 .9 7m
13 4 6 putative protein k inase 13 3 2 4 7 9 5 15 2 3 1 3 9 5 5.8 Os
13 4 7 putative receptor protein k inase P H RK 1 7 7 4 0 3 7 4 2 17 2 4 48 .6 6 .6 dm
13 4 8 serpm fam ily protein / serine protease inhibitor fam ily protein 15 2 2 5 9 5 6 24 2 8 4 5 .9 5 .7 At
13 4 9 S-locu s protein  kinase, putative 15 2 3 7 0 4 7 15 2 3 9 1 .9 6 .5 At
1 3 5 0 S P 3 Ü 28 2 0 0 3 9 0 29 2 9 20  1 6 .7 ljt
1 3 5 1 S R C 2 2 0 5 5 2 3 0 52 4 13 3 1 0 6 .7 dm
1 3 5 2 thym idylate km ase fam ily protein 14 5 3 3 4 8 5 3 2 7 2 7 30 .4 8 .7 At
1 3 5 3 w o cl 4 2 3 6 2 3 4 1 2 1 3 6 5 5 .9 6 .9 dm

0 Skm al tran sd u c tio n Ti
■4

iA  ftjiry f t h n in h if i t M

13 5 4 A tlg 7 8 2 0 Q ft'l  I I I I  14 1 5 0 8 17 0 3 IS 2 12 30 .8 8.6 At
1 3 5 5 A 1F A P 2 4 /P A P 2 4  (purple acid  phosphatase 2 4 ) 30 6 8 6 6 9 2 2 3 2 2 6 9 .1 5 .7 At
1 3 5 6 A T U K A JP R T 1 1 5 2 3 7 5 1 2 48 4 I I 54 .4 6 .1 At
1 3 5 7 C 2  dom ain-containing protein 58 8 2 7 2 0 16 2 1 1 4 1 .4 8.5 At
1 3 5 8 cak m cu rin -K k e phosphoesterasc fam ily protein 15 2 2 2 9 4 2 2 3 2 5 68 .2 6 .3 At
1 3 5 9 calcm eu rm -hkc phosphoesterasc fam ily protein 15 2 3 8 8 9 4 14 2 3 6 7 .6 4.9 At
1.360 catalytic/ cocnzym c btndmg 18 4 0 4 4 % 4 7 3 7 34 .9 8.4 At
1 3 6 1 catalytic/ cocnzym c binding 18 3 9 9 3 2 8 34 3 8 4 3 .9 9 J At
13 6 2 catalytic/ cocn zym c bm dm g 7 34 0 6 9 8 2 3 2 5 4 1 .6 6 .1 At
13 6 3 catalytic/ co cn /ym c bm dm g 10 1 2 9 6 5 1 19 2 6 3 2 .7 9 .3 At
136 4 C P U  (C T D  pbocphataac-likc 2 ) 6 7 5 9 4 5 0 14 2 2 86.0 6 .1 At
13 6 5 C T D  pbosphatasc-likc 3 2 2 2 12 7 0 5 35 4 3 13 6 .5 5.6 At
13 6 6 inositol 1,4 ^ -trisp b o sp h atc  5-phosphatase 2 8 3 9 3 6 19 2 3 3 2 1 2 1 .8 6 .0 At
1 3 6 7 inositol m onophosphatase fam ily protein 2 1 5 3 7 2 0 7 15 2 9 40.4 7 .1 At
13 6 8 inositol m onophosphatasc fam ily protein 15 2 3 4 5 9 0 14 2 8 4 3 .5 5 .8 At
13 6 9 k d e h  repeat-containing serine/ 

threonine phosphoesterasc fam ily protein

4 2 5 6 9 3 7 7 18 1 1 10 7 .5 5 .5 At

13 6 9 M c t-10 )  like fam ily  protein / k d c h  repeat-containing protein 2 2 3 2 8 3 4 6 15 2 5 1 10 .9 6 .2 At
1 3 7 0 ph osphatase-like protein Pk 9 2 3 1 3 1 2 3 6 5 9 24 2 5 4 3.4 5 .5 Ps
1 3 7 1 protein phosphatase 2 A 1 5 6 8 5 1 1 9 7 7 17 6 5 .4 5 .0 Ni
1 3 7 2 protein phosphatase 2 A  catalytic subunit 3 4 3 9 8 2 6 3 29 2 10 3 5 .0 4 .8 Le
1 3 7 3 protein phosphatase type 2 C 7 9 3 2 6 6 5 3 16 2 13 4 2 .0 5 .5 At
13 7 4 putative phosphatase 2 7 5 2 7 0 3 0 10 5 8 30 28 .9 5 .7 dm
1 3 7 5 putative tyrosine ph M ph siase 8 9 2 6 3 3 4 17 2 8 2 7 .2 6 .7 Qs
1 3 7 6 T O R  (target o f  nunpam ycin) 8 56 9 0 9 7 24 3 1 28 2 .9 6 .4 At
1 3 7 7 unknown p ro to n , sim ilar to kcich repeat-containing I-'-bax fam ily 7 9 5 2 7 2 9 3 13 1 2 46.4 6 .6 At
1 3 7 8 uracil phosphoribosyl transferase like  protein 2 15 5 4 2 6 3 49 4 8 52 .6 6 .4 At

10 8igntl tran sd u c tio n  ^  ’ WÊÊÊÊÊÊÊÊHËK :; ; : '■ Ï &  ì$ n‘

10.0410 0  protein*
t i  protein beta-subunit-likc protein 12 5 9 8 7 9 5 8 3 2 2 18 15 .7  6 .1 Nt

*.

13 8 0

1 0 .8 0  O th e r s

I4 - .3 .3  protein 2 2 5 9 7 17 6 99 6 36 24.9 4 .9 dm
1 3 8 1 14 -3 -3 - lik e  protein 4 8 5 0 2 4 7 204 1 2 46 29 .4 4 .7 Ps
13 8 2 14 -3 -3 - lik c  protein 4 6 9 46654 47 4 15 28 .9 4.8 7m
13 8 3 A T M P 2  (A t m em brane associated progesterone binding protein 3 ) 4 9 6 0 15 4 32 2 9 2 8 2 8.6 At
13 8 4 calcium -binding protein, putative 15 2 3 3 4 0 2 17 2 IS 2 1 . 1 4 .6 At
13 8 5 calm odulin b inding 7 9 32 8 2 6 0 19 2 1 1 2 1 .0 6 .4 At
13 8 6 cahnoduH n-bindm g protein 12 3 2 4 19 9 16 2 5 50 .7 7 .2 At
13 8 7 C A M 2  (C A I-M O IX JIJN -2 ) 30 6 8 3 36 9 59 4 23 2 0 6 4 .7 At
13 8 8 flowering locus T 56 6 9 4 6 32 17 1 6 19  8 7 .7 Ta
138 9 KPA 228 8 9 8 5 13 2 2 1 1 7 .4 7 .5 At
139 0 P H I) finger fam ily  protein 9 29 4 54 5 23 3 2 15 4 .7 6 .7 At
1 3 9 1 P N C B P 1 7 9 3 3 1 1 0 16 2 2 14 6 .2 5.9 St
13 9 2 protein transport S E C I3 - lik e  protein 8 3 2 8 39 7 9 45 3 17 3 2 .7 5.8 St
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1 39 3 S N F I -related protein kinase regulatory beta w h u n it 1 6 6 7 10 7 3 4 19 1 5 3 0 .7 5.6 Ps
11 Disease/defence

11.01 Resistance genes
139 4 A t l g l  1 3 6 0 / T 2 3 J 18 35 15 2 15 7 7 4 1 3 1 6 I I J 4.8 At
139 5 A T P 1)R 5 /P I)R 5  (PI-KIO TRO PIC D R IX i R E S IS T A N C E  5) 1 5 2 2 8 1 1 2 14 2 2 1 6 0 3 8 3 At
139 6 A 1T D R 9 / ID R 9  (PI JiK T IX O P IC  D R IX i R H S K T A N C H  9) I S 2 3 I 8 2 I 20 2 1 16 4 .1 6.8 At
13 9 7 d isease resistance protein (C C -N R S -IA R  class), putative 15 2 18 0 0 3 18 2 3 1 2 1 .0 6 .9 At
139 8 d isease resistance protein (N B S -L R R  class), putative 15 2 3 7 0 2 2 15 2 2 1 0 3 9 6.6 At
139 9 diaease resistance protein (T IR -N B S -L R R  class), putative 15 2 2 2 5 5 8 20 2 1 1 1 5 .4 6 3 At
1400 d isease resistance protein f  I 1R -N B S -L R R  class), putative 15 2 4 2 3 0 0 16 2 1 1 3 1 4 8.4 At
14 0 1 d iseaae resistance protein R P P 13 variant 4 6 4 10 19 7 2 1 2 2 9 6 .7 6.2 At
140 2 disease resistance protein R P P I3 variant 4 6 4 10 19 5 1 7 2 2 9 6.0 6.5 At
140 3 disease resistance protein R P P I-W iB 15 13 0 8 4 6 14 2 1 2 2 3 6 6.6 At
1404 diseaae resistance protein S I J I I 5 15 5 5 8 6 6 1 7 2 2 15 6 .1 5.6 At
1405 disease resistance-responsive protein-related 15 2 17 8 8 6 13 1 6 2 0 .6 9.5 At
140 6 functional candidate resistance protein K R 1 1 8 0 3 3 1 1 1 2 7 3 2 12 8 .7 6 .7 Gm
14 0 7 nem atode resistance protein-like protein 2 1 5 5 3 5 2 9 18 2 7 4 8 9 5.5 At
1408 Pi-b protein 6 17 2 3 8 1 19 2 1 1 4 1 .6 8.6 O s

140 9 probable resistance gene 7 4 8 8 17 0 3 8 5 3 28 0 .6 S 3 At
1 4 1 0 putative d iseaae resistance protein 14 2 9 4 2 4 2 6 16 2 1 1 5 1 . 1 5.8 St

1 4 1 1 R ita tiv e  d iseaae resistance protein, identical 5 4 2 6 18 2 5 18 2 4 9 6 1 8 .1 St

1 4 1 2 resistance protein  X R 4 2 7 4 6 3 5 2 7 14 2 1 13 7 .0 6.0 Gm
1 4 1 3 resistance protein I>cr3 3 2 3 6 4 5 14 1 7 2 1 1 0 4 3 6 3 At
1 4 14 insistence protein-like 306 8 478 0 2 2 2 1 148 .9 5 .7 At
1 4 1 5 rust resistance protein R p l-d p 7 12 7 4 4 9 6 1 2 5 3 2 14 4 .7 6.6 Zm

1 4 1 6 rust resistance protein tp 3-l 4 59 34 29 5 19 2 1 1 4 2 3 6.5 Zm

1 4 1 7 T 7 N 9 .2 3 10 12 19 0 8 24 3 3 17 7 .0 6 .1 At
1 4 18 universal stress protein (U S P ) fam ily protein 3 0 6 9 39 7 1 48 3 1 5 17 .8 5.7 At
14 1 9 universal stress protein (U S P ) fam ily protein 88 8558 6 3 6 2 12 2 6 9 6 3 At

11 DiMaM/dcftne* ;■ %  IS S •■ 'V-r&fetVi'CifTVi
11.02 Dafanca-ralatad

14 2 0 24  k D a  protein S C 2 4 18 4 48 9 73 108 7 38 24 .6 9 .1 Gm
14 2 1 A G D 2 (A B E R R A b T T  G R O W TH  A N D  D E A T H  2) 18 4 18 2 7 0 3 0 2 4 5 0 4 7.0 At
14 2 2 am inoaldefayde dehydrogenase 1 5 1 3 1 6 9 2 65 4 10 54 .7 5.5 P s

14 2 3 chitm ase c la ss  1 6 5 7 3 2 10 84 5 2 6 3 4 .3 7.4 Gm
1424 c la n  ID A D H  enzym e 16 7 5 39 4 3 7 2 8 40.8 6.8 Os
14 25 oxidoroductaac, Tine-binding dehydrogenase fam ily protein 15 2 2 0 8 5 4 39 3 10 4 1 .0 8.5 At
14 2 6 oxidcrcdu ctasc, zinc-binding dehydrogenase fam ily protein 30 6 9 7 8 7 3 3 7 3 6 4 5 5 U At

11.06 Stress responses
14 2 7 A L D H IQ A 9  (A ldeh yde dehydrogenase I0 A 9 ) 15 2 2 8 3 4 6 24 2 4 5 4 9 5.4 At
14 28 A 1 J X I 2 B 4  (a ldeh yd e dehydrogenase 2 ) 1 5 2 2 8 3 19 80 5 10 5 8 6 7 .1 At
14 29 A IJ3 H 5 P I  (su ccin ic  scm iaidchydc dehydrogenase) 1 5 2 19 3 7 9 2 3 2 6 56.6 6.5 At
14 3 0 A T O M T I (O -m ethyl transferase 1 ) 1 5 2 3 9 5 7 1 24 2 5 39 .6 5.6 At
14 3 1 caffooyl-C oA  3-O -m cthyltransfcrasc 5 2 5 1 1 7 3 7 7 7 5 3 2 2 7 .2 5.4 Nt
14 3 2 catechol O -m ethyltransfcrasc 39 6 58 9 2 3 2 6 3 9 4 5.4 Nt
14 3 3 C C A I  (circadian  clock  aasocialed 1 ) 3 0 6 9 0 5 18 16 2 2 6 7 .0 5 .7 At
14 34 cold acclim ation  protein W C S 19 19 3 5 2 3 3 3 14 2 38 14 .6 5.6 Ta
14 3 5 drm ethyIm cnaquinone m ethyltransfoasc fam ily protein 15 2 3 2 9 6 3 17 1 6 1 7 8 5.7 At
14 36 h tsi- like m ethyl transferase fam ily protein 15 2 4 0 7 2 7 19 2 12 24 .3 9.3 At
14 3 7 g h itae d o x in  fam ily protein 15 2 3 7 5 5 4 13 2 8 4 3 .1 9 .1 At
14 3 8 m ethytm akm atc sem iaJdehyde dehydrogenase 3 0 14 4 4 14 2 9 2 4 4 1 . 1 5.5 Ta
14 3 9 osm otin-likc protein, putative 15 2 2 6 9 5 6 16 1 5 27 .0 7.6 At
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144 0 unknown protein, repoose to nil stress 15 2 3 9 8 3 5 15 2 3 56.8 5 .7 At
1 1  D l u m / d t h n t u ; i  • %

11.06 Detoxification
4 4 1 l-C y s  pcroxrrcdoxm  P K R I (Thtorcdoxm  peroxidase) I4 6 32S 6 8 2 15 1 4 24 .9 6 3 Zm

4 4 2 2 ,4 - 0  inducible glutathione S-transferase 29 20666 56 4 1 7 2 5 .6 6.2 Gm
4 43 2-oxoacid  dehydrogenase fam ily protein 15 24 0 4 54 1 5 1 1 5 0 .1 92 At
444 5 , 1 0-methylenetetiahydro folate dehydrogenase 

- 5 , 10-m ethenyhetnhydrofb latc cyclohydrolase

4 10 3 9 8 7 48 3 I I 3 1 . 3 8 3 Ps

445 A C C  o x id ase 259 89 506 15 2 6 3 5 .6 6 .1 Si
4 46 alcohol dehydrogenase 12 8 6 2 7 5 4 44 3 5 4 1 .2 5 J At
4 4 7 alcohol dehydrogenase 1 2 2 5 9 7 17 8 2 8 7 19 5 7 40.0 6 1 Gm
448 alcohol-dehydrogcnasc 4 0 3 9 1 1 5 19 8 13 3 7 36 .4 6 .1 Gm
449 aldehyde dehydrogenase fam ily 7  m em ber A 1 29 8 9 332 5 2 1 8 15 4 4 54 .7 5 J Gm
4 5 0 aldo/keto reductase fam ily protein 4 8 9 5205 65 4 I I 39 .0 6.8 At
4 5 1 aldo/keto reductase fam ily protein 15 2 3 2 3 5 4 4 3 3 6 3 5 .0 6.5 At
4 5 2 aldo/keto reductase fam ily p rotan 3069 6459 40 3 I I 3 7 .9 5.9 At
4 53 ally! a lcohol dchychogcuase 6 6 9 2 8 16 3 1 3 6 3 8 .1 6.6 Nt
4 5 4 aip h a-D Q X l 37 9 6 26 59 1 7 2 3 7 3 .8 6.5 Le
4 5 5 A P X I  (ascorbate peroxidase 1 ,  maternal effect em bryo arrest 6 ) 15 2 2 3 0 4 9 15 1 5 2 7 .6 5 .7 At
4 5 6 argm sse 15 2 3 6 6 4 0 38 3 7 3 7 .3 6 .1 At
4 5 7 a rg m a se2 54648 782 3 3 3 10 36 .9 5.6

4 58 ascorbate o x id sse  precursor 2 2 2 18 2 7 0 3 3 2 6 4 8 .1 8.0 Gm
4 59 ascorbate peroxidase 2 1 0 3 9 13 4 4 2 3 9 4 2 2 8.7 Le
460 ascorbate peroxidase 2 13 3 6 0 8 2 2 3 0 13 6 4 2 7 . 1 5 .7 Gm
4 6 1 A T 5g 06 29 0 1 8 4 1 5 1 5 $ 1 7 1 9 29 .8 5.6 At
462 A T F R 0 8 / F R 0 8  (fe m e reduction o x id ase  8) 2 2 3 2 7 6 8 1 IS 2 4 8 3 .2 9.6 At
463 m onodehydroascorbate reductase 1 (A T M  D A R I) 15 2 3 17 0 2 15 2 3 4 6 .5 6.4 At
464 A 1 Y 2  (A rab idopsis thiorodoxm y 2 ) 306 9 36 59 1 5 1 4 18 .6 8.5 At
465 cata lase 2 6 6 10 2 3 1 1 5 8 3 3 3 5 .8 6.4 Gm
466 catalase 39 29 9 24 96 6 13 5 6 .2 7.4 Os
4 6 7 catalase 409 50 550 2 7 2 7 56 .4 6.6 St
468 Contains Thiorodoxm  dom ain Pl*]00085. K ST s g b fl '4 2 3 5 1 6899648 14 2 5 60.8 8.2 At
469 copper chaperone hom olog C C H 6 5 2 5 0 1 1 5 2 3 2 9 13 .6 4 .7 Gm
4 7 0 cytosolic glutathione reductase 1 5 7 3 6 2 2 19 3 0 2 3 5 3 .1 6 .1 Hv
4 7 1 cytosolic N A D P -m ah e cn/ym c 2 15 0 0 2 9 87 6 14 6 4 .1 5 .7 Le
4 7 2 debydroascodw te reductase 6 8 I 3 I 8 I I 15 0 10 4 5 2 8 9 8.5 Gm
4 7 3 dcbydroaacorbate reductase 2 8 19 2 4 2 7 2 1 1 8 2 3 .7 7 .7 Nt
4 7 4 dehydroascoibate reductase, putative 15 2 3 9 3 5 4 1 7 1 5 2 4 .1 4 .9 At
4 7 5 dehydroascorbale reductase-like protein 7 6 16 0 9 5 1 2 3 2 13 23 .4 6 .1 St
4 7 6 D H A R 2 2 15 9 3 0 5 6 2 2 1 7 2 3 .4 6.0 At
4 7 7 D ihydrodipicoiinatc synthase, chloroplast precursor (D lfD P S ) 1 1 8 2 4 1 2 5 2 5 4 1 .2 6.9 Zm

4 78 F 3 F 9 .I3 8 0 5 2 5 35 2 2 2 4 5 0 .1 6 3 At
479 glutathione peroxidase 6  (A T G P X 6 ) 3 0 6 8 18 2 7 4 7 3 1 2 25 .6 9.4 At
480 glutathione p e ro x id u e  7  (A lX iP X 7 ) 22329 06 6 6 0 4 12 25.8 9.5 At
4 8 1 ghitalhionc peroxidase-like protein 2226 8 40 5 3 1 2 2 3 18 .6 5.7 Zm
4 82 glutathione reductase 6 7 14 8 3 7 2 7 3 5 58 .7 8.1 Gm
483 glutathione S-transferase 3 7 0 5 1 1 0 5 1 7 1 4 26 .7 5.0 Ps
484 ghitathiooc S - transferase G S T  12 1 13 8 5 4 3 9 16 2 7 2 6 6 5.9 Gm
485 hom oghitathionc synthetase 779 98 08 2 0 1 14 3 2 5 5 .7 6.0 Gm
486 h sr20 3J hom olog 6 0 9 2 0 14 16 1 2 38 .4 5.8 Ps
4 87 (M SI 1 5 2 2 1 1 2 5 3 2 3 6 68.1 6.0 At

88 fai2-l protein 2 1 5 3 7 3 3 8 2 0 2 I I 2 7 .1 5.0 At
489 L Y T B - lik e  protein prccursor-likc 8 10 7 6 5 6 5 2 2 2 3 5 1 .8 5.8 St

90 m itochondrial peroxiredoxin 4 7 7 7 5 6 5 4 1 5 1 4 2 1 .5 8.4 Ps
9 1 N TRH  (N A D P I I-dependent thiorodoxin reductase B ) 4 256 6 4 7 3 16 2 3 1 1 6 0 9 .1 At
92 peroxidase 17 4 6 7 2 10 14 2 8 4 0 3 8 .1 5.0 Gm
93 peroxidase 50 0 22 36 12 3 8 3 1 3 7 .1 5 .5 Gm
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149 4 peroxidase 5 0 0 2 2 34 38 2 1 1 3 7 .5 8.6 Cm
149 5 peroxidase A T P 2 2 a 15 2 3 4 6 4 8 48 4 16 35 .8 9 .3 At
149 6 peroxra-3 fam ily  protein 1 2 5 9 7 8 15 16 2 2 90.8 6 0 At
14 9 7 phospholipid hydroperoxide glutathione peroxidase 3 18 7 2 0 8 0 2 9 2 9 18 .9 6.4 Le
149 8 pscudo-alpA 2 2 7 4 2 13 8 10 3 2 34 .8 5.6 Cm
149 9 putative lactoylglutathionc lyase 1 5 8 1 0 2 1 9 3 5 3 9 3 2 .0 5 .1 At
15 0 0 putative N AD P-dependent m alic enzym e 4 6 2 0 0 5 2 5 1 5 2 4 3 4 .7 6 .6 Zjh

15 0 1 putative p a o x ire d ax in 2 8 39 3 0 5 8 16 1 7 2 4 .1 6 .2 At
15 0 2 putative thioredoxin m 2 1 5 5 9 4 0 12 16 1 6 19 .8 9 .2 Pi
15 0 3 respiratory b u n t oxidase protein 9 7 5 7 9 2 2 15 2 2 10 0 .6 93 At
150 4 respiratory b u n t oxidase protein D 3 2 4 2 7 8 9 1 5 2 2 10 3 .9 9 .3 At
150 5 respiratory b u n t oxidase protein K 3 2 4 2 7 8 7 1 5 2 2 10 7 .3 9 .0 At
15 0 6 short chain alcohol dehydrogenase 2 7 8 0 4 4 4 1 3 2 3 14 18 .2 7 .1 At
15 0 7 short chain alcohol dehydrogenase 2 7 3 9 2 7 9 2 0 1 5 29 .8 6 .2 Nt
15 0 8 short-chain dchydrogcnasefrcductase (S D R )  fam ily protein 15 2 2 9 2 0 3 2 6 3 14 2 8 .1 6 .1 At
15 0 9 short-chain dchydrogenasc/rcduc tasc (S D R )  fam ily  protein 18 3 9 8 5 3 9 24 2 10 34 .3 9 J At
1 5 1 0 su p c ra x id u c  d u n u ta se 3 3 3 2 7 3 4 9 3 4 2 12 2 2 .3 6.0 U
1 5 1 1 tcirahydrofbU te dehydrogcrasofcyclohydrolase, putative 15 2 3 6 8 8 8 28 2 8 38 .7 8.6 At
1 5 1 2 th iosedoxin h 89 8 0 4 9 1 20 2 14 13 .4 5 .1 Ta
1 5 1 3 thioredoxin M -typc, chloropiast precursor (T R X -M ) 3 3 3 4 3 7 6 3 3 2 1 1 18 .1 8 .7 7m
1 5 1 4 thioredoxin peroxidase 2 1 9 1 2 9 2 7 2 0 1 6 29 .8 8.2 Nt
1 5 1 5 thiorodoxin-felated 15 2 2 4 2 6 7 2 9 2 9 24 .5 6 .4 At
1 5 1 6 thylakoid-bound ascorbate peroxidase 2 5 9 9 2 5 5 7 2 3 2 4 4 1 .3 5.4 Ta
1 5 1 7 T P X I  (thkaedoxin-dopendent peroxidase 1 ) 1 5 2 18 8 7 7 2 9 2 6 17 .4 5 .2 At
1 5 1 8 T T L 4  (tctratncopctide-repcat thiorcdoxin-H kc 4 ) 4 256 6 0 2 9 15 2 2 74 .4 9 .1 At

12 U nclear cJasiff cation
1 5 1 9 annadilkVbcta-catenm  repeat fam ily  protein 15 2 3 2 3 2 9 16 1 2 40.9 5 .1 At
15 2 0 an n ad ila/beta-catcain  repeat fam ily  protein 1 5 2 3 5 4 5 6 16 2 9 4 3 .5 7 .7 At
1 5 2 1 arn ad ilo /b eta-ca lcm n  repeat fam ily protein 15 2 2 0 4 5 7 1 5 2 1 8 6 3 5 .3 At
15 2 2 A t2 g l9 9 4 tV F 6 P 2 2 J 16 6 0 4 36 8 29 2 6 4 4 .2 8.5 At
15 2 3 A I3 g 0 5 3 5 0 / T I2 H I  3 2 19 3 10 4 7 8 1 7 1 0 7 8 .7 6 .1 At
15 2 4 A T K 4  (A t K IN F S IN  4) 18 4 2 10 6 9 13 2 2 110.0 6.5 At
15 2 5 A T P H B 2  (P R O H IB riT N  2 ) 15 2 19 5 6 9 16 2 8 3 1 .8 9.4 At
15 2 6 B T B /P 0 7 . dom ain-containing protein 6 2 3 19 9 19 1 5 2 3 9 2 .5 5 .7 At
1 5 2 7 B ow m an -B irk  proteinase inhibitor 4 19 15 6 6 16 1 35 4 .5 6 .7 Gm
15 2 8 B ow m an -B irk  type proteinase isoinhibitor C 19 6 9 8 24 9 16 1 I I 1 2 . 1 5 .2 a
15 2 9 B o w m an -B irk  typ e  proteinase isoinhibs tor D 19 6 9 8 2 5 1 1 5 1 1 1 12 .2 5 .7 Gt
1 5 3 0 C 2  dom ain-con lam ing protein 2 2 4 4 9 3 2 1 7 2 3 7 2 .3 9 4 At
1 5 3 1 C 2  dom ain-containing protein beta-catcnin repeat fam ily protein 15 2 2 3 9 6 5 1 7 2 0 2 2 8 .6 5.4 At
1 5 3 2 catalytic 7 9 5 3 7 3 9 0 2 2 2 4 7 3 .9 5 .2 At
1 5 3 3 C B S  dom ain-containing protein 15 2 3 8 2 8 4 3 3 3 16 2 2 .7 9 .1 At
15 3 4 circum sporozoite protem -like protein 18 0 8 7 6 7 5 IS 2 8 17 .2 1 2 .1 0»
15 3 5 deita-CO P 7 6 7 7 2 6 2 2 0 2 6 5 7 .5 5 .5 7m
1 5 3 6 d icn d scto o c  hydrolase fam ily p ro to n 15 2 2 5 6 9 3 3 2 2 8 25  9 5 J At
1 5 3 7 dorm ancy related protein, putative 1 2 3 2 2 1 6 3 14 1 2 3 1 .2 5 9 At
15 3 8 exostosin  fam ily protein 1 5 2 4 1 1 5 0 2 4 3 4 6 9 1 9 .5 At
15 3 9 F5 M l  5 .2 5 8 778 6 08 3 1 4 6 10 0 .2 6 .6 At
15 4 0 fa sc k k n -lik c  protein KI.A 26 1 15 3 4 9 9 3 6 18 2 8 4 9 6 6 .1 Ta
1 5 4 1 (H P -b in d in g  protein 3 0 3 7 4 2 18 2 7 2 4 .1 5 .7 Pi
15 4 2 km esm  m otor protcm -idatod 14 5 3 3 4 3 6 7 15 2 1 1 4 1 . 1 5 .9 At
15 4 3 kincsin  m otor p ro to n -rd a led 1 5 2 2 7 5 % 15 2 2 1 1 9 .3 5 .8 At
15 4 4 kin esm -likc protein 1 0 1 7 7 3 1 6 14 2 3 14 9 .7 7 .3 At
15 4 5 km csm -rdalcd  protein ( M K R P 1) 5 2 6 3 3 2 6 3 1 4 5 1 0 0 4 6 .2 At
15 4 6 Kunity trypsin inhibitor 1 3 3 7 5 3 4 9 24 6 15 52 2 4 .1 5 .0 Gm
15 4 7 M U R 3  (M U R U S  3) 306 8 09 7 2 18 2 5 7 0 .7 8 J At
15 4 8 N B S - I JtR - l ik e  protein 15 7 8 8 5 16 19 2 3 1 4 4 4 6.5 Hv
15 4 9 P 2 3  protein 5 8 7 5 4 6 44 3 1 1 18 .8 4 .5 St
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5 5 0 putative kinesin  heavy  chain 4 5 6 7 2 6 5 16 2 5 6 5 .7 9 .6 At
5 5 1 putative protein 2 8 6 4 6 15 20 2 2 9 3.6 5 .2 At
5 5 2 ra n o rm  l a s t l y  p ro to n 4 2 5 7 17 7 1 16 2 5 60.9 9 .7 At
5 5 3 serine-rich protein-related 15 2 3 8 7 5 3 2 3 2 12 2 4 .1 1 1 . 8 At
5 5 4 « « p m , putative / serine protease inhibitor, putative 15 2 2 0 2 9 8 2 1 2 6 4 2 .6 5 .0 Ai
5 5 5 T 2 2 C 5 3 2 6 6 9 30 25 15 2 2 5 9 .7 9 .7 At
5 5 6 trypsin inhibitor 9 36 7 0 4 2 30 2 17 18 .0 6 .1 Gm
5 5 7 tumor protein-like protein 12 5 6 6 0 6 16 18 1 12 14 .3 5 .0 Ps
558 unknow n protein, contains nucleic acid-binding domain 15 2 2 3 9 0 7 IS 2 4 80 .7 9 .6 At
559 unknow n protein, agenet dom ain containing protein 18 8 7 3 8 5 4 18 2 1 2 1 7 .2 5 .8 Ok
56 0 unknow n protein, am inotransferase- h k c  protein 15 2 2 2 5 7 3 25 3 2 13 4 .2 9 .4 At
56 1 unknow n protein, ca lcin cu rin-likc phosphoesterase 6 7 14 4 10 18 2 0 2 3 1 .2 7 .7 At
56 2 unknow n protein, contains dom ain m annose-binding lectin 15 2 2 4 3 4 8 16 2 8 3 5 .6 9 .1 At
56 3 unknow n protein, contains I1G W P  repeat 19 8 8 15 6 4 17 2 2 10 3 .9 1 1 3 Ok
564 unknow n protein, contains S A M  binding m o tif 18 4 0 0 7 9 7 17 2 3 3 2 .1 8 .7 At
56 5 unknow n protein, contains W D 40 dom ain 2 15 3 9 4 8 9 16 2 4 88.0 6 .6 At
566 unknow n protein, contains W D 40 dom ain 30 6 7 8 7 4 0 16 2 2 1 0 8 0 4 .9 At
567 unknown protein, cndom cm branc system 15 2 3 9 5 5 5 14 1 2 3 9 3 8 .7 At
568 unknow n protein, sim ilar to bystin  ( 5 1 .6  kD >4ike 14 5 3 3 6 3 13 14 2 6 5 1 .5 6 .0 At
569 unknown protein, sim ilar to IM P  dehydrogcnaac/G M P reductase 15 2 3 9 10 0 16 2 2 84.5 5 0 At
5 7 0 unknow n protein, sim ilar to kincctin-rdatod 15 2 2 7 9 4 1 18 2 13 3 8 3 4 .8 At
5 7 1 unknow n protein, sim ilar to nucleic acid  binding 18 3 9 7 8 19 13 1 3 36 .4 5 J At
5 7 2 unknown protein, sim ilar to putative 20 0  k l)a  antigen p 20 0 4256 8 4 9 9 18 2 4 84.0 7 .9 At
5 7 3 unknow n protein, sim ilar to roothairless 1 4 2 5 6 2 5 8 7 17 2 4 10 0 .1 5 .6 At
574 Y c C 9 1 2 1 4 1 8 3 2 1 2 1 2 6 9 2 8.8 Gm
5 7 5 Z m G R 2 c 4 24 0 0 4 1 20 2 10 29 .9 5 3 Zm

1 3  U n c l a s s i f i e d

576 A llg l7 8 8 Q / F 2 H 15  10 1 6 3 2 3 1 2 7 34 3 2 2 18 .0 6 .6 At
5 7 7 A t3 g 2 6 7 5 0 4 2 5 6 5 2 19 14 2 3 5 7 .9 5 .0 At
57 8 A T 3 g 5 3 3 5 (V F 4 P 12  5 0 17 9 7 8 9 9 3 19 2 7 4 5 .7 5 .7 At
57 9 A T 5 g 5 6 9 M /M H M I7  10 2 15 9 2 7 5 8 18 2 4 4 2 .9 9 .2 At
580 A T B R C A 1  ( B R E A S T  C A N C E R  S U S C E P T I B I L m r i) 5 2 6 2 7 9 7 2 1 3 1 1 6 6 6 8 .9 At
5 8 1 A t P ffS K I 3 7 0 2 6 9 1 17 2 5 78 .4 9 3 At
582 C O P I-in teractin g  protein-related 4 2 5 6 3 16 7 2 3 2 3 13 0 .0 6 3 At
583 D C 1  dom ain-containing protein 1 5 2 3 2 18 9 16 2 3 7 7 .9 6 3 At
584 d d lS 2 8 5 4 2 7 0 6 54 4 6 4 5.8 5 3 dm
58 5 D G C R I4 -rd a te d 1 5 2 3 18 7 1 19 2 2 56.8 9 .1 At
586 D N A -b in d in g  brom odom ain-containing protein 8 8 8 5 5 % 16 2 3 5 7 3 9 .4 At
58 7 K S T  g b f l 7 l  788  com es from  this g e n e 2 3 4 10 2 7 17 2 4 46.2 8 .9 At
588 F I 5 0 4 . I 3 8 7 7 8 3 4 0 26 3 2 2 1 7 3 8.6 At
58 9 F 2 0 N 2 .6 8 7 7 8 50 0 16 2 5 6 2 .7 8.5 At
59 0 F 2 1 J9 .2 2 9 7 4 3 3 4 1 26 3 3 8 8 3 5 3 At
5 9 1 F 2 2 G 5 3 3 8 7 7 8 5 5 6 18 2 2 84.9 4 .7 At
59 2 F 2 8 C I I . I 9 8 7 7 8 58 3 16 2 0 3 6 2 .5 9 .5 At
59 3 F 8 K 7 .2 4 5 2 6 3 3 3 3 20 2 3 7 2 .2 5 .0 At
594 G A M M 1 protein-bkc 7 9 5 2 7 3 0 7 38 3 6 4 2 3 5 .9 At
595 gen e 1 l - l  protein -  like 7 9 4 7 6 9 7 2 16 2 1 2 2 2 .1 4 3 At
59 6 gigantea 3 5 0 5 9 3 4 % 17 2 2 1 2 6 1 6 .6 Ta
59 7 h A T  dimeri¡ration dom ain-containing protein 15 2 3 0 6 6 0 18 2 2 6 8 3 6.8 At
598 IA A 23 1 7 1 1 2 0 5 16 2 6 6 4 9 6 .5 At
599 integral m em brane fam ily protein 15 2 3 4 6 5 4 16 2 14 2 0 3 10 .0 At
600 I.N G I (IX )N C ilK X .IA I) 15 2 4 2 3 4 2 17 2 3 1 0 4 1 9 .1 At
6 0 1 M i l l  f l . K a i T - D I i n ^ i N T S I I O R T I l Y P O C O f m S  1) 1 19 9 4 3 13 32 3 13 2 1 4 10 .2 At
602 M B D 9  (M E T 1IY L -C P G -B IN D IN G  D O M A IN  9 ) 6 0 16 7 0 5 26 3 3 10 6 .0 5 .5 At
6 03 P8» 55 7 9 2 4 2 2 17 2 2 1 0 2 3 7 3 Hv
604 p o tk n -sp c c ific  lysino-rich protein S Q g U t 3 9 6 5 3 2 15 16 2 14 2 3 3 4 .7 St
6 0 5 pore protein  o f  2 4  k D  (O E P 24 ) 2 7 6 4 5 7 4 30 2 9 2 3 .4 9 .1 Pt

(Table continues on follow ing page.)
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NCBI MS/MS Distinct
Acceslon
Number

Search Peptides 
Score (dent

COV.
%

•w-----ar--- ■
IrvCOrCQCeU

MW pi
Species

160 6 PR 1 0 -lik e  protein 18 6 4 3 16 1 7 1 6 8 4.9 Gm

16 0 7 predicted by  gen scan and g en d m d er 4 2 6 2 2 4 3 16 2 19 2 0 3 6 .1 At
1608 predicted proline-rich protein 726 9 6 8 4 13 1 2 5 5 .6 5.8 At
1609 putative protein 4 4 54 0 0 7 2 1 3 9 50 .4 10 .1 At
1 6 1 0 putative protein 7 5 7 2 9 12 14 2 4 8 3 .4 6 .7 At
1 6 1 1 putative protein 6 7 3 5 3 7 6 14 1 0 9 0.9 6 3 At
1 6 1 2 R G I I I A 2 0 5 13 8 6 7 16 2 3 10 9 .2 6 .3 H v

1 6 1 3 seven transnxanbranc protein M lo l 4 4 4 58 50 2 15 2 3 6 3 .4 9 .7 Zm

1 6 14 seven transm em brane protein Mk>2 13 7 8 4 9 7 7 17 2 3 6 4 3 9 .4 Zm

1 6 1 5 S H 3  dom ain-containing protein 2  (S H 3P 2 ) 30 9 6 9 35 IS 1 2 4 3 .9 9 .1 At
1 6 1 6 Sim ilar to auxin-independent growth prom oter 6 5 8 7 8 4 2 26 3 5 6 3 .6 9.8 At
1 6 1 7 T 10 O 2 2 .2 4 8 6 7 17 7 3 20 2 2 1 6 0 3 5.6 At
1 6 18 T I7 H 3 .8 56 6 8 76 9 14 2 7 4 4.4 6.5 At
1 6 1 9 T P A : T P A  exp : S A B 3 9 9 3 0 3 0 7 17 2 1 29 2 .9 8.6 At
16 2 0 U N E I (unfertilized em bryo sac 1 ) 2 2 3 2 9 8 4 0 14 2 3 5 1 .4 9 .0 At
16 2 1 unknown protein 15 2 2 2 2 7 8 1 5 2 1 3 1 9 3 9 .6 At
16 2 2 U nknown protein 138 9 9 0 6 9 15 1 5 15 .8 6.8 At
16 2 3 unknown protein 14 5 3 3 4 2 0 5 15 2 7 22 .9 7 .7 At
16 2 4 unknown protein 3 0 6 7 8 5 8 6 1 7 2 I I 3 1 .8 9 .7 At
16 2 5 unknown protein 16 9 0 5 16 5 16 2 1 108 .4 6 .9 O s

162 6 unknown protein 15 2 3 9 3 7 4 16 2 5 40.8 7 3 At
16 2 7 unknow n protein 1 5 2 3 6 1 % 16 2 1 13 7 .4 5 3 At
16 2 8 unknown protein 4 2 5 7 0 7 9 7 16 2 2 0 9 .5 10 .4 At
16 2 9 unknown protein 5 19 7 0 2 6 0 2 5 3 6 79 .6 5.8 At
16 3 0 unknown protein 15 2 3 7 3 2 3 2 3 2 9 24 .5 9.6 At
16 3 1 unknown protein 15 2 2 4 7 5 2 2 5 3 8 39 .0 7.8 At
16 3 2 unknown protein 15 2 2 9 4 4 5 2 3 3 3 13 0 .7 5.9 At
16 3 3 unknow n protein 15 2 3 5 9 0 2 2 2 3 7 50 .7 5.5 At
16 3 4 unknown protein 18 3 9 6 3 5 4 2 1 2 9 3 5 .1 6.4 At
16 3 5 unknown protein 14 19 2 8 6 7 18 2 6 50 .0 6 .1 O s

16 3 6 unknow n protein 1 5 2 17 5 4 0 18 2 1 164 .0 5 .7 At
16 3 7 unknow n protein 1 5 2 3 4 1 3 8 18 2 2 86.9 7 .4 At
16 38 unknown protein 15 2 2 9 9 3 8 1 7 2 4 6 2 .2 6 .0 At
16 3 9 unknown protein 15 2 4 1 5 4 5 1 7 2 7 4 6 6 10 .0 At
164 0 unknown protein 7 9 36 4 3 0 4 17 2 6 58 .2 8 3 At
16 4 1 unknown protein 15 2 2 9 7 5 0 17 2 3 5 9 3 5 .1 At
16 4 2 unknown protein 18 4 0 3 5 9 2 17 2 7 2 3 .4 8 3 At
16 4 3 unknown protein 2 7 3 1 1 7 7 1 20 2 2 1 2 7 3 8 3 At
164 4 unknown protein 1 5 2 3 17 9 0 19 2 4 59 .2 9.4 At
164 5 unknown protein 15 2 3 5 6 3 8 14 2 5 38 .0 5.9 At
164 6 unknow n protein 15 2 2 2 2 6 8 14 2 2 0 6.8 4 .5 At
16 4 7 unknown protein 4 8 37 4 9 8 2 14 2 2 78 .5 6 3 Zm
1648 unknown protein 15 2 3 4 8 6 9 14 2 2 1 2 9 3 5 .5 At
164 9 unknow n protein 2 2 3 2 7 9 5 0 14 2 2 108 .9 5.0 At
16 5 0 unknown protein .30683681 14 2 4 124 .9 5.5 At
16 5 1 unknown protein 4 2 5 6 6 5 2 1 14 2 7 5 7 3 8.9 At
16 5 2 unknown protein 18 3 9 0 7 17 14 1 2 40.6 8.9 At
16 5 3 unknown protein 18 39 9 8 8 3 14 1 4 3 1 . 1 6 .5 At
16 5 4 unknown protein 15 2 3 8 7 5 4 28 3 2 13 3 .4 5 3 At
16 5 5 unknown protein 18 4 0 0 7 8 5 3 2 2 9 32 .6 6.4 At
16 5 6 unknown protein 306 8 6 9 23 36 2 14 22 .8 9 3 At
16 5 7 unknown protein, contains cyc lin -h ke F-box dom ain 7 9 5 3 2 2 5 0 18 2 7 3 7 .5 9 2 At
16 5 8 unknown protein, contains l)N A  clam p 7 9 3 15 8 5 9 28 4 8 4 5 .0 5.4 At
16 5 9 unknown protein , contains dom ain o f  unknown function D U F 28 7 4 256 8 9 6 7 16 2 4 5 2 .9 4.6 At
16 6 0 unknown protein , contains dom ain o f  unknown function 1X JF 2 9 5 18 4 2 3 7 9 7 15 2 6 4 1 .2 8.7 At
16 6 1 unknown protein , contains domain o f  unknown function IX JF 5 9 3 1 5 2 3 5 6 13 14 2 7 3 3 .1 4 .6 At
16 6 2 unknown protein, contains D U F 54 3  domain 12 3 2 3 6 6 4 14 1 5 32 .8 5 .7 At

(Table continues on following page.)
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f l i r a  n r a H s s Iin e o r e u c a i

T w r  n r -
Spada»

1663 unknown protein, N-tenninal protein m yristoyU tkm 3 0 6 9 3 0 12 2 3 3 5 6 9 .2 9 .6 At
1664 unknown protein, plant protein o f  unknown function (IX JF 8 2 7 ). 1 5 2 2 1 2 1 7 14 2 6 6 2 .7 5 .4 At
1663 « k n o w n  protein, protein o f  unknown function D U F266 15 2 2 13 8 6 15 2 6 4 7 .1 8 .7 At
166 6 « k n o w n  protein, protein o f  « k n o w n  function 1X JF 2 8 7 15 2 2 7 8 4 1 17 2 5 7 9 .1 4 .9 At
166 7 unknown protein, protein o f  unknown function IX J1- 56 7 7 9 3 9 8 1 16 16 2 18 2 2 .0 7 .7 At
1668 « k n o w n  protein, sim ilar to adcnyl cy c la se 4 236 30 8 2 2 6 3 8 4 4 .1 9 .1 At
1669 unknown protein, sim ilar to alan ine transam inase 15 2 2 0 0 8 3 16 2 1 2 12 .7 9.5 At
16 7 0 unknown protein, n m ik r  to A v i9 /C f-9  rapid ly elicited  protein 7 3 18 3 9 9 3 6 1 18 2 1 7 1 7  2 i l . l At
16 7 1 unknown Protein, sim ilar to C R M  fam ily m em ber 3 10086489 I t 2 1 1 14 .5 5 J At
16 7 2 unknown protein, sim ilar to sim ilar to Leucin e R ick  Repeat proteo 15 2 4 2 4 2 7 2 9 4 4 13 2 .6 5 .5 At
16 7 3 unknown p ro to n , sim ilar to transcnption factor 3068 49 87 18 2 4 59 .6 9 .2 At
16 7 5 unknown protein, sim ilar to v ira l A -typ e inclusion protein repeat 15 2 2 9 9 0 7 18 2 2 7 3 J 5 .1 At
16 7 6 unknown protein, « c h a ra cte rize d  conserved protein 18 4 19 7 4 4 19 2 28 8 .4 7 .7 At
16 7 7 unknown protein, unchancterized integral m em brane protein 12 32 2 9 9 4 18 2 5 3 2 .0 7 .7 At
16 7 8 V P S  13 -t ik e  protein 14 5 3 5 8 4 0 7 3 0 4 2 369 .4 6 .0 At

''■Ifa'&p,;'
20.1 Phanylpropanoida/phanollc»

16 7 9 2*-hydroxydihy<fcodaid/an reductase 6 5 7 3 16 7 68 5 1 7 3 6 .1 5 .7 Gm
168 0 anthocyanidin synthase 38 6 79 40 7 15 2 7 4 0 0 5.6 Gm
16 8 1 c h a lc o o c iso m c n sc 14 5 8 2 2 6 3 16 2 10 56 2 3 J 6 2 Gm
168 2 ch alcon c isom crase 2 5 10 3 9 6 2 6 3 3 2 15 2 4 .7 6 .0 Gm
168 3 cytochrom e P 4 30  aaonooxygcnasoC YP93D I S 0 5 9 I2 6 20 2 4 5 8 J 8.7 Gm
168 4 dihydro flavoooM -redu ctase 2 1 2 I 7 5 S 8 I 1 18 1 2 39 .5 6 .1 Gm
168 3 flavanonc 3-hy<koxyiaso-Ukc protein 2 1 5 5 3 5 2 7 18 2 6 39 .4 5.6 At
168 6 hydroxycinnam pyl transferase 2 7 4 7 5 6 16 18 1 2 4 8 .3 5 .9 Nt
16 8 7 isoflavon e reductase homolog 1 6 5 7 3 16 9 198 II 52 3 3 .9 5.8 Gm
1688 isoflavon e reductase, putative 1 5 2 2 2 1 9 1 1 5 1 3 3 5 .6 6 .1 At
168 9 putative N A D (P )H  oxidorcductase, isoflavon e reductase 19 3 10 5 8 5 18 ! 3 3 4 .1 6.6 At
169 0 N -h ydroxycinnam oyl/bcnzoyltransfense 4 8 3 8 5 3 8 13 14 2 4 52 .5 6.5 Gm

.20 SioondMyiMttbollMi
2 0 .2  T a r p a  n o id a »

16 9 1 6-deoxocastasterone oxidase 8 9 146 8 04 16 2 4 5 1 . 1 9 2 / a

169 2 isopenteayl diphosphate isom cn ae 1 136 0 34 0 6 7 2 5 1 7 3 3 .2 6.0 Nt
169 3 M R N  (m arnerai synthase) 15 2 3 9 0 0 9 17 2 8 8 7 .2 6 J At
1694 putative phorbol ester / diacylglyccro l binding protein 12 3 2 3 2 9 2 18 2 2 166 .4 8.4 At
169 3 terpene c y d a a c  like protein 2 9 8 2 4 37 14 2 6 66.6 6 .0 At

n
20.4 Non-protain amino acid»

(ma

1
■

169 5 A t lg 5 2 l2 0 34 2 2 2 0 7 2 18 2 2 4 9 9 5 2 At
1696 F I B 2 2 . 1 5 6686398 16 2 1 18 8 .5 1 .6 At
169 7 jac a lin  lectin fam ily protein 15 2 2 8 2 18 1 7 2 5 7 2 .5 5.3 At
1698 lectin 8 12 3 8 2 4 5 18 2 14 2 2 .5 9.6 Gm

10 Sacondary mataboilsm ST ■ ■ ■ ■ ■

20.5 Aminas

take. J to *

■

m

20.99 Others
1 70 0  A N N A T I (A N N E X 1N  A R A R ID O P S B  I ) 

B G A L 8 (b c ta -g b c to s id a sc 8 )  

d ioxygen ase R A M O S  U S I

17 0 3  IA JE 1 protein

17 0 4  m yo-inosito l-1 -phosphate synthase

17 0 5  pyridoxal k in ase

17 0 1

17 0 2

15 2 2 0 2 16 3 2 2 8 3 6 2 5 2 At
79 39 6 23 10 2 7 9 9 3 2 6.8 U

4 55 0 4 7 2 5 19 2 3 62.4 6 2 ft
1 18 7 6 7 1 9 7 16 2 4 5 7 J 7 .0 Ta
8 4 3 1 1 2 3 5 36 4 22 59 56.4 5.4 Gm
6 8 1 3 1 8 1 7 3 2 2 I I 3 3 .7 5.5 Gm



Appendix III. 2D-SDS-PAGE pre-fractionation of seed coat proteins. Four technical replicates of 500 pg of protein extracted from IQ- 

20 DPA (E), 21-35 DPA (M), 80 DPA (Mat) soybean seed coats. E Rep1, M Rep 3 and Mat Rep4 were chosen as reference gels.
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