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1. Introduction 

Despite the declining trend, about 30% of the Earth’s terrestrial surface is still covered with forests, trees being one of the most important carbon storages among organic life-forms. Although the ecological and economical value of trees is unquestionable, our understanding to the molecular basis of processes in tree physiology has been limited due to trees’ woody nature: they are big, though and difficult to handle. However, recent advances in various cell and molecular biology methods, such as high resolution microscopy of wood samples using high pressure freeze substitution (Samuels et al. 2002), creation of cDNA libraries and EST databases (Hertzberg et al. 2001) microarrays (Liepman et al. 2007) and genetic transformation techniques (Cseke et al. 2007) has given us new pieces to solve the puzzle of tree life cycle. Finally, complement of full genome sequencing project of Populus trichocarpa, Western balsam poplar, has again opened new possibilities for tree researchers (Tuskan et al. 2006).

Wood is formed in trees by the longitudinal growth of tree trunk (primary growth) but also as a consequence to so called secondary growth, which is seen as an increase in thickness of tree trunk.  This secondary growth produces several layers of new cells to the tree trunks every growing season (Figure 1). The cells, which become part of the hard and durable tissue generally considered as wood, undergo radical structural changes, during which they become dead hollow waterproof tubes, the water conducting cells of the trees (Figure 1). The impermeability to water in these cells is caused by deposition of lignin, a complex aromatic polymer, into the woody cell walls. The death of woody cells is a controlled developmental process and occurs after lignification of the cell walls.  It is known, that activation of many genes and consequently function of many proteins is needed to perform the cell wall lignification and cell death, but at the moment, information of these processes in wood formation at proteome level is still limited. 
In this work two kinds of approaches for studying proteomics of cell wall lignification and cell death in wood formation are compared. First follows a new experimental approach published by Juan et al. (2006), where proteins in poplar wood formation are studied with the basic proteomic workflow starting from protein sample extracted from developing wood, two dimensional electrophoresis (2-D), mass spectrometry (MS) and peptide mass fingerprinting (PMF).  The other starting point is the freshly completed poplar genomic database and the structured search tools for metabolic pathways etc. previously known to occur during wood development.  Aim of this work is to see how different information on certain physiological process is given by the wet-lab originated individual study and pure genome browsing.
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Figure1. a) Norway spruce stem cross section, new woody cell layers are formed inwards from the bark b) 20 ( magnification of thin section of Norway spruce wood stained for cellulose (blue) and lignin (red). The hollow water-conducting tubes with fully lignified cell walls of mature wood are found from the lower part of the image.
2. Materials and methods

2.1 The wet-lab approach: Proteomics of vascular system regeneration in poplar
Juan et al. (2006) described a new experimental system where wood regeneration is studied poplar trees after removal of bark tissue. Here, samples from newly formed wood was collected at 6, 10, 14, 18, 22, 26, and 30 days after debarking, immediately frozen with liquid nitrogen and kept as cold as possible through the process. The samples were ground and proteins were extracted, concentrated by precipitation and re-solubilized to 2-D sample buffer containg e.g. urea, in order to straighten the 3-D structures of proteins to more simple peptide chains and maximize solubility. The solubility of proteins to the 2-D sample buffer is one of the crucial factors in performing 2-D, any precipitates in the sample may clog especially the first dimension in the 2-D procedure. In 2-D analysis, total 1,2 mg of proteins were loaded to the gel and 18 cm first dimension strips were used with pI range 4-7. 

The 2-D gels (Figure 2) from different phases of wood development were compared with 2-D elite software and proteins were excised from the gels, digested each with trypsin analysed with MALDI-TOF spectrometer. The qualities of obtained peptide mass spectra were estimated and scored by comparing the intensities and amounts of peptide masses to the most abundant trypsin autolytic peaks (Watson et al. 2003) and proteins with mass spectra score greater than 2, corresponding to five or more peptide peaks with intensities equal to trypsin autolytic peaks, were used in database queries.

Peptide mass fingerprinting (PMF) was performed against SwissProt database using Mascot (http://www.matrixscience.com/) and PeptIdent (http://www.unb.br/cbsp/paginiciais/pepident.htm) softwares. For peptide mass fingerprinting (PMF), proteins in selected database are digested in silico as the one which should be recognized and the obtained mass spectra of the database proteins are compared to the experimental mass spectrum given as an input.  For optimal recognition, a high quality mass spectrum with minimum missed cleavage sites and unexpected protein modifications is needed in addition to existence of high quality sequence of corresponding protein (exactly the same) in the database. For these requirements rarely meet the reality, both Mascot and PeptIdent offer options to tolerate differences between in silico and in reality digestions. In poplar proteome analysis, following criteria were selected to obtain as much as possible true positive matches: 1 Da/(50 ppm mass accuracy for peptide mass tolerance, oxidation for variable modifications and one missed cleavage site allowed. Since the query was not performed against poplar genomic database and not all poplar wood proteins were not expected to be found from Swiss Prot, minimum four peptides per protein were required for identification, in order to get matches from similar proteins from other species.  
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Figure 2. 2-D gel from regenerating poplar wood from Juan et al. 2006. Different protein spots are signed with numbers.

2.2 Poplar genomic database and genes/proteins involved in wood development   
Poplar genomic database is maintained by Doe Joint Genome Institute JGI operated by University of California. The database is available through http://genome.jgi-psf.org/Poptr1_1/Poptr1_1.home.html. (Figure 3) For the genomic database, the 480 million base pair poplar genome was sequenced eight times. Gene annotation (recognition) was performed in collaboration of JGI, Oak Ridge National Laboratory and Ghent University using comparisons to previously known poplar genes, comparisons to known genes in other plant species and ab inito gene prediction (i.e. automated searches of DNA strand structures for prediction of gene limits in the strand). The data is freely available for downloading, analysis and repacking in databases. The web interface contains several tools for exploring the database, including text searches, BLAST and browsing the genome with visualization of location of genes, information on their annotation and degree of gene conservation with another completely sequenced plant genome and model species in plant research, thalegrass (Arabidopsis thaliana). The database can also be searched to find out genes associated to e.g. different cellular components or molecular functions (via gene ontology, GO), metabolic pathways (Kyoto Encyclopedia of Genes and Genomes, KEGG) and orthologous and paralogous proteins involved in different cellular functions (EuKaryotic Orthologous Groups, KOG). These classification tools were used to search for genes/proteins involved lignin synthesis and cell death in the poplar database using keywords: lignin synthesis, secondary metabolite synthesis, cell wall, cell death, programmed cell death.
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Figure 3. The front page of Populus trichocarpa genomic database

3. Results and discussion
In the wet-lab approach, 550 proteins were isolated, of which 244 had quality scores sufficient for PMF. Using PMF, 199 proteins were successfully identified, whereas for 44 proteins, no matches were found from the databases (Juan et al. 2006).  Six poplar enzymes classes involved in lignin biosynthesis were found from KEGG metabolic pathway “Flavonoids, stillbene and lignin biosynthesis”.  Five of them were same as identified in the wet-lab approach (CAD, CCoAOMT, 4CL, PAL and Class III peroxidases), one enzyme class detected by the wet-lab approach was not signed in this KEGG class (COMT) and one group of the lignin biosynthetic enzymes in the KEGG class was not identified in the protein gels (Beta-glucosidases) (Table 1). Amount of identified proteins in the gels versus KEGG genes for each enzyme group was varying. For example, two CAD genes were found from the KEGG class whereas nine CAD proteins were identified in the protein gels. On the contrary, 47 4CL genes were found from the KEGG class, whereas only three 4CL proteins were identified in the protein gels.  KOG class “Secondary metabolites biosynthesis, transport and catabolism” contained five enzyme groups with putative participation to the lignin biosynthesis, four of them being the same as found in KEGG, and one being group of enzymes possibly involved in transport of lignin precursors to the cell wall (Table 1). In GO classification, no genes in sub-class lignin metabolism were found. The genes/proteins involved in programmed cell death were difficult hunt according to the classification offered by GO, KEGG and KOG. KEGG and KOG classes do not include specific class for programmed cell death. In GO classification, such class exists under Physiological processes ( Death(Cell death(Programmed cell death, where a class apoptosis was found including 394 genes (Table 1). However, achieving list of genes belonging to this class turned out to be impossible for some, maybe technical reasons related to database. When advanced search option was used to search for metacaspases, which form a specific class of enzymes possibly involved in plant cell death, 21 hits were found. No proteins clearly involved in cell death were identified in the wet-lab approach, possibly in part because the samples may consist mainly of cells which are in the earlier developmental stages that the one where the cell death is occurring. However, several proteins involved in cell signaling, including calmodulin, were identified in the protein gels. Amount of calmodulin is increased in Zinnia elegans cells prior cell death (Kobayashi and Fukuda, 1994) and it may be that also poplar calmodulin is involved in preparation to the cell death.
	Process
	Wet-lab
	GO
	KEGG
	KOG

	Lignin synthesis
	6
	-
	6
	5

	Cell death
	?
	394 (?)
	-
	-


Table 1. Number of enzyme groups involved in lignin synthesis and cell death in poplar demonstrated by the wet-lab approach and poplar genomic database classifications

The reason for the mismatches in the real life protein analysis and database gene classification rise from at least large amount of unidentified proteins in the samples (even less than half of the excised proteins were identified in the poplar wet-lab approach), insufficient degree of classification of poplar genes in the databases and of course, limitations in current knowledge of which genes and proteins actually are involved in these cellular processes. The wet lab approach gives idea what really are the major proteins in the tissue under examination (however, considering limitations due to the sampling and techniques) whereas genome-wide analysis of offers possibility to see what we may have missed in the wet-lab analysis (again, maybe due to the limitations of sampling and techniques) but also requires experimental confirmation of participation corresponding genes/proteins to the physiological process in question. 
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