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Abstract 

 

Omics is becoming a comprehensive approach to study the molecules in living organisms. In this paper, the progress of research in 

tree genomics, transcriptomics, proteomics, metabolomics and other biotechnologies in China is summarized. Genomics, including 

functional genomics, structural genomics and comparative genomics, have been studied since the 1990s and some important 

achievements have been made by Chinese scientists. The hottest research area already has changed from structural genomics to 

functional genomics, as more genes have been isolated and their functions explored. Transcriptomics, proteomics and metabolomics 

work are carried out in Chinese trees in recent years and some useful results have been obtained. As more data from transcriptomics, 

proteomics and metabolomics are obtained, much more bioinformatics and investigative work will be needed to infer the functions of 

genes, to further elucidate key genes in responsive pathways, as well as to understand metabolic networks. Compared to research in 

crop plants, more efforts in the omics and biotechnology of trees need to be made in the future in China. 
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Abbreviations: 2DGE: two-dimensional gel electrophoresis, AFLP: amplified fragment length polymorphism, ISSR: inter-simple 

sequence repeat, LC-ESI-MS: liquid chromatography coupled with electrospray ionization tandem mass spectrometry, QTL: 

quantitative trait loci, SSH: suppressive subtractive hybridization, RAPD: random-amplified polymorphic DNA, RFLP: restriction 

fragment length polymorphism, SAGE: serial analysis of gene expression, SNP: single nucleotide polymorphism, SSR: simple 

sequence repeat. 

 

Introduction 

 

Trees play important roles in people’s lives. They are essential 

components of the natural landscape, and play crucial roles in 

global carbon maintenance, response to global climate change 

and conservation of biodiversity (Cervera et al., 2000). Trees 

provide structural and functional habitat for two-thirds of the 

Earth’s terrestrial species and contain greater than 90% of all 

terrestrial biomass (Bradshaw et al., 2000; Taylor, 2002). 

Because of the important functions of trees, and with 

biotechnology rapidly improving, the molecular breeding 

studies of trees also have entered the ‘omics’ era. Completion 

of the Haemophilus influenzae genome sequence in 1995 

marked a significant transition in the history of biological 

research (Fleischmann et al., 1995). Whole-genome sequencing 

and other high-throughput experimental technologies provide a 

huge amount of biological information for modern day 

scientists. New biological phenomena will be discovered and 

better understood through analyses of transcriptional regulation 

(transcriptomics), the genes terminal products (proteomics) and 

the metabolic products (metabolomics) (Kandpal, 2009). Huge 

bioinformatics database from a number of tree species have 

been rapidly accumulated, and molecular analyses of wood 

formation, secondary metabolism, flower development, and 

abiotic stress tolerance have been studied by Chinese tree 

scientists. We present here a brief review of trees genomics, 

some of its other omics offshoots, and some related 

biotechnologies in China. 

 

Trees genomics research in China 

 

In modern molecular biology and genetics, genome is defined 

as the entirety of an organism’s hereditary information, and 

genomics is the discovery and study of many genes and their 

roles in establishing an organism’s structure and function on a 

genome-wide scale. Genomics usually comprises functional 

genomics, structural genomics and comparative genomics 

(Michelmore, 2000; Chawla, 2002). Forestries entered the 

genomic era in the early 1990s, with the advent of forward and 

reverse genetic approaches, such as genetic mapping for 

detection of quantitative trait loci (QTL) (Cervera et al., 2000; 

Sewel and Neale, 2000), as well as gene knockout and 

over-expression (MacKay et al., 2004). From the early 1990’s, 

rapid advancements in trees genomics have been made by 

many Chinese researchers. In recent years Chinese scientists 

have isolated many functional genes and constructed genetic 

maps for various trees. 

 

Functional genomics 

 

Functional genomics, or so-called post-genomics, is applied 

systematically and at the genome level to analyze the function 

of genes. The methods usually used in functional genomics 

include cDNA library construction, EST sequencing, DNA chip 

and microarray fabrication, as well as suppression subtractive 

hybridization (SSH). All these approaches are suitable and 

useful for studying the genomes of trees. The large-scale 

sequencing and analyses of ESTs is a fundamental part of 

genomics research in most forest tree species. Because 

sequencing technology is improving rapidly, trees functional 

genomics has entered a dynamic new era, and a number of 

achievements  in tree functional genomics have been obtained  
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Table 1. Functional genes of trees isolated by Chinese scientists (Partial list). 

Tree species Gene name Function Reference 

Ginkgo biloba Gbchs Chalcone synthase Pang et al., 2004 

Ginkgo biloba GbGGPPS Geranylgeranyl diphosphate synthase Liao et al., 2004 

Ginkgo biloba GbAsr Stress and ripening Shen et al., 2005a 

Ginkgo biloba GbANS Anthocyanidin synthase Xu et al., 2008a 

Ginkgo biloba Gbd Defensin gene Shen et al., 2005b 

Ginkgo biloba GbDXR 1-deoxy-D-xylulose 5-phosphate  

reductoisomerase 

Gong et al., 2005 

Ginkgo biloba GbANR Anthocyanidin reductase gene Shen et al., 2006 

Ginkgo biloba GbTPS Trehalose gene Wu et al., 2006 

Ginkgo biloba GbCHS2 Chalcone synthase Xu et al., 2007 

Ginkgo biloba GbGSTs Glutathinone S-transferase gene Liu et al., 2007 

Dendrocalamus latiflorus DlMADS8, DlMADS18 MADS-box gene Tian et al., 2005, 

Tian et al., 2006 

Phyllostachys praecox PpMADS1, PpMADS2 FUL3 and FUL1 clade of Poaceae 

AP1/SQUA-like genes 

Lin et al., 2009 

Taxus chinensis DXR 1-deoxy-D-xylulose 5-phosphate  

reductoisomerase 

Zheng et al., 2004 

Taxus chinensis TCH1, TCH2 Hydroxylase homologies, related to the 

biosynthesis of taxol/taxoids 

Tu et al., 2004 

Taxus chinensis TS1 Related to the biosynthesis of taxol Hu et al., 2004 

Taxus chinensis 14OH 14 β-hydroxylase gene Hu et al., 2006 

Taxus media TmTXS Taxadiene synthase Kai et al., 2005 

Populus euphratica PeNHX 1-6 Na(+)/H(+) exchanger genes Ye et al., 2009 

Populus euphratica Alfin-1 Cys(2)/His(2) Zinc finger proteins Wang et al., 2005 

Populus euphratica PeNHX2 Na +/H + Antiporter Zhang et al., 2006 

Populus euphratica PSTZ Zinc-finger protein gene Wang et al., 2008 

Populus suaveolens G6PDH Glucose-6-phosphate dehydrogenase Lin et al., 2005 

Populus deltoides PdPI MADS-box gene Zhang et al., 2008a 

White poplar RGAs Resistance gene analogues Zhang et al., 2008b 

White poplar PtDrl02 TIR-NBS-encoding gene Zheng et al., 2010 

Pinus bungeana PbDHAR Dehydroascorbate reductase Yang et al., 2009 

Ammopiptanthus mongolicus AmCIP A. mongolicus cold-induced protein Liu et al., 2006 

Ammopiptanthus mongolicus CBL1 Calcium sensor gene Guo et al., 2010 

Tamarix hispida ThLTP 1–14 Lipid transfer proteins Wang et al., 2009a 

Tamarix hispida bZIP Basic leucine zipper proteins Wang et al., 2010a 

Tamarix androssowii MnSOD Superoxide dismutase Wang et al., 2010b 

Tamarix androssowii CAP Cold acclimation protein Lin et al., 2006 

Jatropha curcas accA Acetyl-coenzym A (acetyl-CoA) carxylase Xie et al., 2010 

 

 

 

by Chinese researchers. cDNA libraries have been constructed 

for tissues from many trees species, including ripe seed of 

Camellia oleifera (Shi et al.., 2004), Eucommia ulmoides (olive) 

bark (Zhou et al., 2004), poplar leaves from clones that are, 

respectively, susceptible and resistant to black spot disease 

(Zeng et al., 2004), Populus euphratica under salt stress (Zhu et 

al., 2007), tender tea shoots (Chen et al., 2004; Li et al., 2009) 

and tender tea roots (Zhao et al., 2008). DNA microarrays are a 

new technology that allows the whole genome to be monitored 

on a single chip so that a picture of interactions among 

thousands of genes can be observed simultaneously (Brazam et 

al., 2000). DNA microarray technology is a powerful tool for 

high throughput gene expression analysis in functional genome 

research. In tree plants, for example, cDNA microarrays were 

developed for tea plant, with a total of 1680 genes selected 

from the cDNA library of clone Longjing 43 (Zhao et al., 2006). 

Efforts currently focus on species that are important in Chinese 

forests and play significant roles in Chinese forest industry. The 

main forest trees include Populus, Ginkgo biloba, Taxus 

chinensis, Eucalyptus and Tamarix. As a key economic plant, a 

number of Bamboo GSS, EST and cDNA sequences also have 

been developed. Several functional genes relating to flower 

development of bamboo (Dendrocalamus latiflorus) were 

isolated, such as PpMADS1/2 gene (Lin et al., 2009). Because 

of the important medicinal functions of secondary metabolism 

products, some trees, for example, Ginkgo biloba and Taxus 

chinensis, have been studied in recent years in China. In 

addition, a growing number of functional genes, which mainly 

relate to flower development, disease or stress resistance, and 

metabolism, have been isolated from trees in recent years by 

Chinese researchers (Table 1). Gene sequences identified 

through large-scale EST sequencing using targeted cDNA 

discovery methods such as suppressive subtractive 

hybridization (SSH), or based upon the poplar genome 

sequence, now are being used in several laboratories to 

characterize gene families and develop microarrays for 

comprehensive gene expression profiling. The application of 

genomics to tree species will help to understand the genetic and 

molecular basis of wood and cork production, as well as 

maturation and responses to environmental factors. Studies of 

such fundamental problems will be greatly facilitated by 

current developments in genomic technologies. 

 

Structural genomics 

 

Structural genomics involves mapping the genome, and 

ultimately producing a complete DNA sequence for any 

particular organism; however, recently the term often has been  
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 Table 2. Genetic linkage maps of trees reported since 2000 by Chinese scientists (Partial list). 

     Species Marker type Map length (cM) Coverage (%) Reference 

Cunningghamia lanceolata 

(Lanth) Hook 

AFLP 2282.6/2565.8 100 Tong and Shi; 2004 

Eucalyptus urophylla S. T. 

Blake 

RAPD 1504.6 94.9 Gan et al., 2003 

Eucalyptus tereticornis Smith RAPD 1035.7 68.7 Gan et al., 2003 

Populus bolleana Lauche AFLP 1956 77 Zhang et al., 2004 

Populus deltoids × Populus 

euramericana 

RAPD 1914.2 73.6 Zhang et al., 2000 

Betula pendula Roth × Betula 

platyphylla Suk 

RAPD 955.6/1545.8 —— Jiang et al., 2007 

Betula platyphylla ISSR, AFLP 694.2/949.6 43.1/42.7 Wei et al., 2010 

Hevea brasiliensis SSR 1937.06 —— Feng et al., 2010 

Betula platyphylla Suk. and 

Betula  pendula Roth 

RAPD, AFLP 2864.5/2489.7 —— Jiang et al., 2011 

Betula platyphylla Suk  × 

Betula  pendula Roth 

RFLP 1296.1/1035.8 —— Gao and Jiang, 2009 

Litchi chinensis Sonn. RAPD, SRAP, 

AFLP 

1096.59 —— Zhao et al., 2010 

 

 

extended to studies of the three-dimensional molecular 

structures of nucleic acids and proteins. Several common types 

of molecular markers, including restriction fragment length 

polymorphism (RFLP), random-amplified polymorphic DNA 

(RAPD), simple sequence repeat (SSR), inter-simple sequence 

repeat (ISSR), and amplified fragment length polymorphism 

(AFLP) have been widely used for genetics linkage map 

construction in various trees; there has been a special focus on 

Populus and Eucalyptus, using markers either individually or in 

combination. Some progress in structural genomics of Chinese 

trees is summarized in Table 2. High-density linkage maps in 

forest trees have been shown to be useful in locating genes, 

facilitating marker-assisted selection, and clarifying the 

biological basis of complex traits (Wei et al., 2010). Single 

nucleotide polymorphisms (SNPs), as a new marker system, 

have been applied to genetic and breeding studies in many tree 

species from the genera Pinus, Populus, Pseudotsuga, 

Eucalyptus and Picea. Association studies in Eucalyptus spp. 

and Pinus taeda L. found that some SNP sites in various genes 

are associated with distinct wood property traits. More than 30 

commercially important QTLs have been detected, and 

comparative mapping has been done for a few forest tree 

species. Comparing the references we collected, the research 

focus has been moving from structural to functional genomics, 

with comparative genomics just recently being performed in 

trees research in China.                                                                                                     

 

Tree transcriptomics research in China 

 

The transcriptome represents a comprehensive set of 

transcribed regions throughout the genome (Zhang et al., 2010). 

Transcriptomics aims at quantifying the levels of expression of 

all or a selected subset of genes based on the amounts of RNA 

present in a sample (Zduńczyk and Pareek, 2008). The field of 

transcriptomics provides information about both the presence 

and the relative abundance of RNA transcripts. Transcriptome 

profiling generally involves DNA, cDNA, oligonucleotide 

arrays, as well as serial analysis of gene expression (SAGE) 

(Kim, 2003). Recently, with a variety of platforms, such as 

Illumina (company) Genome Analyzer platform, ABI Solid 

Sequencing and Life Science’s 454 Sequencing, RNA-Seq is a 

developed approach to transcriptome profiling that uses 

deep-sequencing technologies (Wang et al., 2009b). To date, 

countless genome-wide studies have investigated gene 

expression in many plants using the well-established 

approaches of microarrays and serial analysis of gene 

expression. To identify differentially expressed genes in a 

spontaneous sweet orange [Citrus. sinensis (L.) Osbeck] bud 

mutation, which causes lycopene accumulation and low citric 

acid, microarray analyses were performed during fruit 

development to investigate the bud mutation responsible (Liu et 

al., 2009). In another example, wood formation was studied in 

Chinese fir (Cunninghamis lanceolata); in this case, 

transcriptome analysis was completed with SSH and 

macroarray methods (Wang et al., 2007), and 405 unique ESTs 

were obtained that are preferentially expressed in 

differentiating xylem. miRNAs are an extensive class of small 

regulatory RNAs, which play an important role in many 

biological and metabolic processes. In our lab, we employed 

high throughput Illumina sequencing to identify miRNAs from 

Taxus chinensis cells, to investigate the effects of the taxoid 

elicitor methyl jasmonate (MJ) on miRNA expression (Qiu et 

al., 2009). The results provided valuable insights into molecular 

mechanisms involved in the regulation of taxoid biosynthesis. 

In addition, RNA-seq analysis of Jatropha Curcas seed and 

Euphorbia fischeriana root is being carried out in our lab for 

the purpose of isolating genes involves in phorbol biosynthesis. 

Arabidopsis transcriptome analyses using microarrays revealed 

the importance of transcriptional regulation in plant growth and 

responses to environmental pressures. Understanding 

transcriptional regulatory networks is fundamental to 

investigating the metabolic systems that control plant functions. 

Although much transcriptome work on trees has been carried 

out by Chinese researchers, and some notable achievements 

made such isolating and identifying a number of interesting 

candidate regulatory genes, much more work is needed to 

elucidate the functions of these genes and to clarify which 

genes play key roles in response networks. 

 

Tree proteomics research in China 

 

The proteome is the complete set of proteins encoded by a 

genome. Proteomics is the study of those proteins, including 

the their functions, locations in various cellular compartments, 

times of expression, and the types and extent of 

post-translational modifications (Grant et al., 2001). Ultimately, 

proteomics aims to identify and quantify the cellular levels of 

each protein encoded by the genome (Andrew and Bernhard, 

2006). A combination of techniques involving two-dimensional 

gel electrophoresis (2DGE) and mass spectrometry is the most 
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commonly used approach in proteomics. Recently, proteomics 

methods have gained widespread applications to tree studies in 

Chinese labs. Many investigators have reported advances based 

upon recent technological developments that identify proteins 

in trees. For example, using gel-free (in-solution) protein 

digestion and phosphopeptide enrichment, combined with a 

nanoUPLC-ESI-MS/MS strategy, six phosphorylation sites on 

eight P-proteins were identified from Populus dormant terminal 

buds (Liu et al., 2010). Another example, 244 proteins 

expressed in different regeneration stages were obtained and 

queried against public databases in combination with 

anatomical approaches (Du et al., 2006). With a shotgun 

proteomic method, a systematic proteomic study of Populus 

chloroplasts was initiated and 119 proteins were identified 

successfully (Yuan et al., 2011). To understand the mechanisms 

of bud-dormancy and bud-burst in Pinus sylvestris L. var. 

mongolica litv., 96 proteins with altered expression patterns 

were identified using NanoLC-ESI-MS/MS in the apical buds 

at four critical developmental stages (Bi et al., 2011). Pan et al.. 

(2009) employed a proteomic approach, 2-DE combined with 

MALDI-TOF-MS, to identify proteins differentially expressed, 

in comparison to WT, in the citrus mutant ‘Hong Anliu’ at four 

stages of fruit maturation. Mulberry dwarf (MD) is a serious 

infectious disease of mulberry caused by phytoplasma. To 

better understand the pathogen-stress response of mulberry 

(Morus alba L.) to MD phytoplasma, a comparative proteomic 

analysis was conducted with 2-DE of infected and healthy 

leaves. A model for the mechanism underlying mulberry dwarf 

was proposed based on observed physiological and biochemical 

changes in the diseased plants (Ji et al., 2009). Although there 

are several reports of using proteomics approach to analyze the 

proteins of some trees species, much work remains to be 

carried out for the more important tree resources. Additional 

recent effort has been devoted to developing next-generation 

technologies that will allow for the better characterization of 

proteome-phenotype relationships, by elucidating more fully 

the link between protein-expression profiles and distinct 

cellular processes or conditions (Kuster et al., 2005). Therefore, 

the proteins identified in the above studies should be 

investigated more thoroughly with other technologies to reach 

the essential aims of proteomics research. 

 

Tree metabolomics research in China 

 

Metabolomics is the study of global metabolite profiles in a 

system (cell, tissue, or organism) under a given set of 

conditions (Goodacre et al., 2004). Metabolomics (or 

metabonomics) has been labeled one of the new “omics”, 

joining genomics, transcriptomics, and proteomics as a science 

employed toward the understanding of global systems biology 

(Rochfort, 2005). Metabolomics has developed slowly in China 

and has only recently become an area of major research interest. 

Nevertheless, metabolomics is fast becoming a popular tool for 

studying the cellular state of many systems, such as 

Arabidopsis (Ren et al., 2009) and Artemisia annua L. (Liu et 

al., 2011). In forest plants, for example, using liquid 

chromatography coupled with electrospray ionization tandem 

mass spectrometry (LC-ESI-MS), a rapid method for analyzing 

small amounts of biological samples of taxanes was developed 

by Zhao et al.. (Zhao and Yu, 2005). Their results confirmed 

the feasibility of characterizing taxanes in biological samples 

by LC-ESI-MS analysis. The analytical methodology provides 

a rapid, conventional and reliable tool to study metabolic 

profiling of taxanes for structural elucidation in taxol 

biosynthesis. 

 

 

Tree transgenic research in China 

 

Transgenics is a relatively new approach to genetic 

improvement of trees. Transgenic tree research in China was 

initiated in late 1980s. Almost 20 species have been genetically 

transformed and are at different stages of research, such as 

Populus (He et al., 2008; Yang et al., 2010), Betula (Zeng et al., 

2009) and Pinus (Tang and Tian, 2003). Transgenic tree studies 

focus primarily on resistance to insect, disease, and 

abiotic-stresses, as well as improving wood properties. For 

example, in 1996, insect-resistant poplar (Populus nigra L.) 

plants were developed with Agrobacterium tumefaciens strains 

carrying a binary vector containing different truncated forms of 

a Bacillus thuringiensis (B.t.) toxin gene (Wang et al., 1996). 

Stem segments from diseased Paulownia tomentosa ×P. 

fortunei hybrids, along with leaves from healthy control plants, 

were transformed with the expression vector p438PRSI using 

Agrobacterium (Du et al., 2005). Although transgenic 

technology has many advantages as a method to improve and 

breed trees, there are potential ecological risks to other crop 

plants once transgenic trees are released into natural 

environment. Using transgenic technology to improve 

characters of trees will also face problems such as reduction of 

the genetic diversity of the tree populations developed. 

Therefore, it is important to pay close attention to issues of 

ecological safety and biodiversity before large-scale transgenic 

tree plantations are established. To sum up, “omics” in trees lag 

behind those of important crop plants, and face other inherent 

problems such as long generation times, but that there have 

been promising initial efforts in all areas of modern “omics” 

research. It is anticipated that “omics” will become more and 

more important global systems biology tool and be applied in 

trees’ all research areas. 
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