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The economic importance of some Eucalyptus species,
including interspecific hybrids, has been extended from
the traditional interest of pulp and paper production to
the emergent areas of bio-fuels and bio-materials. New
genomic resources and high throughput technologies
have provided the Eucalyptus research international
community with the opportunities to identify genomic
regions of interest in order to comprehensively dissect,
catalogue and characterize genes involved in the deter-
mination of wood formation and quality. Similar strate-
gies can be now applied to identify key regulator genes
and better understand the cellular mechanisms by which
they modulate the complex molecular events occurring
in xylogenesis.
The Geneglobwq project (2006-2010) produced and

used a set of genomic tools which, associated with Next
Generation Sequencing (NGS) technologies, allowed us
to expand the knowledge of the Eucalyptus genome by
focusing on regions potentially involved in the determi-
nation of wood properties, namely pulp yield and lignin
content. We first start to characterize two E. grandis
BAC libraries [1] constructed by the Arizona Genome
Institute (with DNA from the clone Brasuz S1 whose
genome was sequenced recently by the DOE [http://
www.jgi.doe.gov/sequencing/why/99176.html], and two
E. globulus BAC libraries made available by RAIZ
[http://www.raiz-iifp.pt/]. We than used 3D-pools of
BAC libraries and BAC macroarrays to characterize

genomic environment of several lignin and lignin-regu-
lator genes (e.g.EguCCR, EguCAD2 and EguRAC1) both
in E. grandis and E. globulus. The shotgun sequencing
of selected BAC clones containing those genes generated
a high amount of sequencing data that made it possible
to map the E. globulus BAC sequenced clones against
the E. grandis genome (8X coverage). These comparative
analyses showed extended microlinearity between both
genomes, at least in the studied regions. Additionally,
we have sequenced and annotated the chloroplast gen-
ome of E. grandis (GeneBank Accession NC_014570)
[1].
A global approach to unravel E. globulus transcrip-

tome dynamics has also been included and structured in
the Geneglobwq project, aiming at the identification of
genomic hotspots of transcription activity. Various E.
globulus xylogenesis “models” have been considered
comprising several paired, contrasting wood forming tis-
sues (provided by RAIZ): i) xylem samples collected
along the year (season variation); ii) juvenile and adult
individuals of a single genotype; iii) contrasting geno-
types for pulp yield. Samples from these tissues were
used for transcriptome sequencing using IlluminaHi-Seq
technology (mRNA-SEQ). The same E. globulus geno-
type used for both E. globulus BAC libraries (a parent
tree used in controlled crosses by RAIZ) has been re-
sequenced (pair-end 100bp), and provided the first draft
of an E. globulus genome. This resequencing data was
mapped against the E. grandis Brasuz S1 reference gen-
ome. Transcriptomic data were also blatted against
the gene models annotated in E. grandis genome, to
evaluate in silico the expression of each gene.
More recently, the microEGo project (2010-2012) started

the identification and characterization of Eucalyptus
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globulus microRNAs and their target genes, involved in
the regulation of wood formation. The E. globulus season
variation xylogenesis “model” was used considered for this
project as well as an E. globulus reaction wood “model”.
The latter comprises reaction wood tissues (tension /
opposite wood) formed in bent trees at different kinetic
times of gravitropic stimulation and control wood (non-
bent trees). Small RNA libraries have been generated from
those tissues and sequenced using IlluminaHi-Seq tech-
nology (Small RNAs-SEQ). The sequencing data from
both microEGo and Geneglobwq projects together with a
genome wide bioinformatics analysis of E. grandis refer-
ence genome and E. globulus genome are being used for
identification of miRNA gene and putative their putative
target-genes.
These projects will hopefully constitute an important

piece in the assemblage of whole new categories of
knowledge and genomic resources for the Eucalyptus
community, providing insights into the nature of the
molecular machinery involved in wood formation and
most importantly in the identification of key players
determining the variability of wood characteristics and
its end-uses.

Acknowledgments
This work has been partially supported by Fundação para a Ciência e
Tecnologia (Portugal): http://PTDC/AGR-GPL/098179/2008, “microEGO - Did
you ask for something small? The microRNAs power in a Eucalyptus tension
world! (https://sites.google.com/site/microegopublic/); PTDC/AGR-GPL/66564/
2006, “GenEglobwq - Scanning for candidate genes underlying a pulp yield
QTL in Eucalyptus globulus” (http://geneglob.inesc-id.pt/). We would like to
aknowledge ALTRI FLORESTAL SA (Portugal) and RAIZ (Portugal) for
providing the plant material used in these studies.
The authors would like to thank the valuable contribution of actual and
former members of the involved groups and institutions: Susana Araújo1,2,
Teresa Quilhó1, Nuno Borralho1, Ricardo Barrela1, Douglas Freitas1, Victor
Carocha1,2, Clara Graça1, Joana Amado1, Filipa Cardeano1, Paulo Fonseca5,
Nuno Mendo5, Elisa Prat6, Sonia Vautrin6, Joelle Fourment6, Nathalie
Ladouce7, Hélène San-Clemente7, Hua Wang7 and Andreia Fonseca (IMM-UL,
Lisboa).

Author details
1Instituto de Investigação Científica e Tropical (IICT/MCTES) Palácio Burnay -
Rua da Junqueira, 30, 1349-007 Lisboa, Portugal Instituto de Biologia
Experimental e Tecnológica (IBET) Av. da República, Quinta do Marquês,
2781-901 Oeiras, Portugal. 2Instituto de Investigação Científica e Tropical
(IICT/MCTES) Palácio Burnay - Rua da Junqueira, 30, 1349-007 Lisboa,
Portugal. 3Instituto de Biologia Experimental e Tecnológica (IBET) Av. da
República, Quinta do Marquês, 2781-901 Oeiras, Portugal. 4ALTRI FLORESTAL
SA, Quinta do Furadouro 2250-582 Olho Marinho, Portugal. 5RAIZ, Herdade
de Espirra, 2985-270 Pegões, Portugal. 6INESC-ID - Instituto de Engenharia de
Sistemas e Computadores, R. Alves Redol 9, 1000 Lisbon, Portugal. 7INRA-
CNRGV - chemin de Borde Rouge 31326 Castanet-Tolosan, France. 8UMR
CNRS/Université Toulouse III 5546, Pôle de Biotechnologies Végétales, 24
chemin de Borde Rouge, BP42617 Auzeville, 31326 Castanet, Tolosan, France.

Published: 13 September 2011

Reference
1. Paiva JAP, Prat E, Vautrin S, Santos MD, San-Clemente H,

Brommonschenkel S, Fonseca PG, Grattapaglia D, Song X, Ammiraju JSS,
Kudrna D, Wing RA, Freitas AT, Berges H, Grima-Pettenati J: Advancing

Eucalyptus genomics: identification and sequencing of lignin
biosynthesis genes from deep-coverage BAC libraries. BMC Genomics
2011, 12:137, doi:10.1186/1471-2164-12-137.

doi:10.1186/1753-6561-5-S7-O52
Cite this article as: Paiva et al.: Building up resources and knowledge to
unravel transcriptomics dynamics underlying Eucalyptus globulus
xylogenesis. BMC Proceedings 2011 5(Suppl 7):O52.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Paiva et al. BMC Proceedings 2011, 5(Suppl 7):O52
http://www.biomedcentral.com/1753-6561/5/S7/O52

Page 2 of 2

http://PTDC/AGR-GPL/098179/2008
https://sites.google.com/site/microegopublic/
http://geneglob.inesc-id.pt/
http://www.ncbi.nlm.nih.gov/pubmed/21375742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21375742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21375742?dopt=Abstract

	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


