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Background
Eucalyptus species are the most widely planted hard-
wood trees in the world representing more than 4.75
million ha in Brazil. Their high productivity, valuable
wood properties and wide adaptability could allow sus-
tainable and cost-efficient production of lignocellulosic
bioenergy. The main limitation to this objective is wood
recalcitrance to degradation which is linked to the struc-
ture and composition of lignified secondary cell walls.
Lignin, for example, impairs the accessibility of cellulose
during kraft pulping as well as during saccharification, a
key step of bioethanol production.
The application of nitrogen fertilizers is one strategy

to increase growth rates and productivity since nitrogen
is one of the most limiting nutrient for tree growth and
carbon sequestration. However, the effects of nitrogen
availability on wood properties and related gene expres-
sion are poorly understood.
In poplar, it was recently reported that N fertilization

increased aerial biomass, while in wood, fibre morphol-
ogy and secondary cell wall structure and composition
were modified. An increase in cellulose coupled with a
decrease in lignin was observed and the mRNA profiles
evaluated by microarray showed that nitrogen and ten-
sion wood have overlapping effects [1]. Moreover, a
highly significant genetic correlation was observed
between plant growth and lignin/cellulose composition.
Quantitative trait loci co-localization identified the
genomic position of potential pleiotropic regulators [2].

In order to get an insight on the regulation of nitro-
gen availability on wood formation in Eucalyptus, we
have studied the effects of nitrogen fertilization on
xylem transcriptome profiles using RNA-seq technology.

Methods
An experimental system was set up in which rooted cut-
tings of Eucalyptus urophylla x grandis were fertilized
during 30 days with three different amounts of N (limit-
ing, -N; adequate, CT; excess, +N). For the treatment
with excess of N fertilization, we used two different
nutrient solutions with different concentration of NO3

-

and NH4
+.

Histochemical analyses were performed on stem trans-
verse sections (80 μm thick) obtained using a Vibratome
(LEICA VT 1000S). The Weisner reagent (phlorogluci-
nol- HCl) was used in order to detect lignified cell
walls, and calcofluor reagent to evaluate the cellulose
content by fluorescence. The samples were observed in
confocal microscopy (SP2-AOBS, Leica) and under
bright-field microscopy (DM IRBE, Leica) coupled with
a CCD camera (DFC 300 FX, Leica).
The construction of the RNA-seq libraries and sequen-

cing were performed accordingly to Illumina’s protocols.
Prior to analyze the RNA-seq data, we have done an
assembly of Eucalyptus ESTs (GENOLYPTUS and
NCBI). The 53,412 unigenes produced were automati-
cally annotated using BLAST (e-value cutoff of 1e-5)
against different sequence databases.
The RNA-seq reads were aligned against the

assembled unigenes using the SOAP2 aligner [3] config-
ured to allow up two mismatches, discard sequences
with “N”s and return all optimal alignments. In order to
perform the differential expression analysis between
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libraries, a normalization and statistics pipeline were
applied using DEG-seq software [4] considering 99% of
confidence rate (cut-off value of 0.01).

Results and discussion
The intensity of staining with phloroglucinol was higher
in stem sections from samples grown under -N treat-
ment as compared to control, whereas it was lower in
both +N treatments. This suggests that lignin biosynth-
esis is decreased in presence of excess of nitrogen fertili-
zer. We could also observe in the +N samples, an
increase in cellulose staining intensity with the calco-
fluor reagent specially noticeable when comparing with
-N samples suggesting that nitrogen also influence cellu-
lose biosynthesis.
The RNA-seq analysis generated 123,121,154 sequence

reads after filtering. Of the total reads, about 86 millions
matched either to a unique (47,9%) or to multiple
(21,8%) EST locations. Each nitrogen treatment was
represented by at least 28.8 million reads, a tag density
sufficient for quantitative analysis of gene expression.
The sequence reads were aligned on the new Eucalyp-

tus EST assembly resulting in 36,125 unigenes expressed
(15,293 contigs and 20,832 singlets). After statistics ana-
lysis, we determined 14,400 differentially expressed
genes, that for a preliminary analysis were divided in
two scenarios: the genes down-regulated in -N and up-
regulated in both +N treatments (8,967 genes), and the
genes up-regulated in –N and down-regulated in both
+N treatments (5,433 genes).
To facilitate the global analysis for each scenario, gene

ontology (GO) classification (http://www.geneontology.
org) was performed and showed differences in some
biological process categories. For instance, we observed
that genes involved in the biosynthesis of cell wall main
components (lignin, cellulose and hemicelluloses) were
differentially expressed between the treatments. For
example, some genes of the lignin biosynthetic pathway
were up-regulated in the treatment with less nitrogen
(-N) and down-regulated in both +N treatments.

Conclusions
This first analysis in Eucalyptus allowed us to show an
effect of nitrogen fertilization on cell wall composition
both at the histological and at the gene expression level.
We believe that further experimentscompleted by che-
mical analysis of wood samples will give more insights
in the mechanisms of nitrogen fertilization on wood for-
mation. This knowledge will be important to address
new demands on better suited biomass quality for
industrial applications.

Author details
1Laboratório de Genômica e Expressão, IB, UNICAMP, Campinas, São Paulo,
Brazil. 2Génomique Fonctionnelle de l’Eucalyptus, LRSV, UPS/CNRS, Castanet-
Tolosan, France. 3Federative Research 3450, Castanet-Tolosan, France.

Published: 13 September 2011

References
1. Pitre FE, Lafarguette F, Boyle B, Pavy N, Caron S, Dallaire N, Poulin PL,

Ouellet M, Morency MJ, Wiebe N, Lim EL, Urbain A, Mouille G, Cooke JEK,
Mackay JJ: High nitrogen fertilization and stem leaning have overlapping
effects on wood formation in poplar but invoke largely distinct
molecular pathways. Tree Physiol 2010, 30:1273-1289.

2. Novaes E, Osorio L, Drost DR, Miles BL, Boaventura-Novaes CR, Benedict C,
Dervinis C, Yu Q, Sykes R, Davis M, Martin TA, Peter GF, Kirst M:
Quantitative genetic analysis of biomass and wood chemistry of
Populus under different nitrogen levels. New Phytol 2009, 182:878-890.

3. Li R, Yu C, Li Y, Lam T, Yiu S, Kristiansen K, Wang J: SOAP2: an improved
ultrafast tool for short read alignment. Bioinformatics 2009, 25:1966-1967.

4. Wang L, Feng Z, Wang X, Zhang X: DEGseq: an R package for identifying
differentially expressed genes from RNA-seq data. Bioinformatics 2010,
26(1):136-138.

doi:10.1186/1753-6561-5-S7-P106
Cite this article as: Camargo et al.: Effects of nitrogen fertilization on
global xylem transcript profiling of Eucalyptus urophylla x grandis
evaluated by RNA-seq technology. BMC Proceedings 2011 5(Suppl 7):P106.

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

Camargo et al. BMC Proceedings 2011, 5(Suppl 7):P106
http://www.biomedcentral.com/1753-6561/5/S7/P106

Page 2 of 2

http://www.geneontology.org
http://www.geneontology.org
http://www.ncbi.nlm.nih.gov/pubmed/20739427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20739427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20739427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19291008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19291008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19497933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19497933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19855105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19855105?dopt=Abstract

	Background
	Methods
	Results and discussion
	Conclusions
	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


