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Background

Micro RNAs (miRNAs) are a class of small (~21 nucleo-
tide) non-coding RNAs that recently gained much atten-
tion due to their perceived role as master regulators of
gene expression in Eukaryotes, responsible for fine tun-
ing gene expression regulation and, in plants, has been
shown to be involved in a diverse range of biological
processes such as plant development and architecture,
flowering, cell differentiation and response to biotic and
abiotic stresses [1]. The repertoire of expressed miRNAs
differs among cell types, tissues, development, environ-
mental condition, etc [2]. Notwithstanding, the exact
function of thousands miRNAs sequences present in
miRBase [http://www.mirbase.org/] is not elucidated. At
this point, discovery and profiling of new and conserved
miRNAs are critical in the attempt to understand their
function and mechanism. Deep sequencing through next
generation sequencing is the methodology of choice for
this purpose as its ultra high throughput permits a com-
prehensive interrogation of the small RNA transcrip-
tome, permitting de novo identification and relative
quantification of different small RNA species [3].

Due to its economic importance the Eucalyptus
grandis genome has been sequenced by JGI and the
annotation of miRNAs is pivotal. In order to provide
the first large scale experimental characterization of
Eucalyptus miRNAs we performed an Illumina deep
sequencing run that allowed us to discover and quantify
the miRNA levels in two different tissues — xylem and
leaves. Additionally, to get insights of the observed phe-
notypic differences in wood quality among Eucalyptus
species, we characterized the xylem small RNA tran-
scriptome of two different E. globulus individuals and
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integrated the results to catalog conserved and Eucalyp-
tus specific miRNA gene families.

Materials and methods

Four biological samples were used: xylem from two E.
globulus genotypes, xylem and leaf from BRASUZ1 E.
grandis, the one currently being sequenced by JGI. Total
RNA extraction was performed with CTAB protocol to
a total amount of 10 mg per sample [4]. Fraction of
small RNAs were barcoded to be sequenced in a single
flow cell in Illumina GA II Sequencing System by Fas-
teris [http://www.fasteris.com]. A computational pipeline
was specifically developed to process the deep sequen-
cing data. The pre-processing step cleans the sequences
by quality screening, adapter sequence removal, con-
taminant checking. Cleaned reads were sorted according
to size, quantified (tag counting) and used to create an
additional set of non-redundant sequences (using
uclust). Bowtie was used to map sequences against the
8X E. grandis — BRASUZ1 genotype — genome sequence
draft. Mapped positions in the genome were extended
by 150 bases to be used as input to predict secondary
structure (miRDeep) to test for stem loop structure of
miRNA precursors. Northern blot hybridization is being
used for experimental validation of some conserved and
potentially new Eucalyptus miRNAs sequences.

Results and conclusions

Total number of reads was 6,104,498 ranging from
1,115,404 to 1,766,355 per sample — 36 nt average size.
After pre-processing, total number of sequences was
reduced to 1,980,958. As expected, read size distribution
has two main peaks at 21 and 24 nt. Comparative analy-
sis of size distribution interestingly shows higher abun-
dance of the 24 nt fraction for all samples, being up to
3,75 times higher than 21 nt. The 24 nt small RNAs are
predominantly small interfering RNAs (siRNAs) which
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are involved in RNA-directed DNA methylation result-
ing in gene and transposon silencing. Putting it all
together, reads from four samples resulted in 169,642
unique sequences mapped against the genome. From
that, 70,55% had at least one alignment to the genome
reported, 23,54% failed to align and 5,91% mapped to
multiple loci, indicative of repeat regions.

Mapping 20-22 nt reads against the reference genome
revealed that BRASUZ1 had more reads mapping to its
own genome than the other samples, totaling 95% for
leaves sample and 91% for the xylem. E. globulus sam-
ples showed a reduced percentage of mapped reads,
around 85%, corroborating the existence of interspecific
variability. Besides that, the relative abundance among
the three xylem samples reinforces the variability also in
the expressed repertoire of small RNAs.

Annotation of plant miRNAs was done meeting a set
of strict criteria, particularly a proper secondary struc-
ture of the precursor [5]. The positions in the genome
with a mapped reads were extended to 300 bases and
fed to the program miRDeep [6] to test for the compat-
ibility of precursor hairpin. At least 38 sequences
mapped were positive under these premises.

Conserved Eucalyptus miRNAswere identified by simi-
larity searches against the miRBase. A total of 206 dis-
tinct Eucalyptus sequences showed significant similarity
(at most one mismatch) to an orthologous sequence,
confirming the presence of 36 different mir genes
families, including many of its isoforms.

Quantitative differences in miRNA abundance were
probed by pairwise comparison of tag counts contrasting
intraspecific, interspecific and tissue-specific analysis.
Results revealed that the most similar small RNA reper-
toire are between intraspecific samples and, the least,
between tissue specific. Tissue specific differential
expression analysis shows that around 36% of the con-
served miRNAs sequences observed in each tissue was
mutually exclusive and the ones present in both samples
vary up to two-fold (p-value=0.05).

Experimental validation is being carried out by north-
ern blot hybridization and preliminary results validated
new and conserved miRNAs, such as mir 156 and mir
172.

Acknowledgments

This work was supported by the Brazilian Ministry of Science and
Technology through CNPq grant 577047/2008-6 and FAP-DF Grant NEXTREE
193.000.570/2009 and EMBRAPA Macroprogram 2 project grant 02.07.01.004.

Author details

'Embrapa Genetic Resources and Biotechnology, Brazil. *Catholic University
of Brasilia, Brazil. *Fsateris SA, Brazil. “Federal University of Rio Grande do Sul,
Brazil.

Published: 13 September 2011

Page 2 of 2

References

1. Axtell M, Snyder J, Bartel D: Common functions for diverse small RNAs of
land plants. Plant Cell 2007, 19:1750-1769.

2. Creighton C, Reid J, Gunaratne P: Expression profiling of microRNAs by
deep sequencing. Brief Bioinform 2009, 10(5):490-497.

3. Meyer S, Pfaffl M, Ulbrich S: Normalization strategies for microRNA
profiling experiments: a ‘normal’ way to a hidden layer of complexity?
Biotechnol Lett 2010, 32:1777-1788.

4. Chang S, Puryear J, Cairney J: A simple and efficient method for isolating
RNA from pine trees. Plant Molecular Biology Reporter 1993, 11(2):113-116.

5. Meyers BC, Axtell MJ, Bartel B, Bartel DP, Baulcombe D, Bowman JL, Cao X,
Carrington JC, Chen X, Green PJ, et al: Criteria for Annotation of Plant
MicroRNAs. Plant Cell 2008, 20:3186-3190.

6. Friedlander M, Chen W, Adamidi C, Maaskola J, Einspanier R, Knespel S,
Rajewsky N: Discovering microRNAs from deep sequencing data using
miRDeep. Nature Biotechnology 2008, 26:407-415.

doi:10.1186/1753-6561-5-57-P173

Cite this article as: Pappas et al.: Interspecific discovery and expression
profiling of Eucalyptus micro RNAs by deep sequencing. BMC
Proceedings 2011 5(Suppl 7):P173.

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

e 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

( ) BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/17601824?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17601824?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19332473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19332473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20703800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20703800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19074682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19074682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18392026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18392026?dopt=Abstract

	Background
	Materials and methods
	Results and conclusions
	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


