
RETHINKING JUNK DNA
When the complete sequence 
of human chromosome 22 was 
first published in 1999 (ref. 4), 
John Rinn, an assistant professor 
at Beth Israel Deaconess 
Medical Center and an associate 
member of the Broad Institute 
in Cambridge, Massachusetts, 
got very excited. He was not 
interested in looking at the map 
of known protein-coding genes 
on the chromosome, but rather 
everything else. “We wanted to 
see if we could find biologically 
active molecules in the human 
genome that no one previously 
knew about,” he says.

Armed with the sequence of an 

entire chromosome — and a year 
later the whole human genome — 
researchers and developers began 
to create genome-wide tiling 
microarrays. “By probing these 
tiling arrays we found out that 
there are tonnes of biologically 
active regions by proxy of RNA 
being made,” says Rinn — results 
he and his colleagues reported 
in 2003 (ref. 5). Since then, 
Rinn has focused his efforts 
on understanding a collection 
of these RNAs known as large 
intervening non-coding RNAs 
(lincRNAs).

“Initially many people thought 
that this had to be an artefact of 

the technology: how could there 
be so many RNA molecules that 
we have never seen before?” says 
Rinn. Arguments against a true 
biological purpose for lincRNAs 
came largely from the lack of 
evolutionary conservation within 
their sequences — conservation 
implies function, whereas lack 
of conservation can often imply 
noise. 

As so few functional lincRNAs 
had been described, Rinn and 
his colleagues set out to find 
more. In 2007 they reported 
the identification of a new 
2.2-kilobase large non-coding 
RNA, which they called HOTAIR. 

It played a role in the guiding of 
chromatin complexes within the 
cell6. Although only a single new 
functional lincRNA — and still only 
one of four known to be functional 
at the time — the discovery gave 
Rinn an idea on how to enrich for 
functional lincRNAs from the 
genome.

“What we did next was to go 
after things that looked like 
HOTAIR,” he explains. Instead of 
using an RNA-based approach, 
the group decided to look at 
chromatin structure. Histones 
have clear indications of where 
active genes start and stop. Using 
high-throughput chromatin 

colleagues used Illumina’s Genome Analyzer 
to find 3,500 genes that showed one or more 
alternative splice forms. 

Wicki says that when it comes to the iden-
tification of point mutations in transcripts or 
analysis of allele-specific expression, next-
generation sequencing platforms such as the 
SOLiD 3 system, which uses a unique ligation-
based sequencing approach that allows for 

two-base encoding, tend to be highly accurate. 
Still, the real value of such systems lies in the 
ever-increasing numbers of sequencing reads 
they can generate. 

Enriching discovery
Sequencing today is allowing researchers to 
increase the dynamic range of their investi-
gations simply by increasing the number of 

sequencing reads analysed. There is a cost to 
this, though. “High-throughput sequencing of 
RNA does take a lot of reads to get depth,” says 
John Rinn, an assistant professor at Beth Israel 
Deaconess Medical Center in Boston, Massa-
chusetts. “So you end up sequencing highly 
abundant RNAs over and over again before 
getting to low-abundance stuff.” Although this 
is necessary when it comes to profiling gene-
expression patterns, it has led several research-
ers, including Rinn’s group, to develop new 
methods to enrich for specific populations of 
RNAs from the transcriptome (see ‘Rethink-
ing junk DNA’) when it comes to discovery 
applications.

Several new enrichment procedures focus 
on eliminating the abundant amounts of ribos-
omal RNA from a pool of total RNA before the 
library-generation step of RNA-seq. Invitro-
gen, part of Life Technologies in Carlsbad, 
California, recently introduced the RiboMinus 
kit for RNA-seq applications. The kit depletes 
ribosomal RNA from a sample by binding the 
ribosomal RNA to probes containing locked 
nucleic acids, which are then separated from 
the sample using magnetic beads.

Another enrichment approach was devel-
oped by Evrogen of Moscow, Russia. This uses 
a duplex-specific nuclease for normalization of 
RNA transcript levels. Following complemen-
tary DNA generation, the templates are dena-
tured and a duplex-specific nuclease is added 
to the reaction. Although abundant transcripts 
find matches and become double-stranded, 
thereby acting as targets for the nuclease, less 
abundant transcripts take longer to find their 
partners and so are degraded less frequently. 

With or without enrichment for specific 
RNA populations, the analysis of tens of mil-
lions of sequence reads can be a daunting task 
for most researchers, especially as analysis tools 
in the digital world are not as advanced as their 
analog counterparts. 

“High-throughput sequencing data analysis 
is totally different from using arrays,” says Liu, 
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Applied Biosystems has released a whole-transcriptome-expression analysis kit for the SOLiD 3 platform.
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immunoprecipitation (ChIP) 
sequencing on the Illumina 
Genome Analyzer to look 
for these marks, Rinn and 
his colleagues at the Broad 
Institute developed genome-
wide chromatin state 
maps. Then, just as with his 
analysis of chromosome 22 
almost ten years ago, Rinn 
says he threw out the known 
protein-coding genes and 
looked at what was left. He 
identified 1,600 other RNAs 
located by themselves in 
the middle of nowhere in the 
genome that look just like 
HOTAIR7. 

To determine if some of 
their newly discovered RNAs 
were functional, the team 
took a ‘guilt by association’ 
approach, using microarrays 
to profile a number of the 
newly identified lincRNAs in 
21 different tissue samples 
while at the same time 
profiling protein-coding 
genes in the same tissue 
samples. 

Then they asked the 
question: which RNAs 
had similar profiles to 
protein-coding genes of 
known function? Their 
initial analysis was followed 

by further validation using 
independent systems. “This has 
turbo-charged the field, as not 
only can we identify these things 
now but we can get a good idea of 
what they might be doing to test 
functional relationships,” says 
Rinn. 

For Rinn and his colleagues it is 
now time to muster all the force 
they can to explore these RNAs. 
“We are going to throw the Broad 
kitchen sink at them,” says Rinn, 
who is teaming up with a number 
of scientific platforms at the Broad 
Institute to look at the effects 
of knocking down each newly 
discovered lincRNA.  N.B.

adding that at the moment there are few stand-
ard tools for analysing the digital gene-expres-
sion data sets generated with next-generation 
sequencing platforms. 

“I think in the middle of last year we realized 
that there was a shift coming from the analog 
to the digital platform,” says Roald Forsberg, 
director of scientific software solutions at CLC 
bio in Aarhus, Denmark, which specializes in 
analysis tools for high-throughput sequencing 
data sets. This led CLC bio to update its main 
and genomics software packages to support 
the analysis of both digital and analog gene-
expression data sets. Although Forsberg 
suspects the shift to digital will take time, he 
thinks analysis tools with the ability to inter-
rogate both sequencing and microarray data 
sets will remain critical to researchers for even 
longer. “There has been much investment in 
microarrays in both the academic and pharma 
worlds, using unique tissue samples in a lot of 
cases, which would be a shame to ignore or just 
throw away,” he says.

Higher-level complications
Currently, the biggest challenge for research-
ers looking at next-generation sequencing 
approaches is probably the sheer volume of 
data. “For serial analysis of gene-expression 
experiments there are some tools, but a lot 
of them are not well equipped to deal with 
the amount of tags that come out from high-
throughput sequencing,” says Liu. This cre-
ates the need to perform most data analysis 
on more powerful computer clusters. “It is not 
something where you can download a program 
to run on your laptop,” says Liu. 

Then there is the challenge of determining 
where those millions of tags or short sequences 
come from in the genome. “It is not uncom-
mon for a sequencing platform to generate data 
and only 40–50% of the data are mappable,” 
says Liu — meaning that the remaining could 
not be mapped at all or mapped to regions of 
the genome once considered ‘junk’. And for 

Liu and others the question then becomes, 
are these biological relevant sequences — for 
instance, unannotated genes or antisense tran-
scripts — or merely artefacts of the sequencing 
process? 

“I think it is hard to say, but it is probably 
going to end up being a bit of both,” says Jay 
Shendure, an assistant professor in the depart-
ment of genome sciences at the University of 
Washington in Seattle. Shendure says that his 
group has performed runs on the Illumina 
Genome Analyzer using genomic DNA where 
95% of the reads were mappable, implying that 
for human DNA libraries with similarly sized 
read-lengths, the technical artefacts are not so 
great as to result in only 50% mappable reads. 
He cautions, however, that there are additional 
steps in making a sequencing library from RNA 
that could introduce some artefacts.

Developers at CLC bio have also experienced 
problems in mapping short-read RNA-seq 
data sets. Forsberg hopes that the future use of 
‘paired-end’ reads — in which sequencing infor-
mation is obtained from both ends of a DNA 
fragment — might help when mapping back to 
the genome. He has noticed reservations among 

researchers when it comes to generating either 
longer reads or using paired-end protocols for 
RNA-seq, because this increases the time and 
cost of sequencing. 

Economic advantage
Although next-generation sequencing pro-
vides a high-throughput option to look at 
gene-expression profiles from a small number 
of samples, it turns out that in the analog world 
microarrays provide their own high- throughput 
advantage to researchers. “With microarrays 
you can profile RNA from a hundred different 
samples, which would be incredibly expensive 
to do de novo with sequencing,” says Rinn. 

Lower costs alongside increasing probe 
density on whole-genome tiling arrays for 
transcript-mapping applications are keep-
ing microarrays from being lost in the blur of 
sequencing advances. “I think the array plat-
form is well suited to screening studies for a 
quick look at the transcriptome or the general 
clustering of samples,” says Baker. He is quick 
to add that the per-sample cost for microarrays 
has dropped significantly in recent years, with 
some genome-wide tiling arrays now costing 

Several microarray platforms can now interrogate multiple samples in parallel.
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HOTAIR is one of an increasing 
number of functional non-
coding RNAs identified from 
the human genome.

TECHNOLOGY FEATURE TRANSCRIPTOMICS

241

NATURE|Vol 458|12 March 2009

© 2009 Macmillan Publishers Limited. All rights reserved


	Rethinking junk DNA


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




