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ADVANTAGES OF RNA AMPLIFICATION PRIOR TO
QUANTITATIVE PCR ANALYSIS

BACKGROUND

Quantitative real-time PCR (QPCR)
is a powerful tool increasingly used
in gene expression studies focused
on screening and discovery as well
as target validation. A critical
requirement for these studies is the
use of homogenous samples
composed of as few different cell
populations as possible.
Technologies such as LCM, cell
sorting, cell titration schemes, single
cell analysis, and other cell
population isolation schemes are
therefore commonly employed to
reduce the complexity of samples.
This allows investigators to make
more definitive and unambiguous
correlations  between  observed
characteristics (i.e. pathology) and
expression patterns in specific cell
types. Gene expression results
obtained with more homogenous cell
populations can be more specifically
and reliably confirmed by biological
relevance and pathway analysis.

A major challenge in high resolution
sample isolation, however, is that the
amounts of available RNA is reduced
to prohibitive quantities. This
limitation can often affect study
design and the total number of
transcripts that can be interrogated
using QPCR. This is more restrictive
for low to medium abundance genes
of interest that require much higher
input of sample for QPCR analysis.
Another challenge posed by small
RNA samples is that the isolation
methods used can frequently impact
quality and integrity of the RNA,
presenting a significant obstacle in
obtaining high quality data.

NuGEN'’s WT-Ovation™ RNA
Amplification System meets these
challenges and enables analysis of
hundreds of genes with QPCR from
small and difficult samples for even

the lowest abundant transcripts.
WT-Ovation RNA amplification is
initiated both at the 3' end and
randomly throughout the whole
transcriptome with little 3’ bias. It is
this global amplification that makes
this an ideal system for small and
compromised RNA samples. Here
we demonstrate the advantages of
amplification prior to QPCR by
comparing results with and without
amplification.

MATERIALS AND METHODS

In this report, 2 separate studies are
described.

In the first study we used total RNA
from a human Colon Tumor and the
matched Normal Adjacent Tissue
(NAT) (Ambion, cat. #7236). Both
differentially expressed genes and
invariant transcripts were chosen
based on information from literature
and results from arrays run
previously on this model system. All
sample  preparations for this
experiment were performed in
triplicate. Amplified and unamplified
cDNAs were prepared from 20 ng of
each RNA type using the WT-
Ovation RNA Amplification System,
following standard protocols. The
study design is outlined in Figure 1:
After 1st and 2nd strand, an aliquot
of unamplified cDNA was removed
for QPCR to determine the baseline
prior to amplification. Following
SPIA™ amplification, a panel of
amplicons across multiple genes
was interrogated by QPCR; results
from some of the transcripts are
shown in Figure 2 and 3.

QPCR reactions were performed in
20 pl volumes using the ABI 7500
real-time PCR System and the ABI
Fast mix (Applied Biosystems, cat. #
4352042). The un-amplified products
were in 20 pl volume, diluted 1:10,
and 2 yl (approximately 0.2 ng) was
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used per QPCR reaction, yielding 100
reactions. The amplified cDNA in 40
pl, were diluted 1:10 in TE, then 2 pl
(approximately 15-20 ng) was added
per QPCR reaction, yielding 200
reactions. Exiqon ProbeLibrary™ and
ABI Assays-on-Demand™ were used
for all QPCR assays, further details

about primer probe design and
sequences are available upon
request.

Note that in this study the QPCR input
is determined based on the availability
of material for amplified vs.
unamplified samples, so the same
dilutions and input volumes are used,
not the same quantity. This design
simulates the challenges of limiting
RNA samples and the choices and
compromises an investigator needs to
make between the number of assays
vs. the sensetivity to low copy number
transcripts. Here we demonstrate the
affect of this choice on the quality of
gene expresion results obtianed.

In an independent study designed and
implemented at a leading biomedical
core facility, cDNA was prepared from
Human Jurkat Cell Total RNA
(Stratagene, cat. # 540107), for
interrogation by QPCR. Unamplified
cDNA was prepared in triplicate (RT)
directly from 5 pyg of total RNA with
the SuperScript™ 1ll  First-Strand
Synthesis System for RT-PCR using
random hexamers according to the
vendor’s instructions (Invitrogen, cat.
#18080-051). WT-Ovation System
was used to linearly amplify cDNA in
triplicate (WT) from 20 ng of total
RNA. cDNA equivalents of 100 ng for
each method were loaded per sample
port as input into the TagMan® Low
Density Immune Profiing Arrays
[LDA] (Applied Biosystems, cat.
#4342510) and the QPCR reactions
are run in 4 replicates. Genes with
RT-PCR C; of 36 or lower were
defined as detectable.

NuGEN Technologies, Inc.

imagine more

from less™

www.nugeninc.com

Toll Free 888 654-6544 [




WT=-0OVATION™ RNA AMPLIFICATION SYSTEM

RESULTS AND
CONCLUSIONS

Maintain differential
after amplification:

In Figure 2, a direct comparison of
unamplified vs. amplified Tumor and
NAT RNA samples, shows an
approximately 10 cycle shift in Cy
values for the CEACAM?Y transcript
(Human carcinoembryonic antigen-
related cell adhesion molecule 7), for
each sample, simply showing the
magnitude of amplification. Here the
QPCR C; curves show that the
differential expression between the
Tumor and NAT is maintained after
amplification.

expression

With amplification find differentially
expressed genes even at the lowest
abundance ranges with limited
samples size: In Figure 3, Ct data is
shown for the Tumor and NAT RNA
samples for multiple assays across
the length of three different genes.
These results demonstrate the
advantages of amplification prior to
QPCR with limiting starting material.

All assays along the length of the
SDCCAG33 transcript (serologically
defined colon cancer antigen 33) can

detect it for both Tumor and NAT
samples. However, without
amplification, the QPCR assay

designed closest to the 3’ end shows
highly variable C+ results leading to an
ambiguous  expression difference
between Tumor and NAT (note large
error bars). With amplification, not
only is the same assay informative
and reproducible, the Css highly
correlated with the results of the other
assays for the same gene.

The Coll11Al transcript (collagen,
type Xl, alpha 1),  without
amplification, is virtually undetectable
in the NAT sample with all assays,
while it does show consistent
detectable Cts in the Tumor sample.
This data set is still unusable for
analysis of differential expression due
to the missing data for the NAT
sample. Although this may hint at the
over-expression of this gene in
Tumor, there is no way to determine
the fold change or amount of up
regulation of the transcript without the

NAT Crs. These missing data points
render  the entire experiment
inconclusive. However after
amplification with WT-Ovation, Cis
are reliably measurable for both
samples with high reproducibility,
allowing the definitive determination of
fold change in expression. For the
CA4 ftranscript (carbonic anhydrase
IV), the unamplified sample shows
variable and inconsistent Ct values.
The same QPCR assay for the
amplified cDNA, shows robust,
reproducible, and consistent Cr
results across the entire transcript for
both  samples, identifying this
transcript as having significant
differential expression between Tumor
and NAT samples.

With amplification, detect more
genes with more sensitivity and
reproducibility: In this study the
QPCR reaction input were equivalent
between amplified and non-amplified
samples, so the advantages of
amplification are demonstrated very
well.  Figure 4 shows the Heat map
representation of a portion of the Low
Density Array data. Here the 4
replicate QPCR Css are stacked in
bars of color for each of the 17 genes
shown. The pale yellow color
represents effectively undetectable
Crs and the dark blue represents the
lower Cts values obtained for higher
abundance genes. Four specific
examples are annotated A, B, C and
D, where amplification using WT-
Ovation has brought genes that were
undetectable or barely detectable
without amplification into much lower
Cr ranges allowing for more genes to
be detected reliably.

Example A is the Fas gene transcript
that is barely detectable in unamplified
cDNA (RT). With WT Ovation the
gene is easily detected with a
consistently low Cy.

Example B and C show very low
abundance and sporadically detected
genes, GZMB and HO-1, both made
more reproducibly detectable by
amplification. WT-Ovation amplified
sample shows better agreement
between Cis of the 4 QPCR
replicates. This is critically valuable in
investigating low abundance genes
where comparative expression

analysis must be reliable and
reproducible.

Example D is the Interleukin IL-10
gene, completely undetectable
without amplification, but
reproducibly detected at very low
levels after WT-Ovation
amplification.

In this comparison of unamplified vs.
amplified samples, with equivalent
input into the LDA card, 20 percent
more genes were detected with WT-
Ovation  amplified cDNA  vs.
unamplified cDNA, see Figure 5.
These results confirm that a
significantly higher proportion of
expressed transcripts can be
reliably and reproducibly detected
and quantified using the WT-
Ovation RNA Amplification System
than can be detected using standard
reverse transcriptase.

In  Conclusion the WT-Ovation
System global amplification of small
and limiting samples prior to QPCR
enables analysis of very low
abundant genes that are below the
detection levels in unamplified
samples. This system allows
sensitive and accurate interrogation
of hundreds of more genes with
QPCR, while more of the original

precious RNA sample can be
archived and stored for Ilater
applications.

WT-Ovation™ RNA
Amplification System

System Specifications

Cat No.: 2210-24, 24 reactions

Input: 5 - 50 ng total RNA

Yield: 1.5 - 4 g single stranded cDNA
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Figure 3. Find differentially expressed genes even at the lowest abundance ranges. A number of QPCR assays
performed on unamplified samples are completely undetectable or show highly variable C+s. In the lower abundance
range even for those genes detected in the unamplified sample, the low reproducability can make it difficult to
determine conclusively if some genes are differentially expressed. Upon amplification, however, multiple QPCR
assays yield robust and reproducible Ct results that show maintenance and detection of differential expression in the
Tumor and NAT system.
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Figure 5. Detect more genes with

Improved Gene Detection using the amplification.
P 9 In this study 20 % more genes were

WT-Ovation™ RNA Amplification System detected in the WT-Ovation amplified
cDNA compared to the RT samples,

80+

OReplicate 1 . . - .

o W Replicate 2 allowing more effective utilization of
B Replicate 3 small and valuable samples.

60+

50+

40+

30+

20+

% of Genes Detected

10+

RT WT-Ovation™

NuGEN Technologies, Inc.

Headquarters USA
821 Industrial Road, Unit A, San Carlos, CA 94070 USA, Tel: 650-590-3600 or Toll Free Tel: 888-654-6544, Fax: 650-590-3630 or Toll Free

Fax: 888-296.6544 www.nugeninc.com custserv@nugeninc.com techserv@nugeninc.com

Canada Europe Asia Australia Israel

MJS BioLynx Inc. NuGEN Technologies, Inc. MediBic. Integrated Sciences Pty. Ltd. ZOTAL Biological

P.O Bag 1150, 300 Laurier Blvd.  P.O. Box 149, Daido Seimei Kasumigaseki 2 McCabe Place & Instrumentation

Brockville, ON K6V 5W1 6680 AC Bemmel Building 8F, 1-4-2 PO Box 731 4 Habarzel Street

Toll Free: 1-888-593-5969 The Netherlands Kasumigaseki, Chiyoda-ku, Willoughby NSW 2068 Australia Tel Aviv 69710, Israel

Tel: 613-498-2126 Tel: +31(0)13-5780215 Tokyo 100-0013, JAPAN Tel: 02-9417-7866 or Tel: + 972-3-6492444

Fax: 613-342-1341 Fax: +31(0)13-5780216 Tel: + 81-3-5510-2313 1-800-252-204 (Australia only) Fax: + 972-3-6496664

sales@biolynx.ca or tech@biolynx.ca europe@nugeninc.com Fax: + 81-3-5510-2312 Fax: 02-9417-5066 sales@zotal.co.il

www.biolynx.ca/contact-biolynx.html Wwww.nugeninc.com info@medibic.com tech@integratedsci.com.au www.zotal.co.il
www.medibic.com www.integratedsci.com.au/contactus.asp

© Copyright 2006, NuGEN Technologies Inc. The Ovation™ System familg ofzproducts and methods are covered by one or
more of U.S. Patent No. US 6,692,918. US patent applications'US 2003/0087251 and US 2004/0005614, as well as issued
and pending counterpart EuroPean and international patents. NUGEN™, Ovation™, SPIA™, Ribo-SPIA™, WT-Ovation™,
and Imagine More From Less™ are trademarks or service marks of NUGEN™ Technologies, Inc. in the United States and

other countries. All other marks appearing in these materials are marks of their respective owners.

NUGEN: TechRep 2 WT-O 0406 v1.1





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


