NuGEN Technologies, Inc. Bulletin 9

WT-Ovation™ FFPE System Validation Guidelines
and the RNA Sample Quality Assessment Tool Pilot Study

Introduction

Due to the highly variable quality of RNA isolated from FFPE sample sources, it is critical to assess RNA
quality within a particular sample set before performing a larger scale gene expression study. Here we
describe our RNA Sample Quality Assessment Tool and a pilot study that can be incorporated into gene
expression analysis workflow using FFPE-derived RNA samples. This tool is described in more detail with
instructions and recommendations in WT-Ovation FFPE System Technical Report #1. This validation
guideline document is meant to be used in conjunction with Technical Report #1 and describes in general
terms our recommended validation process and the appropriate application of the quality assessment tool.

The validation guideline involves performing a small pilot study which provides significant information on:
o The general quality of data achievable with a particular FFPE sample set
o The selection of samples that will be required to generate high quality data from a large FFPE
sample set
o The level of variability in performance within a sample set in order to determine an appropriate
quality assessment workflow

This information will allow researchers to establish an effective, cost-efficient workflow and set metrics
which yield the desired results. Of course the performance of a set of FFPE samples cannot be
guaranteed; however, using these validation guidelines and the pilot study described here will help predict
the quality of the data achievable with any given set of FFPE-derived RNA samples.

RNA Sample Quality Assessment Application

Depending on the researchers experimental design and workflow expectations, validation studies and
sample quality assessment may be done in a variety of ways. We recommend that for every new study in
which a significant number of samples will be used, the pilot study described here is performed on a
subset of the samples. This subset of samples should be selected to reflect the distribution of the entire
sample population for known variables that contribute to RNA quality, such as age. It would be preferable
to run at least 10% of the total number of samples anticipated for the final study. We highly recommend
separating sample sets based on the source tissue, and the type of arrays planned for use in the study.
Since this approach helps determine the extent of performance variability within a larger sample set, the
results can assist in determining whether an in-process quality assessment test for all samples will be
required.

Assessment Study Design

The RNA sample assessment tool consists of defined gPCR assays for which the results correlate to
array results. For instructions and details of this assay refer to Technical Report #1, but in brief, here is a
summary.

A control RNA sample such as HeLa or UHR RNA along with the selected subset of FFPE sample RNAs
are processed through the standard WT-Ovation FFPE System protocol. After the 2" strand cDNA
synthesis a small aliquot of the mixture (2 ul) is removed from each of the reactions prior to the purification
and amplification step. The samples are then processed as described in the user guide through to
through to amplification. This 2" strand cDNA aliquot from all samples is then used at a consistent
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dilution in two gPCR assays with amplicons corresponding to two abundant, multi-copy transcripts (18s
rRNA, beta-Actin). All amplified FFPE samples are then processed using the FL-Ovation™ cDNA Biotin
Module V2 (Cat. # 4200), and analyzed on Affymetrix 3' GeneChip expression arrays. Basic array metrics
including %P are determined.

The difference between Cts in the control RNA and FFPE RNA (termed ACt=Ct FFPE — Ct HelLa) can be
determined and correlated to the sensitivity of the sample on arrays (%P). A graph of such an example is
shown in Figure 1. For a set of 40 Ovarian FFPE samples ranging in age from 2-15 years, the ACt values
of the 18s rRNA assay correlates with % present on Affymetrix HG-U133A 2.0 arrays. By generating this
plot with pilot study samples a researcher can determine whether the qPCR reaction should be performed
on each sample used in the full study, whether it appears that all samples will yield desirable results and
therefore quality assessment of the remainder of the samples is not required, or whether the RNAs
collected from the samples are generally poor and will not yield sufficient array results. In the case where
it is desirable to run the quality assessment assay on the larger sample set, an appropriate ACt cut-off
value will need to be selected.

Assessment Data Analysis: Establishing Quality Cut-off

In order to establish an appropriate cut-off value for the quality assessment assay, it is important for a
researcher to quantitatively assess the effects of any particular cut-off value in terms of the number of
arrays run that yield successful array results (True Positives), the number of arrays run that will yield poor
array results (False Positives), the number of samples eliminated that would have yielded poor array
results (True Negatives) and the number of samples eliminated that would have yielded good array results
(False Negatives). The quantitative analysis of the Ovarian cancer samples is shown in Table 1.

This quantitative analysis can now be further analyzed to select an appropriate cut-off value. The specific
value chosen is based on the needs of the researcher in terms of tolerance to the number of arrays run
that yield poor results, and the total number of arrays run yielding good results. Each researcher will have
their own requirements regarding these factors.

In this case, a ACt of 7 was selected (highlighted row in table) resulting in a balance of the number of
arrays passing the QC and giving good array data (defined either as 25% P on left, 30% P on right)
versus the number of arrays passing QC and failing minimum array metrics. At this cut-off value and a
minimum of 25% P, 32/40 (80%) of samples will pass the QC and give good array data, 1/40 (2.5%) of
samples would pass the QC test but fail array performance metrics, 4/40 (10%) of the samples would fail
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25% Present = + array 30% Present = + array
True Pos. | False Pos. | False Neg. | True Neg. | True Pos. | False Pos. | False Neg. | True Neg.
ACt +QC +QC -QC -QC +QC +QC -QC -QC
(18S rRNA) +arrays -arrays +arrays -arrays +arrays -arrays +arrays -arrays
0.9 5 0 31 4 5 0 25 10
1.9 8 0 28 4 8 0 22 10
2.9 14 0 22 4 14 0 16 10
3.9 17 0 19 4 17 0 13 10
4.9 20 0 16 4 20 0 10 10
5.9 24 0 12 4 23 1 7 9
6.9 32 1 4 3 27 6 3 4
7.9 33 2 3 2 28 7 2 3
8.9 36 2 0 2 30 8 0 2
above 9.0 36 4 0 0 30 10 0 0

Table 1. QC data analysis: The table shows the number of samples that fall above and below a defined array
performance criteria (25% Present left, and 30% Present right). The highlighted row in the table represent the
application of a cut-off value ACt of 7.

the QC test, but pass array performance criteria, and 3/40 (7.5%) of the samples would fail the QC test
and fail array performance criteria. Assuming that the 40 FFPE samples represent the overall quality and
performance of the entire FFPE sample set to be used in the final study, 82% of the samples will be
expected to pass QC with less than 3% of all arrays run generating data below the 25% P threshold, and
18% of the samples available for the study will be eliminated by the QC test.

’Acceptable’ array performance needs to be defined by the researcher in order to obtain the highest
quality results, while considering the quality and quantity of samples available for the study. For example,
if the minimum desired array performance is 30% present, the analysis can be done at that threshold
(Table 1, right side). If available samples are not limiting and they are of generally high quality, then a
more stringent QC cut-off can be chosen to further reduce the number of samples going onto arrays
thereby minimizing time and cost. In this example, a QC cut-off at the more stringent ACt value of 6 would
reduce the number of arrays that would yield %P below 30%. On the other hand, if samples are limiting
and an investigator desires to get the most array data possible, then a more relaxed QC cut-off can and
%P threshold be selected such that more of the samples will yield acceptable array data.

Developing a Custom QC test

The QC test described in this report and WT-Ovation FFPE Technical Report #1 was designed to be
generally applicable to a wide variety of samples and experiments. The performance metric chosen for
array performance was simply a surrogate for overall sensitivity on the array (% P). The transcripts
chosen for the quality assessment assay were selected to assess the degree of degradation in RNA
samples because they are stably expressed in a wide variety of tissues and are high expressers from
multi-copy genes (see Technical Report #1). If a researcher is intending to run a large study to validate
particular signatures of interest, it may be beneficial to generate a custom gPCR array to be performed in
addition or in place of this test. The paradigm described here can be applied to particular transcripts of
interest and alternate performance metrics on arrays.

In generating custom QC assays, we recommend using a gPCR based approach similar to that described
here. When validating existing signatures, it may be beneficial to develop the gPCR QC assay against
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known relevant transcripts to the signature. We would recommend choosing several transcripts of
interest, generating multiple amplicons (primer and probe sets) against each transcript, and testing the
correlation of the qPCR results against a desired array performance metric. When testing novel
amplicons, it is important to perform enough replication in order to assure correlation between the gPCR
Ct data and results on arrays. Be aware that not all transcripts, or amplicons against those transcripts will
correlate to array performance. We chose high abundance, multi-copy transcripts as they are the most
robust indicators of RNA quality. Low abundance transcripts may vyield less reproducible results and may
not be indicative of overall RNA quality (see Technical Report #1 for more details).

Array performance can be defined in any way deemed appropriate for a particular study. In other words, if
a limited set of transcripts are used in a signature, then the appropriate array performance metric may be
the percentage of transcripts in the signature detected by the array. In this case, the pilot study would
generate the plot shown in Figure 1 above with ACt for transcript of interest (X-axis) versus % of
transcripts in signature detected (Y-axis). Then the same analysis shown in Table 1, above, can be
applied to the resulting data set to select the appropriate transcripts and cut-off values.

Conclusions

Here we describe recommendations for applying an RNA sample quality assessment tool to an
experimental design using FFPE samples. We have described an approach which correlates g°PCR
assay results with general performance on arrays (% present). We describe the design of a pilot study to
assess the general performance of a sample set, allowing researchers to decide whether an in-line QC
step is appropriate for their samples and to set the appropriate QC cut-off value if desired. Alternatively,
investigators can generate their own custom QC assays, if beneficial, using the same model we have
described here. The generation of this pilot study data, and the thoughtful application of appropriate QC
test and cut-off values will assure the highest quality results possible from your FFPE gene expression
experiments and allow the full utilization of these valuable samples.

WT-Ovation™ FFPE RNA Amplification System
System Specifications

Cat No.: 3400-12, 3400-60

Input: 50 ng FFPE total RNA

Yield: >5 pg single stranded cDNA

NuGEN Technologies, Inc.

Headquarters USA

821 Industrial Road Unit A, San Carlos, CA 94070 USA, Toll Free Tel: 888.654.6544, Toll Free Fax: 888.296.6544
www.nugeninc.com ¢ custserv@nugeninc.com ¢ techserv@nugeninc.com

Europe: P.O. Box 149, 6680 AC Bemmel, The Netherlands Tel: +31-13-5780215 Fax: +31-13-5780216 europe@nugeninc.com

For our international distributor’s contact information visit our website

© Copyright 2007, NuGEN Technologies Inc. The Ovation™ System family of products and methods are covered by one or more of U.S.
Patent Nos. 6,692,918 and 6,946,251, and U.S. patent application no. 2004/0005614, as well as issued and pending counterpart European
and international patents. NUGEN™, Ovation™, SPIA™, Ribo-SPIA™, WT-Ovation™, FL-Ovation™, and Imagine More From Less™ are
trademarks or service marks of NUGEN™ Technologies, Inc. All other marks appearing in these materials are marks of their respective owners.

.nugeninc.com -

MO01061_B9_FFPE ValdGdin_Rev 0407




<<
  /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


