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Compositions and M ethods for Functional Quality Control for Human Blood-Based

Gene Expression Products

This application claims priority to United States Provisional Patent Application Serial
Number 61/570,257, filed December 13, 201 1, the disclosure of which is herein incorporated

by reference in its entirety.

Pursuant to 35 U.S.C. 8202(c), it is acknowledged that the U.S. Government has
rights in the invention described, which was made in part with funds from the National
Institutes of Health, Grant Numbers,5U24MH068457 (NIMH); 5U10 AA008401 (NIAAA);
SN271200900012C (NIDA) and HHSN276201100016C (NIDDK).

Field of the Invention

This invention relates the fields of molecular biology and quality control maintenance
of samples stored in biorepositories. More specifically, the methods of the invention provide
ahigh-throughput, automatable process for assessing and characterizing the integrity of RNA
samples utilized in large-scale gene expression studies or biorepositories, significantly

limiting sample replicate variability and technical error.

Background of the I nvention

Several publications and patent documents are cited throughout the specification in
order to describe the state of the art to which this invention pertains. Each of these citations
is incorporated by reference herein asthough set forth in full.

Gene expression measurements and analytical methods rest upon the assumption that
a given messenger RNA sample provides a faithful representation of in vivo transcript levels
a the time of extraction. In an idea scenario, fully intact messenger RNA is reverse
transcribed to high-quality cDNA for use in gene expression analysis studies, generating
reliable and robust data. However, as a labile molecule, the integrity of RNA can be
jeopardized a several points prior to, during, and post-extraction, adversely affecting the
fidelity of gene expression measurements and hindering data interpretation and discovery.
Accurately assessing RNA integrity prior to gene expression analysis on platforms such as
microarrays and real-time quantitative PCR proves to be a critical step, requiring a highly
sensitive and standardized RNA quality control method [1].

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2013/090613

The current industry-standard technique for measuring RNA quality is microcapillary
electrophoretic RNA separation, predominantly performed on the Agilent 2100 Bioanalyzer
[2, 3]. The 'lab-on-achip’ microfiuidics technology and data visualization software offers
multiple ways to visualize and evaluate RNA integrity, yet these broad-spectrum systems
often lack sensitivity on the scale necessitated by RNA samples destined for gene expression
analysis. While Bioanalyzer measurements provide a gross analytical assessment of RNA
integrity, the proprietary RNA Integrity Number (RIN) scoring algorithm and visualization
software has intrinsic limitations preventing in-depth RNA integrity profiles and cannot
adequately predict the functional performance of RNA samples intended for gene expression
analysis.

Clearly aneed exists in the art for improved methods for assessing RNA integrity on a

large scale.

Summary of the Invention

In accordance with the present invention, a method for reproducibly assessing the
integrity of an RNA sample in a high through put manner is provided. In one embodiment,
the method for quantitatively evaluating the extent of RNA degradation in a RNA sample
obtained from atissue or blood specimen entails identifying a candidate gene set specific to
said tissue or blood specimen, and determining an arbitrary expression score for each gene
present in said set, and sorting said genes into a least two tiers based on said expression
score. A plurality of amplification plots and Cx profiles from the set of candidate genes
encoding RNAs exposed to differential degradation conditions are then generated, thereby
providing aseries of differentially weighted Cx profiles correlating to the degradation state of
said RNA, said scores corresponding to intact and incrementally degraded RNAs. The test
sample is subjected to gPCR, and an amplification plot and a Cx, score generated. The Cx
score of the sample isthen correlated with those previously determined, thereby providing the
degree of degradation of said sample.

In a preferred embodiment the candidate genes are isolated from whole blood.
However, any sample type may be used. The term "sample" or "biological sample" as used
herein is used in its broadest sense. A sample is derived from a specimen from any source
that contains or may contain a molecule of interest (e.g.,, RNA), including any specimen that
is collected from or is associated with a biological or environmental source, or which
comprises or contains biological material, whether in whole or in part, and whether living or

dead. Samples or biologica samples may be plant or animal, including human, fluid (e.g.,

2
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blood or blood fractions, urine, saliva, sputum, cerebral spina fluid, pleural fluid, milk,
lymph, or semen), swabs (eg., buccal or cervica swabs), solid (e.g., stool), microbia
cultures (e.g., plate or liquid cultures of bacteria, fungi, parasites, protozoans, or viruses), or
cells or tissue (eg., fresh or paraffin-embedded tissue sections, hair follicles, mouse tail
snips, leaves, or parts of human, animal, plant, microbial, viral, or other cells, tissues, organs
or whole organisms, including subcellular fractions or cell extracts), as well as liquid and
solid food and feed products and ingredients such as dairy items, vegetables, meat and meat
by-products, agricultural materials, and waste. Biological samples may be obtained from all
of the various families of domestic plants or animals, as well aswild animals or plants. In
some embodiments, the sample comprises or consists of one or more whole cells from a
specimen, such as from a fixed or paraffin-embedded formalin-fixed ("FFPE") section, or
cells, such as human, animal, plant, or microbial cells grown in culture (e.g., human, animal,
or plant cells obtained by fluorescent-activated cell sorting ("FACS"), or replica-plated
bacteria or yeast). Environmental samples include environmental material such as surface
matter, soil, water, air, or industrial samples, aswell as samples obtained from food and dairy
processing instruments, apparatus, equipment, utensils, disposable and non-disposable items.
These examples are not to be construed as limiting the sample types applicable to the present
invention.

In an aternative embodiment the candidate genes are isolated from atissue selected
from the group consisting of breast tissue, colon tissue, lung tissue, kidney tissue, ovarian
tissue, liver tissue, muscle tissue, brain tissue, and stomach tissue.

Also provided in accordance with the invention are novel class distinction agorithms
which measure RNA quality as afunction of the magnitude of deviation from an expected Ct
value. This approach enables the researcher to properly weigh or exclude subpar samples
from subsequent analysis.

Further provided herein are systems and devices that carry out any of the methods
described herein.  In some embodiments, such systems or devices employ a computer
processor employing acomputer memory and/or computer readable medium. Asused herein,
the terms "processor" and "central processing unit" or "CPU" are used interchangeably and
refer to adevice that is able to read a program from a computer memory (e.g., ROM or other
computer memory) and perform a set of steps according to the program. Devices include, but
are not limited to desktop computers, hand-held computers (including pads, phones, and other
similar devices), and scientific instruments (e.g., thermocyclers, detection devices, mass

spectrometers, etc.). In some embodiments, the systems and devices employ software

3
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configured to carry out the data analysis approaches described herein. In some embodiments,
the systems and devices further employ one or more databases or are in communication with
such databases that are housed on a separate device or data storage system (e.g., cloud).

For example, in some embodiments, provided herein are methods for quantitatively
evaluating the extent of RNA degradation in a sample, comprising; a) identifying a candidate
gene set and determining an arbitrary expression score for each gene present in said set, said
gene set being specifically expressed in said tissue or said blood specimen and sorting said
genes into a least two tiers based on said expression score; b) generating a plurality of
amplification plots and Ct profiles from a set of candidate genes encoding RNAS exposed to
differential degradation conditions thereby providing a series of differentially weighted Cx
profiles correlating to the degradation state of said RNA, said scores corresponding to intact
and incrementally degraded RNAs; and c) subjecting RNA in said sample to quantitative
amplification, thereby generating an amplification plot and a Cx score; said Cx score being
correlated with those determined in step b) said score providing the degree of degradation of
said sample. The sample can be of any type including environmental samples, samples
obtained from ahuman, tissue samples, fluid samples, whole blood, and the like.

In some embodiments, the method is coupled with screening or diagnostic techniques
for assessing any desired genotype or phenotype, including disease status and progression,
general health status, and response to diet, therapeutics, or other stimuli. In some such
embodiments, the method further comprises the step of d) analyzing a gene expression profile
employing the sample. In some embodiments, the method further comprises the step of €)
assessing disease status or progression using the gene expression profile. In some
embodiments, the method further comprises the step of d) discarding the sample without
conducting a gene expression profile analysis if the degree of degradation is unsuitable (e.g.,
is of adegree in which a screening or diagnostic test will lack the required or desired level of

sensitivity or specificity).

As discussed above, further provided herein are systems and devices that can carry
out one or more or al aspects of the methods. For example, in some embodiments, a system
or device comprises a computer processor that generates the plurality of amplification plots
and Cx profiles. Such systems can include any component useful, necessary, or sufficient for
processing the sample, detecting the sample, analyzing the data, and/or using the data. Such
components, include, but are not limited to thermocyclers, sample processing components

(e.g., that purify or isolate RNA from cells or tissues or other sample types), detection
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components (e.g., that mass, optical signals, heat, pH changes, radioactivity, or other
detectable signals), and the like.

Brief Description of the Drawings

Figure 1: Mechanisms of messenger RNA degradation by RNases. (a) 5 to 3'
exonuclease activity removes the 7-methyl guanosine cap and degrades RNA in a 5' to 3'
direction, (b) 3' to 5' exonuclease activity removes the poly-A tail and degrades RNA in a3’
to 5' direction, and (c) endonucleases attack at specific sites within the molecule and

endonucleolytically cleaves the RNA. Modified image from Newbury 2006 [9].

Figure 2: Typical gPCR amplification plot, ARn vs. Cycle. A measure of accumulating
PCR products, the magnitude of fluorescence (ARn) isplotted against the PCR amplification
cycle number (Cycle). The threshold line, in red, is set a the middle of the linear phase of

the plot, defining the C; value for agiven gPCR reaction.

Figure 3: Visualizing 28S and 18S ribosomal subunits on gels and electropherograms.
The image on the left represents atypical electropherogram: the right peak depicts the 28S
ribosomal subunit and the left peak depicts the 18S ribosomal subunit. The image on the
right is a corresponding gel image, the top band depicting the 28S subunit and the bottom
band depicting the 18S subunit. Image taken from Kuschel 2000 [25].

Figure 4: GeneNote and BioGPS expression data.A representative gene expression data
plot generated for numerous experimental tissue vectors. The example shown below
represents the GAPDH gene. Image taken from the GeneCards® website (www dot

genecards dot org).

Figure 5: Roche UPL ProbeFinder assay design. ProbeFinder software designs UPL
assays based on an input target gene; below is one possible assay design for the CD27 gene.
ProbeFinder outputs forward and reverse primer sequences flanking the UPL probe of choice,
shown in the 'Detailed view' as green and purple text, respectively. Image taken from the
ProbeFinder website (www dot roche-applied-science dot com backslash sis backslash rtper
backdlash upl).

Figure 6: Comparison of ideal and poor amplification plots. Figure on left: an ideal, tight

amplification plot for the CAPN2 5' assay; limited expression variability exists between
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different subjects. Figure on right: a dispersed amplification plot for the TRPM2 3' assay;
demonstrates great variability between different subjects.

Detailed Description of the Invention

Sample quality control is central to applied, and clinical genomic analyses. Most
sample processing is decentralized, which leads to differential results between laboratories.
Thus, in accordance with the present invention, an efficient protocol for QC of each unique
sample has been developed and standardized. While QC of RNA from whole blood samples
is exemplified herein, the methods described can be applied to a variety of sample sources.
The research to develop such atechnology is best developed in abiorepository setting where
thousands of samples are processed every month. The Rutgers University Cell and DNA
Repository currently employs a QC protocol for al human genomic DNA samples that uses a
custom-designed SNP genotyping assay panel to determine gender, ethnicity, uniqueness, and
sample quality. A similar approach has been developed for RNA given the labile nature of
this nucleic acid and the variability associated with extraction and purification thus providing
a metric for comparing samples extracted a different sites. This functional QC gene
expression panel has commercial applications in terms of qualifying samples for diagnostic
and clinical applications.

Real-time quantitative polymerase chain reaction (QPCR) assays offer a more
sensitive, modifiable method for quantitatively evauating the extent of RNA degradation.
Fluorescent probe-based assays can be customized to a specific tissue type or field of
research by modifying the target genes. Additionaly, this method offers a high-throughput,
automatable solution for large-scale gene expression studies or biorepositories, significantly
limiting sample replicate variability and technical error. By exploiting the regiond
degradation patterns of RNA, agorithms have been developed to compare gene expression
measurements, Cp values, of atest sample to those of an intact RNA control sample and
synthetic/lempirically degraded RNA samples. Based on the differentially weighted CT
profiles for al assays in the panel, an overall quality constant is assigned to a given RNA
sample, allowing researchers to properly normalize or exclude any given sample during gene
expression data analysis and interpretation.

The following work describes the de novo development and validation of a novel
functional quality control method for RNA samples extracted from human whole blood,

comprised of acustom gene expression assay panel and complementary algorithms.
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RNA Degradation Mechanisms|n Vivo

While RNA degradation is a hindrance to gene expression research, it is a ubiquitous
and controlled activity in vivo. Within the cell, active RNA degradation systems are in place
to regulate RNA production and decay in order to maintain a steady-state level of RNA
messages and their successive proteins. Misfolded or otherwise defective RNA molecules
are rapidly degraded by cellular surveillance machinery [4]. In addition, it has been
suggested that RNA-degrading enzymes, RNases, can confer protection from viruses by
reducing viral replication and protein synthesis [5, 6]. Intact cellstightly control the essential
activities of RNases, but when cells are disrupted during sample collection and RNA
extraction, these endogenous cellular RNases are immediately released and can begin to
break down RNA molecules.

Identified by the direction of degradation along an RNA molecule, three mgjor classes
of RNases exist in eukaryotes: (1) 5' to 3' exonucleases, (2) 3' to 5' exonucleases, and (3)
endonucleases, which cleave RNA internally [2]. During the transcription process, nascent
messenger RNA molecules are modified with protective structures on both ends that serve to
maintain stability as mature messenger RNA is trandated to protein. As messenger RNA is
transcribed, a methylated guanine cap is added to the 5' end of the molecule and a stretch of
150-200 adenine residues is added to the 3' end of the molecule, forming the poly-A tail [8§].
Exoribonucleases target the 5' cap or 3' poly-A tall as points of entry, while
endoribonucleases can initiate degradation at specific sites within the molecule. Figure 1

depicts three mechanisms of messenger RNA degradation by RNases.

Sources d RNA DegradationEx Vivo

As many gene expression studies are clinically based, subject sample collection and
processing pose the chalenge of stabilizing and maintaining RNA integrity in an ex vivo
environment. First and foremost, biospecimen collection methods must be considered when
controlling for RNA degradation. Dependent upon tissue type, samples can be collected or
stored in a variety of ways, all of which introduce inherent risk of RNA degradation.
Formalin-fixed paraffin-embedded (FFPE) tissue samples are routinely used for disease
diagnosis and provide a long-term sample storage solution. As archived collections of these
samples grow, so does the appeal of extracting RNA for large-scale gene expression studies.
However, RNA extracted from fresh, frozen, or archival FFPE specimens is extensively
degraded due to the fixation process and length of storage [10]. Alternatively, fresh samples

can be collected from tissue biopsies or whole blood drawings for immediate processing,
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eliminating the fixation and storage limitations of FFPE tissue samples. However, these
samples must be immediately and adequately stabilized by immersion in aproprietary reagent
that protects RNA from endogenous ribonuclease degradation and minimizes post-collection
gene induction [1J].

Regardless of the collection method chosen, variability in RNA extraction techniques
and mishandling by technicians further introduces opportunities for RNA degradation. The
latency period and conditions between collection and processing, conditions of the extraction
process such as time lapse and temperature, and inadvertent contamination with ubiquitous
RNases present on lab surfaces, gloves, and skin are common sources of RNA degradation
[4, 12]- Post-extraction handling, such as freeze/thaw cycles, heat, and pH fluctuations are
also potential sources of RNA degradation [1345]. The first line of defense against RNA
degradation is tightly controlling the variables associated with its collection and processing,
however, not all samples in a collection will be handled properly and some degree of RNA
degradation is inevitable. When paired with the costly venture of biospecimen procurement
and storage, it becomes financialy and anaytically advantageous to include all viable
samples in agene expression study, including data derived from variably degraded RNA [13,
14]. Due to the propensity for RNA degradation, quality control methods become of
paramount importance to ensure the reliability and reproducibility of downstream gene
expression analysis and data interpretation.

Compounding the issue of RNA degradation is that prior to running an RNA sample
on a gene expression platform, it must first be reverse transcribed to stable complementary
DNA (cDNA). cDNA is synthesized from amessenger RNA template and serves as the input
molecule for gene expression analysis platforms. Demonstrating a ripple-effect, if the
messenger RNA template is degraded and of low quality, the cDNA synthesized from it will
follow suit, resulting in skewed gene expression data that does not accurately portray the
gene expression products present within a given sample at the time of RNA extraction.
Numerous platforms exist for measuring gene expression, each with varied applications,
multiplexing capability, and throughput. For the purposes of this discussion, the effect of
RNA degradation on real-time quantitative PCR datawill be considered.

RNA Degradation and Effects on Real-Time Quantitative PCR Measurements

Real-time quantitative PCR (gPCR) is considered a routine, 'gold standard’® RNA
guantification method. Due to the relatively low cost, speed, and reliability of performing
gPCR assays, they are aso often used to validate gene expression data generated by other

8
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methods, as is the case with expression microarrays[16, 17]. Designing gPCR assays is a
flexible and customizable process, allowing for the design of highly specific assay panels.
For high-throughput studies or processes, the reaction set up can be fully automated for more
accurate results and more consistent technical replicates. The gPCR workflow consists of
three steps: (1) the reverse transcriptase-mediated conversion of labile RNA to stable cDNA,
(2) the amplification of cDNA using the polymerase chain reaction (PCR), and (3) the real-
time detection and quantification of amplification products [18].

Individual gPCR reactions consist of or comprise the following components: (1)
cDNA template, (2) gene expression master mix, (3) forward and reverse primers, (4) a
fluorescent probe, and (5) DNase/RNase-free water. Master mix contains the components
necessary for the DNA synthesis machinery, primarily thermo-stable DNA polymerase.
Primers are short, specific oligonucleotides which hybridize to a DNA template and serve as
a start point for DNA synthesis. Forward and reverse primers are used for amplification of
both DNA template strands and can be designed to target a specific region for amplification.
The probe is a short oligonucleotide labeled with a fluorescent reporter & one end and a
fluorescence quencher at the opposite end. The probe hybridizes to the complementary
sequence of the DNA template, proxima to and downstream of one of the hybridized
primers. Due to the close proximity of the fluorescent moiety and quencher, a fluorescent
signal is dampened until the amplification process begins. As the target PCR product is
synthesized, the probe is cleaved by the 5' to 3' exonuclease activity of DNA polymerase.
Breaking the close proximity of the fluorophore and quencher emits a detectable fluorescent
signal upon excitation by alaser within the PCR instrument 19].

During the PCR thermal cycling course, as the target amplicons accumulate, a
proportional amount of fluorescent signal accumulates. The magnitude of fluorescence
emitted by individual reactions, and thereby the amount of accumulated PCR product, is
qguantified by a cycle threshold (CT) value. Cg values are determined by a threshold line,
which is set a the midpoint of the linear phase of an amplification plot and defines the PCR
cycle iteration at which a measurable fluorescence level first surpasses the background
fluorescence threshold. C; values are inversely related to the level of gene expression of the
target gene: the greater the amount of target sequence present in the starting cDNA, the
earlier the cycle a which fluorescence intensity surpasses the threshold, generating a lower
C; value [18], Once generated, depending upon the application and objectives of the study,
CT vaues are then analyzed with established statistical methods. Figure 2 depicts a typical
gPCR amplification plot and threshold line.
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gPCR offers sensitive and reliable gene expression quantification, yet it isnot without
potential drawbacks stemming from lack of standardization at steps within the workflow.
Among the variables to consider when planning and executing gPCR assays, RNA sample
quality is arguably the most important, followed by assay design efficiency, choice of
chemistry, linearity during reverse transcription, and threshold determination [18, 20, 21].
For the purposes of this discussion, assays will henceforth be defined as a primer set/probe
pairing. The variables of sample quality and assay desigh go hand-in-hand when considering
the effects of degraded starting material on gene expression quantification. For instance,
RNase activity is dictated by a directionally-driven mechanism: RNases move in a’5' to 3'
direction, 3' to 5' direction, or attack at specific sequences of a transcript and cleave the
molecule a that point. Depending on the entry point of ribonuclease attack and the extent of
degradation or fragmentation, a given transcript may no longer contain the region for which
an assay was designed, thus under-representing expression level of the target gene. This
under-representation corresponds to a higher Ct value, as the amount of starting materia is
smaller and the threshold takes longer to surpass.

In terms of designing effective assays, the location of the primer and probe sequences
iscritical. Assays designed proximal to the 3' or 5' ends of the molecule will be a greater
risk for failure as they are the entry points for exoribonucleases, whereas assays designed in
the middle region are prone to failure due to endoribonuclease degradation activity. Multiple
assays per gene should be designed in order to compare regional efficacy. To choose optimal
assays from alarge candidate pool, avalidation study must be conducted to eliminate assays
that fail dueto poor primer/probe hybridization, large variations in c; between RNA samples
from different subjects, or significant expression level inconsistencies between regional
assays of the same target gene. Studies have indicated that a certain threshold of RNA
degradation is tolerated without significantly impacting gene expression data, yet beyond
which gene expression analysis is adversely impacted by sample degeneration [13, 14, 22,
23]. The hallmark c increase for a degraded sample, as compared to an expected Ct vaue
of a control sample, can potentialy be used to weight the reliability of gene expression data
for a given sample and alow for appropriate inclusion or exclusion of variably degraded

RNA samples in a study.

Current RNA Integrity Assessment Methods
Existing RNA integrity assessment tools each have inherent strengths and

weaknesses, and each looks at different RNA structural features to determine quality. The
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three most common methods used to evaluate RNA integrity will be discussed for
comparison: (1) Ratio method: measuring the ratio between the 28S and 18S ribosomal RNA
(rRNA) subunit electrophoresis bands, (2) Manual method: subjective evaluation of an
electropherogram, and (3) RNA Integrity Number (RIN): objective evaluation of an
electropherogram [2]. All of these methods rely on measurements generated by an
electrophoretic RNA separation system, such as the Agilent 2100 Biocanalyzer and
corresponding RNA 6000 LabChip® kit. The Bioanalyzer combines disposable microfmidic
chips, voltage-induced size separation, and laser-induced fluorescence quantification on a
small scale, with the capacity to process 12 samples in approximately 30 minutes [24, 25].
Datais visualized within the software as electropherograms and simulated gel electrophoresis
images, while RNA concentration, RNA area, and 285/18S ratios are quantitatively reported.

Traditionally used to evaluate RNA integrity, the 285/18S rRNA ratio method uses
agarose gel electrophoresis stained with ethidium bromide to produce a banding pattern
representing the 28S and 18S ribosomal RNA species [3]. More recently, physical gels have
been replaced by microfluidics chips. Though the concept remains the same, Bioanayzer
software generates simulated gel images and electropherograms from the data it collects
during RNA separation. The intensities of the 28S and 18S bands are used to calculate aratio
reflecting RNA integrity. Band intensity and electropherogram peak amplitude are based on
the size of the ribosomal subunit; the larger the molecule, the more intercalating dyes bind to
it, hence a stronger intensity displayed by the larger 28S subunit. Figure 3 depicts typical
28S and 18S visualizations on both a gel and an electropherogram. On a gel or gel image, a
ratio of 2.0 or greater indicates good to high quality RNA, while an electropherogram peak
ratio of > 0.65 is considered high quality [2, 3]. The determination of a 285/18S ratio via
physical gel electrophoresis has been largely replaced by microcapillary gel electrophoresis
due to the subjectivity involved with determining band intensity ratios. Furthermore, the
large amount of input RNA required and the variability associated with electrophoresis
conditions make physical gel analysis an unreliable RNA degradation indicator [26]. While
Bioanalyzer digital ratio calculation removes subjectivity, it aso has drawbacks. Bioanalyzer
calculation of the 28S/18S ratio is based on peak area measurements that are heavily
dependent on exact definition of the start and end points of the peak, and even accurate
determination of this ratio is not sufficient to detect RNA degradation [27].

The manual method of evaluating RNA integrity involves visual inspection of an
electropherogram, specifically looking at the 28S and 18S peaks of an electropherogram. A
high quality RNA sample is characterized by distinct 28S and 18S peaks and aflat baseline.

11
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With increased degradation, there is a decrease in the 18S to 28S ribosomal band ratio and an
increase in the baseline signal between the two ribosomal peaks and the lower marker, while
additional peaks begin to appear in the small RNA range as short degradation products
accumulate [27, 28]. Much like the 285/18S ratio used with physical gels, this method is
subjective and prone to variability, but may have utility if used in conjunction with a
secondary validation method to determine the extent of RNA degradation.

In order to standardize the subjective process of RNA integrity assessment, the RNA
Integrity Number (RIN) agorithm was later developed and integrated into the Bioanalyzer
software. The RIN agorithm is based on a selection of features that contribute different
information about RNA quality, taking into account that a single feature is insufficient to
universally evaluate RNA degradation. Specificaly, the features incorporated into the RIN
algorithm are: (1) the fraction of area beneath the 28S and 18S peaks as compared to total
area, reflecting the proportion of large molecules compared to smaller ones, (2) the amplitude
of the 28S peak, which correlates with the onset of degradation, (3) the ‘fast area ratio,
referring to the degradation peaks observed between the marker and 18S peaks of
increasingly degraded RNA, and (4) marker height, an indicator for accumulation of short
degradation products [3J. While providing a much more comprehensive evaluation of RNA
integrity than the other two methods, the RIN algorithm cannot predict the quality of
downstream gene expression data without prior validation work; that is, an RNA sample
might be too degraded for use in a microarray study, but might deliver good qPCR data [28,
29]. The inadequate predictive utility of the RIN algorithm, in terms of forecasting sample
performance on a range of gene expression platforms, limits its value as an RNA quality
control method and creates a niche in the market for a more sensitive quality control

analytical tool.

Real-Time Quantitative PCR as a Functional RNA Quality Control Method

While instruments such as the Bioanayzer offer a comprehensive method of
determining RNA quality, to appropriately evaluate the functional potential of a given
sample, 'like' must be compared with 'like'. In order to gauge the reliability of agiven RNA
sample during downstream gene expression anaysis, functional performance must be
measured as opposed to static evaluation within a system that solely considers structural
features of the molecule. Furthermore, the sensitivity of these tools falls off quickly when

analyzing RNA samples of increasingly lower quality and yield, sacrificing scoring linearity
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a the lower boundary of RNA quality [30, 31]. The limiting threshold of sensitivity inherent
to lab-on-a-chip solutions is surpassed by afunctional expression assay.

If all variables are controlled for, qPCR assays offer a highly sensitive, reproducible,
and customizable quality control method. Already used to confirm and vaidate gene
expression data generated by microarrays, using gPCR as a means to evauate both RNA
integrity and functional potential in one concerted effort is a natura extension of the
technology [16, 32]. (PCR assays are highly customizable and assay panels can be
specifically designed based on tissue type or area of research based on the target genes
chosen.  Reaction setup can be automated to eliminate human pipetting error, ensure
reproducibility, and alow for high-throughput quality control screening. Additionally, a
gPCR quality control method addresses the needs of high-throughput laboratories by
eliminating the need for additional costly instruments, consumables, and kits necessitated by
other technologies.

With growing incentive to include all samples of a collection in a gene expression
study, sample exclusion based on poor RNA integrity can potentially be countered by
annotating expression data with sample quality metrics. The generaly predictable nature of
RNA degradation suggests that correlations may be drawn between transcript integrity and
gene expression level for atarget gene, as compared to an expected expression baseline. By
exploiting the direction and magnitude of Cy shift between acontrol RNA sample and a test
sample, assay-centric class distinction algorithms can be developed and collectively
considered to quantify the quality of RNA samples. The following work describes the
development of a novel functiona quality control method for RNA samples extracted from
human whole blood, consisting of a custom gene expression assay panel and complementary

class distinction algorithms.

ASSAY DEVELOPMENT
Literature and Database Searchfor Candidate Genes

A pool of over 1,400 genes expressed in human whole blood was generated from
literature and public database searches, primarily genome-wide analysis studies and the
Weizmann Institute's GeneCards® online database (www dot genecards dot org) [33-351.
Providing a complete summary for each gene, the GeneCards® human gene database
acquires and compiles transcriptomic, genetic, proteomic, and functiona information from
relevant publications and public databases, including Weizmann Institute's own tissue-

specific microarray expression data. Candidate genes were selected from the pool based on
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adherence to the following criteria: (1) the gene must be measurably expressed in human
whole blood cells, (2) the gene must be expressed in a non-disease state, with limited
potential for expression variability between whole blood samples from different donors, and
(3) the gene must be central to blood cell structure or function (i.e. not an immediate early
gene) [36]. For use as auniversal RNA quality control method, the final assay panel must be
suited to accommodate samples from abroad range of subjects, controlling for disease states,
immune challenge, and expression variability between subjects. Taking these variables into
account, candidate genes were limited to normal-state, non-transient genes involved in white

blood cell structure or function, as indicated by the GeneCards® database.

Expression Profilesfor Candidate Genes

Using public microarray data provided by the GeneCards® gene expression database,
GeneNote, an arbitrary expression score (0-10,000) was assigned to each gene on the
candidate list. GeneNote data was compiled from two sources. Weizmann Institute high-
density DNA microarray data and BioGPS, a gene annotation portal (biogps dot gnf dot org)
[37-39]. Expression data is presented within GeneNote as a log-scale plot of normalized
expression intensity across a range of healthy human tissues, as depicted in Figure 4.
Primarily based on Weizmann Ingtitute array experiments performed on the Affymetrix
GeneChip® HG-U95 set A-E, consisting of 62,839 probesets representing the full human
genome, al expression data was normalized in atissue-specific manner for comparison on a
singleplot [37, 38].

GeneNote plots the normalized intensity for each tissue type run in microarray
experiments on a scae of 0-10,000 without providing the exact intensity score so
approximated expression scores were noted for each gene on the candidate list. Based on the
expression score assigned, candidate genes were sorted into six tiers: (Ia) 150-449, (Ib) 450-
749, (Ic) 750-999, (2) 1000-3332, (3) 3333-6665, and (4) 6666-10,000. Aslower-expressing
genes can often serve as good class discriminators, genes exhibiting significantly different
expression levels between two groups, the low expression group was further stratified for

weighted representation in the assay validation experiments [40, 41]1.

Selection d Genesfor Assay Design
A comprehensive master list was compiled of all candidate genes, their functions as
provided by the GeneCards®, Entrez Gene, and UniProtKB/Swiss-Prot databases, and

expression scores provided by the GeneNote database. The list was ordered by expression
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score and atotal of 62 genes, 10 from each expression tier and 2 control genes, were chosen
for the assay design phase, aspresented in Appendix I. The decision to include agene in the
design phase was primarily determined by gene function. Genes with arole in cell structure
or function were highly preferred over genes with speculative functional roles or genes
expressed during periods of immune system challenge or disease, as they are less variably

expressed between individuals and are temporally stable.

Assay Design

Based on ease of design and cost effectiveness, Roche Universal Probelibrary assays
were chosen for the assay validation phase. Within the online Universal Probelibrary Assay
Design Center, ProbeFinder software (v2.45, human) was used to design region-specific real-
time gPCR assays targeting the 62 genes of interest (www dot roche-applied-science dot com
backslash sis backslash rtper backslashupl). ProbeFinder is a web-based software tool that
designs optimal primer set/probe pairings for a user-defined gene of interest. Using 165
proprietary Universal ProbelLibrary (UPL)fluorescent probes, 8- and 9-mer motifs that are
highly prevalent in the transcriptome, the software computes all possible primer/probe
combinations around the probe hybridization sequences present within the gene of interest.
To gauge the efficacy of individua assays, the software performs in silico PCR reactions to
predict amplicon fidelity and minimize the risk of false assay signals [42]. Figure 5 depicts
an example of aProbeFinder UPL assay design.

A total of 184 intron-spanning assays were designed with ProbeFinder: three designs
per 60 genes of interest and two designs per 2 control genes. For each gene of interest, an
optimal assay was designed for the 5, middle, and 3' regions. For control genes, ACTB and
GAPDH, optimal assays were designed only for the 5' and 3' regions. Assay designs,
consisting of forward and reverse primers and the corresponding UPL probe, were exported
from the software and are presented in Appendix Il. Primers were custom ordered from
Sigma according to the following specifications: shipment in a 96-well plate format,
purification by standard desalting, and lyophilized forward and reverse primer sets (20 nM

each) were to be combined in asingle well.
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ASSAY VALIDATION

Primer Preparation

The lyophilized primer sets, 20 nM each of both forward and reverse primers per
assay design, were reconstituted with 200 pi DNase/RNase-free water for a standard stock
solution of 100 uM. From the stock solution, working 1:5 dilutions were prepared on a
Biomek FX liquid handling instrument (Beckman Coulter) for use in subsequent gPCR

reactions.

Sample Collection and Automated RNA Extraction

Fresh human whole blood samples were collected in PAXgene® Blood RNA tubes
(Qiagen/PreAnalytiX), according to manufacturer specifications. PAXgene® Blood RNA
tubes contain a proprietary RNA stabilization reagent that protects RNA molecules from
RNase degradation during cell lysis and minimizes gene induction post-collection [431.
Blood samples were drawn from five healthy donors, totaling two PAXgene® Blood RNA
tubes per subject, with 2.5 ml of whole blood drawn per collection tube. Tube sets were
labeled A-E to ensure donor anonymity. One set of donor tubes was stored at -20°C for later
extraction while the remaining set of tubes was processed immediately.

According to manufacturer specifications, the PAXgene® tubes were incubated for
two hours at room temperature then stored overnight at 4°C to adequately lyse the blood cells
and stabilize the RNA. Once lysed, totak RNA was extracted and purified using the
PAXgene® Blood RNA MDx Kit on the BioRobot Universal instrument (Qiagen), according
to the manufacturer's protocol. Tota RNA yield and purity was assessed using Nanodrop
ND-8000 spectrophotometric measurements (Thermo Fisher). Total RNA integrity was
assessed with LabChip 90 HT RNA electropherogram and gel electrophoresis images
(Caliper Life Sciences). Total RNA quality data ispresented in Appendix II.

cDNA Synthesis and Amplification

In atwo-step process, extracted RNA was reverse transcribed to cDNA, which was
then amplified using the Ovation Pico WTA System (NuGEN) on a Biomek FX liquid
handling instrument according to the manufacturer's protocol. cDNA yield and purity was
assessed using Nanodrop ND-8000 spectrophotometric  measurements. cDNA integrity was
assessed with LabChip 90 HT RNA electropherogram and gel electrophoresis images. cDNA
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quality datais presented in Appendix V. Working dilutions of 1:200 cDNA were prepared
with DNase/RNase-free water for use in subsegquent gPCR reactions.

Assay Validation: Real-time Quantitative PCR

Real-time gPCR reactions were run for 184 assays against 4 cDNA samples generated
from intact RNA on a 7900HT Real-Time PCR System (Applied Biosystems). Three
technical sample replicates and one no template control (NTC) were run for each assay. A
general reaction plate map is presented in Appendix V. Single 10 i reactions consisted of a
gene-specific forward/reverse primer set (Sigma), corresponding Universal Probelibrary
probe (Roche), TagMan Gene Expression Master Mix (Applied Biosystems), DNase/RNase-
free water, and 1:5 dilution cDNA template. To ensure accuracy and produce reliable gene
expression data, all gPCR reaction plates were prepared in 384-well PCR plates on a Biomek

FX liquid handling instrument.

RESULTS

Assay PerformanceAnalysis and Scoring

For each of the assay validation reactions, RQ Manager version 1.2 software (Applied
Biosystems) plotted the magnitude of fluorescence (ARn) against the PCR amplification
cycle number. A comprehensive logarithmic amplification plot was generated and a
threshold line was manually set a the midpoint of the linear phase of each plot, intersecting
to define an individual cTvalue for each reaction well of agiven assay. Individual CTvalues
and amplification plots were exported for qualitative and descriptive statistical analyses.

CT values were grouped by assay then sub-grouped by sample for descriptive
dtatistical analysis. For each assay, the statistical average and standard deviation of triplicate
Cq values per sample was calculated. Additionally, for each assay, a statistica average and
standard deviation of CTvalues per al samples was calculated, as presented in Appendix VI.
Outlying C; values below 15 and above 38.5 were excluded from all calculations due to
experimental error or assay failure, and NTC cp values were checked for evidence of
contamination. To better evaluate assay performance, the descriptive statistical data was
visualized with histogram plots. Histograms were plotted to compare assay performance
between individual samples per given assay; al regional assays for a given gene were plotted
on the same histogram to reveal local biases, as presented in Appendix VII. To compare

performance across all 184 assays, the overall average Rvalue and overall standard deviation
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of al four samples per given assay were plotted on a single histogram. Histogram plots were
used to determine gene expression consistency across regional assay designs for a given gene.

Three criteria were used to score assay performance: (1) expression level consistency
across al regional assays of a given gene, (2) amplification plot uniformity and ct value
standard deviation, and (3) conformity to expected expression levels, as determined by
GeneNote public microarray data. Expression level consistency among regiona assays
designed for the same gene served as an indicator that there were no biases stemming from
location of the assay design within the gene, important for establishing areliable baseline for
algorithm development and mitigating performance variability. Uniformity among individual
reaction amplification plots and corresponding CT value standard deviations served as
indicators of how similarly a given assay would perform between samples from different
subjects, important for clinical applications and utility as auniversal quality control method.
Conformity to the expected expression level reported by the GeneNote database served to
validate expression data and was indicative of high-quality input RNA, important for assay
validation.

Based on these three criteria, two performance lists were generated, one placing
emphasis on regional consistency and the other placing emphasis on amplification plot and
cT value uniformity among different samples, as presented in Appendix VIII. While
regional consistency is important for algorithm generation and assay performance
predictability, just as important is the consistency between different samples within the same
assay. When compared, most of the best-performing assays were found & the top of both
lists, so they were combined when choosing the subset of assays for use in the experimental

degradation phase of the project.
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EXPERIMENTAL RNA DEGRADATIONAND ASSAY PEFORMANCE
MATERIALSAND METHODS

Experimental RNA Degradation Conditions

To determine the best method for experimentally degrading RNA samples, multiple
degradation conditions were evaluated [2, 13-15, 44, 45]. Aliquots of native RNA were
either subjected to repeat freeze/thaw cycles, heat treatments, or exposure to an
endoribonuclease, RNase A. Freeze/thaw cycling consisted of flash-freezing native RNA
aliquots on dry ice for 2 minutes, followed by a complete thaw on wet ice for 7.5 minutes.
Five 6 pi RNA aliquots were exposed to 3, 6, 9, and 12 freezelthaw cycles, respectively.
RNA integrity was assessed for each aliquot using the RNA 6000 Nano LabChip® kit on a
Bioanalyzer 2100 instrument (Agilent); electropherogram and gel electrophoresis images are
presented in Appendix I X.

Heat treatments consisted of exposing native RNA aliquots to high heat over a time
continuum. Five 7 i RNA aliquots were incubated in a 60°C Mastercycler® Ep thermal
cycler heat block (Eppendori) for 30, 60, 90, and 120 minutes, respectively. After each 30-
minute time interval, a single aliquot tube was removed from the heat block and frozen
immediately on dry ice. RNA integrity was assessed for each aliquot using the RNA 6000
Nano LabChip® kit on a Bioanalyzer 2100 instrument; electropherogram and gel
electrophoresis images are presented in Appendix | X.

RNase A treatments consisted of exposing native RNA aliquots to an optimal dilution
of stock RNase A solution (Qiagen). The enzymatic reaction was stopped at set time points
with optimally diluted SUPERase-In (Ambion), a multiple RNase inhibitor. Severa attempts
to optimize dilutions and exposure periods resulted in completely degraded RNA before a
final RNase A dilution of 1:5000,000 and SUPERase-In dilution of 1:2 produced
measurable, incrementally degraded RNA [46, 47]. For eight 6 pi RNA aliquots, 1 pi of
1:5,000,000 diluted RNase A was added and tubes were incubated in a 37°C Mastercycler®
Ep therma cycler heat block. At time points 0.5, 1, 2, 4, 8, 16, and 32 minutes, asingle tube
was taken off the heat block and 1 pi of 1:2 diluted SUPERase-In was added, thoroughly
mixed, and the tube was immediately frozen on dry ice. RNA integrity was assessed for each
aliquot using the RNA 6000 Nano LabChip® kit on a Bioanalyzer 2100 instrument;

electropherogram and gel electrophoresis images are presented in Appendix | X.
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Based on the graded degradation patterns produced by the RNase A treatment, this
method was chosen for subsequent degradation testing. Since production of RNase inhibitors
involves co-purification with RNases which can potentially contaminate stock solutions, a
concern arose about reintroducing unwanted RNases during the supposed inactivation step.
To address this concern in subsequent RNase experiments, a second RNA purification step
was performed after the RNase inactivation step to ensure the degradation process would not
continue to fragment the RNA beyond the desired inactivation time point. To stabilize the
RNA during the purification step, ten volumes of TRIzol® reagent (Invitrogen) and two
volumes of chloroform (Invitrogen) were added to each RNA aliquot in a phase lock gel
heavy tube (5 Prime), shaken vigorously, incubated at room temperature for 3 minutes, then
centrifuged at 12,000xgand 4°C for 15 minutes. TRIzol® reagent, containing phenol and
guanidine isothiocyanate, is often used prior to RNA extraction and purification protocols to
maintain RNA integrity during the extraction process [48].The aqueous layer, containing
stabilized RNA, was transferred to a fresh microfuge tube and purified with an RNeasy Mini
Kit (Qiagen), according to the manufacturer's protocol. The RNeasy Mini Kit is a system for
RNA extraction and purification that binds RNA to asilica-membrane spin column, purifying
the bound RNA through a series of buffer washes and centrifugation steps [49].

To gauge the amount of RNA yield net loss to be expected as aresult of adding an
additional purification step, the secondary RNase inactivation step was performed on native
RNA. Once satisfied that RNA yield would not be compromised, the RNase A treatment of
samples was followed by the secondary RNase inactivation step described previously for all
subsequent testing. Nanodrop ND-8000 (Thermo Fisher) and Bioanalyzer 2100 yield and
quality data are presented in Appendix X.

Manual RNA Extraction and Experimental Degradation

Once the combined RNase A treatment and purification step was defined as the
optimal experimental degradation method, RNA was manually extracted from the second set
of frozen blood samples using a PAXgene® Blood RNA Kit (Qiagen), according to the
manufacturer's protocol. Asopposed tothe automated method, manually extracting the RNA
provided a greater overall yield, necessary for running multiple degradation conditions and
subsequent gPCR reactions. RNA yield and purity was assessed using Nanodrop ND-8000
spectrophotometric measurements.  RNA integrity was assessed for each sample with
electropherogram and gel electrophoresis images on a Bioanalyzer 2100, as presented in
Appendix XI.
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Manually extracted RNA sample 'D' was arbitrarily chosen for experimental
degradation by RNase A according to the optimized two-step method previously outlined.
Seven 10 pi RNA aliquots were treated and purified according to plan for time points 0, 0.5,
1, 2, 4, 8, and 16 minutes. RNA yield and purity was assessed using Nanodrop ND-8000
spectrophotometry measurements.  RNA integrity was assessed for each aliquot with
electropherogram and gel electrophoresis images on a Bioanalyzer 2100, as presented in
Appendix XI1.

cDNA Synthesis and Amplification

In a two-step process, the seven variably-degraded RNA aliquots were reverse
transcribed to cDNA, which was then amplified using the Ovation Pico WTA System
(NUGEN) on a Biomek FX liquid handling instrument according to the manufacturer's
protocol. cDNA yield and purity was assessed using Nanodrop ND-8000 spectrophotometric
measurements. cDNA integrity was assessed with LabChip 90 HT RNA electropherogram
and gel electrophoresis images (Caliper Life Sciences). ¢cDNA quality data is presented in
Appendix XIIl. Working dilutions of 1:200 cDNA were prepared with DNase/RNase-free
water for use in subsegquent qPCR reactions.

I ncrementally Degraded RNA: Real-time Quantitative PCR

Real-time qPCR reactions were run for 71 of the top-performing assays, as identified
by the assay validation phase, against 7 cDNA samples generated from increasingly degraded
RNA on a 7900HT Real-Time PCR System (Applied Biosystems). Three technica sample
replicates and one no template control (NTC) were run for each assay. A genera reaction
plate map is presented in Appendix XIV. Single 10 i reactions consisted of a gene-specific
forward/reverse primer set (Sigma), corresponding Universal Probelibrary probe (Roche),
TagMan Gene Expression Master Mix (Applied Biosystems), DNase/RNase-free water, and
1:5 dilution cDNA template. To ensure accuracy and produce reliable gene expression data,
al gPCR reaction plates were prepared in 384-well PCR plates on a Biomek FX liquid

handling instrument.

RESULTS

Degraded RNA Assay Performance Analysis
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For each of the degradation assays, RQ Manager version 1.2 software (Applied
Biosystems) plotted the magnitude of fluorescence (ARn) against the PCR amplification
cycle number. A comprehensive logarithmic amplification plot was generated for each assay
and a threshold line was manually set a the midpoint of the linear phase of the plot,
intersecting to define an individual cT value for each reaction well of a given assay.
Individual ct values and amplification plots were exported for qualitative and descriptive
statistical analyses.

C; values were grouped by assay then sub-grouped by sample for descriptive
dtatistical analysis. For each assay, the statistical average and standard deviation of triplicate
Ct values per sample was calculated. Additionally, for each assay, a statistical average and
standard deviation of C; values per all samples was calculated, as presented in Appendix
XV. Outlying cTvalues below 15 and above 38.5 were excluded from al calculations dueto
experimental error or assay failure, and NTC cp values were checked for evidence of
contamination. To better evaluate assay performance, the descriptive statistical data was
visualized with histogram plots. Histograms were plotted to compare assay performance
between individual samples per given assay; all regional assays for a given gene were plotted
on the same histogram to reveal local biases, as presented in Appendix XVI. To compare
performance across all 71 assays, the overall average cT value and overall standard deviation
of all seven samples per given assay were plotted on a single histogram. Comparisons with
the initial assay validation phase CTvalues were also visualized in asingle histogram to track
general trends in expression level change, confirming that degradation increased overal
average C; values for each assay. To visualize the change in C; over the course of increasing
degradation for each assay, the percent change in CTwas plotted using native RNA cTvalues
(To minutes) as the baseline. The relationship between CT value and extent of degradation

served as a foundation for deciding algorithm development approaches.
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DISCUSSION
Overview

The development of a functional quality control method assessing RNA extracted
from human whole blood samples is described herein. Designed to work in concert, the
custom gene expression assay panel and set of class distinction agorithms provide an overall
RNA quality score capable of predicting future performance on gene expression platforms.
Setting it apart from current analytical quality control methodologies, this method relies on
dynamic gene expression data rather than static measurements of RNA size, providing amore
appropriate assessment of anticipated performance quality.

In summary, alist of candidate genes of variable expressivity in human whole blood
cells was compiled, placing emphasis on intransient function and limited variability between
subjects. Ultimately 62 genes were selected for Roche Universal Probe Library assay design.
For each gene, assays were designed for the 3, middle, and 5' regions of each transcript;
assays consisted of forward and reverse primers paired with a specific UPL probe. An assay
validation phase consisting of 184 assays was conducted to assess assay performance when
reactions were run with high-quality, intact RNA samples. For the top 71 best-performing
assays, as determined by validation phase data, gPCR reactions were run with RNA that had
been incrementally degraded by RNase A. Data generated by the experimentally degraded
RNA reactions will be used to establish an expected baseline Cp value (non-degraded RNA,
To) for algorithm development. Additionally, Cr values for incrementally degraded RNA
(To5, Ti, T,, Ty, Tg, and T ¢ minutes) will serve to extrapolate the relationship between extent

of sample degradation and increase in Ct value.

Assay Development

Assays were designed using Roche ProbeFinder software, which provided forward
and reverse primer seguences and a corresponding Universal Probe Library (UPL) probe per
gene queried. All efforts were made to choose designs located precisely at the 3, middle,
and 5' regions of atranscript; however, designs were limited to the regions of the transcript
with sequences compatible with one of the 165 possible UPL probes. Additionally, all efforts
were made to choose the highest quality assay as determined by the software's in silico PCR
rating. Aswas the case with a number of genes, for instance, the 5'-most assay design may
be located closer to the middle of the transcript than the 5' end; in these cases, the most

optimal assay design available was chosen. While UPL assays were cost-efficient and easy
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to design for the considerable number of validation reactions that were run, when finalizing
the assay panel Tagman® assays might provide better results. Though more costly, these
probe sequences can be custom designed, allowing for the design of assays in more optimal

positions aong the transcript unlike the pre-fabricated UPL probes.

Assay Validation

During assay validation analysis, assay performance was based on three criteria: (1)
consistency across all regiona assays of a gene, (2) amplification plot homogeneity, aso
reflected in standard deviations, and (3) conformity to expected gene expressivity, as
established by GeneNote values. For regiona assay consistency, a score of 0, 2, or 3 was
given to assays designed for the same gene, reflecting the number of assays that expressed at
approximately the same level. Asthe UPL assays were as optimally designed as possible,
idedlly all regions should express a the same level in intact RNA. However, variations in
assay performance are possible and might account for why two assays out of three were
consistent, yet the third may have simply been a poorly designed assay.

Amplification plots for individual assays were assessed subjectively, emphasis being
placed on tight plots with little variation between samples from different subjects. Tobe used
as auniversal quality control method, it was important to limit expression variability between
samples taken from different subjects. Assays were scored individualy, either presenting
tight or dispersed plots. Figure 6 shows the difference between an idea plot versus a plot
that showed great variability between samples from different subjects.

The last criterion used to score assay performance was correspondence with the
expression values provided by GeneNote microarray data. GeneNote data was presented as
normalized intensity ranging from 0-10,000 and the data from the validation phase was
presented as CT values, so direct correlation between expected and actual data was not
possible. Approximated low, middle, and high expressivity ranges were assigned to the
expected GeneNote expression score for each gene as well as the CT values generated by the
gPCR reactions. Assays were assigned scores of matching expectations, borderline, or not
matching expectations.

Once assays were scored by these performance features, they were sorted in two
ways. The first list weighted amplification plot scores more heavily while the second list
weighted regional assay consistency more heavily. As stated previously, both performance
features were rightly influential but due to the possibility of poorly designed assays

underperforming, it was unclear which feature should weight most heavily in determining
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assay performance. Once both lists were generated, many of the same assays appeared a the
tops of both lists so choosing what assays moved on to the experimental RNA degradation

phase became less of achallenge.

Experimental RNA Degradation and Assay Performance

Once al assays were assessed using intact, high-quality input RNA, data from
reactions using degraded RNA needed to be generated for algorithm development. Based on
a literature search, three methods were chosen for testing: (1) freezelthaw cycles, (2) heating,
and (3) RNase treatments. Methods were chosen to mimic conditions that extracted RNA
would likely be exposed to following blood samples collection. Small scale experimental
conditions were run for each method followed by assessment on aBioanalyzer. Based on the
degradation banding patterns produced by each, RNase A was chosen as the method to move
forward with. RNase A was aso chosen because it is an extracellular, distributive enzyme
produced in abundance on human skin and in blood [4, 50]. RNase A present on gloves,
benchtops, and instrument surfaces would be a likely source of degradation in a laboratory
setting.  As established protocols for purposefully degrading RNA were limited, trial and
error testing was run for a number of RNaseA and SUPERase-In dilutions until a final

protocol was adopted, as described previously.

Class Prediction Algorithm Devel opment:

We are using a supervised, machine learning approach to discriminate between
classes of degradation and ultimately provide a quality grade for each assay in the panel.
Data generated by the experimentally degraded RNA reactions can be used to establish an
expected baseline cT value (non-degraded RNA, To) for agorithm development.
Additionally, Ct values for incrementally degraded RNA (Tgs, 11, T,, T, Tg and Ty
minutes) will serve to extrapolate the relationship between extent of sample degradation and
increase in ct value. Based on deviation from the expected CcT value for a given assay, the
sample will be classified as good, moderate, or poor quality. By exploiting the regional
degradation patterns of RNA, agorithms have been developed to compare gene expression
measurements, CT values, of atest sample to those of an intact RNA control sample and
synthetic/lempirically degraded RNA samples. Based on the differentially weighted CT
profiles for al assays in the panel, an overall quality constant is assigned to a given RNA
sample, alowing researchers to properly normalize or exclude any given sample during gene

expression data analysis and interpretation. A supervised learning approach is used to create
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a class assignment for degraded KNA samples as a function of cDNA transcripts. Assays

carry specific weights according to their expression levels (low, medium, high) and their

relative position on the transcript (5, middle, 3') with the lowest weighted assay being on the

3' end of the highest expressing genes and the highest weighted assay being on the 5' end of

the lowest expressing genes. Weights are assigned to cTvalues using a principal designed
after the following formula:

1
1 ~2
Z‘glj /’l2m(g)' W, (g) =i

W, (g) = 0,5,(g)
GZ,m (g)

All values are subject to voting once weighted and prior to creation of the class prediction

81, ﬂZm(g)’

values using the principals in the following formula

Vi(@ = Wy(9) »|sx— luzTR,m(S)

V,(g) =W (g)e|g, _/ume,n(g)

Once weighting and vote assignments are completed votes are counted to create a class
prediction set that will be used to measure the continuum of unknown samples on the quality

spectrum using an approach related to the following formula:

ge Y V(g)-pe Y Vilg)
P(X) i=l,p i=l,q

ge ) Vi(g)+pe ZV(g,

i=l,p 19
Theresultant of class prediction analysis isadtatic, guantitative class prediction matrix that is

biologically specific for whole blood RNA samples yielding a value that can be used in
conjunction with normalization approaches to directly improve the functional analysis of
gene expression measurements as a direct correlative to transcript structure and
representation.

The agorithms may be further refined as desired, for example, to reduce bias and
decreases sampling variability. For example, in some embodiments, one can count the
number of dropouts (defined as either no expression value or a value exceeding a specific
selected threshold (e.g., a threshold empirically determined to provide desired results))

overal and/or by region. For example, one can create a 3-level categorized version of the
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number of dropouts, using categories of zero, one to three, and more than three dropouts.
From this, one can estimate standard deviation across replicates, across regions, and across
genes and estimate as well standard deviations for replicates, regions, and genes when
restricted to high, medium, and low expressing genes. In some embodiments, standard
deviations are estimated under a linear model with the Buckley-James estimator. This
estimator allows for censored data (e.g., dropouts). Including dropouts in the estimates of
standard deviations reduces bias and decreases sampling variability by including the partial
information contained in dropouts.

Model fitting may aso be used. In some embodiments, on can fit separate
logistic/multinomial regressions to the RNA, cDNA, and microarray quality scores. In some
embodiments, to reduce overfitting, one can use the lasso or éastic net methods (or other
approaches), which enforce sparse regression models by shrinking all regression coefficients
towards zero with a penalty that discourages non-zero coefficients. The result is a small set
of predictive variables in a model that is not over-fit. Any desirable variables can be

mandated into the models, if desired.

An example of aclassification scheme is provided in Table 1, below.

Kol

3

PCT/US2012/069561

Mo assay drogouts

TR tnchnical replicates

D assay gty
= Tight O rangs scross ragions {4
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One approach that will utilize this methodology is in the development of clinical
diagnostics using gene expression from whole blood for biomarker analysis. The use of gene
expression biomarkers for measuring disease progression and treatment efficacy will be the
staple of the molecular medical management of large patient populations for a variety of
diseases. Given the precision needed in making clinical assessments the ability to measure
the sample quality in a functional manner is of paramount importance. The class prediction
algorithm will be used in this instance to qualify a sample for diagnostic analysis. |f a sample
does not meet the established criteria for reproducible and sensitive analysis it will not be
used for making a diagnostic measurement. This application is fundamentally different from
a research application where samples with varying quality can be used for discovery and
normalized to meet performance expectations. In a clinical setting every sample must be
qualified a ahigh level of performance in order to ensure that the conclusions made on gene

expression levels are reproducible and accurate.
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APPENDIX |
Genes for Validation Phase: Expression Scores

ACTB NM_001101.3 Control Homo sapiens actin, beta (ACTB), mRNA

Homo sapiens ARP2 actin-related protein 2 homolog (yeast) (ACTR2),
transcript variant 1, mRNA
Homo sapiens adenosine deaminase, RNA-specific (ADAR), transcript

ACTR2 NM_001005386.2 | 2000

ADAR NM_001111.3 4500 variant 1, mRNA

ADD1 NM_001119.3 750 Homo sapiens adducin 1 (alpha) (ADD1), transcript variant 1, mRNA
ADD3 NM_016824.3 1500 Homo sapiens adducin 3 {gamma) (ADD3), transcript variant 1, mRNA
AlM1 NM_001624.2 1000 Homo sapiens absent in melanoma 1 (AIM1), mRNA

ARPCS NM_005717.2 5500 K)Rn;gs)s’arzis'r\a actin related protein 2/3 complex, subunit 5, 16kDa
BACH2 NM_021813.2 150 Homo sapiens BTB and CNC homology 1, basic leucine zipper

transcription factor 2 (BACH2), mRNA

Homo sapiens chromosome 1 open reading frame 38 (Clorf38),
transcript variant 1, mRNA

Homo sapiens calpain 2, (m/Il) large subunit (CAPN2), transcript variant

Clorf38 NM_004848.2 3000

CAPN2 NM_001146068.1 | 750

2, mRNA
CD163 NM_004244.4 200 Homo sapiens CD163 molecule (CD163), transcript variant 1, mRNA
CcD27 NM_001242.4 650 Homo sapiens CD27 molecule (CD27), mRNA
CD300C NM_006678.3 500 Homo sapiens CD300c molecule (CD300C), mRNA
CD53 NM_001040033.1 | 8000 Homo sapiens CD53 molecule (CD53), transcript variant 1, mRNA
CD68 NM_001251.2 250 Homo sapiens CD68 molecule (CD68), transcript variant 1, mRNA
CD83 NM_004233.3 150 Homo sapiens CD83 molecule (CD83), transcript variant 1, mRNA

Homo sapiens CDC42 small effector 1 (CDCA42SE1), transcript variant 1,
mMRNA
Homo sapiens colony stimulating factor 3 receptor (granulocyte) (CSF3R),

CDC42SE1 | NM_001038707.1 | 5000

CSF3R NM_000760.2 6500 . .
- transcript variant 1, mRNA
DDX58 NM 014314.3 350 Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 58 {DDX58),
MRNA
EEF2 NM_001961.3 7000 Homo sapiens eukaryotic translation elongation factor 2 (EEF2), mRNA
F13A1 NM_000129.3 2300 Homo sapiens coagulation factor Xlll, Al polypeptide (F13A1), mRNA
FONL NM_002003.2 9000 Homo sapiens ficolin (collagen/fibrinogen domain containing) 1 (FCN1),
MRNA
GAPDH NM_002046.3 Control Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
mMRNA
Homo sapiens granzyme B (granzyme 2, cytotoxic T-lymphocyte-
GZMB NM_004131.4 1500 associated serine esterase 1) (GZMB), mRNA
IL10RB NM_000628.3 850 Homo sapiens interleukin 10 receptor, beta (ILLORB), mRNA
IL15RA NM 1722001 300 Homo sapiens interleukin 15 receptor, alpha (IL15RA), transcript variant
- 2, MRNA
IL6R NM_181359.1 500 Homo sapiens interleukin 6 receptor (IL6R), transcript variant 2, mRNA
IL7R NM_002185.2 3500 Homo sapiens interleukin 7 receptor (IL7R), mRNA
TGB2 NM_001127491.1 | 10000 Homo sapiens integrin, beta 2 (complement component 3 receptor 3 and

4 subunit) (ITGB2), transcript variant 2, mRNA
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IVNS1ABP | NM_006469.4 750 Homo sapiens influenza virus NS1A binding protein (IVNS1ABP), mRNA
Homo sapiens killer cell lectin-like receptor subfamily F, member 1
KLRF1 NM_016523.1 650
- (KLRF1), mRNA
LASP1 NM_006148.2 4500 Homo sapiens LIM and SH3 protein 1 (LASP1), mRNA
LCP1 NM_002298.4 6500 Homo sapiens lymphocyte cytosolic protein 1 (L-plastin) (LCP1), mRNA
Homo sapiens leukocyte immunoglobulin-like  receptor, subfamily A (with
LILRAS NM_021250.2 900 ) . .
TM domain), member 5 (LILRAS), transcript variant 1, mRNA
LPXN NM_004811.2 1100 Homo sapiens leupaxin (LPXN), transcript variant 2, mRNA
LTF NM_002343.2 200 Homo sapiens lactotransferrin  (LTF), mRNA
LY75 NM_002349.2 800 Homo sapiens lymphocyte antigen 75 (LY75), mRNA
NCF1 NM_000265.4 5500 Homo sapiens neutrophil cytosolic factor 1 (NCF1), mRNA
Homo sapiens neutrophil cytosolic factor 2 (NCF2), transcript variant 1,
NCF2 NM_000433.3 8500
- mRNA
Homo sapiens neutrophil cytosolic factor 4, 40kDa (NCF4), transcript
NCF4 NM_013416.3 4500 .
- variant 2, mRNA
NCL NM_005381.2 2000 Homo sapiens nucleolin (NCL), mMRNA
Homo sapiens nuclear receptor coactivator 1 (NCOAL), transcript variant
NCOA1 NM_003743.4 850
- 1, mRNA
Homo sapiens NLR family, pyrin domain containing 1 (NLRP1), transcript
NLRP1 NM_033004.3 600 .
variant 1, mRNA
Homo sapiens 2'-5'-oligoadenylate synthetase 2, 69/71kDa (OAS2),
0AS2 NM_002535.2 500 ) )
- transcript variant 2, mRNA
0AS3 NM_006187.2 650 Homo sapiens 2'-5-oligoadenylate  synthetase 3, |00kDa (OAS3), mRNA
PDLIM1 NM_020992.2 900 Homo sapiens PDz and LIM domain 1 (PDLIMI), mRNA
Homo sapiens PDZ and LIM domain 2 (mystiqgue) (PDLIM2), transcript
PDLIM2 NM_176871.2 950 )
B variant 1, mRNA
Homo sapiens v-raf-1 murine leukemia viral oncogene homolog 1 (RAF1),
RAF1 NM_002880.3 3000
- mRNA
Homo sapiens Rho-associated, coiled-coil containing protein kinase 2
ROCK2 NM_004850.3 200
- (ROCK2), mRNA
SELL NM_000655.3 8500 Homo sapiens selectin L (SELL), mRNA
Homo sapiens selectin P (granule membrane protein 140kDa, antigen
SELP NM_003005.3 700
- CD62) (SELP), mMRNA
Homo sapiens serpin peptidase inhibitor, clade A (alpha-1 antiproteinase,
SERPINA1 | NM_000295.4 7500 . ) ) )
- antitrypsin), member 1 (SERPINA1), transcript variant 1, mRNA
Homo sapiens sortilin-related  receptor, L(DLR class) A repeats-containing
SORL1 NM_003105.4 7500
- (SORL1), mRNA
Homo sapiens signal transducer and activator of transcription 6,
STAT6 NM_003153.3 1000 ) ) )
- interleukin-4 induced (STAT6), mRNA
STX4 NM_004604.3 600 Homo sapiens syntaxin 4 (STX4), mRNA
Homo sapiens spectrin repeat containing, nuclear envelope 2 (SYNE2),
SYNE2 NM_182910.2 400 ) )
- transcript variant 2, mRNA
Homo sapiens testis derived transcript (3 LIM domains) (TES), transcript
TES NM_015641.2 750 .
- variant 1, mRNA
Homo sapiens triggering receptor expressed on myeloid cells 1 (TREM1),
TREM1 NM_018643.2 4500
- mRNA
Homo sapiens transient receptor potential cation channel, subfamily M,
TRPM2 NM_003307.3 400
- member 2 (TRPM2), mRNA
TXNIP NM_006472.3 8000 Homo sapiens thioredoxin interacting protein (TXNIP), mRNA
VIM NM_003380.3 9500 Homo sapiens vimentin (VIM), mRNA
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Homo sapiens zeta-chain (TCR) associated protein kinase 70kDa (ZAP70),

ZAPT0 NM_001079.3 650 ) )
- transcript variant 1, mRNA

APPENDIX Il

Assay Designs for Validation Phase

* UPL probe sequence orientation may be as listed OR as its reverse complement.

Fwd | ccaaccgcgagaagatga | 425 | 442 | 60 56
NM_001101.
ACTB 3 - 1852 | 64 cageetgg | 492 ccararrcatacameaat
Rvs gagscetacages 502 | 521 | 59 60
ag
Fwd | gcggtgsctgtaggttst 167 | 184 | 59 61
ACTR2 NM_001005 3944 | 37 224
386.2 ccagegca gcctgeatatccacacttc
Rvs 267 | 287 | 60 52
ac
tcatcccactattccacag | 195 | 197
Fwd 0 1 59 45
NM_001111. 201 ag?
ADAR 3 - 6640 | 41 cttcagee 1
ctcttcccagaaaagaag | 202 | 204
Rvs & ¢ gaag 59 48
ga 2 2
tggtctcagettatetacaa
Fwd ¢ 669 | 695 | 59 37
NM_001119. catatc
ADD1 3 - 3970 | 15 tectgete 714
CCaaaagggacaatga
Rvs 886 gage 726 | 745 | 59 45
aa
tceccagaggectatcttttt
Fwd 8388 901 | 921 |59 |48
NM_016824. ¢
ADD3 3 - 4454 | 75 cagectec 930
ttcaaatt; ttcect
Rvs getacticectg 975 996 59 41
gt
ctggaatgtcattatcaga | 348 | 350
Fwd ggaale 8 3 6 59 38
NM_001624. 354 cacaa
AlM1 5 7553 | 85 tccaggte 6
tcagagacgt t 356 | 358
Rvs gagacgicgggticac 60 55
t 9 8
caagttcgtggacgaaga
NM_005717. Fwd a2 257 | 277 | 60 48
ARPC5 5 2000 | 51 ctectgee 320
Rvs gcagctgteatgtttecttg | 333 | 352 59 50
NM_021813. aatgataaagccagaaga
BACH2 5 9215 | 1 cctggage | 563 | Fwd 498 | 520 | 59 35
aagca
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cagtgcgaggaagttctt
Rvs gtgegaggangticttg 585 604 59 50
a

Fwd | ct tctactt 103 | 121 [59 |63
Clorf3 | NM_004848. w cgggggtctacttcgag
1650 | 34 | ctgectet | 154

8 2
Rvs ggacctgggtgaccttgat 176 194 59 58
Fwd ctgctctttgtgcattcage 495 514 59 50
NM_001146
CAPN2 3270 50 tctggage 529
068.1 gcttcatagcatcegttgat
Rvs 562 583 60 45
ct
NM_004244. Fwd tcagtgectgttttgtcacc 232 251 59 50
CD163 4 4231 17 aggagctg 274
Rvs tccactcteecegetacactt 303 322 59 55
cactactgggctcagggaa
Fwd gdgcteagag 302 321 60 55
a
NM_001242.
CD27 4 - 1320 72 ttectgge 343
tcacagtccttcacgagga
Rvs 9 9299 353 372 59 50
a

Fwd ctetgetectectgettgtc 399 418 60 60
CD300 NM_006678.

c 3 1548 6 ttectectg 429 ot -
catagcgacactgcacac
Rvs 9d 9 478 498 60 52
tc
tectgtttttcttcaacttge
Fwd 206 228 59 39
CD53 NM_001040 1572 | 5 t ct 238 tc
t
033.1 9199
gtagatcccaaagcccaa
Rvs 251 270 59 45
aa
Fwd ggctggctgtgcettttct 196 213 59 56
NM_001251.
CD68 - 1872 3 cccagcag 222
2 tttttgtgaggacagtcatt
Rvs 253 274 59 41
cc
Fwd ctccagcttctgetectga 191 209 59 58
NM_004233.
CD83 3 2478 36 ctggctec 224

Rvs ggagcaagccaccttcac 245 262 59 61

accagctgtagctgaacgt
Fwd ) getgagetgaacy 132 152 59 52
coca2 | NM_001038 ¢
3193 22 ctccacca 156
SE1 707.1 - S—
catatctccact cca
Rvs g 182 202 59 52
9
gtccaagatcacaaagctg
NM_000760. Fwd ot 140 160 59 48
CSF3R 5 3003 18 tectgetg 225
Rvs ccgcactcctccagacttc 240 258 60 63
tggaccctacctacatcct o7 237 59 55
NM_014314, B
DDxs8 | - 4759 | 69 | cttcctec | 260 9

Rvs ggcccttgttgtttttctca 287 306 60 45
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tcactgatacccggaagga
Fwd 9 992499 250 269 59 55
c
NM_001961.
EEF2 3 3163 | 9 tggtgatg 284
ttcaagtcattctccgaga
Rvs 323 343 59 48
gt
cctgaatgacatc ta
Fwd gaate 9999 741 760 60 50
NM_000129. a
F13A1 3863 78 agctggag 796
3
Rvs gtccaggatgccatcttca 816 834 59 53
agaggcaggtgtcattgga
Fwd 284 303 60 55
NM_002003. g
FCN1 5 1292 1 cctggagce 324
Rvs ctggtcctgectttccag 334 351 59 61
Fwd agccacatcgctcagacac 83 101 60 58
NM_002046.
GAPDH 3 1310 60 cttcceca 104
Rvs gcccaatacgaccaaatcc 130 148 60 53
agatgcaaccaatcctgct
Fwd 65 84 59 45
NM_004131. t
GZMB 4 941 18 tcetgetg 98
Rvs catgtcccccgatgatct 125 142 59 56
Fwd ggtcgtgtgcttggagga 56 73 60 61
NM_000628.
IL10RB 1935 | 20 ccagccag | 120
3 ggtaccattcccaatgctg
Rvs 145 164 60 50
a
Fwd ctcttcgcagt aca 312 329 60 61
NM_172200. gcadioggg
IL15RA 1843 47 tccagtgt 343
1
Rvs cccagatgtctgegtgttc 433 451 60 58
tagccgaggaggaagca
Fwd glageegaggaggaag 421 439 59 58
NM_181359. t
IL6R 4082 10 ccacctcc 521
1
Rvs actggtcagcacgcctct 531 548 59 61
cttttgaggacccagat
Fwd gciigags 9e79 261 280 59 50
t
NM_002185.
IL7R 5 1809 9 tggtgatg 284
aggcactttacctccacga
Rvs 318 337 59 55
9
Fwd gctgtccccacaaaaagty 479 497 59 53
NM_001127
ITGB2 9 2932 27 caggcagc 519
491.1
Rvs ccggaaggtcacgttgaa 531 548 60 56
121 123
Fwd atcaactgggtgcagcgta 8 6 60 53
IVNS1A NM_006469. 124
4205 14 ctgggaga
8P 4 ! t tgagtagt: 128 130
cagctgagtagtacaa
Rvs gclgagtag 99 59 40
tttgaa 2 6
NM_016523. tgcccaaacatctcaactt
KLRF1 1242 48 ttcccagt 184 Fwd 121 142 60 41
1 aca
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aataccattcacggtteca
Rvs o 194 | 214 | 59 43
ga
Fwd | gaasaccttcgectcaage 539 | 557 | 59 53
NM_006148. wa 9 9
LASPI 5 4109 | 50 tctggage 568
Rvs | tgaaacctttgcccttgttc 607 | 626 | 60 45
Fwd | ttggcacccaacactccta 573 | 591 | 60 53
NM_002298.
LCPL . 3808 | 6 ttectetg 594
Rvs | ccagggctttgtttatccag 622 | 641 | 59 50
Fwd | agtctgcctgtggcatgg 56 73 60 61
NM_021250.
LILRAS 5 1365 | 80 cctggaga | 813 ————
rvs | 9 132 | 151 | 59 55
C
ttggatgtaggacaatgga
Fwd Ouofaggecedta 132 | 153 | 59 41
NM_004811. aga
LPXN ) 1926 | 17 aggagetg | 219
Rvs | cctttctggaatgctgatee 235 | 254 | 59 50
acC acatgaaactt
E 29 48 59 50
NM_002343. g
LTF 5 2390 | 18 tectgety 58
Rvs gccagecagacacagtce 81 98 60 67
aatgcatctgatgtctgga
Fwd gestcigagiciog 472 | 493 | 59 41
aga
NM_002349.
LY75 5 - 6927 | 6 ttcctety 503
ccat tcocatctct
Rvs g 545 | 566 | 59 50
99
Fwd | cctgctgggctttgagaa 100 117 60 56
NCF1 NM_000265. 1409 | 20 129
ccagccag
acaggtcctgecatttca
4 Rvs | SEC0OICAD 158 | 177 | 60 55
C
aaaatcgac cgat
Fwd coacaggealg 747 | 765 | 60 47
NM_000433. 9
NCF2 5 2429 | 38 ctgcttce 775
atcaccactggctcat
Res | 0% 9% 789 | 808 | 60 55
a
Fwd | gcgagactctccacctget 146 164 60 63
NCF NM_013418. 1646 | 3 195
4 cccagcag
catc ctgttcasa
3 Rvs cogeegCly 220 | 239 | 60 50
g
Fwd | ccacttgtccgcttcaca 11 | 128 | 59 56
NM_005381.
NCL 5 - 2732 | 70 ccgeegee | 131
Rvs | tcttggggtcaccttgattt 168 | 187 | 59 45
tcacagccaaaatcaattc
Fwd 937 | 957 | 59 33
aa
NM_003743.
NCOA1 A 6895 | 58 ctecatce 960
ccgtgcaatacaaatc 100
Rvs | O oo % 984 5 59 45
a
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Fwd agctgcectgacacatctgg 971 989 59 58
NM_033004. 100
NLRP1 3 5623 13 ctetgecet 8 o - 102 108
Rvs ggagctiggaagagetigg 60 55
t 5 4
aatctctttc t
Fwd 9 920919 548 569 60 50
NM_002535. g
OAS2 5 3647 23 cccagece 603
atcttttgagetctc
Rvs conag 90 621 641 59 48
9
tggatggatgttagects
Fwd 99aggaIgTiageEag 508 527 60 50
NM_006187. 172 t
OAS3 6646 8 ctgccttc
2 7
Rvs cttgtggcttggotttgac 565 583 59 53
catgaccacct at
Fwd 9 e 109 128 59 55
PDLIM NM_020992. ag
1462 | 81 ccagggec 133
1 2
Rvs gccttgettccaggagtg 208 225 59 61
cccatcatggtgact:
Fwd 9 dgigacteag 209 228 60 55
PDLIM NM_176871.
4611 | 80 cctggaga | 267 9
2 2
Rvs cgttgatggecacgatta 277 294 59 50
107 109
Fwd | tgtttccaggatgcectgtt s 3 59 47
NM_002880. 117
RAF1 3 3291 13 ctetgecet s
acattaggtgtggat 118 120
Rvs 99 aggtgtggatgt 60 52
Cg 5 5
tcagtggcattgggataac 152 154
Fwd cagiageatioad 60 43
NM_004850. 155 a 0 0
ROCK2 3 - 6401 17 aggagctg 5
tgctgtctatgtcactgct 157 159
Rvs getgtetatg 99 59 50
ag 2 3
Fwd | ggggtggacaatgctctg 261 278 60 61
NM_000655.
SELL 3 2448 | 72 ttcetgge 286 ‘ot ot
Rvs eagiccageagiedd 301 320 60 55
c
actgt: et t
Fwd gtecgeagietgae 10 30 59 52
NM_003005. 99
SELP 3 3185 8 ctgccttc 34
atggctattt tt
Rvs 9e9g 9gcagia 70 89 60 50
9
ettasat; ac
Fwd g ae0geeagd 185 205 59 48
SERPIN | NM_000295. aa
Al 4 - 3220 | 73 tectcage 216
act acggca
Rvs gagacegeegacad 261 280 59 50
tt
NM_003105. 1092 144 aaCC! tttctt 142 144
SORL1 - 19 ctccagee Fwd 999 9905 59 55
4 4 4 c 1 0
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148 149
Rvs acagccctgggaaagctc ) 9 60 61
agaagacagcagaggggt
Fwd 226 245 59 55
NM_003153. tg
STAT6 3 3993 54 ctggtctc 287
Rvs cactttttctgggggcatc 298 316 60 53
caaactggggaataaagt
Fwd 383 | 404 | 59 45
NM_004604. WO ceag
STX4 1403 62 cagcaggt 417
3
Rvs cagctcctgcttcatgcetc 455 473 59 58
Fwd ggatggtggcaaagaagg 461 478 59 56
NM_182910.
SYNE2 2586 4 cttcctge 506
2 catctcccatctgtcgaag
Rvs 553 572 60 55
9
Fwd ggacccataggacgcgtta 161 179 60 58
NM_015641.
TES 2766 85 tccaggtc 185
2 cgtgacctaagcccatctt
Rvs 205 224 59 55
c
acaggaaggatgaggaa
Fwd ggaaggaigageaag 56 76 59 52
acc
NM_018643.
TREM1 948 66 cagcagcc | 87
2
ctgcccctctttcagttcat
Rvs 149 169 59 48
a
cctgagccagaaggtgaa
Fwd gagecagaaggty 502 521 60 50
aa
NM_003307.
TRPM 2 3 5876 | 14 ctgggaga | 534
tcatgaggtggtagat
Rvs gagteatgaggiggiag 558 578 59 52
ca
cttctggaagaccagccaa
Fwd ggaag 9 570 589 59 55
c
NM_006472.
TXNIP 2953 85 tccaggtc 616
3
aagctcaaagccgaactt
Rvs gaag geea 638 657 60 50
9
gtttcccctaaaccgctag
Fwd 217 236 59 55
NM_003380. g
VIM 2151 56 tgctgtce 252
3
Rvs agcgagagtggcagagga | 267 284 59 61
agctcagcagacacca
Fwd 9030 gcag 32 50 59 63
NM_001079.
ZC 2450 | 3 cccageag | 92 9
Rvs ccaatgccaatggagagc 113 130 60 56
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NM_001101. | 185 Fwd | - ) i i )
ACTB 3 - 5 - - -
Rvs | - - - - -
Fwd | atgtagccatccaggcagtt | 640 | 659 | 59 50
NM_001005 | 394
ACTR2 386.2 A 61 ctgggcaa | 728 NtmamRaazaEAIAARC
: Rys | BBABBBABABATIAEC | o | 95y |60 | 50
ctte
ttcgagaatcccaaacaa 317 | 319
Fwd 838 g 60 45
g 4 3
NM_001111. | 664 320
ADAR 3 0 39 ctecaccet 8
322 | 324
Rvs ctggattccacagggattgt g ; 59 50
acaagatggctgaactct 152 154
Fwg | BACI9E2BECEE D N
NM_001119. | 397 157 88
ADD1 3 0 38 ctgcttec 5
tgtccatectetttagtccac | 159 | 162
Rvs 59 43
tt 9 1
caactagcctgtgagatte | 131 | 133
Fwd & gecleieae 5 6 59 50
NM_016824. | 445 135 %
ADD3 3 - A 39 ctecacct ;
cgctgctacagtgtaagtga | 140 | 142
Rvs 8% Bletaagts 59 48
aag 4 6
491 493
Fwd | tgtctgtctgcaatgggatg 6 5 60 50
NM_001624. | 755 494
AIM1 5 3 1 cctggage 0
aataattgttggttcagaa | 497 | 500
Rvs & stiggticag 59 27
aattca 8 3
caccaagagtcaggcagt
Fwd gagtcagecagte 386 | 405 | 60 55
NM 005717. | 200 3
ARPC5 5 - 0 27 caggcagc | 415
t tt
Rys | BOBAIEABLACCHCEAAE | pys | agp |59 | a5
aca
Fwd aatgatttggtgstcagcett ;02 ;04 59 23
NM_021813. | 921 105 &
BACH2 9 5 76 tggctgtg 5
cttggcagtgtaggcaaa | 108 110
Rvs getiggeagigtagg 60 55
c 5 4
ccagaaggtggtctgtgag
Clorf3 | NM_004848. | 165 Fwd |, 199 1219 |60 |52
20 ccagecag | 228
8 2 0
Rvs catagctctgtgggststtg | 280 | 299 | 59 55
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129 130
Fwd | ggctttggcatctatgaggt o 9 59 50
CAPN2 NM_001146 327 a2 131
cagaggag
068.1 0 2 133 13
Rvs | gctgaggtggatgttgotet 0 9 60 55
120 122
Fwd | gaagatgctggcgtgacat 3 1 59 53
D163 NM_004244. 423 50 123
tctggage
4 ! 8 124 | 126
Rvs gctgectccacctctaagtc 9 8 59 60
NM 001242, 139 Fwd | tccasacccttcgetgac 580 597 59 56
CD27 4 - o 30 cctcagee 629
Rvs tggcctccagcatctcac 657 674 60 61

CD300 NM_ 006678, 154 Fwd | gaggttgaggtgtcegtgtt 737 756 60 55
19 ctccagee 778

c 3 8
Rvs cttcgtgggaggacctga 806 823 59 61
cactcagacaatagcacca
Fwd 0 X 547 568 59 50
NM_001040 | 157 a9
CD53 58 ctecatce 579
033.1 2
cgtgccatttataccacaac
Rvs 601 | 621 59 43
a

Fwd | tcagctttggattcatgcag 859 878 59 45
NM_001251. 187

CD68 67 tgctggag 882
ccgagaatgtccact
2 2 Rvs gageegageetly g 950 | 959 60 55
t
NM 004233, a7 Fwd | acggtctcctgggtcaagt 314 332 59 58
CD83 3 - 8 58 ctecatce 354
Rvs ccctgaggtggtcttectg 368 386 60 63
gggaacatgagtgaattitg
coci2 | NM_001038 | 319 | con Fwd g 565 | 585 |59 | 43
cc
SE1 707.1 3 cageceag
Rvs cggtcaatcegtettctett 631 650 59 50
tgtaccagaatatgggcatc
NM_000760. 300 Fwd g 762 783 59 45
CSsF3R 13 ctctgect 789
2 3
Rvs ggggctccagtttcacaa 849 856 59 56
atgtgggcaatgtcatcaa 230 232
Fwd gigggeadty 8 ; 59 40
NM_014314. | 475 234 a
DDX58 3 9 13 ctctgect 2
cacttgcta cctettget | 235 237
Rvs e g g 60 50
c 3 4
ct atctgects 174 176
Fwd ggagatcigectgaads 3 5 60 55
NM_001961. | 316 176 a
EEF2 - 25 ctecteca
3 3 5
179 181
Rvs gagacgaccgggtcagatt 8 6 60 58
F13A1 NM_000129, 286 56 tgctgtcc 131 Fwd | ccttectgttggatttggag 127 129 59 50
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3 3 1 8 7
134 135
Rvs ggccacaccgatacatgc o . 60 61
Fwd i aacgacaacat 653 670 59 56
NM_002003. | 129 we | gelggegaacy
FCN1 5 5 38 ctgcttcc 690
Rvs cctcaaagtccaccaggtct 710 729 59 55
Fwd - - - - R
NM_002046. 131
GAPDH - - -
3 0
Rvs - - - - -
Fwd cttctccaacgacatcatgc 378 397 59 50
NM_004131.
GzZMB 4 941 78 agctggag | 404
Rvs acagctctggtccgcettg 420 437 60 61
tggaaaaacggtactgat
Fwd 9 9gactgate 574 595 59 36
EEE!
NM_000628. 193
IL10RB 3 5 1 cctggagce 639
aaccctcgaacttgaacac
Rvs 660 680 59 43
aa
acaacccccagtctcaaat
Fwd 574 593 59 50
NM_172200. 184
IL15RA L s 37 ccagggca | 606 9
Rvs tgccgtegttactgtggag 636 654 60 58
Fwd actgtgcacttgctggt 748 756 59 58
NM_181359. 408 ggactatg 9ctag
IL6R 1 5 38 ctgcttcc 797
Rvs attgctgagggggctctt 807 824 59 56
ggagaaaagagtctaacct
Fwd 423 | 445 | 59 43
NM_002185. | 180 geaa
IL7R 5 9 12 ctecttee 509
gatgtattaaatgtcaccac
Rvs 521 547 60 33
aaagtca
123 125
Fwd cagcaatgtggtccaactca s 4 60 50
NM_001127 293 127
ITGB2 25 ctceteca
491.1 2 7
129 131
Rvs gagggcgttgtgatccag 3 o 60 61
cgttgcttcagaaaagactt 149 151
Fwd o9 9 9 59 41
ca 6 7
IVNS1A | NM_006469. 420 76 wagct 153
ctgt
BP 4 5 99¢l99 7
gaaaaatgacacagaatat 154 157
Rvs 59 35
accatcc 7 2
Fwd tgatctccttgatcctgttgg 228 248 60 48
NM_016523. 124
KLRF1 47 tccagtgt 312
1 2 ttcttcttgtgccattattcac
Rvs 327 350 59 33
tt
Fwd accacatcccgaccagtg 816 833 60 61
NM_006148. 410
LASP1 5 9 3 cccagcag 852
Rvs 872 893 60 55
ccttgtagccaccataggac
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tg
aaccctcgagtcaatcattt 146 148
Fwd 59 43
g 6 6
NM_002298. 380 150
LCH 4 8 37 ccagggcea 4
ttgatcttttcat: ct 151 153
Rvs 9 agegeiag 59 38
aag 6 9
gcagggagataccgctgtt
NM_021250. 136 Fwd a 451 470 60 55
LILRAS 1 cctggage 510
2 5
Rvs tgagagggtgggtttattgt 536 555 60 50
caatatccaggagctcaat
Fwd
NM_004811. 192 Wi gictac 337 361 60 44
LPXN 7 ccaccacc 389
2 6
Rvs tgagctcatccaactgagca 415 434 60 50
tgtgtacactgcaggcaaat 128 130
Fwd 99 gea0 9 9 60 48
NM_002343. 239 132 9
LTF 53 ctctgeca
2 0 7
135 136
Rvs ggatcagggtcactgctttg 0 9 60 55
198 199
Fwd | taagcctgatgaccectgtc o 9 60 55
NM_002349. 692 200
LY75 5 - . 53 ctctgeca 8
caattctttctgcatggaat 204 206
Rvs 60 38
acct 2 5
ccgagatctacgagttccat
Fwd 9 9 204 226 59 43
NM_000265. 140 aaa
NCF1 33 agctggga 294
4 9
Rvs ctgcecgtcaaaccactt 305 322 59 56
caactaccttgaacc 114 117
Fwd geaccagttg 60 48
age 8 0
NCE2 NM_000433. 242 45 . o 119
cl
3 9 9999 5
120 122
Rvs atgtcggactgcggagag 8 s 59 61
Fwd | gcagctcegagageagag 695 | 712 60 67
NCF4 NM_013416. 164 78 760
agctggag
ccgact atc
3 6 Rvs gaclga00a00eg 771 790 60 55
a
tggatgtcagaattggtat 115 117
Fwd glggatgtcagaattgg 59 42
gact 6 9
NM_005381. 273 121
NCL 5 5 80 cctggaga 8
CaaaCC: tccaac 122 124
Rvs e 59 50
S 9 8
tgagatt catgcaaca 352 354
Fwd gagaicangeald 60 50
g 7 6
NM_003743. 689 355
NCOA1 83 cagccacc
4 5 9
359 360
Rvs gtacagttcccgetgacgtt o 9 60 55
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339 341
Fwd | catcctgectgcaaactca . s 60 53
NM_033004. 562 342
NLRP 3 - 3 45 ctggggct 1
345 347
Rvs cctcagttectgectcatct 5 1 59 55
tgttaacatcatccgtacatt 124 127
Fwd ; 0 59 38
NM_002535. 364 128 et
OAS2 38 ctgcttec
2 7 0
132 133
Rvs ctttggcggttgatcctc 1 8 59 56
170 172
Fwd | gacggatgttagcctgetg ; 5 59 58
NM_006187. 664 174
OAS3 43 ctgcecca
2 6 2
176 177
Rvs tggggatttggtttggty 1 8 60 50
ctgcacagacaactt
Fwd 09t 9 322 341 59 50
PDLIM NM_020992. 146 a
- 54 ctggtctc 373
1 2 2
Rvs atggatgacgcttcccttc 395 413 60 53
Fwd | ccagctectttcggetct 850 | 857 60 61
PDLIM NMJL76871. 461
5 5 1 30 cctcagee 884
Rvs gtgagctgggcaagaagg 910 927 59 61
tgggaaat cC 143 145
Fwd gggaaatagaagecagty 59 43
aa 9 9
NM_002880. 329 146
RAF1 3 1 56 tgctgtec 4
cctttaggatctttactgcaa 152 155
Rvs ogd 9 59 40
catc 6 0
t aaaagaccaaactt 311 313
Fwd 9 60 32
ggtaaa 0 4
NM_004850. 640 314
ROCK2 3 1 84 tctgetge 0
317 319
Rvs agttgggcagccaaagagt s 3 59 53
Fwd | gccecagtgtcagtttgtg 762 780 60 58
NM_000655. 244
SELL 3 8 57 ctggggee 801 . Stoagtacagtc
Rvs 909 821 841 60 52
ca
Fwd | ttagttggaccggaagtggt 957 976 59 50
NM_003005. 318 100
SELF - 23 cccagece
3 5 7 102 104
Rvs caggtgctgacactgcaca 8 6 60 58
cacctggaaaatgaactc 111 113
Fwd g 9 9 59 48
ac 6 6
SERPIN | NM_000295. 322 9 114
t at
Al 4 0 s 6 taaatgtaagctggca 118 120
Rvs 99 draadetag 59 48
ga 0 0
NM_003105. | 109 343 t acat at 338 340
SORL1 - 85 tccaggte Fwd gaagacalgagegalda 60 50
4 24 2 a 9 8
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actcctggcaacgaaact 344 346
Rvs g 9 9 60 55
g 4 3
176 178
Fwd ggtcgcagttcaacaagga . s 59 53
NM_003153. 399 179
STAT6 3 cccagcag
3 3 0
gtccaggacaccatcaaac 182 184
Rvs 60 55
c 1 0
Fwd tgcagctgaaggccataga 520 538 60 53
NM_004604. 140 geagelgaagg 9
STX4 3 3 69 cttcctee 548
Rvs cgaattgctgggacagga 610 627 60 56
gtgtcggagggaactaatg 110 112
Fwd 59 55
c 6 5
NM_182910. 258 113
SYNE2 17 aggagct
2 6 ggagctg 5
114 116
Rvs tccacttgaggttga cgttct 5 5 59 48
tgtctccatcaatacagtta
Fwd 490 516 60 37
NM_015641. 276 cctatga
TES - 63 ctectect 522
2 6
Rvs tccttgggtagcatctgcat 560 579 60 50
tctggactgtatcagtgtgt
Fwd 386 410 60 44
NM_018643. gatct
TREM1 ) 948 75 cagcctce 413
Rvs ccaggggtccctgaaaaa 472 489 60 56
197 199
Fwd accttctcatttgggccatt 1 o 60 45
NM_003307. 587 200
TRPM2 24 cagctccc
3 6 4
203 204
Rvs cgatgcagtcctggcetct 60 61
1 8
110 112
Fwd ttcgggttcagaagatcagg 5 4 60 50
NM_006472. 295 113
TXNIP 26 cagcccag
3 3 4 atccaggaacgctaaca 117 119
Rvs 9% goaacy 59 50
t 7 6
gaccagctaaccaacgaca
Fwd 897 917 60 48
NM_003380. 215 aa
VIM 39 ctccacct 928
3 1
Rvs gaagcatctcctcctgcaat 977 996 59 50
Fwd gtgaetacgtgcgccagac 578 596 60 63
NM_001079. 245
ZAP70 1 cctggagce 618
3 0 cgtagcaatgagcttctcca
Rvs 652 672 60 52
c
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R Dasian \ \ \ \\ \ \\ \\ \\\
S
... -
NM_001101. | 185 ctteca Fwd | attggcaatgagcgsgttc 832 | 849 | 59 50
ACTB 3 ; 11 867
& Rvs tgaaggtagtttcgtggatge | 902 | 922 | 60 48
105 | 107
Fwd | ttggtgttgctgaattgett ; 6 59 40
NM_0010053 | 394 caggca | 108
ACTR2 - 27
86.2 4 g 9 113 | 114
Rvs accctccagaaageacaatg 0 9 60 50
349 | 351
Fwd | tttattgtcaaccaccccaag 5 5 59 43
NM_001111. | 664 ctctgee | 351
ADAR 3 0 53 3
: 354 | 356
Rvs ccttagtcttceeggattge 8 . 60 55
202 | 203
Fwd | cccagcactcccatcaag 5 9 60 61
NM_001119. | 397 cttecte | 204
ADD1 3 0 69 5
¢ 207 | 209
Rvs gtggcagcatcactgteate 6 5 60 55
Fud ggacaatcgaacgtaaacaa 207 309 59 m
NM_016824. | 445 tectget | 211 ¢
ADD3 3 4 15 . A
tgaatttgtgasacagatgaa | 213 | 216
Rvs & g8 gate 59 35
8C 8 0
aaggatgtatcaaatgcea 538 | 540
Fwd seagsale BC3E 1 5 59 41
NM_001624. | 755 caggca | 541 8
AlM1 ) : 27 s
& 543 | 545
Rvs cttggagccagatgttaccag 8 8 59 52
NM 005717, | 200 ctectee Fwd | ctgcaatggcatgaaaagg 567 | 585 | 60 47
ARPC5 5 0 25 596
3 Rvs tgcagtcaagacacgaacaa | 613 | 632 | 59 45
260 | 262
Fwd | cagtgagtcgtgtectstec 9 3 60 60
NM_021813. | 921 ccagga | 263
BACH2 5 5 79 9
88
tgtgatttgatctacaggaaa | 265 | 267
Rvs gleattig 88 59 38
agg 5 8
Clorf3 | NM 004843, | 165 tgggca Fwd | gatccaagccatcatgeac 655 | 673 | 60 53
8 5 0 44 710
8¢ Rvs tgatgaactctggcaaggtct | 730 | 750 | 59 48
NM_0011460 | 327 ct 177 caJaattatggttgacatget | 173 | 175
CAPN2 - 45 8886 Fwd seripacale 59 31
68.1 0 ct 6 agatt 3 8
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tegtec aatgtagaact 178 180
Rvs giecagagaatgtag 59 48
cc 7 9
aatgggaatttataacccagt 358 360
Pwd 999 X 5 8 59 38
NM_004244. | 423 tc 363 929
CD163 - 85 e
4 . te > 364 | 366
Rvs ggtgaatttctgctecattca ; ; 60 43
cat aaatat
NM_001242. | 132 ctgece Fag | RS e e e |33
cp27 - : 43 g 016 atcasac
4 0 ca
Rvs ctcetggatggggatggat 941 958 60 61
CD300 NM_ 006678, 154 cocage Fwd | agcgtgaccagasaggaca 845 863 59 53
c 3 8 23 872
ce Rvs gaagcggacattgctgaac 895 913 59 53
NM_0010400 | 157 — Fwd | tggtttcattccaatttcctg 700 720 59 38
CD53 131 2 9 732
) tg Rvs aggacatccccaacacctc 757 775 59 58
105 107
Fwd | gtccacctcgacctgctet 3 1 60 63
NM_001251. 187 cctgga | 107
CD68 1
2 2 gt 9
112 114
Rvs cactggggcaggagaaact 5 o 60 58
Fwd | acagagcggagattgtcctg 600 619 60 55
NM_004233. 247 tggctct
cbss 3 8 21 624 ctectgtagcegtgcaaactta
9 Rvs 666 | 687 | 59 | 50
c
tct cttatagctccaa
Fwd 200ggetiatag 796 820 59 40
CDC42 NM_0010387 319 cagcce taat
26 859
SEl 07.1 3 ag
Rvs ctggtaggggcagceatttc 869 887 60 58
219 221
Fwd | ctgggtgcccacaatcat 4 1 60 56
NM_000760. 300 catcctc | 221
CSF3R ) - 3 88
¢ > 25 | 227
Rvs gcactgtgagcttggtgatg 4 3 60 55
464 466
Fwd | ccatgtaagacttgcetgctt 9 9 59 48
NM_014314. 475 cttctgc | 467
DDX58 29
8 o ¢ 8 cttaatagattc t 471 474
Rvs g9 agaticacag 60 40
tcca 6 0
230 232
Fwd | gagcccatctaccttgtgga 7 6 60 55
NM_001961. 316 tecagt 232
EEF2 3 3 47 9
ot 235 | 237
Rvs cctgttcasaacccegtaga 9 8 59 50
FISAL | M ooo12o. | 386 |81 | ccaggg | 222 | ™9 | togegtencragaccastga | 213 | 215 | 0 | B
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3 3 cc 3 agaa 6 9
223 224
Rvs | tggctatcagcttccgatg 0 8 59 53
tgctaagtacaaatcattcaa
Fwd gog 743 767 59 36
NM_002003. | 129 ctetgee ogtg
FCNI 13 775
2 2 t
Rvs | ggccegttagagaattacce 824 | 843 | 59 55
Fwd tccact tcttcac 391 410 60 60
NM_002046. 131 ctgggy 90 90
GAPDH 3 0 45 o 425
Rvs | ttcacacccatgacgaacat 490 | 509 | 59 45
Fwd jacct attaasa 633 652 60 50
NM_004131. ccaggg gogggacceagag
GZMB 4 941 37 705
ca
Rvs | ccattgtttcgtccataggag 717 | 737 | 59 48
Fwd ctgt cgtttacaaga 831 850 59 50
NM_000628. | 193 cttctee wd | getgrggtgegtitacaag
IL10RB 3 5 7 864
c
Rvs | gaggatggcccaaaaactct 900 | 919 | 60 50
Fwd | gtggctatctcca cgtccac 931 950 60 60
Ligra | WM722000 | 184 || eotget |
1 3 102 104
9 Rvs | catggcticcatttcaacy o , 60 47
tc acattcacaac 121 123
Fwd cogiceeeg 8 8 59 43
a
NM_181359. | 408 tgctgg | 125
IL6R 1 ) 67 4
ag 126 | 128
Rvs | gegtegtggatgacacagt 4 ) 60 58
aaagttttaa tgca cgatgta
Fwd « gacg=g 570 594 59 32
ctt
NM_002185. | 180 ttcctgg g
IL7R 72 598
2 o ¢ tgtgctggata aattca catg
Rvs 626 647 60 41
c
218 219
Fwd | gggactcagagggctget ) 9 60 67
NM_0011274 293 teetget 222
ITGB2 2 18 0
9L 9 226 | 228
Rvs | ggcctgecacacactcte 5 3 60 67
223 225
Fwd | ggactttaattgcacccatga 9 9 59 43
IVNSLA | NM_006460. | 420 | | aggage | 227
BP 4 5 tg 3
231 233
Rvs | aaccatcasagccaccacat 5 1 60 45
Fwd | cgagatctgcagaccagaca 378 397 60 55
NM_016523. 124 Ct
KLRFL 1 - 2 8 oo 464 gagattttctttccasacaat
ag Rvs 481 | 506 |59 |31
acaca
LASPL |\ ooeias, | 410 77 ccocca | 932 | Fwd | cagecccagtetecatacag 900 | 919 | 60 60
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2 9 cc Rvs ggcggcegcetgtagtcata 962 979 60 61
171 173
Fwd | gecttgatttggcagctaat 5 4 59 45
NM_002298. 380 t 177
LCPI - 49 9999
4 8 cc 1
179 182
Rvs tttcattcacccagttgacaat 59 36
9 0
Fwd | t laacccagtgacct 793 812 60 55
NM_021250. | 136 aggage wd | tggieagaacceaglg
LILRAS 68 831
2 5 ag
Rvs tottttgtgacggactgagg 846 865 59 50
Fwd | ggagaggtgtttggtgcag 866 884 59 58
NM_004811. 192 cca
Lex N - 83 i 956 — -
2 6 cc ccaac
Rvs geeagieg 971 993 59 43
99
ctaatctgaaaaagtgctcaa 211 213
Fwd 59 40
ccte 0 4
NM_002343. 239 ccagga | 213
LTF ) o 79 8
99 216 | 218
Rvs gecatcttctteggttttacttc s . 60 43
355 357
Fwd tggatcggactcttcagtca 3 ) 59 50
NM_002349. 692 cagecc 362
LY75 26
2 7 7
ag 363 | 365
Rvs cagtcttcgagttgeccatta 9 9 60 48
Fwd ctgcccaccaagatctee 380 397 59 61
NM_000265. 140 ccacct
NCF1 10 406
4 9 cc
Rvs ttgggcatcaagtatgtctetyg 477 498 60 45
ggaaggggatataatcctgg 171 173
Fwd 60 50
tg 2 3
NM_000433. 242 cttcca 175
NCF2 11
3 9 gt 7
176 178
Rvs ccacctteectttgeactc . s 60 58
117 119
Fwd gtcacceecttagggacatc 5 4 60 60
NM_013416. 164 cttecte 120
NCF4 69
3 6 c 0
gagctatgtcctctctctgga 125 128
Rvs 59 50
act 9 2
178 179
Fwd gaaattgagggcagagcaat 0 9 59 45
NM_005381. 273 Ct 180
NCL - 19 e
2 2 cc 2
tgacaaacagagttttggatg 184 187
Rvs 60 41
g 9 0
436 438
Fwd gcaaccagctctcatceact 1 0 60 55
NM_003743. 689 cccage 440
NCOA1 4 5 3 9
ag 442 | am4
Rvs gacgtcagcaaacacctgaa . 6 59 50
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442 444
Fwd | cactgtgtctgggtctggttc s s 60 57
NM_033004. 562 cagcat 444
NLRPI 3 3 89 8
ce a8 | 450
Rvs tcttctccagggcttegata 6 s 59 50
159 160
Fwd | cctgectttaatgcactgg 0 8 59 53
NM_002535. 364 ctggcet 162
OAS2 36
2 7 cc 1
164 166
Rvs atgagccctgcataaacctc 1 o 59 50
275 276
Fwd | gtgctgecagectttgac ) 9 60 61
NM_006187. 664 cctgga | 279
OAS3 1
2 6 g¢ 2 ggtcgacgtagacttgagag 280 282
Rvs 59 57
c 4 4
Fwd | aacaatgccctggagtcaaa 587 606 60 45
PDLIM NM_020992. 146 ctgctg
74 609
1 2 2 cc
Rvs aggctgagcatggtctaagg 642 661 59 55
108 110
Fwd | gggctgaacctgaagatgc 3 1 60 58
PDLIM NM_176871. 461 2 ctecac 117
2 2 1 ca 1
119 121
Rvs cctggtcttcctectgtee 3 1 59 63
aacaacctactggctc 191 193
Fwd ?gttg 9 8 9 59 50
NM_002880. 329 ct 195
RAF1 - 57 9999
3 1 [ofe3 1
196 198
Rvs gggttgttatcctgeattcg . 6 60 50
458 460
Fwd | acagcttgccccasacaa 9 6 60 50
NM_004850. 640 ctgeett | 461
ROCK?2 8
3 ! ¢ ! tggaagaatacgatcacctt 464 | 466
Rvs ggagadtec 9 59 41
a 3 4
tcaaatcctagtccaatat 112 115
Fwd o ¢ 60 31
NM_000655. | 244 tgg | 120 coeea 6 !
SELL - ' 59 cadlog
3 8 ca 8 CCCi aatgcagtaacca 121 123
Rvs agegeetd 59 48
t 9 9
canasagatgatgggaaat 246 248
Fwd getgggesto 6 6 59 38
NM_003005. 318 tggctgt | 249 ¢
SELF 76
3 ° 9 9 catgggtgtttatggaaacct 255 | 257
Rvs 999 9 59 41
t 7 8
127 129
Fwd | aatggggctgacctctce 3 0 60 61
SERPIN [ NM_000295. 322 a2 cagagg | 129
Al 4 0 8
a9 133 | 134
Rvs gtcagcacagccttatgcac o 9 59 55
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cgattctaaatccattaccac 528 530
Fwd 60 39
ca 5 7
NM_003105. 109 ccacca | 532
SORL1 77
4 24 cc 5
533 535
Rvs caccatagctgtcaatgtgga 8 8 59 48
240 242
Fwd tcaacgtgttgtcagccttc 59 50
6 5
NM_003153. 399 cagcet | 245
STAT6 64
3 3 g9 2
247 249
Rvs gggtgaggctggtcaaag 59 61
6 3
Fwd | ttttctggctaccgaagtgg 899 918 60 50
NM_004604. 140 cteetge
STX4 51 988
3 3 c 100 101
Rvs gttctccagggccgtctt ) 9 60 61
129 131
Fwd taatggccttgcagggaac 4 ) 60 53
NM_182910. 258 cagcct 136
SYNE2 75
2 6 Cc 5
139 141
Rvs tctcactgcetctga  actttgct . 8 59 45
Fwd ttcctggaggggatagaagce 804 823 60 55
NM_015641. 276 cccagc
TES 2 6 3 826 atactcagtttgcagcaata
ag Rvs gtigeageastad | gg7 | o00 | s0 39
ca
ttacaaatgtgacagatatca
Fwd 639 664 59 35
NM_018643. ceagee teagg
TREM1 948 20 692
2 8 aagaccaggctcttactca
Rvs g 9 9 705 726 59 50
a
cgaggacatcagcaataa 354 356
Fwd 9209 9 9 59 48
t 4 4
NM_003307. 587 tccagg 358
TRPM2 85
3 6 tc 7
360 361
Rvs atggagcccgacctcttc 60 61
1 8
143 145
Fwd atgcccctgagttcaagttc 8 . 59 50
NM_006472. 295 ccacca 146
TXNIP 77
3 3 cc 1
149 151
Rvs actgcacattgttgttgagga s s 59 43
161 163
Fwd tacaggaagctgctggaagg 60 55
1 0
NM_003380. 215 ctetgec | 164
VIM 13
3 1 t 8
169 171
Rvs accagagggagtgaatccag 5 4 59 55
147 148
Fwd gctgcacaagttcctggte 59 58
0 8
NM_001079. 245 ctectce | 149
ZAPT0 52
3 0 c 6
153 155
Rvs tcatccccatggacacct 8 5 59 56
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APPENDIX IlI

Assay Validation Phase: RNA Extraction Quality Control Data
Nanodrop ND-8000 RNA Yield Data:

PCT/US2012/069561

A 30.48 0.762 0.315 2.42 0.18 40 3.66
B 6.99 0.175 0.038 4.59 0.05 40 0.84
C 28.46 0.712 0.303 2.35 0.12 40 3.42
D 28.08 0.702 0.29 2.42 0.19 40 3.37
E 65.4 1.635 0.711 2.3 0.32 40 7.85

LabChip 90 HT Microcapillary Electrophoresis RNAQuality Data :

Sample A

12.5+

10.0{

v
o n
O L !)l)

g
A
v

Fluorescence

0.0¢

1 H b

3

3,

b i H ¥ : ; v
15 20 25 30 35 40 45 50 55 60

Time (seconds)
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Sample B

12.5%

10.0%

7.5%

5.0¢

254

15 20 25 30 35 40 45 50 55 60 65 70
Time (seconds)

Fluorescence

Sample C
25T
10.04

7.5%
5.04
254

0.0 s b .

15 20 25 30 35 40 45 50 55 60 65

Fluorescence

70

Time (seconds)

Sample D

12.5¢
10.0{
7.5¢
5.0%
2.5

15 20 25 30 35 40 45 50 55 60 65 70

Time (seconds)

Fluorescence

e :
\\\\\ LT

L 12345678 91d1h
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LabChip 90 HT Microcapillary Electrophoresis RNA Quality Data (continued):

Sample E

175
15.0% .
12.5% :
100
7.5%
50%
250

15 20 25 30 35 40 45 50 55 60 65 70
Time (seconds)

et

Fluorescence

SRR SRR N RN RN SRR AR SRR

10 Assay Validation Phase: cDNA Synthesis arid Amplification Quality

Nanodrop N D-8Q38 cDNA Yield Data: Ll 23 456 7 8 9 101112
A 199.21 | 6.037 | 3.115 1.94 1.94 33 5.98
B 161.39 | 4.891 2.516 1.94 1.88 33 4.84
C 214.14 | 6.489 |[3.368 | 1.93 1.91 33 6.42
D 225.02 | 6.819 | 3.535 1.93 1.91 33 6.75
E 210.83 | 6.389 3.303 193 1.91 33 6.32
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LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data:

Sample A

17.5+
15.0%
12.5¢
10.0€
75
5.04
2.5¢

Fluorescence

15 20 25 30 35 40 45 50 55 60 65 70
Time (seconds)

L 12345¢6 7 891011512

Sample B

15.0§
12.5¢
10,01
7.5%
s0i

Fluorescence

2.54

N NN R A TN

e
i i i 3

] i i .y

¥ N E i ¥ < ¢ 3 3 13 |4
15 20 25 30 35 40 45 50 55 60 65 70
Time (seconds)

L1 21345 6739101112
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LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data (continued):

ot

Sample C

17.5%
15.0%
12.5¢
10.0?:
7.5-::
5.0¢
2.5¢

1 ¥ 1 3 T t 3 t 3 i H

15 20 25 30 35 40 45 50 55 60 65 70

Time (seconds)

Fluorescence

L 12345678 911112

Sample D

= N N
(V] o ul
e e

=
o

rrectrrredyreets

Ul

Fluorescence

Time (seconds) \

L12345678 9101112
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LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data (continued):

Sample E

17.5¢
15.0§
12.5¢
10.0§
7.5%
5.0¢%
2.5¢
Y] T e ——
15 20 25 30 35 40 45 50 55 60 65 70
Time (seconds)

Fluorescence

.

L 12345678 91duin
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APPENDIX V
Assay Validation Phase: qPCR 384-well General Plate Map for Assay Validation gPCR Reactions
. Numbers refer to unique assays

. 'NTC stands for No Template Control; these wells contain only assay master mix but no cDNA

sample

o~ W e~y bR ~ ~ b ot e R e <
et Y wd b ——t —t ~5 o~ Ve o Y ~

RN k! L X
4 & oo 3 o ™1 o o < xF = v "
i - Poe wd e [ ~g o~ ~ o ~y fae] ~
i P NG oY N
ke b by ] BN
i Ao e f e Laad i o L] L] It ©F &% o o ™ o
v =g v p e 3 ey e Rl Ea b e o o~E ot N Dt

7 L = [ w3 -~ o~ o~ i~

s 5 o~ s s e i fees o

R & o x & =N o = o o
Bea) o e S S e 3 Dae) o o B g 3 ~3 s b o\ ~
LA o LA N L L A3 ] e [aa] Ees fect ™ Leat]
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APPENDIX VI
Assay Validation Phase: Expression Data and Descriptive Statistics
* Average G is the average of three technical replicates
»  Overall Average G is the average of three technical replicates of all four samples
'‘Undet." indicates that the G; value was undetermined for that sample

“'-'_ w
a ]

ACTB_L 0.042 24 0.2 23.9 0.16 24.24 | 0.43 23.63 | 021 23.94 | 033
ACTB_R 0.062 21.18 | 0.17 21.22 | 0.07 2091 | 01 2091 | 0.07 21.05 | 0.18
ACTR2_L 0.091 22,72 | Q.16 22.68 | 0.1 22.76 | 0.23 2272 | 034 22,72 | 019
ACTR2_M 0.082 2584 | 0.14 25.63 | 0.07 25.52 | 0.14 25.4 0.14 25.6 0.2

ACTR2_R 0.066 23.27 | Q.23 22.89 | 0.06 2313 | 0.08 23.28 | 0.15 23.17 | 017
ADAR_L 0.042 2542 | 0.62 25.5 0.1 25.56 | 0.26 2594 | 0.1 25.6 0.36
ADAR_M 0.042 2438 | 0.24 24.9 0.04 23.81 | 0.17 2457 | 0.1 2441 | 043
ADAR_R 0.03 2584 | 031 26.21 | 0.09 26.09 | 0.22 26.08 | 0.11 26.06 | 0.22
ADD1_L 0.035 2952 | 0.22 29.72 | 0.18 29.18 | 0.48 29.31 | 0.15 29.43 | 033
ADD1_M 0.044 27.05 | 0.03 26.3 0.11 26.71 | 0.1 271 0.05 26.79 | 0.34
ADD1_R 0.09 26,18 | Q.21 25.05 | 0.17 2512 | 0.19 25.35 | 0.26 2543 | 051
ADD3_L 0.056 2841 | 0.2 2894 | 0.1 2836 | 0.12 28.38 | 0.12 28.52 | 0.28
ADD3_M 0.088 2749 | 0.14 27.92 | 0.13 27.23 | 0.11 27.45 | 0.21 27.52 | 0.29
ADD3_R 0.047 24.2 0.14 24.06 | 0.05 24.15 | 0.03 24.28 | 0.18 24.17 | 013
AIM1_L 0.043 30.55 | 0.3 29.47 | 0.17 30.39 | 0.07 30.93 | 0.06 30.33 | 0.58
AIM1_M 0.091 30.69 | 0.14 30.25 | 0.22 30.15 | 0.24 30.7 0.23 3045 | 0.32
AIM1_R 0.132 26.05 | 0.08 25.74 | 0.18 25.76 | 0.08 2591 | 0.21 25.87 | 0.18
ARPC5_L 0.063 22.06 | 0.54 22.2 0.16 2185 | 0.11 2186 | 0.05 21.99 | 0.29
ARPC5_M 0.077 2125 | 01 21.2 0.02 2074 | 0.1 20.62 | 0.16 2095 | 03

ARPC5_R 0.057 2239 | 041 22.17 | 0.16 217 0.15 2157 | 0.17 2196 | 041
BACH2_L 0.091 36.88 | 0.88 34.1 0.21 33.06 | 0.25 33.75 | 047 34.45 | 1.58

Undet | Undet
BACH2_M 0.035 . . 27.64 | 0.17 27.54 | 0.28 26.92 | 0.2 27.36 | 0.39
BACH2_R 0.053 3136 | 0.25 30.01 | 0.14 3182 | 0.16 30.5 0.53 3093 | 0.79
56

SUBSTITUTE SHEET (RULE 26)



WO 2013/090613 PCT/US2012/069561

Clorf38_L 0.067 2751 | 04 2746 | 0.16 27.22 | 0.02 27.76 | 0.16 2749 | 0.28
Clorf38_M 0.071 2885 | 0.06 2789 | 013 28.02 | 0.05 2869 | 0.19 2836 | 0.44
Clorf38_R 0.08 355 1.08 31.88 | 0.44 32 04 31.9 0.1 3282 | 1.7
CAPN2_L 0.086 28.17 | 0.07 2795 | 01 28.69 | 0.19 27.34 | 0.05 28.04 | 051
CAPN2_M 0.088 24.1 0.19 2374 | 01 23.77 | 012 2389 | 0.16 23.88 | 0.19
CAPN2_R 0.093 2512 | 01 2506 | 014 2511 | 0.08 2532 | 013 2515 | 0.14
CD163 L 0.019 30.25 | 0.49 30.01 | 0.07 30.2 0.19 3019 | 0.16 30.16 | 0.26
CD163 M 0.046 28.2 0.61 2891 | 087 2864 | 0.35 28.06 | 0.09 2845 | 0.6
CD163 R 0.082 27.76 | 0.05 2771 | 01 27.97 | 0.02 27.86 | 0.08 27.83 | 0.12
CD27_L 0.032 2874 | 017 2873 | 021 3011 | 011 290.14 | 0.25 20.18 | 0.61
CD27_M 0.028 31.83 | 0.06 3255 | 0.26 31.96 | 0.27 32.81 | 0.07 3229 | 045
CD27_R 0.05 30.1 0.13 30.03 | 0.37 30.66 | 0.33 30.72 | 0.12 3038 | 04
CD300CJ. 0.031 32.8 0.26 3261 | 013 34.07 | 0.39 31.06 | 021 3263 | 1.14
CD300C_M 0.083 3052 | 0.2 2052 | 011 3147 | 0.26 30.09 | 0.25 304 0.77
CD300C_R 0.066 30 0.39 30.03 | 0.33 31.18 | 0.34 2069 | 0.11 30.23 | 0.65
CD53 L 0.022 23.2 0.28 2335 | 059 23.6 0.65 2327 | 03 2336 | 0.44
CD53_ M 0.061 2494 | 021 2471 | 012 2485 | 0.22 2469 | 0.13 24.8 0.19
CD53 R 0.023 26.16 | 0.21 2593 | 041 2588 | 0.25 2563 | 0.29 259 0.33
CD68 L 0.04 22.1 0.09 2145 | 0.04 21.89 | 0.18 2158 | 0.08 2175 | 0.28
CD68_M 0.059 2748 | 02 27.34 | 0.69 2715 | 0.23 2861 | 0.23 27.65 | 0.69
CD68_R 0.132 26.55 | 0.08 2554 | 0.07 26.09 | 0.12 2595 | 0.2 26.03 | 0.39
Undet | Undet Undet
CD83 L 0.036 . . 36.28 | 041 37.07 |. 36.94 1.05 36.63 | 0.66
Undet

CD83_ M 0.061 3321 | 0.22 34.6 0.97 36.34 | 297 3732 |, 3482 | 192
CD83 R 0.095 3081 | 0.34 2083 | 015 3034 | 017 315 0.17 30.62 | 0.67
CDC42SE1J. | 0.04 2085 | 0.19 3036 | 0.16 3155 | 047 31.67 | 049 30.86 | 0.86
CDC42SE1_

M 0.076 2479 | 012 2495 | 03 2442 | 0.22 2468 | 0.16 24.71 | 0.27
CDC42SE1 R | 0.058 2434 | 0.05 2409 | 03 23.97 | 0.09 2351 | 0.18 2398 | 0.35
CSF3R_L 0.028 26.03 | 018 26,58 | 051 25.76 | 0.63 2592 | 031 26.1 0.47
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CSF3R_M 0.06 28.29 | 0.08 28.59 | 0.15 27.67 | 0.13 28.03 | 0.09 28.15 | 0.37
CSF3R_R 0.056 24.39 | 0.23 24.65 | 0.31 24.38 | 0.24 2451 | 0.17 24.48 | 0.24
DDX58_L 0.062 27.34 | 0.58 2848 | 0.2 27.41 | 0.07 27.82 | 0.18 27.76 | 0.55
DDX58_M 0.04 2645 | 0.9 26.3 0.09 25.88 | 0.32 26.28 | 0.25 26.23 | 0.48
DDX58_R 0.056 27.79 | 0.1 27.63 | 0.08 27.4 0.19 28.35 | 0.33 27.8 0.41
Undet
EEF2_L 0.01 28.23 | 0.84 27.96 | . 28.62 | 0.08 28.59 | 0.28 28.43 | 0.43
EEF2_M 0.062 2429 | 01 24.13 | 0.14 24.15 | 0.34 24.28 | 0.07 2421 | 0.18
EEF2_R 0.026 25.61 | 0.14 25.73 | 0.34 25.25 | 0.23 259 0.28 2562 | 0.33
F13A1 L 0.06 2791 | 0.11 27.31 | 0.14 26.29 | 0.09 26.96 | 0.12 27.12 | 0.62
F13A1_M 0.077 26.95 | 0.26 26.47 | 0.09 25.29 | 0.08 26.42 | 0.12 26.28 | 0.65
F13A1_R 0.085 27.85 | 0.15 26.89 | 0.16 26.01 | 0.11 2752 | 0.23 27.07 | 0.75
FCN1_L 0.134 2552 | 0.13 24.63 | 0.26 25.01 | 0.4 25.33 | 0.09 25.12 | 0.41
FCN1_M 0.054 29.98 | 0.33 23.7 0.42 23.81 | 0.49 24.68 | 0.14 2554 | 2.72
FCN1_R 0.051 25.08 | 0.07 2447 | 0.11 24.67 | 0.11 25.03 | 0.07 24.81 | 0.28
GAPDH_L 0.08 2443 | 0.12 2455 | 0.13 25.37 | 0.09 25.07 | 0.18 24.86 | 0.42
GAPDH_R 0.122 27.22 | 0.19 26.7 0.2 26.81 | 0.22 27.16 | 0.23 26.97 | 0.29
Undet Undet

GZMB_L 0.006 28.71 | . 30.31 | 0.53 29.97 | . 29.06 | 0.24 29.68 | 0.77
GZMB_M 0.06 33.12 | 0.92 26.79 | 0.14 25.95 | 0.24 26.24 | 0.13 28.02 | 3.11
GZMB_R 0.06 26.7 0.1 25.74 | 0.22 26.19 | 0.2 25.73 | 0.04 26.09 | 0.44
IL10RB_L 0.056 30.73 | 0.07 30.23 | 0.17 29.77 | 0.17 30.35 | 0.07 30.27 | 0.37
IL10RB_M 0.055 31.71 | 0.43 30.91 | 0.26 31.04 | 0.11 30.57 | 0.3 31.06 | 0.5

IL10RB_R 0.053 29.69 | 0.15 29.33 | 0.09 29.18 | 0.11 28.96 | 0.09 29.29 | 0.29

Undet
IL15RA_L 0.031 3737 | . 34.24 | 0.12 35.93 | 0.86 34.67 | 0.26 35.19 | 1.13
IL15RA_M 0.104 30.26 | 0.13 28.23 | 0.18 29.76 | 0.24 29.29 | 0.31 29.39 | 0.81
IL15RA_R 0.01 35.18 | 0.53 36.73 1.36 36.08 | 0.37 34.81 | 0.48 35.75 | 1.06
IL6R_L 0.066 33.22 | 0.29 34.2 0.22 33.69 | 0.38 3391 | 0.33 33.75 | 0.46
IL6R_M 0.041 28.03 | 0.42 28.57 | 0.17 28.34 | 0.02 2754 | 0.28 28.1 0.48
IL6R_R 0.076 2543 | 0.19 25.48 | 0.09 25.42 | 0.02 2558 | 0.22 25.48 | 0.15
58

SUBSTITUTE SHEET (RULE 26)



WO 2013/090613 PCT/US2012/069561

Undet Undet Undet Undet

IL7R_L 0.022 26.88 | 0.16 . . 27.26 | 0.2 . . 27.07 | 0.26
IL7R_M 0.06 2811 | 1.02 2896 | 011 28.82 | 0.13 2892 | 0.08 28.7 0.57
IL7R_R 0.033 25.03 | 0.23 26.06 | 0.07 2562 | 04 26.28 | 0.03 2575 | 0.54
ITGB2_L 0.061 2549 | 0.22 2525 | 011 25.48 | 0.09 253 0.11 2538 | 0.17
ITGB2_M 0.042 2597 | 045 2581 | 0.32 26.18 | 0.29 26.25 | 0.3 26.05 | 0.35
ITGB2 R 0.018 2696 | 0.35 26.6 0.28 26.86 | 0.27 27.34 | 057 26.94 | 043
IVNSIABP_L 0.069 2776 | 0.19 2756 | 0.29 26.79 | 0.07 2715 | 019 27.32 | 043
IVNSIABP_

M 0.029 27.82 | 0.62 2743 | 0.66 28.16 | 0.23 2758 | 0 27.75 | 049
IVNSIABP_R 0.035 2712 | 013 2755 | 01 26.72 | 0.32 26.75 | 0.18 27.04 | 0.39
KLRF1_L 0.03 3422 | 0.29 329 0.18 3251 | 0.23 3289 | 0.24 3313 | 0.71
KLRF1_M 0.021 3432 | 051 34.07 | 0.62 3522 | 2.32 3441 | 03 34.44 | 0.92
KLRF1_R 0.05 33.06 | 0.28 335 0.37 33.64 | 0.06 3494 | 045 33.78 | 0.79
LASP1 L 0.062 2545 | 0.23 2498 | 0.08 2545 | 0.08 2491 | 015 252 0.29
LASP1 M 0.059 2562 | 0.26 2531 | 015 24.89 | 015 24.82 | 0.09 2516 | 0.37
LASP1 R 0.067 2769 | 0.22 2722 | 0.09 26.85 | 0.04 2697 | 0.04 27.18 | 0.36
LCPL L 0.015 2157 | 0.33 2154 | 0.37 21.63 | 0.16 21.17 | 0.36 215 0.32
LCPLM 0.0S8 20.78 | 0.22 2032 | 0.17 20.94 | 0.05 2052 | 013 20.64 | 0.28
LCPLR 0.033 2534 | 021 25.06 | 0.24 251 0.57 2508 | 011 2514 | 03
LILRA5 L 0.025 3101 | 0.24 30.99 | 0.08 3235 | 0.25 3095 | 0.07 31.33 | 0.64
LILRA5 M 0.112 2065 | 0.29 2939 | 0.25 3121 | 0.11 30.2 0.33 30.11 | 0.76
LILRA5 R 0.067 28.1 0.05 2759 | 0.2 29.03 | 0.19 2768 | 017 28.1 0.61
LPXN_L 0.038 3196 | 017 3118 | 0.3 31.89 | 0.36 3151 | 0.27 3164 | 04
LPXN_M 0.08 2041 | 014 20.76 | 0.2 29.76 | 0.07 29.57 | 0.06 29.63 | 0.19
LPXIN_R 0.068 3211 | 015 3209 | 0.25 3248 | 0.22 3169 | 0.44 32.09 | 0.38
LTF_L 0.022 36.81 | 0.62 37.05 | 047 3513 | 0.2 34.3 0.23 3573 | 1.26
LTF_M 0.037 28.75 | 0.09 27.63 | 0.03 2773 | 011 20.08 | 0.07 28.3 0.66
LTF R 0.08 274 0.15 2574 | 0.09 26.25 | 0.06 2695 | 011 26.59 | 0.67
LY75 L 0.024 3112 | 0.22 31.33 | 0.29 32.26 | 0.33 30.8 0.21 31.38 | 0.61
LY75_M 0.029 29.13 | 0.09 2032 | 0.18 28.7 0.58 28.87 | 017 29.01 | 0.37
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LY75 R 0.069 290.27 | 0.29 3001 | 03 29.29 | 0.23 28.64 | 019 29.3 0.55
NCF1_L 0.061 2476 | 051 2493 | 013 24.38 | 0.06 2439 | 019 2462 | 0.35
NCF1_M 0.063 26.14 | 0.02 26.2 0.26 2521 | 0.28 2544 | 017 2575 | 0.48
NCF1 R 0.064 2391 | 0.04 2406 | 0.15 2369 | 0.24 23.74 | 0.22 2385 | 0.22
NCF2_L 0.059 2444 | 01 2481 | 0.15 244 0.1 2424 | 0.12 2447 | 0.24
NCF2_M 0.093 23.09 | 0.17 2354 | 019 2345 | 01 2327 | 017 2334 | 0.23
NCF2_R 0.042 2463 | 01 24.88 | 0.08 24.66 | 0.04 2452 | 0.22 2467 | 0.17
NCF4J. 0.052 2747 | 0.38 28.01 | 01 27.61 | 0.04 2735 | 013 2761 | 0.31
NCF4_M 0.075 26.74 | 0.2 26.76 | 0.11 27.05 | 0.16 27.02 | 02 26.89 | 0.21
NCF4_ R 0.147 31.07 | 0.18 31.03 | 0.26 3249 | 0.37 3171 | 0.08 31.58 | 0.65
NCL_L 0.057 2574 | 015 2555 | 0.19 2582 | 0.15 26.23 | 0.08 2584 | 0.29
NCL_M 0.03 2431 | 011 2383 | 0.2 2439 | 0.22 2441 | 012 2424 | 0.29
NCL_R 0.059 2342 | 0.16 2346 | 0.21 2319 | 011 2347 | 0.01 2339 | 0.17
NCOAI_L 0.049 2509 | 0.35 24.7 0.14 2437 | 0.22 2464 | 015 24.7 0.33
NCOAI_M 0.058 2479 | 0.16 25.08 | 0.09 2461 | 01 2449 | 014 24.74 | 0.26
NCOAI_R 0.096 278 0.2 28.47 | 0.06 2804 | 0.11 27.9 0.1 28.05 | 0.29
NLRP1_L 0.06 2698 | 0.13 2755 | 0.23 27.16 | 0.33 27.05 | 0.09 2719 | 03

NLRP1_M 0.129 2839 | 0.21 2858 | 0.23 2825 | 011 285 0.18 2843 | 0.21
NLRP1 R 0.032 28.86 | 0.11 20.05 | 0.21 28.96 | 0.25 2857 | 0.23 28.86 | 0.26
OAS2_L 0.132 2998 | 0.09 30.12 | 0.13 30.02 | 0.09 29.76 | 0.15 2997 | 0.17
OAS2_ M 0.051 274 0.14 26.76 | 0.08 274 0.1 27.34 | 015 2723 | 03

OAS2 R 0.096 27.06 | 0.14 26.86 | 0.11 27.24 | 0.16 2714 | 0.24 27.08 | 0.2

OAS3 L 0.068 20.73 | 0.2 3192 | 014 34.05 | 0.87 3136 | 01 3177 | 1.66
OAS3 M 0.059 29046 | 0.17 28.16 | 0.04 2942 | 0.2 2841 | 0.2 28.86 | 0.63
OAS3 R 0.08 28.09 | 0.22 29.69 | 0.22 29.04 | 013 2894 | 0.06 28.94 | 0.61
PDLIM1_L 0.079 3366 | 0.42 3215 | 0.16 3119 | 0.21 30.83 | 0.26 3195 | 1.17
PDLIM1_M 0.093 28.86 | 0.33 28.01 | 0.19 27.86 | 0.06 28.06 | 0.15 28.2 0.45
PDLIM1_R 0.037 279 0.16 2897 | 0.29 28.1 0.18 20.01 | 019 285 0.55
PDLIM2_L 0.041 30.35 | 0.07 31.38 | 0.62 3044 | 0.24 3085 | 0.2 30.75 | 0.52
PDLIM2_M 0.034 3218 | 017 3172 | 011 3213 | 0.19 3247 | 0.36 3212 | 0.34
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Undet | Undet | Undet | Undet Undet | Undet | Undet Undet

PDLIM2_R 0.012 . . . . 38.02 | . . . 38.02

RAF1_L 0.047 30.25 | 0.11 29.6 0.2 29.67 | 0.15 29.62 | 0.23 29.79 | 0.32
RAF1_M 0.067 30.28 | 0.16 30.76 | 0.11 30.62 | 0.39 30.23 | 0.03 3047 | 0.3
RAF1_R 0.082 27.46 | 0.04 27.02 | 0.07 26.97 | 0.11 26.69 | 0.1 27.03 | 0.29
ROCK2_L 0.038 23.79 | 01 23.8 0.2 23.88 | 0.28 23.77 | 0.12 23.81 | 0.17
ROCK2_M 0.013 3141 | 0.25 30.43 | 0.09 30.37 | 0.46 31.01 | 0.18 30.81 | 0.51
ROCK2_R 0.083 30.54 | 0.15 29.61 | 0.1 30.95 | 0.11 30.98 | 0.25 30.52 | 0.59
SELL_L 0.045 23.28 | 0.2 24.06 | 0.11 23.8 0.12 22.65 | 0.26 23.45 | 0.59
SELL_M 0.17 24.4 0.16 2458 | 0.27 24.99 | 0.14 23.96 | 0.08 24.48 | 0.41
SELL_R 0.039 26.91 | 0.14 27.37 | 0.17 27.33 | 0.39 26.68 | 0.1 27.05 | 0.36
SELP_L 0.104 35.34 | 0.55 30.57 | 0.07 28.75 | 0.03 30.61 | 0.15 31.32 | 2.56
SELP_M 0.072 33.18 | 0.3 30.78 | 0.23 31.87 | 0.17 32.78 | 0.9 32.15 | 1.05

Undet | Undet

SELP_R 0.027 . . 35.1 0.38 33.06 | 0.43 37.31 0.07 35.16 | 1.86
SERPINA1_L 0.064 25.82 0.25 24.34 0.02 23.83 | 0.15 24.52 0.16 24.63 | 0.78
SERPINA1_

M 0.03 26.43 0.49 24.44 0.22 2466 | 0.2 25.34 0.23 25.22 | 0.85
SERPINA1_R 0.112 22.34 0.05 21.23 1.08 2197 | 0.16 22.58 0.16 22.03 | 0.71
SORL1_L 0.093 24.57 0.15 24.68 0.12 2496 | 0.07 24.48 0.16 24.67 | 0.22
SORL1_M 0.075 26.1 0.22 26.36 0.02 25.87 | 0.19 25.93 0.19 26.09 | 0.24
SORL1_R 0.086 23.63 0.17 23.59 0.07 2368 | 0.2 23.44 0.19 23.58 | 0.17
STAT6_L 0.08 24.4 0.04 24.27 0.25 2439 | 0.29 24.2 0.1 24.32 | 0.19
STAT6_M 0.082 25.79 0.16 25.68 0.14 2543 | 0.11 25.38 0.15 25.57 | 0.21
STAT6_R 0.05 27.44 0.06 28.55 0.43 2794 | 0.28 27.98 0.21 27.98 | 0.47
STX4_L 0.072 25.77 0.25 25.22 0.11 25.69 | 0.08 25.71 0.21 25.6 0.28
STX4_M 0.076 29.93 0.18 29.66 0.38 32.2 0.46 29.9 0.22 30.42 | 1.12
STX4_R 0.082 29.09 0.16 28.54 0.21 28.76 | 0.08 28.55 0.12 28.74 | 0.26
SYNE2_L 0.06 28.25 0.36 28.18 0.22 28.98 | 0.13 27.76 0.1 28.29 | 05
SYNE2_M 0.057 25.26 0.27 25.63 0.12 2557 | 0.17 25.5 0.09 25.49 | 0.21
SYNE2_R 0.062 33.43 1.08 32.01 0.08 31.27 | 0.09 33.01 0.34 32.43 | 1.01
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TES_L 0.098 24.37 | 0.12 2481 | 0.17 23.76 | 0.2 2397 | 0.21 24.23 | 0.45
TES_M 0.095 28.53 | 0.06 28.77 | 0.17 28.96 | 0.02 28.19 | 0.05 28.61 | 0.31
TES_R 0.041 28.15 | 0.07 28.32 | 0.14 28.33 | 0.22 27.97 | 0.18 28.19 | 0.21
TREM1_L 0.053 29.88 | 0.1 29.54 | 0.03 29.54 | 0.16 29.57 | 0.24 29.63 | 0.2

TREM1_M 0.076 27.95 | 0.24 26.87 | 0.06 27.35 | 0.16 28.22 | 0.12 27.6 0.56
TREM1_R 0.05 26.72 | 0.01 26.38 | 0.12 26.72 | 0.13 27.21 | 0.18 26.76 | 0.33
TRPM2_L 0.069 30.54 | 0.16 35.71 | 0.59 35.65 | 0.98 31.57 | 0.3 33.37 | 25

TRPM2_M 0.075 34.13 | 0.92 32.99 | 051 33.32 | 0.14 34.05 | 0.69 33.62 | 0.74

Undet

TRPM2_R 0.091 3571 | . 37.02 1.16 33.16 | 0.49 33.83 | 0.31 34.77 | 1.82
TXNIP_L 0.086 20.51 | 0.07 20.32 | 0.1 20.15 | 0.2 19.81 | 0.12 20.2 0.29
TXNIP_M 0.057 21.78 | 0.04 21.78 | 0.23 21.63 | 0.21 2137 | 021 21.64 | 0.24
TXNIP_R 0.11 23.83 | 0.15 23.94 | 0.13 23.62 | 0.13 2359 | 0.18 23.75 | 0.2

VIM_L 0.057 35.4 0.28 37.37 | 0.98 35.47 | 0.21 37.63 | 0.84 36.39 | 1.17
VIM_M 0.051 2559 | 0.12 2556 | 0.19 25.88 | 0.36 2596 | 0.12 25.75 | 0.26
VIM_R 0.056 23.23 | 0.12 23.03 | 0.02 23.28 | 0.15 23.45 | 0.16 23.24 | 0.19
ZAP70_L 0.054 37.11 117 36.46 | 0.94 36.35 | 0.1 36.41 | 0.89 36.56 | 0.76
ZAP70_M 0.106 31.13 | 0.11 31.28 | 0.24 31.43 | 0.18 31.48 | 0.01 31.33 | 0.2

ZAP70_R 0.091 30.35 | 0.05 30.92 | 0.3 29.93 | 0.33 30.51 | 0.25 30.42 | 0.43
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APPENDIX VII

Assay Validation Histograms: Sample Average and Overall Average Cr Values of Regional Assays
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APPENDIX VIlI

sistency weighted most heavily:

Regional Con

5 Assay Performance,

¢ In'Assay' column: L=5"design, M = Middle design, R =3' design
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21.99

20.95
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3

ARPC5_L

ARPC5_M
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4 ARPC5_R Y 21.96 5500
5 F13A1_L Y 27.12 2300
6 F13A1_M Y 26.28 2300
7 F13A1_R Y 27.07 2300
8 FCN1_R Y 24.81 9000
9 IL1ORBJ. Y 30.27 850
10 ILIORB_M Y 31.06 850
11 NCF1_L Y 24.62 5500
12 NCF1_R Y 23.85 5500
13 NCF2_L Y 24.47 8500
14 NCF2_M Y 23.34 8500
15 NCF2_R Y 24.67 8500
16 ADAR_R Borderline 26.06 4500
17 FCN1_L Borderline 25.12 9000
18 ILIORB_R Borderline 29.29 850
19 ITGB2_L Borderline 25.38 10000
20 ITGB2_M Borderline 26.05 10000
21 NCF1_M Borderline 25.75 5500
22 DDX58_L N 27.76 350
23 DDX58_M N 26.23 350
24 ITGB2_R N 26.94 10000
25 IVNS1ABP_L N 27.32 750
26 IVNS1IABP_M N 27.75 750
27 IVNS1ABP_R N 27.04 750
28 NLRP1_L N 27.19 600
29 NLRP1_M N 28.43 600
30 NLRP1_R N 28.86 600
31 KLRF1_L Y 33.13 650
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32 KLRF1_M Y 34.44 650
33 KLRF1_R Y 33.78 650
34 TRPM2_L Y 33.37 400
35 TRPM2_M Y 33.62 400
36 TRPM2_R Y 34.77 400
37 ADAR_L Borderline 25.6 4500
38 FCN1_M Borderline 25.54 9000
38 DDX58_R N 27.8 350
40 ACTR2_M Y 25.6 2000
41 ADD3_L Y 28.52 1500
42 ADD3_M Y 27.52 1500
43 AIM1_R Y 25.87 1000
44 Clorf38_M Y 28.36 3000
45 CD53_M Y 24.8 8000
46 CDC42SE1_M Y 24.71 5000
47 CDC42SE1_R Y 23.98 5000
48 EEF2_M Y 24.21 7000
49 IL7TR_M Y 28.7 3500
50 IL7R_R Y 25.75 3500
51 LCP1_L Y 215 6500
52 LCP1_M Y 20.64 6500
53 LPXN_M Y 29.63 1100
54 NCL_L Y 25.84 2000
55 PDLIM2_M Y 32.12 950
56 RAF1_L Y 29.79 3000
57 RAF1_R Y 27.03 3000
58 ROCK2_R Y 30.52 200
59 SERPINAL R Y 22.03 7500
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60 ZAP70_M Y 31.33 650
61 ZAP70_R Y 30.42 650
62 ADD1_L Borderline 29.43 750
63 AIM1_M Borderline 30.45 1000
64 CD53_R Borderline 25.9 8000
65 EEF2_R Borderline 25.62 7000
66 LASP1_L Borderline 25.2 4500
67 LASP1_M Borderline 25.16 4500
68 LASP1_R Borderline 27.18 4500
6% LCP1_R Borderline 25.14 6500
70 LPXN_L Borderline 31.64 1100
71 LPXN_R Borderline 32.09 1100
72 LY75_M Borderline 29.01 800
73 LY75_R Borderline 29.3 800
74 NCF4_L Borderline 27.61 4500
75 NCF4_M Borderline 26.89 4500
76 OAS2_L Borderline 29.97 500
77 PDLIM1_R Borderline 28.5 900
78 RAF1_M Borderline 30.47 3000
79 TREM1_L Borderline 29.63 4500
80 TREM1_M Borderline 27.6 4500
81 TREM1_R Borderline 26.76 4500
82 ACTR2_L N 22.72 2000
83 ACTR2_R N 23.17 2000
84 ADD1_M N 26.79 750
85 ADD1_R N 25.43 750
86 ADD3_R N 24.17 1500
87 CAPN2_L N 28.04 750
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88 CAPN2_M 23.88 750
89 CAPN2_R 25.15 750
90 CD163 R 27.83 200
91 CD68_L 21.75 250
92 CD68_R 26.03 250
93 LTF_R 26.59 200
94 NCF4_R 31.58 4500
95 NCcL M 24.24 2000
96 NCL_R 23.39 2000
97 NCOA1J. 24.7 850
98 NCOA1_M 24.74 850
99 NCOA1_R 28.05 850
100 0AS2_M 27.23 500
101 OAS2_R 27.08 500
102 OAS3_M 28.86 650
103 OAS3_R 28.94 650
104 PDLIM1_M 28.2 900
105 ROCK2_L 23.81 200
106 TES_L 24.23 750
107 TES_M 28.61 750
108 TES_R 28.19 750
109 Clorf38_L 27.49 3000
110 CD163_L 30.16 200
111 CD27_M 32.29 650
112 CD27_R 30.38 650
113 CD300C_L 32.63 500
114 CD300C_M 30.4 500
115 CD300C_R 30.23 500
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116 CD53 L Y 23.36 8000
117 CD83_L Y 36.63 150
118 CD83_M Y 34.82 150
119 CD83_R Y 30.62 150
120 IL15RAJ. Y 35.19 300
121 ILI5RA_R Y 35.75 300
122 IL7R_L Y 27.07 3500
123 LTF_L Y 35.73 200
124 LY75_L Y 31.38 800
125 OAS3_L Y 31.77 650
126 PDLIMIJ. Y 31.95 900
127 PDLIM2_L Y 30.75 950
128 PDLIM2_R Y 38.02 950
129 ROCK2_M Y 30.81 200
130 SERPINA1J. Y 24.63 7500
131 ZAP70_L Y 36.56 650
132 AIM1_L Borderline 30.33 1000
133 Clorf38_R Borderline 32.82 3000
134 SERPINA1_M Borderline 25.22 7500
135 CD163_M N 28.45 200
136 CD27_L N 29.18 650
137 CD68_M N 27.65 250
138 CDC42SE1_L N 30.86 5000
139 EEF2_L N 28.43 7000
140 ILI5RA_M N 29.39 300
141 LTF_M N 28.3 200
142 ACTB_L Y 23.94 10,000
143 ACTB_R Y 21.05 10,000
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144 CSF3R_R Y 24.48 6500
145 GAPDH_L Y 24.86 10,000
146 GZMB_R Y 26.09 1500
147 IL6R_L Y 33.75 500
148 LILRAS_L Y 31.33 900
149 SELL_L Y 23.45 8500
150 SELL_M Y 24.48 8500
151 SORL1_L Y 24.67 7500
152 SORL1_R Y 23.58 7500
153 STAT6_M Y 25.57 1000
154 STAT6_R Y 27.98 1000
155 TXNIP_L Y 20.2 8000
156 TXNIP_M Y 21.64 8000
157 TXNIP_R Y 23.75 8000
158 VIM_R Y 23.24 9500
159 LILRA5_R Borderline 28.1 900
160 SORLI_M Borderline 26.09 7500
161 VIM_M Borderline 25.75 9500
162 CSF3R_M N 28.15 6500
163 GAPDH_R N 26.97 10,000
164 IL6R_M N 28.1 500
165 IL6R_R N 25.48 500
166 SELL_R N 27.05 8500
167 STAT6_L N 24.32 1000
168 STX4_ L N 25.6 600
169 STX4_R N 28.74 600
170 SYNE2_L N 28.29 400
171 SYNE2_M N 25.49 400

89

SUBSTITUTE SHEET (RULE 26)



WO 2013/090613 PCT/US2012/069561
172 BACH2_L Y 34.45 150
173 BACH2_R Y 30.93 150
174 GZMB_L Y 29.68 1500
175 GczmB M Y 28.02 1500
176 LILRAS_M Y 30.11 900
177 SELPJ. Y 31.32 700
178 SELP_M Y 32.15 700
179 SELP_R Y 35.16 700
180 STX4_M Y 30.42 600
181 SYNE2_R Y 32.43 400
182 CSF3R_L Borderline 26.1 6500
183 BACH2_M N 27.36 150
184 VIM_L N 36.39 9500
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APPENDIX VIII (continued)

Assay Performance, Amplification Plot Consistency weighted most heavily:

In 'Assay' column: L=5" design, M = Middle design, R=3' design

PCT/US2012/069561

1 ADAR_M Y 2441 4500
2 ARPC5_L Y 21.99 5500
3 ARPC5_M Y 20.95 5500
4 ARPC5_R Y 21.96 5500
5 F13A1_L Y 27.12 2300
6 F13A1_M Y 26.28 2300
7 F13A1_R Y 27.07 2300
8 FCN1_R Y 2481 9000
9 ILLORE_L Y 30.27 850
10 ILIORB_M Y 31.06 850
11 NCFL_L Y 2462 5500
12 NCF1_R Y 23.85 5500
13 NCF2_L Y 2447 8500
14 NCF2_M Y 2334 8500
15 NCF2_R Y 2467 8500
16 ADAR_R Borderline | 26.06 4500
17 FCN1_L Borderline | 25.12 9000
18 ILLORB_R Borderline | 29.29 850
19 ITGB2_L Borderline | 25.38 10000
20 ITGB2_M Borderline | 26.05 10000
21 NCFL_M Borderline | 25.75 5500
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22 DDX58_L 27.76 350
23 DDX58_M 26.23 350
24 ITGB2_R 26.94 10000
25 IVNS1ABP_L 27.32 750
26 IVNS1ABP_M 27.75 750
27 IVNS1ABP_R 27.04 750
28 NLRP1_L 27.19 600
29 NLRP1_M 28.43 600
30 NLRP1_R 28.86 600
31 ACTR2_M 25.6 2000
32 ADD3_L 28.52 1500
33 ADD3_M 27.52 1500
34 AIM1_R 25.87 1000
35 Clorf38_M 28.36 3000
36 CD163_L 30.16 200
37 CD27_R 30.38 650
38 CD300C_R 30.23 500
39 CD53_M 24.8 8000
40 CD83_R 30.62 150
41 CDC42SE1_M 24.71 5000
42 CDC42SE1_R 23.98 5000
43 EEF2_M 24.21 7000
44 IL7TR_M 28.7 3500
45 IL7R_R 25.75 3500
46 LCP1_L 21.5 6500
47 LCP1_M 20.64 6500
48 LPXN_M 29.63 1100
49 NCL_L 25.84 2000
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50 PDLIM2_M Y 32.12 950
51 RAF1_L Y 29.79 3000
52 RAF1_R Y 27.03 3000
53 ROCK2_R Y 30.52 200
54 SERPINAL R Y 22.03 7500
55 ZAP70_M Y 31.33 650
56 ZAP70_R Y 30.42 650
57 ADD1_L Borderline 29.43 750
58 AIM1_M Borderline 30.45 1000
59 CD53_R Borderline 25.9 8000
60 EEF2_R Borderline 25.62 7000
61 LASP1_L Borderline 25.2 4500
62 LASP1_M Borderline 25.16 4500
63 LASP1_R Borderline 27.18 4500
64 LCP1_R Borderline 25.14 6500
65 LPXN_L Borderline 31.64 1100
66 LPXN_R Borderline 32.09 1100
67 LY75_M Borderline 29.01 800
68 LY75_R Borderline 29.3 800
69 NCF4_L Borderline 27.61 4500
70 NCF4_M Borderline 26.89 4500
71 OAS2_L Borderline 29.97 500
72 PDLIM1_R Borderline 28.5 900
73 RAF1_M Borderline 30.47 3000
74 TREM1_L Borderline 29.63 4500
75 TREM1_M Borderline 27.6 4500
76 TREM1_R Borderline 26.76 4500
77 ACTR2_L N 22.72 2000
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78 ACTR2_R Y 2 N 23.17 2000
79 ADD1JVI Y 2 N 26.79 750
80 ADD1_R Y 2 N 25.43 750
81 ADD3_R Y 2 N 24.17 1500
82 CAPN2_L Y 2 N 28.04 750
83 CAPN2_M Y 2 N 23.88 750
84 CAPN2_R Y 2 N 25.15 750
85 CD163_R Y 2 N 27.83 200
86 CD68_L Y 2 N 21.75 250
87 CD68_R Y 2 N 26.03 250
88 LTF R Y 2 N 26.59 200
89 NCF4_R Y 2 N 31.58 4500
90 NCL_M Y 2 N 24.24 2000
91 NCL_R Y 2 N 23.39 2000
92 NCOA1J. Y 2 N 24.7 850
93 NCOA1_M Y 2 N 24.74 850
94 NCOAI_R Y 2 N 28.05 850
95 OAS2_M Y 2 N 27.23 500
96 OAS2_R Y 2 N 27.08 500
97 OAS3_M Y 2 N 28.86 650
98 OAS3_R Y 2 N 28.94 650
99 PDLIM1_M Y 2 N 28.2 900
100 ROCK2_L Y 2 N 23.81 200
101 TES L Y 2 N 24.23 750
102 TES_M Y 2 N 28.61 750
103 TES_R Y 2 N 28.19 750
104 ACTB_L Y 0 Y 23.94 10,000
105 ACTB_R Y 0 Y 21.05 10,000
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106 CSF3R_R Y 24.48 6500
107 GAPDH_L Y 24.86 10,000
108 GZMB_R Y 26.09 1500
109 IL6R_L Y 33.75 500
110 LILRASJ. Y 31.33 900
111 SELLJ. Y 23.45 8500
112 SELL_M Y 24.48 8500
113 SORL1_L Y 24.67 7500
114 SORL1_R Y 23.58 7500
115 STAT6_M Y 25.57 1000
116 STAT6_R Y 27.98 1000
117 TXNIP_L Y 20.2 8000
118 TXNIP_M Y 21.64 8000
119 TXNIP_R Y 23.75 8000
120 VIM_R Y 23.24 9500
121 LILRA5_R Borderline 28.1 900
122 SORL1_M Borderline 26.09 7500
123 VIM_M Borderline 25.75 9500
124 CSF3R_M N 28.15 6500
125 GAPDH_R N 26.97 10,000
126 IL6R_M N 28.1 500
127 IL6R_R N 25.48 500
128 SELL_R N 27.05 8500
129 STAT6_L N 24.32 1000
130 STX4_L N 25.6 600
131 STX4_R N 28.74 600
132 SYNE2_L N 28.29 400
133 SYNE2_M N 25.49 400

SUBSTITUTE SHEET (RULE 26)



WO 2013/090613 PCT/US2012/069561
134 KLRF1_L Y 33.13 650
135 KLRF1_M Y 34.44 650
136 KLRF1_R Y 33.78 650
137 TRPM2J. Y 33.37 400
138 TRPM2_M Y 33.62 400
139 TRPM2_R Y 34.77 400
140 ADAR_L Borderline 25.6 4500
141 FCN1_M Borderline 25.54 9000
142 DDX58_R N 27.8 350
143 Clorf38_L Y 27.49 3000
144 CD27_M Y 32.29 650
145 CD300C_L Y 32.63 500
146 CD300C_M Y 30.4 500
147 CD53_L Y 23.36 8000
148 CD83_L Y 36.63 150
149 cpg3_ M Y 34.82 150
150 ILISRA_L Y 35.19 300
151 ILI5RA_R Y 35.75 300
152 IL7R_L Y 27.07 3500
153 LTF_L Y 35.73 200
154 LY75_L Y 31.38 800
155 OAS3 L Y 31.77 650
156 PDLIM1_L Y 31.95 900
157 PDLIM2_L Y 30.75 950
158 PDLIM2_R Y 38.02 950
159 ROCK2_M Y 30.81 200
160 SERPINA1_L Y 24.63 7500
161 ZAP70_L Y 36.56 650
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162 AIM1_L Borderline 30.33 1000
163 Clorf38_R Borderline 32.82 3000
164 SERPINA1_M Borderline 25.22 7500
165 CD163_M N 28.45 200
166 CD27_L N 29.18 650
167 CD68_M N 27.65 250
168 CDC42SE1_L N 30.86 5000
169 EEF2_L N 28.43 7000
170 ILISRA_M N 29.39 300
171 LTF_M N 28.3 200
172 BACH2_L Y 34.45 150
173 BACH2_R Y 30.93 150
174 GZMB_L Y 29.68 1500
175 GZMB_M Y 28.02 1500
176 LILRAS_M Y 30.11 900
177 SELP_L Y 31.32 700
178 SELP_M Y 32.15 700
179 SELP_R Y 35.16 700
180 STX4_M Y 30.42 600
181 SYNE2_R Y 32.43 400
182 CSF3R_L Borderline 26.1 6500
183 BACH2_M N 27.36 150
184 VIM_L N 36.39 9500
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APPENDIX IX

RNA guality data for freeze/thaw cycle treatment (lanes 1-5) and heat treatment (lanes 6-10):

Lane Key:

Lanel: F/T 0 cycles

Lane2: F/T 3 cycles

Lane3: F/T 6cycles

Lane4: F/T 9 cycles

Lane5: F/T 12 cycles
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RNA guality data for RNase A degradation treatment (lanes 1-7):

8§ Lill

Lane Key:

Lanel F/T 0cycles

Lane2: F/T 3 cycles

Lane3: F/T 6 cycles
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RNase A - 16 minutes

RNase A = 8 minutes
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APPENDIX X

Nanodrop ND-8000 Native RNA Yield Data:

PCT/US2012/069561

Pre-Cleanup 47.86 1.196 | 0.529 | 2.26 0.37 40.00 3.35
Post-Cleanup | 48.38 1209 | 0591 |2.04 1.77 40.00 3.38
Pre-Cleanup Bioanalyzer 2100 Data:

Pre-Cleanup

TR

o A

o R S R RN T e S s
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Post-Cleanup Bioanalyzer 2100 Data:

Post-Cleanup

s St e S el

5 APPENDIX XI

Nanodrop ND-8000 Manually Extracted RNA Yield Data:

A 51.01 | 1.275 | 0539 | 2.37 0.37 40 4.08

B 5481 | 1.37 0582 | 2.35 0.43 40 4.38

C 4786 | 1.196 | 0529 |2.26 0.37 40 3.83

D 5008 |1.252 | 0535 | 234 0.39 40 4.01

E 8294 |2.074 | 0952 |2.18 0.58 40 6.64
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Manually Extracted RNA Bioanalyzer 2100 Data :

WO 2013/090613
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APPENDIX XII

Nanodrop ND-8000 RNase A Degradation and Column-Purified RNA Yield Data:

PCT/US2012/069561

RNase A - 0.5 minute 21.55 0.539 0.298 181 0.39 40.00
RNase A - 1 minute 21.95 0.549 0.321 1.71 0.63 40.00
RNase A - 2 minutes 19.18 0.480 0.272 1.76 0.62 40.00
RNase A - 4 minutes 23.66 0.591 0.364 1.63 0.24 40.00
RNase A - 8 minutes 19.43 0.486 0.289 1.68 0.25 40.00
RNase A - 16 minutes 11.43 0.286 0.186 1.53 0.74 40.00

RNase A Degradation and Column-Purified RNA Bioanalyzer 2100 Data:

SUBSTITUTE SHEET (RULE 26)
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Lane Key:

Lane 2: RNase A—0.5 minute

Lane 3: RNase A-1 minute

Lane4: RNase A-2 minutes
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RNase A -1 min

RNase A - 0.5 min
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APPENDIX Xl

RNA Degradation: cDNA Synthesis and Amplification Quality Control Data

Nanodrop ND-8000 cDNA Yield Data:

PCT/US2012/069561

SUBSTITUTE SHEET (RULE 26)

“RNase A -

302.51 |9.167 | 4673 | 1.96 2.19 33 9.08
0 minute
RNase A -

23356 | 7.077 | 3.624 | 1.95 2.17 33 7.01
0.5 minute
RNase A -

21429 (6.494 | 3321|196 2.19 33 6.43
1 minute
RNase A -

205.72 [6.234 | 3.162 | 1.97 2.2 33 6.17
2 minutes
RNase A -

200.53 | 6.077 | 3.119 | 1.95 2.17 33 6.02
4 minutes
RNase A -

17855 | 5411 | 2.781 | 1.95 2.14 33 £.36
8 minutes
RNase A -

160 4.848 | 2486 | 1.95 2.15 33 4.80
16 minutes
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Fluorescence

Fluorescence

PCT/US2012/069561

LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data:

RNase A — 0 min
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Fluorescence

PCT/US2012/069561

LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data (continued):

RNase A—1 min

17.5¢
15.0%
12.5%
10.0<
7.5%
5.0
2.5%
[ ) —

K

i

15 20 25 30 35 40 45 50 55 60 65 70

Time (seconds)

.
§

o

Fluorescence

RNase A—2 min

17.5§
15.0%
12.5%
10.04

7.5%

5.04
(TG S—

Time (seconds)

ot . R R i T S——
15 20 25 30 35 40 45 50 55 60 65 70

.
§

L 123456 78 9101112

SUBSTITUTE SHEET (RULE 26)



10

15

WO 2013/090613

Fluorescence

Fluorescence

PCT/US2012/069561

LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data (continued):
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LabChip 90 HT Microcapillary Electrophoresis cDNAQuality Data (continued):

RNase A - 16 min
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APPENDIX XIV
General Plate Map for Degraded RNA gPCR Reactions:
e Numbers refer to unique assays

o NTC stands for No Template Control; these wells contain only assay master mix but no cDNA
sample
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APPENDIX XV

Degraded RNA: Expression Data and Descriptive Statistics
* Average G is the average of three technical replicates
«  Overall Average G is the average of three technical replicates of all four samples
'Undet." indicates that the G value was undetermined for that sample

Avg C;0 min

25.5 2582 | 25.95 |[25.74 (2588 | 2631 | 2575 |0.5

ACTB_L 0.051 | 24.98
ACTB_R 0.065 | 21.72 | 22.31 | 23.01 |22.91 |22.78 |23.18 | 235 22.77 | 0.593
ARPC5_L 0.076 | 21.79 | 22.41 | 2334 |23.27 (22.89 (2394 | 23.88 | 23.07 | 0.747

ARPC5_M 0.146 | 20.98 | 21.62 | 2247 |22.86 |22.52 |23.18 |23.62 | 22.46 | 0.879

ARPC5_R 0.061 | 21.28 | 22.15 | 2259 |22.97 (22.83 (2372 | 243 22.84 | 0.949

F13A1_L 0.116 | 2851 | 29.18 | 29.73 | 28.06 | 30.26 | 30 29.32 | 29.27 | 0.788

F13A1_M 0.158 | 27.45 | 2945 | 2954 |30.55 | 31.14 |31.16 | 36.83 | 30.58 | 2.478

F13A1 R 0.161 | 2814 | 2952 | 2923 | 31.04 | 29.7 31.42 | 31.35 | 30.06 |1.19

ILIORB_L 0.086 | 29.73 | 31.22 [ 3053 | 333 32.47 | 36.23 | 35.79 | 32.75 | 2416

ILLORB_M 0.104 | 30.64 | 31.59 |31.79 |3253 |31.48 |3371 |33.83 |3222 | 1174

ILIORE_R 0.096 | 29.92 | 3049 | 3191 |32.15 |30.13 |33.59 | 34.03 | 3175 | 1.599

ITGB2_L 0.125 | 27.48 | 27.81 | 28.64 | 28.77 | 28.7 29.82 | 321 29.04 | 1.469

ITGB2_M 0.078 | 27.59 | 2843 | 2856 |27.71 | 28.26 | 29.09 | 28.03 | 28.22 | 0.563

ITGB2_R 0.035 | 28.92 | 29.34 | 30.7 30.23 |[30.15 | 29.84 | 31.24 | 30.06 | 0.999

IVNS1ABP_L | 0.112 [ 27.48 | 28.81 | 2886 | 2941 |28.62 | 3163 | 2631 | 2873 | 1.573

IVNS1ABP_M | 0.035 [ 27.82 | 28.31 | 2957 | 2887 |29.85 |3035 | 3173 | 29.51 | 1.309

IVNS1ABP_R | 0.075 [ 27.07 | 2855 | 28.03 |29.25 |28.21 | 30.69 | 32.27 | 29.15 | 1.699

KLRF1_L 0.04 |31.48 | 325 3236 |34.74 | 3153 |35.81 |37.69 | 3353 |2.165

KLRF1_M 0.026 | 326 | 33.81 |3461 |3495 |33.91 |3654 |3848 |34.59 | 1.596

KLRF1_R 0.099 | 335 |[34.89 |3517 |33.94 |33.18 |35.68 |33.05 |34.2 |1.004
NCF1_L 0.119 | 2511 | 2559 | 2567 | 26.11 |26.21 | 27.22 | 26.84 | 26.11 | 0.709
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NCF1_M 0.116 | 26.02 | 26.4 26.55 27.24 271 27.7 27.63 26.95 | 0.65

NCF1_R 0.115 | 24.8 24.64 25.17 24.32 24.3 23.99 24.67 24.56 | 0.385
NCF2_L 0.09 24.81 | 25.16 25.35 25.57 25.37 25.43 25.47 25.31 | 0.264
NCF2_M 0.193 | 23.97 | 244 24.82 25.17 24.72 249 26.01 2485 | 0.623
NCF2_R 0.086 | 24.75 | 25.88 25.99 26.49 26.36 26.7 29.11 26.47 | 1.262
NLRP1_L 0.091 | 27.99 | 28.42 29.56 30.71 27.9 28.71 29.79 29.01 | 1.002
NLRP1_M 0.183 | 27.91 | 29.23 28.84 30.04 27.77 31.47 31.26 295 1.416
NLRP1_R 0.061 | 29.77 | 30.46 29.47 33.78 32.27 32.45 33.47 31.67 | 1.689
TRPM2_L 0.067 | 34.34 | 35.72 37.76 37.72 34.73 Undet. | 37.07 35.96 | 1.528
TRPM2_M 0.102 | 34.86 | 34.59 37.49 Undet. | 35.29 33.08 Undet. | 34.58 | 1.292
TRPM2_R 0.071 | 36.99 | 35.44 Undet. | Undet. | Undet. | Undet. | Undet. | 35.83 | 1.228
ZAP70_L 0.097 | 37.45 | Undet. | 32.5 38.27 Undet. | Undet. | Undet. | 35.11 | 2.927
ZAP70_M 0.13 31.34 | 32.36 31.76 33.25 32.34 34.57 Undet. | 32.6 1.102
ZAP70_R 0.143 | 31.37 | 30.6 34.49 33.31 34.54 32.02 33.74 32.87 | 1.493
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APPENDIX XVI

RNA Degradation Assay Histograms: Sample Average and Overall Average C; Values
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While certain of the preferred embodiments of the present invention have been
described and specifically exemplified above, it is not intended that the invention be limited
5  to such embodiments. Various modifications may be made thereto without departing from

the scope and spirit of the present invention, as set forth in the following claims.
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What is claimed is:

1. A method for quantitatively evaluating the extent of RNA degradation in a

sample, comprising;

a) identifying a candidate gene set and determining an arbitrary expression score for
each gene present in said set, said gene set being specifically expressed in said tissue or said

blood specimen and sorting said genes into at |east two tiers based on said expression score;

b) generating aplurality of amplification plots and CT profiles from a set of candidate
genes encoding RNAs exposed to differential degradation conditions thereby providing a
series of differentially weighted cT profiles correlating to the degradation state of said RNA,
said scores corresponding to intact and incrementally degraded RNAS; and

c) subjecting RNA in said sample to quantitative amplification, thereby generating an
amplification plot and aCT score; said Cx score being correlated with those determined in

step b) said score providing the degree of degradation of said sample.

2. The method of claim 1, wherein said sample is an environmental sample.
3. The method of claim 1, wherein said sample is obtained from ahuman.

4, The method of claim 1, wherein said sample is atissue sample.

5. The method of claim 1, wherein said sampleis a fluid.

6. The method of claim 1, wherein said sample comprises whole blood.

7. The method of claim 6, further comprising the step of d) analyzing agene

expression profile employing said sample.

8. The method of claim 7, further comprising the step of €) assessing disease

status or progression using said gene expression profile.

9. The method of claim 1, further comprising the step of d) discarding said
sample without conducting a gene expression profile analysis if said degree of degradation is

unsuitable.
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10. The method of claim 1, wherein said RNA is converted to cDNA during or

prior to quantitative amplification.

11.  The method of claim 1, wherein said quantitative amplification comprises

PCR.
5 12, A system configured to carry out the method of any of claims 1-11.

13. The system of claim 12, comprising a computer processor that generates said

plurality of amplification plots and Cx profiles.
14. The system of claim 11, comprising athermocycler.
15. The system of claim 11, comprising a sample processing component.

10 16. The system of claim 15, wherein said sample processing components purifies

or isolates RNA from cells or tissue.
17. The system of claim 11, comprising a detection component.

18. The system of claim 17, wherein said detection component detects mass,
optical signals, heat, pH changes, or radioactivity.
15

20
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5

Assay detals:
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Figure 6

ARn vs. Cycle ARn vs. Cycle
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