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INTRODUCTION " .

Digital RNA expression profiling with next generation sequencing (NGS) promises to revolutionize the way 3;

transcriptomics is performed. RNA-Seq and related methods can be used to not only detect differential 9] .
expression of genes but also to measure isoform usage, detect mutations and measure allele-specific % ] ¢
expression. In addition, RNA sequencing can be used as a discovery tool to characterize un-annotated g 1

regions of the genome that are transcribed. Although RNA-Seq has been used in different labs and on a >

variety of NGS platforms, there has not been a thorough investigation of fundamental analytical c_g 01~ o °
performance metrics. In order to evaluate the capabilities of RNA-Seq we have used two synthetic RNA o . .
spike pools that are added to the RNA sample prior to library preparation and sequencing. The pools S '1'; IR : b @
consist of 92 synthetic transcripts designed by the External RNA Control Consortium (ERCC)(1). Using the © _2_ ST EE:‘“ : - o ®e

SOLID™ System for sequencing, over 350 million reads were generated from HelLa cell polyA RNA spiked : A )

with the two synthetic RNA pools. Using this sequence data we were able to precisely measure the 3] o ese ®

sensitivity and dynamic range of detection for this experiment. This model system indicates that NGS ] -

offers extremely high precision and accuracy, with no attenuation at the high end of the dynamic range, as B
seen with analog measurement systems such as microarrays. Also, because of the two pool design used, 6 > 4 3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1y
the accuracy of differential expression measurements between samples can be observed. We have used Mean Log2 RPKM

various diagnostic methods to estimate the sensitivity and specificity of fold-change ratios for the
determination of differential expression. Supporting the mission of the ERCC we report how these
reagents can provide invaluable information about the performance of new RNA-Seq tools and methods, as
well as, provide critical quality control metrics for individual sequencing experiments.

Figure 3. MA Plot Comparing Spike Pool Ratios

The MA Plot shows ratio-metric performance of the 2 ERCC pools. The pools are divided equally into 4
sub-pools of 23 spikes each. These sub-pools are designed to evaluate 1.5, 2 and 4 fold change, as well
as, no change between the 2 ERCC pools. As can be seen the different ratios are performing as predicted

throughout most of the dynamic range. The spikes are designed to extend through 20 log2 units. The
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Whole transcriptome libraries prepared with the SOLID™ Whole Transcriptome Analysis Kit were amplified Figure 4. Expected vs. Observed fold change estimates with two RPKM thresholds

onto beads by emulsion PCR using recommended SOLID™ System sequencing protocols. Enriched beads The log ratio of pool 1 vs. poo_l 2 was calculated for all 92 spikes across the two pools. The ob_served
were deposited onto glass slides using the quad partition gasket (each replicate sample was deposited on 2 | Values were then compared with the expected log fold change values based on the concentration of each

slide quads) and sequenced using the SOLID™ 3 System and 50 bp reads. A total of >350 million total spike in the two pools. A. Acceptable accuracy (R"2=0.784, slope=0.815) was found when both samples
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NS § cg"? cg%? cg%? {5" As RNA sequencing becomes more common a better understanding of the performance of these methods will be
h RSN Increasingly important. Synthetic spikes have proven to be useful tools for evaluating expression analysis platforms
Transcript Number per 100 ng HelLa PolyA like microarrays and this study demonstrates their usefulness with RNA-Seq. We have shown detection levels of
less than .015 transcript copies/cell with fewer than 50 million uniquely mapped reads. This is roughly 70X more
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Threshold Threshold ANA Ratio Detection also shown that RNA sequencing results in very accurate estimates of differential expression at the transcript level.
We envision these spikes becoming a standardized tool for library quality assessment and sequencing
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