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1 Introduction

Massively Parallel Nucleotide Sequencing (MPNS) allows the rapid generation of gigabases of
sequence data at a relatively low cost per residue. A varietyof platforms exist, but all rely on the
generation of a large number of relatively short sequences,known as ’tags’ or ’reads’ that can
then be identified by aligning them to a target database, or assembled into de novo sequences.
A major application of MPNS is RNA-Seq [1], in which the proportion of reads matching a
given transcript can be used as a measure of its expression level. Unlike hybridization-based
techniques such as qPCR or microarrays, RNA-Seq does not rely on pre-determined probes de-
signed against known target sequences, allowing it to be used to search for novel transcription
at previously uncharacterized loci. In addition, by seeking reads that cross exon-exon bound-
aries, MPNS can be used to identify novel arrangements of exons, and thus, uncharacterized
splicing events. Although powerful, RNA-Seq is not withoutbioinformatics challenges. These
include an inability to distinguish between loci with 100% sequence similarity, a dependence
on appropriate algorithms, statistics and annotation tools to support the data analysis, and the
need to generate sufficient reads to cover each locus at sufficient depth to give reliable estimates
of expression.

To investigate these issues, we have carried out a comprehensive comparison between RNA-
Seq and Affymetrix Exon 1.0ST arrays using RNA from two cell lines: MCF-7, a breast cancer
line, and MCF-10a, a normal epithelial line. Exon arrays arecurrently the most dense arrays
designed specifically for profiling gene expression [2]. They feature approximately 1.2 million
probesets that aim to target every known exon in the entire genome, as well as loci outside
known protein coding regions. Thus, our use of Exon arrays allows us to assess the performance
of RNA-Seq in two key areas: detection and measurement of expression at the granularity of
individual exons, and discovery of transcription outside annotated loci.

2 Results

2.1 Datasets

50 base reads were aligned to NCBI build 36 of the human genomeallowing 6 mismatches
per read. Unless otherwise stated, reads that matched to multiple loci were removed. A total of
28,371,318 reads from MCF-10a and 28,882,179 from MCF-7 mapped uniquely to the genome.
77% (21,709,397) of these mapped to a known transcript in MCF-10a and 76% (22,031,344)
in MCF-7, and of these 74% (15,996,190) and 79% (17,439,762)respectively mapped to a
known exon (Figure 1). The remaining reads mapped to either transcript predictions, Expressed
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Sequence Tags (ESTs), or regions with no annotation. Over half of all known exons in both cell
lines (58%; 168,678/291,229 in MCF-10a, and 59%; 170,721/291,229 in MCF-7) featured at
least one matching read.

2.2 Detection call correspondence

On Exon arrays, probesets with signals separable from background are identified using the De-
tection Above Background (DABG) score [3], which estimatesthe probability that a probeset’s
signal is similar to the general background distribution. Any probeset with ap-value below a
pre-defined threshold (0.01 in this study) is flagged Present(P), and Absent (A) if above. We
compared P/A calls for the 155,016 exons targeted by a singleprobeset on the Exon array with
P/A calls for the same exons in RNA-Seq. An exon was defined as Present in RNA-Seq if the
number of reads mapping to it was greater than zero. At this threshold, 87% of the exons called
Present on the Exon array in the MCF-10a sample were also called Present using the RNA-Seq
data, and 81% of the exons called Absent on the array were alsoflagged Absent in RNA-Seq
(Table 1). Similar results were obtained with MCF-7.

Table 1:Detection call correspondence between RNA-Seq and Exon arrays.

No. of exons

Sample Pres. on both Abs. on both Pres. in RNA-Seq only Pres. on array only

MCF-10a 83133 47925 11120 12838
MCF-7 82438 45879 12847 13852

2.3 Expression level and fold change correspondence

Exon expression levels in RNA-Seq were calculated according to Equation 1:

E = C
S

T − U
(1)

where S is the number of reads mapping to the exon, L is the exonlength, U is the number of
non-unique loci across the exon, T corresponds to the total number of uniquely mappable reads
in each cell line, and C is a constant set to 1x109 in this study. To avoid taking logs of zero, we
added a small constant (0.0001) to all normalised expression levels.

Despite the differences between the platforms and the protocols used to prepare their sam-
ples, we observed some correlation (r=0.55, MCF-10a; r=0.53, MCF-7) between exon expres-
sion levels in RNA-Seq and those on the Exon array for exons flagged Present on both platforms.
As expected, fold changes were more consistent, showing good correspondence (r=0.59, Fig-
ure 1) between platforms when data points featuring at leastone Absent-flagged sample were
removed (i.e. after eliminating comparisons involving data points with poor signal-noise ratio).

2.4 Identification of novel loci of transcription

15% and 17% of reads in MCF-10a and MCF-7 respectively mappedto regions on the genome
that are currently un-annotated. To characterise these regions, we first grouped reads into clus-
ters by seeking sets of overlapping reads, and then merging adjacent clusters separated by 50
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Figure 1: Comparison of fold changes between RNA-Seq and the array. Fold change of an exon was
calculated by subtracting its log2 expression level in MCF-7 from the corresponding value in MCF-10a.
Grey points indicate exons called Absent in at least one sample.

bases. We then filtered these clusters, retaining only thosein un-annotated regions, and above
a read count threshold (19 in MCF-10a, and 16 in MCF-7) at which a cluster was deemed most
likely to represent a novel exon. 4449 and 4900 such clustersin MCF-10a and MCF-7 respec-
tively fulfilled these criteria. On the Exon array, 2664 (60%) of the clusters found in MCF-10a
overlapped with a probeset target region (PTR), and of these92% (2462/2664) were called
Present. Likewise in MCF-7, 62% (3038/4900) of read clusters were located at or near a PTR,
and of these, 91% (2767/3038) were called Present. In general, we found that as the read count
of a cluster increased, the probability of finding a neighbouring probeset also increased, and
that the probeset was more likely to be called Present. Thus there is strong agreement between
RNA-Seq and Exon arrays in detection of transcription outside annotated loci.

3 Conclusion

In this study we show that data from a SOLiD RNA-Seq experiment is sufficient to generate
results comparable to those produced from Affymetrix Exon arrays, even using only a single
replicate from each platform, and when presented with a large genome. Our main focus was
at the exon level, and this, to our knowledge, is the first study to present such a fine-grained
comparison between the two platforms. In addition, it was possible to identify a set of intergenic
loci expressed at significant levels, the majority (60%) of which match probesets on the Exon
array.

4 Further reading

Bradford JR, Hey Y, Yates T, Li Y, Pepper SD, Miller CJ: A comparison of massively parallel
nucleotide sequencing with oligonucleotide microarrays for global transcription profilingBMC
Genomics, 11:282, 2010.
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