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RNA-Seq data: a goldmine for organelle
research
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Abstract

GenBank is bursting with eukaryotic RNA sequencing (RNA-Seq) results. These data are transforming our view of
nuclear transcriptional architecture, but many scientists are ignoring a major component of the data: mitochondrial-
and chloroplast-derived sequences. Indeed, organelle transcripts typically represent a significant proportion of
the reads generated from eukaryotic RNA-Seq experiments. Here, | argue that these data are an excellent and

untapped resource for investigating many aspects of organelle function and evolution.
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Next-generation sequencing has reshaped how we
address questions at the genomic level. Recently, 1
argued that the data coming from nuclear genome
sequencing projects could also be used to explore
organelle genomes [1]. In fact, eukaryotic next-
generation sequencing results are riddled with mito-
chondrial and, for plants and algae, chloroplast
sequences [1,2]. Here, I want to draw attention to
another untapped resource: RNA sequencing
(RINA-Seq) data. Researchers around the world are
using high-throughput technologies, such as Illu-
mina and 454, to sequence the transcriptomes from
thousands of diverse species, and are depositing the
results from these experiments in public online data-
bases, such as the National Center for Biotechnology
Information Sequence Read Archive (SRA) [3].
There are over 20 000 RNA-Seq projects from eu-
karyotes in the SRA, and soon there will be even
more. The National Center for Genome Resources
(NCGR) in collaboration with the Gordon and
Betty Moore Foundation is sequencing the transcrip-
tomes from approximately 750 marine unicellular
eukaryotes [4], and an international collaboration
headed by Drs Gane Ka-Shu Wong and Michael
Deyholos from the University of Alberta is doing
the same for 1000 different plant species [5]. The
raw [llumina reads generated from both of these pro-
jects will be deposited in the SRA. Eukaryotic

RNA-Seq data are revolutionizing nuclear genome
sequence analysis and transforming our view of nu-
clear transcriptional architecture [6], but another
major component of the data—organelle-derived
transcripts—should not be overlooked.

The high copy number and elevated expression
levels of organelle genomes mean that their tran-
scripts  represent a significant proportion (up to
25%) of the reads generated from RINA-Seq experi-
ments [7,8]. And because organelle transcripts are
typically AT rich and often polyadenylated their
contribution to the overall number of RINA-Seq
reads has been shown to go up with increased
poly-A RNA selection; moreover, their concentra-
tions also remain high when employing other types
of enrichment protocols, such as ribosomal RINA
depletion [8]. My collaborators and I recently
received from the NCGR the RNA-Seq results for
one of the marine algae that we nominated for tran-
scriptome  sequencing: Pyramimonas parkeae (project
ID MMETSP0059). As expected, the data are teem-
ing with organelle-derived transcripts, so much so
that almost complete mitochondrial and plastid tran-
scriptomes (and genomes) could be assembled from
the reads.

In addition to providing information on organelle
gene expression, RNA-Seq data can give insight into
a variety of other questions. Organelle transcription
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is remarkably complex [9] but poorly studied in the
majority of eukaryotes. The huge quantity of avail-
able RNA-Seq reads from across the eukaryotic
domain represents an excellent and untapped
resource for investigating organelle transcriptomic
and genomic architecture. For instance, the mito-
chondrial genomes of certain land plants and protists
undergo massive and perplexing amounts of
post-transcriptional editing and processing [10], the
study of which has helped spur paradigm-shifting
theories of genome evolution [11]. RNA-Seq has
proven to be an excellent tool for examining RNA
editing and processing within organelles [12,13]—
but see [14—16] for critical discussion. Finally, given
that most regions in an organelle genome are tran-
scribed [9,13], RNA-Seq results can be mined for
coding and noncoding sequences from species for
which there are few or no existing organelle data,
facilitating phylogenetic, comparative genomic, and
genetic barcoding analyses.

Some researchers have already started mining or-
ganelle transcripts from the large stores of RNA-Seq
data in the SRA. For example, a recent study used
available RNA-Seq experiments to compare expres-
sion levels of mitochondrial- versus nuclear-encoded
genes across metazoans [17]. Others have combined
RINA-Seq results with genome sequencing projects
to measure genetic diversity and post-transcriptional
editing within the plastids of plants and algae
[12,13,18]. However, the bulk of the
organelle-derived RINA-Seq reads in public data-
bases are waiting to be analyzed.

Two points to keep in mind when collecting
organelle transcripts from whole transcriptome
RNA-Seq projects: First, because of intercompart-
mental gene transfer, nuclear genomes often contain
mitochondrial- and chloroplast-like  sequences,
dubbed NUMTs and NUPTs [19], which, if tran-
scriptionally active, can be mistaken for organelle-
derived RNA. If a putative organelle transcript is
identical to a region in the nuclear genome and/or
shows differences to the organelle genome (assuming
these data are available) then that could indicate it is a
NUMT/NUPT. Second, RNA-Seq libraries are
sometimes contaminated with genomic DNA,
which is normally due to incomplete DNA digestion
during RNA purification. If so, a large fraction of the
DNA contamination can come from organelle gen-
omes because their high AT content helps them pass
through the poly-A selection step during mRINA
enrichment [20]. Poly-A selection will also skew

the organelle data towards AT-rich regions of the
organelle genome. Most of the RINA-Seq projects
deposited within the SRA contain details about the
sample preparation and library construction, includ-
ing if poly-A purification or ribosomal RNA deple-
tion protocols were used.

Despite the large amounts of eukaryotic
RNA-Seq data, most researchers disregard organelle
transcripts focusing entirely on those from the nu-
cleus. Consequently, there are vast and accumulating
amounts of unexplored mitochondrial and chloro-
plast sequences in the SRA—data that could be
used to examine organelle function and evolution.
Scientists should take advantage of these data as well
as those from species soon to be sequenced as part of
the Marine Microbial Eukaryote and 1000 Plant
Transcriptome Initiatives. And remember not to
overlook the organelle sequences.

Key Points

e There are massive amounts of unexplored mitochondrial and
chloroplast RNA-Seq data in public online sequence
repositories.

e These data represent an excellent and untapped resource for
investigating the transcription, function and evolution of organ-
elle genomes.

e Soon we will be inundated with RNA-Seq data from hundreds of
marine microbial eukaryotes and diverse land plants, providing
researchers with an unprecedented opportunity to explore nu-
clear and organelle transcription in some of the world’s most di-
verse and fascinating species.

e | encourage researchers to take advantage of the available
RNA-Seq data in GenBank, and not to overlook the mitochon-
drial- and chloroplast-derived sequences.
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