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Abstract

Single Molecule, Real-Time (SMRT®) Sequencing holds promise
for addressing new frontiers to understand molecular mechanisms
In evolution and gain insight into adaptive strategies. With read
lengths exceeding 10 kb, we are able to sequence high-quality,
closed microbial genomes with associated plasmids, and
Investigate large genome complexities, such as long, highly
repetitive, low-complexity regions and multiple tandem-duplication
events. Improved genome quality, observed at 99.9999% (QV60)
consensus accuracy, and significant reduction of gap regions in
reference genomes (up to and beyond 50%) allow researchers to
better understand coding sequences with high confidence,
Investigate potential regulatory mechanisms in noncoding regions,
and make inferences about evolutionary strategies that are
otherwise missed by the coverage biases associated with short-
read sequencing technologies.

Additional benefits afforded by SMRT Sequencing include the
simultaneous capability to detect epigenomic modifications and
obtain full-length cDNA transcripts that obsolete the need for
assembly. With direct sequencing of DNA in real-time, this has
resulted in the identification of numerous base modifications and
motifs, which genome-wide profiles have linked to specific
methyltransferase activities. Our new offering, the Iso-Seq™
Application, allows for the accurate differentiation between
transcript isoforms that are difficult to resolve with short-read
technologies. PacBio® reads easily span transcripts such that both
5'/3’ primers for cDNA library generation and the poly-A tail are
observed. As such, exon configuration and intron retention events
can be analyzed without ambiguity. This technological advance is
useful for characterizing transcript diversity and improving gene
structure annotations in reference genomes.

We review solutions available with SMRT Sequencing, from
targeted sequencing efforts to obtaining reference genomes (>100
Mb). This includes strategies for identifying microsatellites and
conducting phylogenetic comparisons with targeted gene families.
We highlight how to best leverage our long reads that have
exceeded 20 kb in length for research investigations, as well as
currently available bioinformatics strategies for analysis. Benefits
for these applications are further realized with consistent use of
size selection of input sample using the BluePippin™ device from
Sage Science as demonstrated in our genome improvement
projects. Using the latest P5-C3 chemistry on model organisms,
these efforts have yielded an observed contig N50 of ~6 Mb, with
the longest contig exceeding 12.5 Mb and an average base quality
of QV50.
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Data per SMRT®™ Cell: ~ 275 Mb Data per SMRT® Cell: ~ 375 Mb

Baszed on data from a 20 kb size-selected E. coli library using a 180-minute mowvie.
Each SMRT Cell yields ~ 50,000 reads.

Example read length distribution from a SMRT Sequencing run with 20 kb
size-selected E. coli library using a 180-min movie. Average throughput of
350 Mb per SMRT Cell with ~50,000 reads.
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Top 10 Applications for Evolutionary Biology

(1) PacBio-only de novo Genome Assemblies
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Public datasets, SMRT Analysis and compatible third party software are
available from PacBio DevNet: http://pacbiodevnet.com/

(2) Hierarchical Genome Assembly Process (HGAP)
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A bioinformatics solution to make best use of all PacBio reads for
Improved consensus accuracy and genome assemblies.

(3) Obtain Complete Microbial Genomes with
Epigenetic Modifications and Associated Plasmids
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Genome-wide detection of methylation for the German E. coli outbreak strain.

(4) Conduct Whole-Genome Phylogeny
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Collaboration with P. Desai, B. Weimer (UC Davis)

(5) Compare Genome Organization between Strains

CS

Tohama :IF

Collaboration with A. Zeddeman, H. van der Heide, M. Bart & F. Mooi
National Institute for Public Health and the Environment (RIVM), Netherlands
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(6) Discover de novo Microsatellites
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(7) Detect Complex Duplication &Triplication Events
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Aluminum tolerance in maize is important for drought resistance and protecting
against nutrient deficiencies
«Segregating population localized a QTL on a BAC, but unable to genotype with
short-read sequencing due to high repeat content and GC skew
*BAC assembly with PacBio long reads revealed a triplication of the ZnMATE1
membrane transporter
Maron, LG et al. (2013) PNAS 110(13):5241-6

(8) Direct Full-length Isoform Sequencing

Multiple isoforms observed at a single locus No Assembly Required!
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(9) Survey Targeted Gene Families

Detailed gluten content and
composition overview from 10 wheat
cultivars in single SMRT Cell
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Zhang W et al. (2013) Gene doi:10.1016/j.gene.2013.10.009

(10) Whole Genome Survey of Duplication Events
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Rogers RL, et. al. (2014) Mol Biol Evol doi: 10.1093/molbev/imsul24
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