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Revolutions in Genomics: Single Molecule Sequencing
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Deamer et al 2016, Nature Biotech

First patented back in 1995, commercialized in 2014

No theoretical upper limit to sequencing read length, practical
limit only in delivering DNA to the pore intact

Palm sized sequencer
Sequencing output 5-10Gb

Disclosure: Timp has two patents (US 2011/0226623 Al; US2012/0040343 Al) licensed to ONT




Earliest nanopore experiments analyzed RNA
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Building Transcriptomes: Native RNA sequencing

» Analyse isoforms directly
 Poly-A length assessment
« RNA modifications

 PCR-free system
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Long read
transcript sequencing




Nanopore RNA consortium

e SiX participating Universities F 3
» Johns Hopkins University s

« University of Birmingham

« University of California Santa Cruz
 University of British Columbia

« Ontario Institute for Cancer Research
« University of Nottingham

o |solated poly-A RNA from GM12878 CEPH cell
line, sequenced direct RNA and amplified cDNA

» Spiked-in synthetic RNA molecules

 Lexogen SIRV Set 3 (ERCC + 69 SIRV
— |soforms)
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How much data did we generate?

» =13 million Direct RNA sequences, 30 flow cells

e >24 million cDNA sequences, 12 flow cells

 https://github.com/nanopore-wgs-consortium/NA12878/



Voltage tuning improves throughput
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Long read RNA can now be sequenced directly with ONT
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Building Transcriptomes: Direct RNA sequencing
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e Long reads allow us
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dRNA reads show good alignment to GENCODE reference
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Alignment to GENCODE V27 dataset performed using Minimap2:

https://github.com/lh3/minimap?2
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Large number of annotated genes identified for dRNA
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Unigue transcripts detected approaches “saturation”

 How important is capturing “every
transcript”? 75000

o After 5M reads we already start to
see diminishing returns
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Correlation in gene-level abundance between RNA vs.
ONT cDNA, lllumina

NA12878 Nanopore cDNA TPM

=
- O 1e+04
fe+d4  directRNAvs = direct RNAvs
Nanopore cDNA r=0.875 [ llumina cDNA: r= 0.776 < *
(=‘5 ot g .
L1e+02
1e+01 5
o i
<
Z1e+00
(©
§=
1e-02 £
y1e-02
:
1e-02 1e+01 1e+04 0 1e-02 1e+01 1e+04
NA12878 Nanopore Direct RNA TPM NA12878 Nanopore Direct RNA TPM

ENCODE Illumina dataset, Wold Lab: https://www.encodeproject.org/experiments/ENCSRO00AEG/
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SIRV gene level quantification tracks expected input well
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Quantification more complicated at isoform level
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lonic current dwell time can be used to estimate poly-A tail
lengths
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Predicting poly-A sequence length becomes tractable when
consistent structural regions of dRNA reads can be identified and
separated

PolyA estimator (under development):
https://github.com/jts/nanopolish/tree/polya_estimator
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Poly-A tail lengths for GM12878 and SIRVs consistent with
expected
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Building Transcriptomes: Direct RNA Sequencing
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Detection of RNA modifications with modIVT

e IVT based RNA synthesis allows In vitro transcription construct
Incoproation of labeled Luciferase
nucleotides T7 Promoter

 All or none reaction right now, T7
has a strong preference for the mA + A+t
unmodified nulceotides, making C+U+G /7 gm \ CTU+G

polymerase

mixtures hard

l A- tailing reaction l

AARPA AARAA

100% mA Proceed to sequencing 0% mA
library prep

In vitro
transcription

RNA product

Poly-A RNA

l"v NEB HiScribe™ T7 High Yield RNA Synthesis kit 19



Detection of RNA modifications with modIVT

 From Luciferase we can already
see strong signal depending on
context

« Using nanopolish eventalign, we
can extract the distribution of
current values along the RNA
strand
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Conclusions and Future Directions

 Nanopore direct RNA sequencing Is a promising technology for
the simultaneous assessment of Isoform structure and features
of Interest

e Unique information In this dataset can be used to improve

numan reference transcriptome

e Poly-A tall length measurement may reveal new insights Iinto its
function

« RNA modification training expansion to include simultaneous
detection of multiple mods

Y
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