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Expanding the transcriptomic toolbox in prokaryotes
by Nanopore sequencing of RNA and cDNA molecules

OSSN
360

‘\\rchaea

Centre

Regensburg

Nanopore sequencing is a 3"d generation single-molecule method that allows sequencing of full-length transcripts.

Here, we present an experimental and bioinformatic workflow for ONT RNA-seq in the bacterial model organism Escherichia coli (i), and show how we
used the technolgy to analyze the stage-dependent installation of rRNA modifications (1) and transcription termination heterogeneity in Archaea (2).

| Nanopore sequencing

(A) An ionic current drives the cDNA
or the RNA strand of a RNA/cDNA

hybrid through a membrane-
embedded Nanopore.

The motor protein unzips the
double strands and controls
the translocation speed.

(D) Translocation of the strand alters %Direct RNA-seq (DRS)
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; Evaluate the applicability and
advantages of three different
Nanopore RNA-seq protocols for
the simultaneous analysis of
multiple transcriptomic features

in prokaryotes:

the electric signal, which is used Direct cDNA-seq (cDNA)

to determine the RNA or DNA PCR-cDNA-seq (PCR-cDNA)
sequence.

Analysis
o Coverage
o Primary 5 ends
o 5 UTR length
o Primary 3 ends
o 3 UTR length
o Operon (density)
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| Key features

(E) DRS with 3-5' coverage bias

@ Full-length read enrichment in the (PCR)-cDNA protocols
Improves coverage distribution over the transcript bodies
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@ Highly accurate 5' end detection
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@ Basecalling errors at poly(A) ends lead to slightly fuzzier 3'
ends
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(1) Single-molecule resolution allows to decipher hitherto
unseen transcriptional heterogeneity
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Complex transcriptional units can be annotated and
quantified
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Application 1:
Stage-dependent installation of rRNA modifications

Ribosome biogenesis in Archaea starts with a polycistronic pre-rRNA, that is processed via the
coordinated and defined order of ribonucleases action, RNA folding and RNA base modifications.
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Using direct RNA sequencing, we followed the maturation pathway ({4 in Pyrococcus furiosus and
analyzed the stage-dependent installation of selected modifications in helix 45 of the 16S rRNA.

RNA modifications can lead to electric current signals varying from the expected theoretical
distribution (B and consequently may increase the rate of basecalling errors ().
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| Library prep

Standard ONT RNA-seq protocols

(RNAOO2 DCSI109, PCBI109) all require
poly(A)-tails and have different 2
input requirements (ng). 1
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\ Quality control

> Total number of reads > Transcriptome
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> Read accuracy > Correlation to
(Median,%) short-read quantification
93.2 (Pearson)

dT-Primer annealing 95 6

Reverse transcription

2nd strand synthesis 86.2

Barcoding

> Proportion of full-length

reads (%) |

\ Pro's and Con's

Add seq adapters

Seqguencing

[> Comparison to short-read data (nt)
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Application 2:
Transcription termination heterogeneity

The efficiency of transcription termination in
Archaea presumably depends on the cooperative

> Single-molecule sequencing captures
termination heterogeneity

action of the termination factor aCPSF1 that Primary Longest
specificially recognizes and cleaves after poly- dele eademe
uridine tracts, which are the intrinsic termination ' — T :
signal in Archaea. V: Median readthrough distance
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However, long-ranging ‘
transcription readthrough %
events are difficult to assign
via short-read sequencing
methods in gene dense Archaea.

I

] ] ]
23,500 24,000 24,500

Here, we demonstrate the applicability of a
modified and improved polyA-independent
PCR-cDNA ONT protocol, to accurately map
transcript 3" ends in Pyrococcus furiosus at

> Termination efficiency is poly(U) and
temperature-dependent
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