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Section 1

Library preparation (lib-prep)

Library preparation strategies for long-reads RNA-seq
experiments



Library preparation O@msc

Knowing your goal
What is your goal?
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Library preparation O@msc

RNA-seq
Main difference with short-reads lib-prep

MRNA

Image: PacBio
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Library preparation O@msc

RNA-seq
Main difference with short-reads lib-prep
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MRNA

Image: Thermo
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and small non-coding RNA
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Library preparation

RNA-seq
Main difference with short-reads lib-prep

.....

I i )

Stranded total RNA Stranded mRNA RNA enrichment
[ Remove rRNA \ Capture mRNA Make cDNA,

fragment, add adapters

o

+

\ Fragment, make cDNA, add adapters

4.

— || «

MRNA
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Image: lllumina
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Library preparation O@msc

Consideration Working with RNA
Garbage in, garbage out
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Consideration Working with RNA
Garbage in, garbage out
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Library preparation a@msc

Consideration Working with RNA
Garbage in, garbage out
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Consideration Working with RNA
Garbage in, garbage out
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Library preparation D@msc

Consideration Working with RNA
Garbage in, garbage out
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Library preparation D@msc

Consideration Working with RNA
Garbage in, garbage out
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Library preparation

cDNA
Iso-Seq

Description
Kit
Multiplex

Preparation time

Input

Output

Long-reads Transcriptomics

Full-length transcript isoform sequencing
SMRThbell prep kit 3.0
up to 12

8 Hours
2 Safe stop point

300 ng Total RNA

1M (Sequel 1); 8M (Sequel II);
Full-length HiFi transcripts

PacBio

................................

.
..........................................................

0
..........................................................

...........................................................

HiFi read
(99.9% accuracy)

HiFi long reads generated from
PacBio sequencing

Image: PacBio
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Library preparation

cDNA
Iso-Seq

Description
Kit
Multiplex

Preparation time

Input

Output

Long-reads Transcriptomics

Full-length transcript isoform sequencing
SMRThbell prep kit 3.0
up to 12

8 Hours
2 Safe stop point

300 ng Total RNA

1M (Sequel 1); 8M (Sequel II);
Full-length HiFi transcripts

seessrssessrrse
Oligo-dT primer
Reverse transcription l
CCCHmuenmuENSsRRREERnE Y [LITITI T I T I ITT )
Template switching
Template switch
oligo (TSO)
®2esscccrresrrsrseressrsnzrane P ——

Optional: Can use barcoded

P ificati
Sitampitication l cDNA primers for multiplexing

T IR Amplified cDNA

SRARRARRR.
M
Adapter ligation Optional: Can use barcoded
& nuclease adapters for multiplexing
treatment
.............
L sneRsssRREsssssIsssssssssTsssssssssssmssTEEERIEERRE FEEE ::

LT

Completed Library

Image: PacBio
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Library preparation ,@JREC

cDNA
|so-Seq PacBio

Iso-Seq workflow using SPK 3.0

Walk-away (102-396-000)
tenn cDNA synthesis (300 ng total RNA input)

& 1.3X SMRTbell bead cleanup

|‘_

50 min cDNA amplification &SB bead cleanup
o * DNA QC (Sizing & Qubit)
NA Optional: Pool if using barcoded primers

35 min DNA repair & A-tailing

50 min Adapter ligation & 1.3X SMRTbell bead cleanup

3.5 hrs*

35 min Nuclease Tx & 1.3X SMRTbell bead cleanup

Optional: Pool if using barcoded adaptors
& 1.3X SMRTbell bead cleanup

— @ | DNAQC (sizing & Qubit)

Sequencing preparation & data collection

20 min

r—
——

Complete Iso-Seq library preparation workflow for cDNA sequencing
Image: PacBio
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Library preparation a@msc

cDNA
|so-Seq PacBio

Iso-Seq workflow using SPK 3.0 m \ ( )
Walk-away (102-396-000) Aisoseq3
time cDNA synthesis (300 ng total RNA input) Muscle
& 1.3X SMRTbell bead cleanup SQANTK"\

Active
' IsoAnnc ot /

\

\

B ¢ m -
- 5 T m Eiver L7 > _— ranscript xpr(?ss:on
3 g 500 =
o ‘ SUAES g S e R Hibernation q‘l‘( 'glwi 3
‘ R tO 3 Experimental Group
\ stk smem P . PR A
[ '
™
oo Adlposg IS the most .dynamlc tissue during
I hibernation with the highest number of genes
prows with differential isoform usage and isoform
& 1.3X SMRTbell bead cleanup . . .
~rgTTYTE— switching as compared to liver and muscle.
[ Sequencing preparation & data collection ]
Tseng et al.(2022). Long-read isoform sequencing reveals
Image: PacBio brown bears (Ursus arctos).
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Iso-Seq is great

But it can be better 1.

Long-reads Transcriptomics



Library preparation

cDNA

Kinnex (Commercial version of MAS-ISO-seq)

Description

Kit

Multiplex

Preparation time

Input

Output

Notable Studies

Long-reads Transcriptomics

Full-length isoform discovery with flexible sample
multiplexing

Kinnex full-length RNA kit

5M x 3-plex (Sequel Il); 5M x 6-plex (Vega); 10M x 6-plex
(Revio SPRQ)

1.5 days
4 Safe stop point

300 ng Total RNA

15-20M (Sequel II); 20-30M (Vega); 50-60M (Revio SPRQ)
Full-length HiFi transcripts (Q40)

Al Khafaji et al., 2023. Nature Portofolio

B

fell B [ el C| c2[ D | O
sample1 cDNA  sample1 cDNA  sample2 cDNA  sample3 cDNA

Completed Library with cDNA concatenated

Image: PacBio
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Library preparation

cDNA

Kinnex (Commercial version of MAS-ISO-seq)

Description

Kit

Multiplex

Preparation time

Input

Output

Notable Studies

Long-reads Transcriptomics

Full-length isoform discovery with flexible sample
multiplexing

Kinnex full-length RNA kit

5M x 3-plex (Sequel Il); 5M x 6-plex (Vega); 10M x 6-plex
(Revio SPRQ)

1.5 days
4 Safe stop point

300 ng Total RNA

15-20M (Sequel II); 20-30M (Vega); 50-60M (Revio SPRQ)
Full-length HiFi transcripts (Q40)

Al Khafaji et al., 2023. Nature Portofolio

D fell B [ el C|
sample1 cDNA  sample1 cDNA  sample2 cDNA

PacBio

2] D |

O
sample3 cDNA

Completed Library with cDNA concatenated

Sequel Il system without Kinnex

150 SMRT Cell 8M in 38 weeks

Sequel Il system with Kinnex Revio system with Kinnex

BEEAaC

BEDOE @ I (5]
EEE0EEEEEa soeooeccaae IR

40 SMRT Cell 8M in 10 weeks 11 SMRT Cell 25M in 3 days

Kinnex increase throughput significantly

Image: PacBio
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Library preparation

cDNA

Kinnex (Commercial version of MAS-ISO-seq)

Description

Kit

Multiplex

Preparation time

Input

Output

Notable Studies

Long-reads Transcriptomics

Full-length isoform discovery with flexible sample
multiplexing

Kinnex full-length RNA kit

5M x 3-plex (Sequel Il); 5M x 6-plex (Vega); 10M x 6-plex
(Revio SPRQ)

1.5 days
4 Safe stop point

300 ng Total RNA

15-20M (Sequel II); 20-30M (Vega); 50-60M (Revio SPRQ)
Full-length HiFi transcripts (Q40)

Al Khafaji et al., 2023. Nature Portofolio

D fell B [ el C|
sample1 cDNA  sample1 cDNA  sample2 cDNA

PacBio

2] D |

O
sample3 cDNA

Completed Library with cDNA concatenated

Sequel Il system without Kinnex

150 SMRT Cell 8M in 38 weeks

Sequel Il system with Kinnex Revio system with Kinnex

BEEAaC

BEDOE @ I (5]
EEE0EEEEEa soeooeccaae IR

40 SMRT Cell 8M in 10 weeks 11 SMRT Cell 25M in 3 days

Kinnex increase throughput significantly

Image: PacBio
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Library preparation D@msc

cDNA

Kinnex (Commercial version of MAS-ISO-seq) PacBio
[ 1 Input RNA quality control ]
\L O Safe stop
[ 2 cDNA synthesis + cleanup ]
1 SMRTbell® library preparation
- N Iso-Seq” Express 2.0 Kit PacBio® 103-071-500
& SRl ean ) SMRTbell® cleanup beads PacBio® 102-158-300*
, y O safestop Elution buffer (50 mL) PacBio® 101-633-500*
g 4 Kinnex PCR 5 Kinnex™ PCR 8-fold kit PacBio® 103-071-600*
r L 3 Revio® SPRQ™ polymerase kit or PacBio® 103-520-100
5 Kinnex array formation + cleanup Vega™ polymerase kit or PacBio® 103-517-600
) Revio®™ polymerase kit** or PacBio® 102-817-600
i o Safe stop - 3 : . . @
- \ Sequel” Il binding kit 3.2** PacBio® 102-333-300
6 Nuclease treatment + cleanup
\L O Safe stop
7 Annealing, binding, and cleanup (ABC)

Complete Kinnex library preparation workflow for cDNA sequencing
Image: PacBio

Long-reads Transcriptomics 2 3



Library preparation O@msc

cDNA

Kinnex (Commercial version of MAS-ISO-seq) PacBio
[ 1 Input RNA quality control ]
\L O Safe stop
( 2 cDNA synthesis + cleanup ] | el
l, sample1 cDNA  sample1 cDNA  sample2 cDNA  sample3 cDNA
( =z ) Kinnex concatenation (8-fold)
3 cDNA amplification + cleanup
. J
' O safestop B 5 Dl C | [c2[ D |
( B sample1 cDNA  sample1 cDNA  sample2 cDNA  sample3 cDNA
4 Kinnex PCR .
. J, J 4-plex Kinnex adapters
s 3\
5 Kinnex array formation + cleanup A BLC i C (2] D |
_ J sample1 cDNA  sample1 cDNA  sample2 cDNA  sample3 cDNA
\L O Safe stop
' =3
6 Nuclease treatment + cleanup
\ J
\L O Safe stop
' 3
7 Annealing, binding, and cleanup (ABC)
- J

Complete Kinnex library preparation workflow for cDNA sequencing
Image: PacBio
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Library preparation O@msc

cDNA

Kinnex (Commercial version of MAS-ISO-seq) PacBio
[ 1 Input RNA quality control ] Longiread (MASISQseq) c
l« O safest CD45 total CD45 RA CD45 RO
afe stop . 7
s @ \ tg . : I~6 \ = '-6
o G } s | @B } i |
2 cDNA synthesis + cleanup =IO 5 4l ¥ _ 4 O 5F L4
c &, 6 : 2% -3
l = M, L
( h CD45 RB CD45 RAB
3 cDNA amplification + cleanup
» 7 s ' % NG B svide
\L O Safe stop e T ,-':f_;’.'f"' . A Eba5 R0
et oy Stem-like memory o A g 0 g N Y
i 4 Kinnex PCR E ® Early activated 2 ol , w | N %
\L Early activated ii & CD45RBC CD45 RABC Sy AR =
p " ® Activated/early exhausted <§( ) ’§§
Cytotoxic effector e S )
S Kinnex array formation + cleanup Terminally differentiated i e e | W
= -~ e Terminally differentiated ii ¢ '
\L O Safe stop Proliferating
6 Nuclease treatment + cleanup
l O safestop Increasing the throughput >15-fold to nearly 40 million cDNA
r — | \ reads per run. MAS-ISO-seq demonstrated a 12- to 32-fold
| 7 Annealng.bindng, and e ABL) ) increase in the discovery of differentially spliced genes.

AlKhafaji, A.M., Smith, J.T., Garimella, K.V. et al (2024).
Complete Kinnex library preparation workflow for cDNA sequencing High-throughput RNA isoform sequencing using programmed cDNA

Image: PacBio concatenation. https://doi.org/10.1038/s41587-023-01815-7
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Library preparation O@JREC

cDNA
cDNA-PCR (R10.4.1) Nanopore

Description A sequencing kit optimised for identification and
quantification of full-length transcripts with highest output.

: Q24.6 (99.65%)
[ DNA V5.0 HAC: Q21.2 (99.25%)

Kit cDNA-PCR Sequencing Kit V14 3 ONA VA3 SUP: Q246 (9965%

[ DNAv4.3 HAC: Q21.1(99.21%)

Multiplex up to 24-plex (cDNA-PCR Barcoding Kit V14)

Preparation time 225 minutes + PCR

Input 10 ng poly(A)+ RNA or 500 ng total RNA o "o o e ey @) ”
Output 10-15 million cDNA (MinlON); 100 million cDNA

(PromethlON)

Latest transformer model and R10 pores
deliver higher accuracy

Image: Nanopore

Long-reads Transcriptomics 26



Library preparation O@msc

cDNA
cDNA-PCR (R10.4.1) Nanopore
Description A sequencing kit optimised for identification and
quantification of full-length transcripts with highest output.

Kit cDNA-PCR Sequencing Kit V14

Multiplex up to 24-plex (cDNA-PCR Barcoding Kit V14)

Preparation time 225 minutes + PCR

Input 10 ng poly(A)+ RNA or 500 ng total RNA

Output 10-15 million cDNA (MinION); 100 million cDNA

(PromethlON)

Two types of nanopore device with different
sequencing throughput (Left: PromethlON,
Right: MinION)

Image: Nanopore

Long-reads Transcriptomics 27



Library preparation O@JREC

cDNA
cDNA-PCR (R10.4.1) Nanopore
Description A sequencing kit optimised for identification and
quantification of full-length transcripts with highest output.
Kit cDNA-PCR Sequencing Kit V14
Multiplex up to 24-plex (cDNA-PCR Barcoding Kit V14) Attachment of rapid k L S
sequencing adapters
Preparation time 225 minutes + PCR — Bpma————
Input 10 ng poly(A)+ RNA or 500 ng total RNA
Output 10-15 million cDNA (MinION); 100 million cDNA

(PromethlON)
Completed Library

Common Gotchas
Always perform flow cell QC prior lib prep, ensure you have enough pores!

Image: Nanopore

Long-reads Transcriptomics 28



Library preparation

cDNA
cDNA-PCR (R10.4.1)

AAARAABAPAAADDAAA

cDNA-RT
adapter ligation

Adapter digest

RT, strand switching
and UMI incorporation

[dele

cceC

PCR with rapid
attachment primers

*— [dee

— ccc

Attachment of rapid
sequencing adapters

T =LCC

Complete library workflow for cDNA sequencing with cDNA-PCR kit

Long-reads Transcriptomics

OO0
OO0

Nanopore

RTP: RT Primer EB: Elution Buffer
CRTA: cDNA RT Adapter ~ cPRM: cDNA Primer
AB: Annealing Buffer LIB: Library Beads
RA: Rapid Adapter LIS: Library Solution

SB: Sequencing Buffer FCF: Flow Cell Flush
ADB: Adapter Buffer FCT: Flow Cell Tether

SFB: Short Fragment Buffer
SSPII: Strand Switching Primer 11

Image: Nanopore
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Library preparation

cDNA
cDNA-PCR (R10.4.1)

<~

¢DNA molecule
DNA splint™

{Gibson Assembly

JRCA )

Accurate full-length
cDNA sequence

4 Consensus calling (racon)

tf.’égr',? ‘,i'r‘ép 4subread alignment (poav2)
) SW repeat finder
' — Inaccurate
ONT sequencing raw read

Mandalorion was used to analyze the R2C2 reads of the

5 96 B cells and identified several surface receptor isoforms
@ expressed by 96 distinct single human B cells.

m ~\=\  R. Volden, et. al. Improving nanopore read accuracy with the R2C2

method enables the sequencing of highly multiplexed full-length single-cell
cDNA. https://doi.org/10.1073/pnas.1806447115 (2018).

Long-reads Transcriptomics

Total RNA
-k Nanopore
(1) PolyA tailing +
o O Fg;se R treatment CO m m u n ity
sepesee (0D G

l (2) Full-length circular
reverse transcription

%o @
— @©@

l (3) Second-strand cDNA synthesis

I

y

—t—

l (4) Fragment size selection

=~ Nanopore sequencing
---------------------------------

:' — circRNA — mRNA transcripts \.
, —+ BSJ

— IncRNA !
- - SMARTer oligo + random primer

Circular reverse transcription and size selection achieves
a 20-fold higher enrichment of circRNAs from total RNA
compared to previous methods.

Zhang, J., Hou, L., Zuo, Z. et al. Comprehensive profiling of circular
RNAs with nanopore sequencing and CIRI-long. Nat Biotechnol 39,
836-845 (2021). https://doi.org/10.1038/s41587-021-00842-6
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Library preparation

cDNA
cDNA-PCR (R10.4.1)

b Acct AcC2 ACC3 ACC4 ACC5 ACCE DDLST DDLS2LCNC1 SS1
QéﬁA OAOGCAOGCAOGCAGAOGAOGAOGA

Androgen

TNFa

NFkB
JAK-STAT
p53
EGFR
MAPK
Hypoxia
TGFb

Estrogen

Trail
WNT
VEGF
= | LE
1 05 0 -0.5 -1 Technology
Activity score [’ ‘- @ llumina A Nanopore
ACC1 ACC2 ACC3 ACC4 ACC5
% =73 FGFR1 ’,,‘ n=60 /,,‘ n=60 ,’/’ n=74 ’,,‘ n=71 7
2’ ~~DDR1 L IAKt
.4 DDRI el | iEPHB | EPHB3 P
00 i::j, P ¥ g’nm LX *—DDR1 - a3 <nnm
1042 3 . s
ACC6 DDLS1 DDLS2 LCNC1 SS1
=36 e 7| |=82 CDK4 __,.’ =61 2= 7| |n=56 iz g I=64FGFR‘
3 5 ‘e 3
00 FGFR,‘»’ IRAK3 o % - CDK4 EGFR .° v
e - PDGFRB “a k> ,
~_ 0 2 2 -5 v —
00 s CLK1 i ] PDGFRB Y EIF2AK1 X ,9:" \ABLI
e b %' 0z

R I I I R R

lllumina (TPM)

Shallow nanopore RNA-seq enables rapid and
biologically meaningful transcriptome profiling
of tumors (Mock et al 2023)

Long-reads Transcriptomics
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e gl
|m$:|5r: GABAgrglg M Clta-204
intermediate progenitor M Clta-205
cycling radial glia @ Clta-206

radial glia -

Nanopore scRNA-seq reveals transcript
isoform diversity (Lebrigand et al 2020).

Nanopore

Community

10x Genomics =S
s — XK -
ViSiUM aSSays e - - -3

Fragmentation and
3' library preparation

& B ces2 T
10 pm fresh frozen B css1 Full-length cDNA-

mouse brain slices i
& vos | —

=
SpatialBC/UMI

« Midbrain

« Hippocampus area

« Isocortex-1

Isocortex-2
ifactory area

Fiber tracts

Retrosplenial area

CA1/CA2

. Lhala\r:;s
ypothalamus

CA3

« DG

Differential Isoform Usage analysis A-to-I RNA editing map
=" =

genet-iso? @ genetiso2 @

SiT can be used to profile isoform expression
and sequence heterogeneity in different areas
of the tissue (Lebrigand et al 2023).
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Library preparation O@msc

mRNA (Native RNA)
Direct RNA sequencing (RNAOO1, RNAQ002) Nanopore

Description A sequencing kit optimised for sequencing native RNA with
improved output and accuracy.

Kit Direct RNA Sequencing Kit

Multiplex Under development

Preparation time 135 minutes

Input 300 ng poly(A)+ RNA or 1 ug total RNA

Output 2 GB cDNA (MinlON); 30 million cDNA (PromethION)

Image: Nanopore
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Library preparation O@msc

mRNA (Native RNA)

Direct RNA sequencing (RNAO04) Nanopore
Description A sequencing kit optimised for sequencing native RNA with
improved output and accuracy. 002 = C@hoos
Kit Dlrect RNA SequenC|ng K|t Alignment accuracy PromethlON flowcell output
RNA002 . % Poly(A)+ human
Multiplex Under development FNAGD % ZZ transcriptome (UHRR) RNA004
Preparation time 135 minutes g
% 10 RNA002

Input 300 ng poly(A)+ RNA or 1 ug total RNA .

Output 2 GB cDNA (MinlON); 30 million cDNA (PromethlON) oo e e

Overall quality and throughput significantly
improved in RNAOO4. Libprep step is the
same.

Image: Nanopore
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Library preparation

dh TREC

mRNA (Native RNA)
Direct RNA sequencing (RNAO04)

Description A sequencing kit optimised for sequencing native RNA with
improved output and accuracy.

Kit Direct RNA Sequencing Kit

Multiplex Under development

Preparation time 135 minutes

Nanopore

[ RNA v5.0.0 SUP:
[ RNAv3.0.1 SUP:
RNA v5.0.0 HAC:
RNA v3.0.1 HAC:

Q18.7 (98.66%
Q14.5 (96.43%
Q16.1 (97.54%
Q13.6 (95.64%

)
)

)
)

10

Input 300 ng poly(A)+ RNA or 1 ug total RNA

Output 2 GB cDNA (MinlON); 30 million cDNA (PromethION)

Long-reads Transcriptomics

15 20 25 30
RNA Raw Read Accuracy (Q)

Latest transformer model and RP4 pores
deliver higher accuracy

Image: Nanopore
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Library preparation

mRNA (Native RNA)
Direct RNA sequencing (RNAO04)

Description

Kit

Multiplex
Preparation time
Input

Output

Long-reads Transcriptomics

A sequencing kit optimised for sequencing native RNA with
improved output and accuracy.

Direct RNA Sequencing Kit

Under development

135 minutes

300 ng poly(A)+ RNA or 1 ug total RNA

2 GB cDNA (MinlON); 30 million cDNA (PromethION)

Nanopore

Input titration for SQK-RNA004 - poly(A) RNA

- -

Input titration for SQK-RNAQ004 - total RNA

Direct RNA kit support poly A+ RNA or total
RNA

Image: Nanopore
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Library preparation O@msc

mRNA (Native RNA)
Direct RNA sequencing (RNAO04) Nanopore

Description A sequencing kit optimised for sequencing native RNA with
improved output and accuracy.

Kit Direct RNA Sequencing Kit

Multiplex Under development

Preparation time 135 minutes

Input 300 ng poly(A)+ RNA or 1 ug total RNA

Output 2 GB cDNA (MinlON); 30 million cDNA (PromethION)

Two types of nanopore device with different
sequencing throughput (Left: PromethlON,
Right: MinION)

Image: Nanopore
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Library preparation O@msc

mRNA (Native RNA)
Direct RNA sequencing (RNAO04) Nanopore

Description A sequencing kit optimised for sequencing native RNA with
improved output and accuracy.

Kit Direct RNA Sequencing Kit
Multiplex Under development Sequen'%tit:‘gcggfggr’; =5
Preparation time 135 minutes AAAAAAAAAAAAAAAAAA—\_,/
Input 300 ng poly(A)+ RNA or 1 ug total RNA i
Loading
Output 2 GB cDNA (MinlON); 30 million cDNA (PromethION)

Completed Library

Common Gotchas
Always perform flow cell QC prior lib prep, ensure you have enough pores!

Image: Nanopore
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Library preparation O@msc

mRNA (Native RNA)
Direct RNA sequencing (RNAO04) Nanopore

FultHength polyadenylated RNA

AAAAAAAAAAAAAAAAA
Reverse transcription adapter N
annealing and ligation )
AAAAAAAAAAAAAAAAAA
TITTTT——

Reverse transcription l

ele
16]O

AAAAAAAAAAAAAAAAAA ———
ap TTTTTITTTTITT ——

Attachment of &

sequencing adapters )

AAAAAAAAAAAAAAAAAA
TTT IR T

RLA: RNA Ligation Adapter REB : RNA Elution Buffer
RCS:RNA CS LIS : Library Solution
WSB : Wash Buffer

Loading

@Jele,
OOO
QOO
Q@@

O FCF : Flow Cell Flush SB : Sequencing Bu ffer
RTA: RT Adapter RFT : RNA Flush Tether

Complete library workflow for Direct RNA sequencing with Direct
RNA Sequencing kit Image: Nanopore

Long-reads Transcriptomics 3 8



Library preparation

tRNA (Native RNA)
Direct RNA sequencing (RNAO04)

I ] 1] v
123456789
200 = - "
_— gel purified N
sp L Ligation | 1 ) ligation product Ligation 2
5 q 50 B a® *kk é _>
O RNA Ligase 2 T4 DNA Ligase
& tRNA
% b 75 anv* |
® , \1
© [} ) ’
S’P 50 ;\ ’ .;;;/,i b
/,'f":/\ ﬁ 5' \* 31
5 - adapters 5' '
3 - 3

Nanopore sequencing detected all 43 expected
isoacceptors in total E. coli MRE600 tRNA

Thomas, N. K., Poodari, V. C., Jain, M., Olsen, H. E., Akeson, M., &
Abu-Shumays, R. L. (2021). Direct Nanopore Sequencing of
Individual Full Length tRNA Strands. ACS nano, 15(10),
16642-16653. https://doi.org/10.1021/acsnano.1c06488
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Nano-tRNAseq can efficiently sequence both IVT
and native tRNA populations

Lucas, M.C., Pryszcz, L.P.,, Medina, R. et al. Quantitative analysis of
tRNA abundance and modifications by nanopore RNA sequencing.
Nat Biotechnol 42, 72—-86 (2024).
https://doi.org/10.1038/s41587-023-01743-6
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Library preparation O@JREC

rRNA (Native RNA)
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Differential rRNA modification patterns can be Differential rRNA modification patterns can be
used to predict tissue types and developmental used to predict tissue types and developmental
stages stages
Jain, M., Olsen, H.E., Akeson, M., Abu-Shumays, R. (2021). Milenkovic, et al. (2025). Epitranscriptomic rRNA fingerprinting

reveals tissue-of-origin and tumor-specific signatures. Molecular cell,

Adaptation of Human Ribosomal RNA for Nanopore Sequencing of
85(1), 177-190.e7. https://doi.org/10.1016/j.molcel.2024.11.014

Canonical and Modified Nucleotides.
Inhttps://doi.org/10.1007/978-1-0716-1374-0_4
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Library preparation

Multiplexing
Direct RNA sequencing (RNAO04)
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SeqTagger, a rapid and robust method that can
demultiplex DRS data sets with 99% precision and
95% recall.

Thomas, N. K., Poodari, V. C., Jain, M., Olsen, H. E., Akeson, M., &
Abu-Shumays, R. L. (2021). Direct Nanopore Sequencing of
Individual Full Length tRNA Strands. ACS nano, 15(10),
16642-16653. https://doi.org/10.1021/acsnano.1c06488
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Rapid phenotypic profiling of different SARS-CoV-2 viruses through
multiplexed sequencing of longitudinal samples on a single flowcell,
identifying systematic differences in transcript abundance and poly(A)
tail lengths

van der Toorn, W., Bohn, P., Liu-Wei, W. et al. Demultiplexing and
barcode-specific adaptive sampling for nanopore direct RNA
sequencing. Nat Commun 16, 3742 (2025).
https://doi.org/10.1038/s41467-025-59102-9
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Improving Representation
Direct RNA sequencing (RNAO04)
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NERD-seq expands representation of frequently
modified non-coding RNAs, such as snhoRNAs,
snRNAs, scRNAs, srpRNAs, tRNAs, and rRFs.

Saville, L., Wu, L., Habtewold, J. et al. NERD-seq: a novel approach
of Nanopore direct RNA sequencing that expands representation of
non-coding RNAs. Genome Biol 25, 233 (2024).
https://doi.org/10.1186/s13059-024-03375-8
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Section 1.1

Bonus

Library preparation strategies for long-reads RNA-seq
experiments



Bonus O@TREC

Adaptive Sampling
Direct RNA sequencing (RNAO04) Nanopore

Community

AGTCCCTGAATCGA

Adaptive sampling can be used to enrich or depletes target
transcripts.
Image: Nanopore
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Adaptive Sampling
Direct RNA sequencing (RNAO04) Nanopore

Community
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Process data in realtime

Adaptive sampling can be used to enrich or depletes target
transcripts.
Image: Nanopore
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Adaptive Sampling
Direct RNA sequencing (RNAO04) Nanopore
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Adaptive sampling can be used to enrich or depletes target
transcripts.

Image: Nanopore
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Adaptive Sampling
Direct RNA sequencing (RNAO04) Nanopore

Community
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Adaptive sampling performed on a pool of in vitro
transcribed RNAs resulted in a net increase of 22-30% in
the proportion of transcripts of interest in the population.

Wang, J., et al.. (2024). Direct RNA sequencing coupled with

adaptive sampling enriches RNAs of interest in the transcriptome.
https://doi.org/10.1038/s41467-023-44656-3

Image: Nanopore
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Section 2

Basecalling

Raw data formats and Basecalling



Primary Analysis
PacBio
Official tool ICS v13.3 (Revio)

Base calling

HiFi read generation with DeepConsensus
Methylation calling

Barcode demultiplexing

BAM file generation

Long-reads Transcriptomics
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are measured in real time

Image: Nanopore
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Primary Analysis

PacBio

Official tool

ICS v13.3 (Revio)

Base calling

HiFi read generation with DeepConsensus
Methylation calling

Barcode demultiplexing

BAM file generation

Long-reads Transcriptomics

PacBie®
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Primary analysis
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CCS Analysis

Secondary analysis:
Methylation calling (5mC)
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Storage &
SMRT Link Server

Image: Nanopore
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Primary Analysis

Nanopore Basecalling
cDNA-PCR (R10.4.1)
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Nanopore

Base calling (RNN, raw)

b4

"

\
=

B

Ll
a4
. R gt
A

vy

Parameters learned from
training data

Extraction of blocks of
features

Bidirectional
information
ﬂo‘l‘wr

Base prediction

Decode to sequence

Image: Nanopore
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Nanopore Basecalling
Direct RNA sequencing (RNAO04) Nanopore
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Primary Analysis O@msc

Nanopore Modcalling
Direct RNA sequencing (RNAO04) Nanopore
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Questions
1.  What method kinnex was based on?
2. What improved throughput in Kinnex kit?
3. Why RT is performed in dRNA sequencing?
4. What mods supported by dorado?

Long-reads Transcriptomics



Thank You!

TREC

For more information about the LongTREC Summer School:

https://longtrec.eu



