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Long read sequencing

When to think about it and what to think about \\‘
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What is long read?

e Sequencing but not short reads
* 1kb or way longer in general

* Linked reads, long reads, optical
genome mapping

* There is no ‘best’ technology

* Main technologies
* Nanopore
* Pacbhio
* Linked reads
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Why long reads?

Collapsed assembly | A 4 .

- -
Bigger is better — for Haplotype resolved i,
| ——
assembly or mapping S

Longer reads help distinguish different

haplotypes
Transposable Element
| AcGTT | I | ACGTT | .
\ Better handling
Terminal Inverted Repeat A8 3 .
Flanking Direct Repeat ’ o aneupIOIdy’
73 SV’s and
Long reads span repeats and accuracy allows complex
differentiation between copies of long repeats genomes
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Long reads— the four Cs to take into account

Assemblies using long reads check all the boxes of a high-quality genome assembly.

9 9 9 @

CONTIGUITY COMPLETENESS CORRECTNESS COMPUTE
AGTCCGTCAATGT
R
*§ £ GCAATAGACAGTC
- @ TACAGTTGGACAT
GCAGATACAGATA
High-contig N50 for Mapping in difficult High base accuracy Large data
assembly regions + phased alleles requirement

Large compute
requirement
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Nanopore sequencing

/ \
/
—i'f:fi;"f—’ E3333%

* MinION

* GridlION

* PromethION
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{NANOPORE

Oxford Nanopore sequencing

DNA is unwound by the motor protein
and one strand is translocated
through the pore to the +ve side of
membrane

DNA

Characteristic \\ <

a drop
7 \ lonic
Protein ; Clstvsnt * ’ * ’

[

A T c G ,
Base 7 A

Each base gives a characteristic

J > - \
reduction in the ionic current, ( / ) o
allowing the DNA to be sequenced \ \\e
) i\
l"

Membrane
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Z/NANOPORE
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Single Molecule
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S O T NN

© Data acquired as full length reads — real time

© Data throughput = No. pores x average speed/pore
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From squiggles to sequencing

A) High accuracy basecalling model (HAC)

99.7 998
u20x
30x
=40x
u60x

SNVs INDEL (All/CDS)

e Basecaller: transform squiggles

©
o

into base calls

F1 score (%)

~
o

* Fast base calling: live action

@
=}

e HAC: the usual

B) Super accuracy basecalling model (SUP)

e SUP: the accurate = most e o
diagnostics s
e Duplex: the ‘super’ accurate but S e

Wa Stefu I INDEL (AI/CDS)
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Methylation calling

BASE RATE FALLACY

100%
80%
60%
40%
20%

High confidence CpGs

0%

Bisulfite Oxford Molecule Modification Molecular context Raw read accuracy (SUP)
WGS  Nanopore data o6
\ { \ 5mC All 99.4%
5mC/5hmC CpG 99.2%
5mC/5hmC All 98.7%
6mA All 99.7%
4mC/5mC All 97.6%
RNA m6A DRACH 99.7%
mo6A All 98.7%
pseU All 97.6%
m5C All 97.9%
Inosine All 98.8%
2’0Me-A All 99.2%

l , 2’0OMe-C All 98.7%

30X 50X 20X 4OX 2'0Me-G Al 98.2%
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Methylation calling

BASE RATE FALLACY

Bisulfite Oxford
WGS Nanopore data
|

|

100%
80%
60%
40%
20%

High confidence CpGs

0%

l J

30X 50X 20X 40X
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Methylation calling

BASE RATE FALLACY

Bisulfite Oxford
WGS Nanopore data
|

|

100%
80%
60%

) /
ala WIORIEIED

BASES

20%

High confidence CpGs

0% |
; |
30X 50X | 20X 40X UNMODIFIED

BASES
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Run QC on Nanopore

* Every flowcell is different, variation becoming less

* Nuclease wash (and refueling) increases output

Cumulative Output Reads

Mux Scan Categorised

12,000

5.74 M— B Total reads
B Passed reads 10,000
5M— .
M Failed reads
M Skipped reads ‘é 8,000
4 M— =]
Q
= 6,000
=
£ aud 2
< _
& O 4,000
2M— 2,000 —
1M— 0
0
g
@ Single Pore Reserved Pore @ Unavailable @® Multiple @ Saturated Zero @ Other
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Run QC on Nanopore

e Q-score need to be stable

* New flowcell chemisty improves e sz s 18 0879

[ RNA v5.1 SUP: Q19 (98.7%)

Q_S CO re RNA v5.2 HAC: Q16 (97.5%)

RNA v5.1 HAC: Q16 (97.5%)

* Barcode selection = select high
quality door

5 10 15 20 25 30
RNA Raw Read Accuracy (Q)

e SUP basecalling for variant
calling necessary
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Pacbio Revio

100M 360 Gb

ZMW /[ run HiFi yield per run

24 hr 15-18 kb

Sequencing time Read length

SmC 90% 2Q30

DNA methylation Base quality
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ZERO-MODE WAVEGUIDES (ZMWS) ENABLE HIGHLY SENSITIVE OPTICAL-BASED DETECTION OF
SINGLE MOLECULES

-50 -25 0 25 50
nm

A. Each ZMW is illuminated from below and works via B. Because the illumination wavelength is much C. A DNA polymerase-template complex is
the same principle as a metallic microwave oven door greater than the ZMW diameter, light penetrates only immobilized onto the bottom surface of the
screen nanometers into the ZMW, providing a vanishingly ZMW

small illumination volume : ;
The llluminated volume is small enough to

enable real-time observation of DNA synthesis
at the single-molecule level
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SINGLE MOLECULE, REAL-TIME (SMRT) SEQUENCING

SMRT Cell

SMRT Cells contain millions of
zero-mode waveguides (ZMWs)

SMRTbell® templates enable repeated
sequencing of circular template with
real-time detection of base incorporation
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A single molecule of DNA is
immobilized in each ZMW

A
©
%‘3-

&
Q
S
&
&
s)

&
&
Q

&

Fluorescence
Intensity (a.u.)

705 71.0 716 720 725 73.0 7358 740 74.5
Time (8)

As anchored

polymerases

incorporate
labeled bases,
lightis emitted

Directly detect
DNA modifications
during sequencing




Circular consensus sequencing generates HiFi reads

P 100%
Start with high- Circularized DNA is @ @
quality dsDNA D e L e e S R anenes :.;' '1:_: Z:glslzgced in repeated g
-'.‘.--',-_-..:::3::;: *‘.“"F.'".. o
7 0 Read length (kb) 50
Prepare SMRTbell ::‘.“.‘.' S T T T I I ‘.‘.m..': :::"- e !- R
libraries (up to ~25 kb) %, ¢ S secasa s —— S
l st | POlymerase reads are BEnRE. ol HIE! eacs
Rt bt [ immed of;adaptors fo « Long read lengths up to 25 kb
- et | Vield subreads - High read accuracy 299.9%
i N » Easy library preparation
Anneal primers and s+ " — st - Low coverage requirements
bind DNA -‘Z: ‘::sw' SEUTIEE evsassiine “'Sll:'.:: P — l + Small file sizes to minimize
polymerase Consensus and compute time
iy - methylationsiatus are + A single technology solution
HiFi read Galled Tnom:subreads for a range of applications
(99.9% accuracy)
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. Directly detect DNA
+ modifications during
' sequencing

Light Intensity

A T | c

Time
Nucleotide incorporation kinetics
are measured in real time

v" Improved accuracy (+10%) and
increased confidence of 5mCpG calling

v On-instrument 6mA caller for
multiomic Fiber-seq chromatin assay

PacBi@®

5mC at CpG sites

Previous

CpG Methylation in Reads (Histogram)

CpG Sites, %

0.0 0.2 0.4 0.6 0.8 1.0
Predicted Probability of Methylation

=)

SPRQ

5mC at CpG

254

20

CpG sites, %

More strongly bimodal

5 - «

»
>

0.0 0.2 0.4 0.6 0.8 1.0
Predicted probability of 5mC

6mA for Fiber-seq chromatin assay

Accessible chromatin
W | \ ' R

s

m6A-MTase @) \§

Isolate 15 kb
gDNA fragments

sequencing (CCS)
with m6A identification

Chromatin architecture
] I w1 mim ] I
LR X XN ] (XX .

4444 “ 4
Non-methylated bases ~ m6A marked bases

lPacBio circular consensus

Fiber-seq chromatin assay is being
adopted in HPRC, SMaHT, and other
groups.

The Revio caller simplifies the workflow
and unlocks other applications for
customers to explore.

48



The main differences

{JNANOPORE PacBi@®

length (indel) accuracy
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Competition updates

NANOPORE Pacbio
* No-wash flowcells and new * SPRQ-NX chemistry
chemistry * Multi-use flowcells

 R10.4.1 flowcell

* Only early 2027

<15kb fragments need no wash
200Gb output/flowcell

* Same price

Accuracy update
Output >120Gb/flowcell
Same price
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Linked reads: lllumina constellation

1. Flow double-stranded DNA
2. Capture DNA on flow cell surface 4
3. Surface tagmentation i ~4.4 um -
&
,-‘:":‘ f’-'..\ = . ~6-5 m 6.5 kb
\“lx....o P i Y a\ m et - = - ) g
(\ 1 n 1 'S e
1 - ' 8.5kb »
— — I \ p .- = 4.7 kb 6.5 kb \ﬁg kb
AN METER M T WL LD LD o =" ek kb
E PR =z fa, X ‘,,/ E 1»5!»’ kb
. . = S5 ol
4. Standard clustering and sequencing %2 ‘ ; < o3k
o :
a ‘ S>1 ¥ ’
L\ - ,'\‘_I t 6.7kb BSkb
; L "-,(:'\ y 69kb
— o e - —t kb
A v “~<L L.
0.006% of tile S

* v\_j//v
v
0.003% of tile

Proximal clusters

— Standard paired-end short reads —
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Constellation performance

SNP performance with and without Constellation .
4000 I . ;
10 Mbp
a
3000 ¥} .
z 3
d >
('
S 2000 N - B x
=]
L i)
. . _1a78 Q
= * ’
o :
1000{ . = 1 Mbp
o 733.8 kbp 714.7 kbp —o-o-oos
115 114 _139 178 ]
0 Constellation Standard SBS Tonstellation Standard SBS Constellation Standard SBS
Genome-wide Easy to map Difficult to map
PB Constellation Constellation
mm FP HMW extraction Standard extraction HMW extraction
o FN (n=140) (n=380) (n=333)
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Ir'WGS: Nanopore or Pacbio?

* Look at the genome and sample | ¢ For human
to decide what technology to go e Constitutional: little difference
for * Slight edge for Pacbio on indels

* Slight edge for Nanopore on SV’s in
* Input amount difficult regions

e Symbionts? * Somatic or mosaicism: Pacbio

* Methylation calling: little

* Repetitive regions difference

* Reference genome
e Genome size

* Ploidy and degree of
heterozygosity
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Nanopore full plasmid sequencing

* Multiplex up to 96 plasmids

° Fu | I plasm id Seq ue nCE: no Rapid Barcoding Kit workflow
a SS u m pt i O n S Barcoded transposome

. complex plasmid DNA

* EPI2Me analysis pipeline u !Tr

Cleavage and addition
of barcoded l
transposase adapters

Pooling of barcoded
libraries and attachment of k‘ \‘,—'
\‘sequencing adapters

25-55 min i

Loading
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https://nanoporetech.com/products/analyse/epi2me/
https://nanoporetech.com/products/analyse/epi2me/

PureTarget enrichment with CRISPR-Cas9 is more
accurate than PCR or hybrid capture

Long-read

DNA DIGESTION WITH CAS9 AND GUIDE RNAS PureTarget PCR hybrid capture
(no-amp) amplicons (Twist)

® 0
. x_X ®
® ®
@ ® Uses PCR Yes Yes
. * . XX ®
Retain Yes
methylation
LIGATE SMRTBELL ADAPTERS ON CUT END
- 0
— C——2 GC dropout Yes Yes
C/=O

.=/\) C>=.
¢ N Size bias High High
M
Replication
DIGEST NON-SMRTBELL TEMPLATES orrors
C:)
o—0
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https://doi.org/10.1016/j.jmoldx.2022.08.003

Short-read versus long-read metagen8me assembly

o®. Qoe

Short-read metagenomics HiFi metagenomics
(eads - = - .: -'_:--.- '_-\ (eads C—— —— _\\
Assembly l Assembly l
Contigs _-_: —~ L_—__' — Contigs O —
Binning, QC, ID l Binning, QC, ID 1
‘l‘ ‘.‘ \ ./
PR © O
You? | ‘. ( )
‘i" = 4
Draft-quality MAGs High-quality MAGs
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Iso-Seq method delivers full-length transcripts

Short read sequencing

N A = A &

MRNA | g A |
soforms [———— N
N A e e

Fragmented I o T T .
reads

Short-read sequencing can only assemble ~20 to 40% of
human transcriptomes

PARTIAL view of isoforms

GENOMICS
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Long read sequencing

cene —J-HIEN—NE—TE T -
mRNA . sy A
isoforms

L

Full-length
reads

PacBio’s long-read sequencing offers superior isoform
discovery power

COMPLETE view of isoforms



Increasing throughput with concatenation: Kinnex kits

@ O B

JoLJ L  Single-cell
Y000
TN I cDNA generation

L I [ I
cDNA1 cDNA 2 cDNA 3 cDNA 4

l

! ' | || | |
A B c D E

l

I I I |
cDNA 1 cDNA 2 cDNA 3 cDNA 4

MAS-Seq
library preparation

<]

PacBio sequencing

id &

SN ;
l ”“ '@'\l Read segmentation +

single-cell isoform analysis
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ts

rocBie

Kinnex single- Kinnex 16S Kinnex full-
cell RNA kit rRNA kit length RNA kit
Upgrade to MAS-Seq for Full-length 16S rRNA Full-length
10x Single Cell 3’ kit for species identification RNA sequencing
Support 10x 3’ and 5’; up to 4-plex Up to 1,536-plex Up to 48-plex
40M reads (Sequel Il and lle systems), 25M reads (Sequel Il and lle 15M reads (Sequel Il and lle systems),
80M reads (Revio system) systems), 60M (Revio system) 40M reads (Revio system)
" - Rl 1 T_WW
L ) — | Fulldength
o - N 1N e transcripts from
e —— 1-10 kb for bulk
—— I D RNA samples
- [~ I I |
L e — ] nﬂmk
= 3 —— - N 0
UUUUUU L . HEENEEETE N 3 W W
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V| LEUVEN

A long thank you!

Any long questions?
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