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Genome Center Video Tour The Evolution of DNA Sequencing Technology

First-Generation Sequencing Technologies Part1: The birth of DNA sequencing

Second-Generation Sequencing Technologies Part 2:

Part 3: Third-ge

Part 4: Long-read RNA seqt

thegep.org/sequencing/

Note to Instructors

* | have scripted the talk in the notes section of the PPT.

* Advanced versions of this presentation and lecture
recordings were developed by Wilson Leung
(Washington University in St. Louis).

o Overview Third-generation Sequencing

= Lecture Recording
o Overview PacBio Iso-Seq

* Lecture Recording

Agenda (1)

1. Review of RNA-Seq Short-read Sequencing

RNA Sequencing (RNA-Seq)

* RNA sequencing (or RNA-seq)

lets us investigate and discover [2NAOrENA CLTS oo i
the transcriptome-the total Gen'ome '—‘ Trans(r'ipmme '—' Prﬂ:umo '—' mdl;-lom
cellular content of RNAs

including mRNA, rRNA and
tRNA-by using next-generation

sequencing to examine the
quantity and sequences of

RNA in a sample. R Non coding RNA
Chloroplast genes. (1RNA, rRNA)

o RNA-seq analyzes the

The transcriptome is the complete set of transcripts in a
cell, and their quantity, for a specific developmental stage or
of the genes encoded in our physiological condition.

transcriptome, indicating which

DNA are turned on or off and
to what extent.

RNA-Seq: reads are typically 30—-300 bp

@ Isolate RNA from samples

P
e
B
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https://thegep.org/sequencing/
https://wustl.box.com/s/7hpazstpffevchq7gpg6x1jnpftp0g9r
https://wustl.box.com/s/7hpazstpffevchq7gpg6x1jnpftp0g9r
https://wustl.box.com/s/7hpazstpffevchq7gpg6x1jnpftp0g9r
https://wustl.box.com/s/7hpazstpffevchq7gpg6x1jnpftp0g9r
https://wustl.box.com/s/zamwojau6phbhhqr56u7joay9i2g3hvk
https://wustl.box.com/s/zamwojau6phbhhqr56u7joay9i2g3hvk
https://wustl.box.com/s/8pn7yw1jr6zbmwl8u80rdc8bao63lao8
https://wustl.box.com/s/8pn7yw1jr6zbmwl8u80rdc8bao63lao8
https://wustl.box.com/s/8pn7yw1jr6zbmwl8u80rdc8bao63lao8
https://wustl.box.com/s/8pn7yw1jr6zbmwl8u80rdc8bao63lao8
https://wustl.box.com/s/1tefewopsmfmjky87cli48ltk8vyao4w
https://wustl.box.com/s/1tefewopsmfmjky87cli48ltk8vyao4w
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2949280/
https://www.youtube.com/watch?v=FJ5iN-v0MFM

Transcriptome reconstruction—akin to
reassembling magazine articles after they have
been through a paper shredder
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Short vs. Long Read RNA-Seq

Gene with Several
. B
Transcript Isoforms - - -

2 3 Ambiguous splice junctions:

Short Reads [RR S— m——am | Junction 1: Isoforms A, B or C
5 Junction 4: Isoforms A or C

6 Junction 5: Isoforms A or C
A ——a—.
Long Reads B [ {t |
¢ —

Agenda (2)

2. Overview and benefits of Long-read Sequencing

R e T ey 3
8

Short vs. Long Read Sequencing

s5sas
SE T easis,
P

Sequencing

Sequencing instruments are categorized as long-read or short-read based on their
underlying chemistry and the length of DNA fragments they analyze.

Benefits of assembling a genome
with long-read sequencing

* A way to think about the difference between
assembling a genome with short-reads versus
long-read sequencing technology would be to
imagine two different approaches to
reconstructing a 368-page novel from
randomized snippets of text.

Packio i Sequencing - Unlodk Your Nex{ Great Discovery 10

10

Benefits of assembling a genome with long-read
sequencing: an example using books
(Short read sequencing = fragmented statements)

Those looking for serious land

the North Carolina coast

The shack sat back

hatchet and pack a buck
by a torn shoreline

11

Excerpts from Where the Crawdads Sing 12 _
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https://doi.org/10.1038/nmeth.2735
https://doi.org/10.1038/nmeth.2735
https://doi.org/10.1038/nmeth.2735
https://doi.org/10.1038/nmeth.2735
https://www.genengnews.com/resources/full-length-transcript-sequencing-no-assembly-required/
https://www.youtube.com/watch?v=DDbeyf1FEEU
https://www.youtube.com/watch?v=DDbeyf1FEEU
https://www.youtube.com/watch?v=DDbeyf1FEEU
https://www.pacb.com/blog/long-read-sequencing/

Benefits of assembling a genome with long-read
sequencing: an example using books
(Long read sequencing = entire paragraphs)

“TheLand
Ship ... Discouragement of all such a5 should hereafter come nto.

s s the dantic” fu inds,

come the North Carolina coast. One seaman's journal read, “eang'd RS e
longthe Shoar.. but could discetn o Entrane A vilen Sorm

ovetook us .. we were forced 10 get of 10 Sea, 10 secure Ourselven

a0 i, and wee diven by the Rapdity of assong urrnt .

Claiming tecriory hadn't changed much since the 1500s. The
scactered marsh boldings weren't legally described, just staked out
natursl— creek boundary here, a dead oak there—by renegades. A

from sommebody o a the end of bis own rosd.

TuE SHACK SAT Back from the palmettos, which

sand flats 102 ncklac of green agoons and, in the distance,all the

marsh beyond. Miles of blade-grass so tough it grew in sat water,in- |
ipt Iy iind. Oak

closest agoon, ts surface 50 rich inlfe it churned. Salt air and gull-
song drifted through the treesfrom the sea.

Excerpts from Where the Crowdads Sing 13 _
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3rd Generation (Long-Read) Sequencing Emerges

* To address the limitations of next-generation sequencing,
scientists began developing real-time, single-molecule DNA

sequencing platforms.
2= P

two single-molecule
sequencing
technologies .
emerged giving rise
to 3™ generation
sequencing:
o single-molecule real-time (SMRT) sequencing by Pacific Biosciences
o nanopore sequencing by Oxford Nanopore Technologies

15 acificBiosiences

Short-read sequencing Long-read sequencing

15
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Benefits of assembling a genome with long-read
sequencing: an example using books

* More straightforward
to construct a
genome assembly
using longer reads

marshy and Swampe, we et d towards ur

St . Discouragement of all sch s should hereaie come it

e s el
Excerpts from Where the Crawdads Sing 14
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Third-generation Sequencing

Technologies

* Sequencing platforms from Pacific Biosciences (PacBio)
and Oxford Nanopore Technologies (ONT)

* Key characteristics:

o Single-molecule, real-time sequencing
= Sequence samples directly without amplification

o Can detect epigenetic modifications
= DNA methylation

* Comparisons with Illumina:
o Produce longer reads

Agenda (3)

3. Oxford Nanopore Sequencing

17

o Raw reads have higher error rates than lllumina
E=A

16
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ONT Sequencing — Template Topology

* Yellow — forward

DNA strand Adapter-tagged DNA
* Dark Blue —reverse ES 1kb to >2 Mb fragment Mater
DNAStrand LULELL LU UL L]

Motor
protein

* Light Blue — -
sequencing adapters

Logsdon, GA, Vollger, M-R. & Eichler, £t \guglcad Numanacnome
sduenciocand s 2oplication:, Not Rev Gener 21, 597614 (2020


https://www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x

ONT Sequencing — Flow Cell

Flow cell (top view)

* Yellow — forward

DNA strand o .
* Dark Blue — reverse :w:mj[é) ®
DNA strand membrane @ a
* Light Blue — /

sequencing adapters

21

Logsdon, G A, Vollger, M-R. & Eichi

ONT Sequencing — Base Calling

Readout

* You can think of
sequencing DNA or
RNA like reading music
— the bases being the
notes, which when
played in the correct

Mean signal (pA)

order, produces a
recognizable song.

Time (seconds)

. 21

et21, 597614 (2020

Check For Understanding (B)

Raise your fingers
(1-4) to share
your answetr.

1. Synthetic
Membrane

2. Motor Protein
3. DNAor RNA
4. Nanopore

12/29/2025

ONT Sequencing - Nanopore

Single nanopore
(cross section)

* Yellow — forward
DNA strand

* Dark Blue — reverse
DNA strand

* Light Blue —
sequencing adapters

Voltage-biased

Motor
protein

Nanopore

membrane

Taer, MR & Eichier, £ 1Q0Ed
laiono Nos 20

02021597614 (2020

Check For Understanding (A)

Raise your fingers
(1-4) to share
your answer.

1. Synthetic
Membrane

2. Motor Protein
3. DNA or RNA
4. Nanopore

22

Check For Understanding (C)

Raise your fingers
(1-4) to share
your answer.

1. Synthetic
Membrane

2. Motor Protein
3. DNA or RNA
4. Nanopore

23
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https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://doi.org/10.1038/s41576-020-0236-x
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/

Check For Understanding (D)

Raise your fingers
(1-4) to share
your answer.

1. Synthetic
Membrane

Motor Protein
DNA or RNA
Nanopore

25

Review — Base Calling

* This digital method
of reading DNA or
RNA sequence has
multiple benefits:

o Real-time analysis

o PCR free, no
amplification bias

o Modified base
detection

o Read-length

Disclaimer: The real-time base caller has lower accuracy.
agnostic For msny.applications, it r.night be beneficial to do the
base calling afterwards with a more powerful GPU and a
more compute intensive algorithm [i.e., duplex with
super accuracy (SUP)].

o Direct sequencing
of DNA or RNA

Cold Spring Harbor L Cenier 27

27

MinION Flow Cell

MinlON Mk1B and Mk1C/GridION Flow SEM image of a single sensor well (left)

Cell Channel Layout and the hexagonal array of wells (right).

Quiord Nanopore Technologies 29

12/29/2025

Check For Understanding

* Read length is up to 4 Mb
o Long reads sequencing mode: 10-100kb
o Ultra-long sequencing mode: 100—300kb

cold s L " 2% -

Flow Cell
Where Nanopores are Housed

The MinlON Flow Cell can
generate up to 50 Gb of data
for sequencing DNA, cDNA or
native RNA in real-time.

The PromethION Flow Cell can
generate up to 290 Gb for
sequencing DNA, cDNA or
native RNA in real-time.

QulodiancooraTecinologics
28

28

Nanopore Sequencing Devices

MinION

GridION PromethION

The only portable, real-time devices
for DNAand RNA sequencing, giving
complete control and creativity over
when, where and how often you

sequence, regardless of application.

View MInION >

MinON MK1D

Compact benchtop device designed to run  High-coverage nanopore.
and analyse up to five MInION Flow Cells sequencing in formats ranging from
modular, fully-integrated devices, to

igh-hroughput solutions. Each

flow cell can deliver the lowest price

er G for nanopore sequencin
GridION > £ =

GridION Q-Line > View PromethiON >

PromethiON 2 >

PromethiON 24 >

MinlON Mk1D:
Up to 15-35 Gb of data from a single flow cell

29
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https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://dnalc.cshl.edu/
https://nanoporetech.com/platform/technology/flow-cells-and-nanopores
https://community.nanoporetech.com/technical_documents/hardware/v/hwtd_5000_v1_revn_03may2016/flow-cell-chip
https://nanoporetech.com/products/sequence

ONT Sequencing Workflow

A complete and streamlined workflow —real-time answers to your biological questions

Analyse

scientist Bioinformatician
=

ElysION:

Fully automated, sample-to-answer device

12/29/2025

Nanopore for Educators eBook
e

* Community guide to
integrate Nanopore DNA
sequencing into the
classroom

o Quick Start Guide

o Time and Cost Planning
o Annotated Lab Protocols
o Bioinformatics Support

Williams, J., et al. (2025). Nanopore for Educators eBook (April-2025); Cold Spring Harbor (NY).

QuloiiancooreTechnologiesbioduc oo, 31
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4. Pacific Biosciences Sequencing

Key Components of SMRT Sequencing

8M SMRT Cell

Zero-Mode Waveguides
(ZMWs)

Each SMRT Cell can contain up
to 8 million ZMWs, all of which
are liquid-filled chambers.

35

Available from: pf Lg, Zenodo. h; iorg/10.5281 9nndn1§11§§ii
Mnsnaiclicualiaiok 32 -

PacBio SMRT Sequencing — SMRTbell Template

Double-stranded

DNA insert A3 babbL bbb bbb dabtddddbddbidbitbiibdititidis)
s S
Ligate hairpin g - —
adapters %, “‘a' “ta, W
Anneal VN & “
sequencing “" P T T E— 4
primers *tasns’
Bind DNA e )
polymerase — ¥
RaclcBicedercesTomolaic Propatolion, 34 5

Key Components of SMRT Sequencing
(Phospholinked Nucleotides)

Froe N~~~y
+poci,
¥ 27K Heo,
o~ g
NN
o
:

Bt

2 eoH
3 TBAW,PO,

N 3
o ¢

Polymerase

Phospholinked
Nucleotides



https://a.storyblok.com/f/196663/x/8e638eb0b9/brochure-product.PDF
https://nanopore4edu.org/latest/
https://nanopore4edu.org/
https://doi.org/10.5281/zenodo.15149655
https://www.pacb.com/wp-content/uploads/2014/04/TemplatePreparation.pdf
https://speakerdeck.com/pacbio/smrt-sequencing-overview
https://speakerdeck.com/pacbio/smrt-sequencing-overview
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2582155/

12/29/2025

Phospholinked Nucleotide Incorporation 2 Modes of SMRT Sequencing (CCS)

Circular Consensus
Sequencing (CCS) Mode
Inserts 10-20 kb

Subread 1

Intensity

Subread n — ]

Time

1 DNA molecule and 1 polymerase in each well (ZMW)
4 colors flash in real-time as polymerase acts Single-molecule consensus sequence

37 38

2 Modes of SMRT Sequencing (CLR) How are HiFi reads generated?

Circular Consensus Continuous Long Read (CLR) * SMRT sequencing can sequence the same DNA molecule multiple times
Sequencing (CCS) Mode Sequencing Mode generating highly accurate long reads, or HiFi reads.
Inserts 10-20 kb Inserts >25 kb, up to 175 kb - o X
* HiFi reads are produced using circular consensus sequencing (CCS)
i ) S v mode on PacBio long-read systems. HiFi reads provide base-level
N > resolution with 99.9% single-molecule read accuracy.
CLR1 Start with high-quality . Circlarized DNA
doublestranded ONA is sequenced in
repeated passes
Subread 1 3
Prepare SRTbel ibraies N
W/ The polymerase reads
are timmed o adspters
Subroadn - J CLRn i kot
Consensus and
bind DNA polymerase ... = called from subreads —
Single-molecule consensus sequence Multi-molecule consensus sequence " 200

(99.9% accuracy)

L . 39 i 40

39 40

HiFi Reads vs. Long Reads HiFi Reads vs. Long Reads (Disclaimers)

15-20 kb (HiFi)
100% 100% quality than Illumina data. They also
have systematic errors (particularly

Short Short with homopolymers and specific types
reads reads

PacBio HiFi reads typically have lower

of repetitive sequences; see g

Cannevetal 2022).

PacBio HiFi reads are defined as reads
with an accuracy of Q20 or above
(error rate of 1/100; 99% accuracy). For
the Revio system, the mode for the
read quality is Q30 (99.9% accuracy;

see the Revio system brochure).

Accuracy
Accuracy

Long
reads

For the lllumina XLEAP-SBS chemistry,
the read quality is Q40 (99.99%
accuracy; see the “YLEAP:SBS.

80% 80%

0 Read length (kb) 50 0 Read length (kb) 50 1000/2000" blog post).

s 41 —— 42

41 42



https://pubmed.ncbi.nlm.nih.gov/23560931/
https://pubmed.ncbi.nlm.nih.gov/23560931/
https://pubmed.ncbi.nlm.nih.gov/23560931/
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/quality-control/slides-plain.html
https://ccs.how/
https://ccs.how/
https://ccs.how/
https://pubmed.ncbi.nlm.nih.gov/35361931/
https://pubmed.ncbi.nlm.nih.gov/35361931/
https://www.pacb.com/wp-content/uploads/Revio-brochure.pdf
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html
https://www.illumina.com/science/genomics-research/articles/data-quality-q-scores.html

PacBio Sequencing — How it Works

PacBi ine_How it Worke

43

PacBio Revio Sequencing System

$779,000

45

45

E

PacBio SMRT Sequencing Workflow

Although each sequencing project is unique, there are three
main steps to go from DNA to discovery with SMRT sequencing.

Library prep SMRT sequencing Data analysis
Learn more Explore SMRT Link user
about kits for fast sequencing interface and SMRT
and easy library interactive Analysis
preparation

47
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Tri-position sensor
Auxiliay tip holder

regent slots 1 and 2

Revio

Sequencing plate - s Panar} e

Overview of PacBio Sequencers

Revio One Work Deck

Test cell and
leak test pad

iMzZMW

Robot

Cell prep station
Evaporation lid
'SMRT Cell

tray slot

8MzZMW
Tipbox  Waste Work deck
slot. bin ‘touchscreen ‘
[ Syl
.f.n 25M ZMW

SMRT Cell tray

Images provided by Pacific Biosciences

44

PacBio Vega Benchtop System

‘ .Hl““!:,'__:i ‘ ‘:J

3
The Vega SMRT
i\ Unk
) semiconductor reag o
ihts nreal e @ rfrmatons educe erors
steps .

$169,000
$1,100 per run
Eacdioveaalonciopiaion, 46 [BasBioveza Benchiop Suaiem Brochure,
46
Isoform Sequencing (Iso-Seq)
* Using SMRT

sequencing to do
RNA-Sequencing =
marketing term is
Iso-Seq

* Iso-Seq data is
obtained via
Circular Consensus
Sequencing (CCS)

Iso-Seq

Scalable

De Novo

Isoform Discovery

from PacBio HiFi Reads

48



https://youtu.be/_lD8JyAbwEo
https://youtu.be/_lD8JyAbwEo
https://youtu.be/_lD8JyAbwEo
https://research.weill.cornell.edu/Instrument-Insights-1
https://www.pacb.com/vega/
https://www.pacb.com/wp-content/uploads/Vega-brochure.pdf
https://www.pacb.com/blog/steps-of-smrt-sequencing/
https://www.pacb.com/blog/steps-of-smrt-sequencing/
https://www.pacb.com/blog/steps-of-smrt-sequencing/
https://www.pacb.com/products-and-services/consumables/application-consumable-bundles/
https://www.pacb.com/products-and-services/consumables/application-consumable-bundles/
https://www.pacb.com/products-and-services/consumables/application-consumable-bundles/
https://www.pacb.com/products-and-services/consumables/application-consumable-bundles/
https://www.pacb.com/sequel-ii-system-interactive/
https://www.pacb.com/sequel-ii-system-interactive/
https://www.pacb.com/sequel-ii-system-interactive/
https://www.pacb.com/products-and-services/analytical-software/
https://www.pacb.com/products-and-services/analytical-software/
https://www.pacb.com/products-and-services/analytical-software/
https://github.com/PacificBiosciences/IsoSeq
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Increase Iso-Seq throughput with Kinnex Benefits of Long-read RNA-Seq
48-plex sample multiplexing T e e e e
= T A e pE IOV
* Typical insert size for HiFi = e o : -
sequencing: 15-20kb m’ o P Tanscipy N NN DN o

llumina  short-read  Ambiguous -— =
DNA
+ RNA-Seq ©

* Concatenate multiple RNA Unambiguous =SS BSs =L 3o
sequences into one T -
fragment to increase i i
—my - TR
throughput (MAS-Seq) T > ~ s =
PaCBIO  |ongread  Unambiguous I = S
Iso-Seq  <PNA IR o
. 2 e R e £
* Use Skera to split the v Nanopore Diree Unambiguous I - n
Kinnex HiFi reads to A B ¢ b E RNASeq toisoform — vy e
generate SegmentEd reads | skera “=="Reads that map to exons = Reads that map across a splice junction
(S-reads) Seq1 Seq2 Seq3 Seq4
q ! q q m°A = N6-methyladenosine
Konelrary oreoacation using Kinnes (Ul cngth BNA KL 49 e Do A - ———— =
Projects typically combine multiple sequencing Run the VGP 2.0 assembly pipeline
technologies to construct genome assemblies using Galaxy
« The Vertebrate Genomes Project (VGP) aims to construct H
reference genome assemblies for ~70,000 vertebrate species. H
& Teooo
« Sequencing technologies u§ed by the Vertebrate Genome Lab TS
(VGL) at the Rockefeller University: H | .
g =
i : ENTEN O °o° oo = Z
- 000 [ o sssonty
] : Assembly ac
- % M Pipeiinestep @ Genomescope
oo Sotuare 2 s 0
PacBio Sequel lle ONT Promethlon Bionano Saphyr Arima Hi-C b B ompusea g oy
Use HiFi data to Use ultra-long Use optical maps to Second round of eeer o \Ghlecinoloziea,
construct the Nanopore readsto  determine order and scaffolding to generate
initial assembly resolve highly orientation of the chromosome-scale

* Galaxy workflows and tutorials available through the

VGP-Galaxy assembly workflows page
« lllumina data also used to polish the consensus sequence

dealoonolosios 51 R K e ey 52
51 52

repetitive regions contigs (scaffolding) assemblies

Applications of Astronaut Kate Rubins H
34 Generation Sequencing g " MLl I COﬂCl usion
Chromosome-scale genome assemblies
Cancer genomics, human disease research
Population genetics (SNVs, phasing)
Epigenomics (DNA methylation)
Full-length RNA-Seq A
o PacBio Iso-Seq, Nanopore direct RNA-Seq
Single-cell RNA-Seq
o PacBio Kinnex (MAS-Seq)
* Conservation genomics

Complete plasmid verification I
o Plasmidsaurus, Eurofins, ... .

* Metagenomics, microbial genomics

* Sequencing technology is the ‘microscope’ by
which geneticists study genetic variation, and it is
clear that long-read technologies have provided us
with a new ‘lens and objective’ for understanding
DNA and RNA variation, structure and organization.

* Although the two predominant long-read
technologies are competitive, some of the best
results have been obtained when the sequencing
platforms are used to complement one another.

Wallace. 2019
(GEP] I—_—_—_—— (GEP]


https://www.pacb.com/wp-content/uploads/Application-note-Kinnex-full-length-RNA-kit-for-isoform-sequencing.pdf
https://www.pacb.com/wp-content/uploads/Application-note-Kinnex-full-length-RNA-kit-for-isoform-sequencing.pdf
https://www.pacb.com/wp-content/uploads/Application-note-Kinnex-full-length-RNA-kit-for-isoform-sequencing.pdf
https://skera.how/
https://skera.how/
https://doi.org/10.1038/s41576-019-0150-2
https://doi.org/10.1038/s41576-019-0150-2
http://www.vertebrategenomelab.org/technologies
https://github.com/VGP/vgp-assembly
https://github.com/VGP/vgp-assembly
https://github.com/VGP/vgp-assembly
https://galaxyproject.org/projects/vgp/workflows/
https://galaxyproject.org/projects/vgp/workflows/
https://galaxyproject.org/projects/vgp/workflows/
http://www.vertebrategenomelab.org/technologies
https://doi.org/10.1038/s41576-020-0236-x
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Answer Key

Oxford N
(ONT)

hemistry
technology name
Read length

What is detected in the
sequencing process?

How is that detected?

Enzyme used in the
sequencing process

Up to 4 Mb; Long reads
sequencing mode: 10—100kb;
Ultra-long sequencing mode:
100-300kb

Changes in current as nucleotides
pass through the pore

Different collection of

Pacific Biosci (PacBio)
Single Molecule, Real-Time (SMRT)

15-20 kb (HiFi)

Fluorophore associated with the
phospholinked nucleotides emit
different color light

that occupy a nanopore will cause
different changes in the electric
current. Machine learning
algorithms (neural networks) are
used to analyze the i

Each ide (A, C,
G, T) is labeled with a different
fluorescent dye. When a nucleotide is
incorporated by the polymerase, it
emits different color light that

changes to the electric current
(squiggle) to infer the sequences
that pass through the nanopore.
Motor protein (helicase)

.quencing into the Clacsroom through

to the dye for
the nucleotide.

DNA polymerase

mearison of Molecular Biglos

Adapted from: Bowling, et al. Bziaging
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