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SMRT Sequencing Technology &
Sequel System Overview

Sequence with Confidence. Advance genomics with long-read sequencing, enabled
by single molecule real-time sequencing.

for use in diagnostic procedures. © Copyright 2019 by Pacific Biosciences of California, Inc. All rights reserved
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SINGLE MOLECULE, REAL-TIME SEQUENCING

SMRT Sequencing Technological Innovations Enable Long Reads from
Single Molecules

1. Asingle polymerase-bound DNA molecule is immobilized within a nanofabricated zero-
mode waveguide (ZMW)

2. Harnessing the power of natural DNA synthesis, phospho-linked fluorescent-labeled
nucleotide analogs are incorporated into the DNA molecule by the polymerase

3. The synthesis process is observed in real-time across 1,000,000 ZMWSs on a single
SMRT Cell consumable by converting the detected light signals into base calls

Zero-mode Waveguide Phospho-linked
(ZMW) Nucleotides

SMRT Cells with 106 ZMWs
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PACBIO PRODUCT RELEASES OVER THE LAST SEVEN YEARS

Oct 2018

Sequel v6.0

e 3.0 Chemistry
Feb 2018 * SMRT Cell 1M v3

Sequel v5.1
« 2.1 Polymerase

Jan 2017
Sequel v4.0

* 2.0 Chemistry
Oct 2015
Sequel System

Apr 2015

Barcode Kits
Mar 2014
- Is0-Seq Method ‘ Sept 2017
+ Long Amplicon Analysis ‘

Aug 2016 Sequel v5.0
Sequel v3.1 * 2.1 Chemistry
» 1.2.1 Chemistry

Apr 2013

RS Il Product Release (v2.0)
+ 75K to 150K ZMW
« 2x Throughput

* P4 release

Oct 2014

* P6-C4 release

.Q Increased throughput by over
o @ 2000-fold

v1.3.1 . HGAP/Q uuuuu
« Epigenetic Aug 2012 * SMRT Cells v3
Modification
v1.3.2
. * MagBead Release
Feb 2012
1.3.0
\./ C2 Launch Up to 20 Gb/CeII (gDNA)

Up to 50 Gb/Cell (amplicons)




& rceo

TWO APPROACHES FOR SMRT SEQUENCING

Standard Sequencing for Single-Pass Continuous Long Reads (CLR)

Large Insert Sizes Generates one pass on
(Approx. >15 kb) each library insert molecule
sequenced

Circular Consensus Sequencing (CCS)
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Small Insert Sizes

(Approx. 15 kb) Generates multiple passes on
each library insert molecule
sequenced

https://www.pach.com/wp-content/uploads/2015/09/Pacific-Biosciences-Glossary-of-Terms.pdf
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CONSENSUS SEQUENCE GENERATION FROM MULTIPLE
INDIVIDUAL READS (STANDARD CLR SEQUENCING) OR FROM
MULTIPLE SUBREADS OF THE SAME DNA MOLECULE (CCS)

Standard Sequencing (CLR)

Y = L -
'4,,,{:“ e
" s ™ -
Molecule 1 o
|
L { 3]
LN [ 2]
L ]
LN { 2]
Molecule n - *
TT [T TITTTTITH

Consensus sequence

Example Application:

- WGS de novo assembly
- Structural variation detection
- Base modification detection

Subread 1

Subread QLI UL L LI LU T LI AL L

Circular Consensus Sequencing
(CCS)

1
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Consensus sequence

Example Application:

- Minor variant detection (viral, cancer)
- Full-length 16S metagenomics
- Full-length transcriptomics (Iso-Seq analyses)
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THE SMRT SEQUENCING ADVANTAGE: KEY PERFORMANCE
CRITERIA

SMRT Sequencing can simultaneously provide:

Uniform

Lon g Reads Coverage

- Average read lengths many tens of kb
SMRT

ngh Accuracy Accuracy

- Free of systematic errors seq uenCing —

= Achieves >99.999% (Q50) Molecule

Advantages W

Epigenetics

Uniform Coverage
- Least GC content and sequence complexity bias

Single-Molecule Resolution

- Long reads with high single-molecule accuracy
- Resolve complex mixtures

Epigenetic Detection
- Characterize epigenome
- No separate sample preparation required
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SEQUENCING PERFORMANCE (SEQUEL SYSTEM 3.0 CHEMISTRY)

Long Reads
- Up to 30 kb average (gDNA)
- Up to 100 kb average (amplicons)

Density (Bases Read per Unit Read Length)

s Read (per Unit Read Length)
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gDNA
Read N50: >48 kb
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amplicons
Read N50: >135 kb
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SEQUENCING PERFORMANCE (SEQUEL SYSTEM 3.0 CHEMISTRY)

70.0 -

60.0 -

High Consensus Accuracy
->QV40 at 20-fold
->QV50 at 40-fold

50.0 - 99.999% |

40.0 99.99%
30.0
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SEQUENCING PERFORMANCE (SEQUEL SYSTEM 3.0 CHEMISTRY)

Uniform, Unbiased Coverage

—Minimal GC% or sequence
complexity bias

Sequence coverage
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HIGHLY ACCURATE, SINGLE-MOLECULE LONG READS

Significant increase in polymerase read length in the Sequel System 6.0
release increases the number of high fidelity (HiFi), long reads (>Q20
single-molecule read accuracy) for insert sizes up to ~15-20 kb

. LLTS
‘\\" . T S Y & o'.
e SibRasaas0000008080800800808000000000800800800 disasbisssis TTH -
L V'Y o % —— 1076bp
tﬂ T
—— 3095bp

— 5062bp

— 6853bp
- 8100bp

Polymerase Read:

Subreads: = 87%+ accuracy

v

Highly Accurate CCS Read
>99% (>Q20) accuracy

Passes
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SIMULTANEOUS EPIGENETIC CHARACTERIZATION

, l - Directly detect DNA base maodifications using polymerase kinetics |

e

=

o
|

DNA Methylation £ 5 am
Methyltransferase g E‘ 2004
B .. /’ 35
- - ; ; T E 1004
| )
SMRT DNA Sequencing Analysis of Polymerase Kinetics
o4 r 8 I
1]
o Forward Strand
8 e “A _'r c
g AL S Reverse Strand
£ I
=
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DNA polymerization rate is slowed when the polymerase encounters a modified base in the template.
Detection of this slowed incorporation rate can be used to infer the presence of bases in the template
other than A, C, T or G. This information is automatically generated and processed during every run.
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PacBio Long-Read Sequencing
Applications

Sequence with Confidence. Pacific Biosciences long-read sequencing provides
the most comprehensive view of genomes, transcriptomes, and epigenomes.

For Research Use Only. Not for use in diagnostic procedures. © Copyright 2019 by Pacific Biosciences of California, Inc. All rights reserved.
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Whole Genome Seqguencing for
De Novo Assembly and Structural

Variation Detection

Bring the “W” back to whole genome sequencing



GENERATE GOLD-STANDARD

Why Do Long Reads Matter?

Hinalis quuencin g Pl
& . ) Cwes Ad‘,antages
i ‘ bigger is better — II“ Ill‘ =
* when it comes to
* easy assembly Ill IIII
1 5 (\

2

Transposable element
bl phase haplotypes

r D in outbred diploids
TGCAAATCGCA TGCGATTGCAA )
ACGTTTAGCGT ACGCTAACGTT and polyploids

1

i

Terminal inverted repeat
ﬁ Flanking direct repeat

long reads span repetitive elements
and allow assembly of even the
most complex genomes

even really
big genomes
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SEQUENCING AND ASSEMBLY OF THE GORILLA GENOME USING
LONG-READ VS. SHORT-READ TECHNOLOGY PLATFORMS

A Susie, reference sample B Long-read assembly (Susie3)

PacBio long-read
assembly showed >150-

fold improvement over
previous short-read
assemblies

I |
0 5 10 15 20 25 30 35

Contig size (Mbp)

8 C Short-read assembly (gorGor3)

Treemaps (B and C): Rectangles are
the largest contigs that cumulatively
make up 300 Mb (~10%) of the
assembly, representing the differences
in fragmentation of the long-read and
short-read gorilla genome assemblies.

http://science.sciencemag.org/content/352/6281/aae0344.long
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#1MbCtgClub

>350 eukaryotic species!

Ehe New AJork Times

Team of Rival Scientists
Comes Together to Fight Zika

%
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A COFFEE RENMSSANCE IS
BREWING, AND IT°S ALL
THANRKS TO GENETICS

The MGI Reference Genomes
Improvement Project

EDITORIAL
nature
biotechnology

A reference standard for genome biology

I~

xxxxxx

Bloomberg

What the Marijuana Genome Map Means
for the Future of Pot

A breakthrough in genetic research opens the deor to more-targeted products
and maybe even pharmaceuticals

1000 Genomes

= A Deep Catalog of Human Genetic Variation




HUMAN WHOLE GENOME SEQUENCING

PacBio is the core technology used for .genes
many human reference genome initiatives

Article

De Novo Assembly of Two Swedish Genomes Reveals

NCBI Human Assemblies Missing Segments from the Human GRCh38
. Reference and Improves Variant Calling of
9 2% L é 3% 3 .
100% Population-Scale Sequencing Data
o 2% — 3%
90% PR Adam Ameur *J, Huiwen Che !, Marcel Martin 2(%, Ignas Bunikis !, Johan Dahlberg 3,
80% = Ida Héijer 1, Susana Higgqvist !, Francesco Vezzi 2, Jessica Nordlund 3, Pall Olason ¢,
Lars Feuk ! and Ulf Gyllensten !
70%
=|LM o
60% 8 _ NS 100bp to 5kb "] NS over 5kb
50% T total sequence: 4.25 Mb . total sequence: 20.13 Mb
= 10X g i
40% @ < 9 g
30% 58 5
[ o o |
20% MULTI .§ .§ 8
10% 28 -
0% mONT g - o
All Assemblies (N=65) Contig N50 > 1MB (N=33)

r T T T T 1 I T T T T T T
100 1000 2000 3000 4000 5000 5 20 40 B0 B0 100 120
NS length (bp) NS length (kb)

- Generate gold-standard references unique
to a population, disease, or individual Novel Sequence (NS)

- Increase power by matching references to * ~100 Mb more than Danish short-read
the genetic background of studies assemblies

- Access novel types of genetic variation and * ~24 Mb not found in GRCh38
difficult-to-characterize regions Improved Variant Calls

* 26,000 false positive SNVs eliminated
with improved reference (hg38 + NS)

Genes 2018, 9(10), 486; https://doi.org/10.3390/genes9100486
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STRUCTURAL VARIANTS ARE KNOWN TO CAUSE GENETIC
DISEASE

Repeat Expansion Disorders
Schizophrenia (Del, Dup) CUG, Fuchs corneal dystrophy

CCUG,, Myotonic dystrophy 2
AUUCU, SCA10
UGGAA, SCA31

Carney complex (Del) SCA12 CAG, GGCCUG, SCA6

‘/ FXTAS CGG, GGGGCC, ALSFFTD
f Poor drug metabolism (Dup)

3'UTR

5'UTR intron
Breast & ovarian cancer (Del, Ins) / \
CAG, cuG,

\— i i i otonic dystr

| Neurofibromatosis (ins) O s Sossone o Dresed 2

SCA1.2.3.6.7.17 SCA8
Chronic myeloid leukemia (Trans) BRETA
deletion insertion duplication inversion translocation

> 50 BASE PAIRS / VARIANT

STRUCTURAL '
VARIANTS —> — — —> —>
||

http://www.pach.com/wp-content/uploads/Structural-Variation-Infographic.pdf
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LOW-FOLD PACBIO WGS FOR STRUCTURAL VARIATION DETECTION
Structural variation accounts for most of the variant bases in the human

genome

base pairs

affected 5 Mb 3 Mb 10 Mb

SNVs indels

LONG-READ SMRT SEQUENCING PROVIDES HIGHER

SENSITIVITY FOR SV DISCOVERY

v Insertions
Deletions
Duplications
Translocations
Inversions
Tandem Repeats

4,000
SVs

PacBio long-read Short-read
sequencing data set sequencing data set

- Low-fold WGS offers a cost-effective option for SV
discovery

Genetics in Medicine, Vol. 20, pp 159-163 (2018)

structural variants

Structural Variant Sensitivity

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

——Heterozygous SVs

——Homozygous SVs

o
-
o

20 30 40 50
Coverage

Low-fold coverage with PacBio
sensitively recalls SVs from a high-
coverage HG007233 reference call set.

Recall is 87% and 95% at 10- and 20-
fold coverage, respectively.




IDENTIFICATION OF A NOVEL 12-KB STRUCTURAL VARIATION IN

PROGRESSIVE MYOCLONIC EPILEPSY BY LOW-FOLD (6X) PACBIO
WHOLE GENOME SEQUENCING

d 68,500,000 68,510,000 68,520,000 The SElELTalT variant |dent|f|e(_7I
! ! ! ! ! ! included the initiation codon in
w c c
u, the CLN6 gene, which is found
g -2 ) : : :
28 in a highly GC-rich region
I3 containing multiple repetitive
& © Control
= . elements.
Gene {2 4
80
60 i BT e
EcoRV EcoRV fragment 23,964 bp | € > |
12,434
12,433
12,418
- N2 ol
3 1
) I H
5% - :
i%% I 1 |
[&]
o I
I I
Control | ||
I I | 1
I
|

Journal of
https://doi.org/10.1038/s10038-019-0569-5 Human Genetics
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PLANT AND ANIMAL WHOLE GENOME SEQUENCING
Build better genomes — enable breakthrough discovery

nature methods

Phased diploid genome assembly with single-molecule

real-time sequencing
Chen-Shan Chin'1%, Paul Peluso!"1%, Fritz ] Sedlazeck?, Maria Nattestad®, Gregory T Concepcion!, Alicia Clum?,

Christopher Dunn!, Ronan ("'Malley®, Rosa Figueroa-Balderas®, Abraham Morales-Cruzf, Grant R Cramer”,
Massimo Delledonne?, Chongyuan Luo®, Joseph R Ecker?, Dario Cantu®, David R Rank! & Michael C Schatz239

Initial Assembly Graph
SV SV

SNPs \ SNPs , SNPs

Haplotype-Resolved
Assembly Graph

SNPs sys SNPs SVs SNPs
‘ S . i

- _ -———
Primary Contig ‘

haplotig2

haplotig1 haplotig3

Nature Methods Vol. 13, pp 1050-1054 (2016)

Number of Gaps

Aure -
COMMUNICATIONS

Chromosome-level assembly of the water buffalo
genome surpasses human and goat genomes in
sequence contiguity

Wai Yee Low® ', Rick Tearle!, Derek M. Bickhart@® 2, Benjamin D. Rosen® 3, Sarah B. Kingan® 4
Thomas Swale, Francoise Thibaud-Nissen®, Terence D. Murphy ® 6 Rachel Young®7, Lucas Lefevre® 7,
David A. Hume®, Andrew Collins®, Paolo Aimone-Marsan@K’, Timothy P.L. Smith" & John L. Williams® !

Contig N50 = 18.8 Mb
Assembled Size = 2.65 Gb

1000-fold improvement
over previous short-read
assembly

600 -

Chromosome
[ AN R
.2 17
| EN RE
.4 .19
5 20
Hs W21
B 22
| EN EX
| EN B
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&

Wéter
Buffalo

Nature Communications, Vol. 10, Article No.: 260 (2019)

Human Goat



& rceo

LOW DNA INPUT WORKFLOW FOR DE NOVO GENOME ASSEMBLY

New low-DNA input protocol puts PacBio-based assemblies in 7 .
reach for small highly heterozygous organisms that comprise 74N

much of the diversity of life / AN
P - ~100 ng of mosquito gDNA used for low-input
.lge”es ey DNA library preparation protocol (~4-hours)*

Article

A High-Quality De novo Genome Assembly from a - Able to resolve maternal and paternal
Single Mosquito Using PacBio Sequencing haplotypes for over 1/3 of the genome

Sa.rahB. Kingan (%, Haynes Heato.n“ '.,]uliana Cufliniz,Christine C. Lambert !, — The method Can be applled to Samples With
starting DNA amounts as low as 2150 ng per
300 Mb of genome size

Primo Baybayan !, Brendan D. Galvin !, Richard Durbin 37, Jonas Korlach "*{ and
Mara K. N. Lawniczak >*

PacBio Sanger
Assembly | Assembly

Size (Mb) “The resulting curated assembly had high contiguity
Primary _ (contig N50 = 3.5 Mb) and completeness (>98% of
ACO”“gl N, G A 20 conserved genes were present and full-length).”
Sl ol " .. :
Contig N50 (Mb) 3.47 0.025 “In addition, this single-insect assembly now places
667 (>90%) of formerly unplaced genes into their
Size (Mb) 89.2 Unresolved appropriate chromosomal contexts.”
Alternate ,
Haplotigs No. Contigs 830 N/A
Contig N50 (Mb) 0.199 N/A

Kingan et al. (2019) Genes 2019, 10, 62; doi:10.3390/genes10010062 * Protocol Coming Soon (Q2 2019)



MICROBIAL WHOLE GENOME SEQUENCING
Move beyond draft genomes and obtain complete microbial genomes with

ease and confidence

Koren et al. Genome Biology 2013, 14:R101 N 7] .
http://genomebiology.com/2013/14/9/R101 * <
. Genome Biology
RESEARCH Open Access

Reducing assembly complexity of microbial
genomes with single-molecule sequencing

Sergey Koren'”, Gregory P Harhay?, Timothy PL Smith? James L Bono®, Dayna M Harhay?, Scott D Mcvey”,
Diana Radune', Nicholas H Bergman' and Adam M Phillippy'

5,000,000

4500000 m Contig N50 * Contigs
4,000,000
3,500,000
~—~
Q.
O 3,000,000
S
o
o) 2,500,000
Z
2,000,000
(@]
g .
1,500,000
@)
O 1,000,000
500,000 .
o - |

SR PacBio SR PacBio SR PacBio SR PacBio SR PacBio SR PacBio
E. coli K12 E. coli O157.H7 B. trehalosi F. tularensis S. enterica
haemolymca Newport
Published comparison between different sequencing platforms on
the continuity and correctness of genome assemblies for different
microbial strains. All PacBio assemblies had QV scores of >60, while the
short-read (SR) assemblies had an average QV of 51.3

Koren S. et. al. (2013) Genome Biology. 14, R101.

- PacBio microbial genome assemblies are
the gold standard for both completeness
and accuracy

= Only highly accurate, complete genomes
reveal both the SNPs and structural
variants that contribute to drug resistance,
virulence, and metabolic evolution

- Only long reads can resolve repetitive

regions encoding important biology,
including synthetic gene clusters, 1S
elements, active transposons, and phage
insertions

Affordably assemble gold-standard genomes by
multiplexing up to 16 microbes in one SMRT Cell

Identify active RM systems (6mA, 4mC) directly
from whole genome sequencing data

Study the role of transposons, phage insertions,
and other SVs in the evolution of virulence

Effectively recover plasmids to track drug
resistance and transmission paths
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HOSPITAL-ASSOCIATED INFECTIONS A

RESEARCH ARTICLE Science .
Translational
Medicine

ANTIBIOTIC RESISTANCE

Single-molecule sequencing to track plasmid
diversity of hospital-associated
carbapenemase-producing Enterobacteriaceae

Sean Conlan,” Pamela J. Thomas,? Clayton Deming,' Morgan Park,” Anna F. Lau,?

John P. Dekker,3 Evan S. Snitkin,1 Tyson A. Clark," Khai Luu:mg,4 Yi Song," Yu-Chih Tsai,4
Matthew Boitano,” Jyoti Dayal,” Shelise Y. Brooks,” Brian Schmidt,? Alice C. Young,?

James W. Thomas,? Gerard G. Bouffard,? Robert W. Blakesley,2 NISC Comparative Sequencing
Program,” James C. Mullikin,? Jonas Korlach,* David K. Henderson,® Karen M. Frank,*

Tara N. Palmore,®* Julia A. Segre'*

Long-read sequence
Bacterial plasmids

\ C\g-

(resnsta nce genes in context)

1 a¢”

Antibiotic- \

Track transmission
by following
plasmid diversity

resistant
Hospital environment bacteria |
Patients with —_ ,  Lacks detail to
antibiotic-resistant track plasmid
bacteria diversity

Short-read sequence
Plasmid fragments

Context. Long-read sequencing can resolve complete plasmids from bacterial genome assemblies. Plasmid

282.4

Nov. 2010 - Feb. 2011
ECNIH8:Patient Y 43.6

o

Nov. 2011 - Jan. 2012
KPNIH27:Patient A

C > [
Jan.2012 S %ow
ECNIH2 o0 ¥
KPNIH27
320.0
B\ pKPC-39c
ECNIH2 \ 282 4
473  pKPC-272
pKPC-f91

@ KPC3 Tn4401b . KPC2 1S26-TnpA
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Targeted Sequencing




ACCURATELY DISCOVER AND DETECT ALL
VARIANT TYPES EVEN IN TH| ST T
REACH REGIONS OF‘

Benefits of SMRT Sequencing for Amplicons Sequencing ¥

Simplified Workflow Advantages

- Can use a single primer set per target region (up to ~20 kb)

Cost-Effective Multiplexing Options
- Can pool barcoded samples or amplicons from different target regions or projects
on a single SMRT Cell and drive down cost/sample

Reduced Time-to-Results
- Less time is required for amplicon design, primer validation, sequencing &
assembly, and then redoing preps for dropouts

Long Reads with Highest Accuracy and Single-Molecule Resolution
- Enables PacBio to call all variants types — single nucleotide variants (SNVSs),
structural variants (SVs), and copy number variants (CNVSs)
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TECHNOLOGY COMPARISON — AMPLICON SEQUENCING

Short-read/Sanger primer design
- Number of primers increases with target length

- Dropouts increase with number of primers

h
| lkbinsert |

! 5k [
> > > >
< < < < < <
1 0k [ |
> > > > >

PacBio primer design
- One primer pair for target lengths up to ~10 kb

- Greater flexibility for where to design primers,
not necessary to design within target region

—
| lkbinsert |

ﬁ
<
I 5 kb I
>
<
! ik |
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PACBIO AMPLICON SEQUENCING — NO ASSEMBLY REQUIRED

Short-read/Sanger Assembly

.

L] ikbtarget | |
q

- ;:11¢rv‘v§—l

B s A

M R R s R AR EREEAEEREEE

< <

< < < <
! 6k | |
> > > >

>
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Ahri e

- ;:.wn‘q—l
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- ;:11¢rv‘v§—l
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PacBio — “No Assembly Required”

_
L[| lkbtarget [ |
ﬁ

AGTTGTTAGTCTACGTGGACCGACAAGAAC AGTTTCGAATCGGALGCTTGCTTAACGTAGTTCTAACAGT
TTTTTATTAGAGAGC AGATCTCTGATGAAC AACCAACGGAAAAAGACGGGTCGACCGTCTTTCAATATGE
TGALACGCGCGAGAAACCGCGTGTCAAC TGTTTCACAGTTGGCGALGAGATTC TCALAAGGATTGCTTTC
AGGCCALGGACCCATGALATTGGTGATGGC TTTTATAGCATTCC TAAGATTTCTAGCCATACCTCCARCA
GCAGGAATTTTGGC TAGATGGGGCTCATTC AAGAAGAATGGAGCGATCALAGTGTTACGGGGTTTCALGL
AAGAAATCTCAAACATSTTGAACATAATGAACAGGAGGAAAAGATCTGTGACCATGCTCCTCATGCTGET
GCCCACAGCCCTGGCGTTCCATCTGACCACCCGAGGGGGAGAGCCGCACATGATAGTTAGCAAGCAGGAL
AGAGGALLATCACTTTTGTTTALGACCTCTGCAGGTGTC AACATGTGCACCCTTATTGCAATGGATTTGE

<

!l 6k |

>

AGTTGTTAGTCTACGTGGACCGACAAGAAC AGTTTCGAATCGGALGCTTGCTTAACGTAGTTCTAACAGT
TTTTTATTAGAGAGC AGATCTCTGATGAAC AACCAACGGAAAAAGACGGGTCGACCGTCTTTCAATATGE
TGALACGCGCGAGAAACCGCGTGTCAAC TGTTTCACAGTTGGCGARGAGATTC TCALALGGATTGCTTTC
AGGCCALGGACCCATGALATTGGTGATGGC TTTTATAGC ATTCC TAAGATTTCTAGCCATACCTCCARCL
GLAGGAATTTTGGC TAGATGGGGCTCATTCAAGAAGAATGGAGCGATCALAGTGTTACGGGGTTTCALGA
AAGALATCTCARACATGTTGAACATAATGALC AGGAGGAALAGATCTGTGACCATGCTCCTCATGCTGCT
GCCCACAGCCCTGGCGTTCCATCTGACC ACCCGAGGGGGAGAGCCGCACATGATAGTTAGC AAGC AGGAL
AGAGGARAATCACTTTTGTTTARGACCTCTGCAGGTGTC AACATGTGCACCCTTATTGCAATGGATTTSS
GAGAGTTATGTGAGGACACAATGACCTACAAATGCCCCCGGATCACTGAGACGGAACCAGATGACGTTGL
CTGTTGGTGCAATGCCACGGAGACATGGGTGACCTATGGAACATGTTCTCALACTGGTGRAACACCGACGL
GACALACGTTCCGTC G ACTGGCACCACACGTAGGGCTTGGTC TAGALLCALGAACCGRRACGTGGATGT
CCTCTGRAGGCGC TTGGALACALATAC ALAAAGTGGAGACCTGGGCTCTGAGACACCCAGGATTCACGGT
GATAGCCCTTTTTC TAGC ACATGCCATAGGALCATCCATCACCCAGAALGGGATCATTTTTATTTTGCTG
ATGCTGETAACTCCATCCATGGCCATGCGGTGCGTGOEAATAGGC AACAGAGACTTCGTGGAAGGACTST
CAGGAGCTACGTGGETGGATG TG TACTGGAGCATGGAAGTTGCGTCACTACCATGGCARAAGACALACC
AACACTGGACATTGAACTCTTGAAGACGGAGGTCACAAACCCTGCCGTCCTGCGCALACTGTGCATTGAL
GCTAAAATATCAAACACCACCACCGATTCGAGATGTCCAACACAAGGAGAAGCCACGCTGGTGGAAGAAT
AGGACACGRACTTTGTGTGTCGACGAACGTTCGTGGACAGAGGC TGGGGCAATGGTTGTGGGCTATTCGG
AAAAGGTAGCTTAAT ARG TG TGCTAAGTTTARGTGTGTGACALLACTGGAAGGAAAGATAGTCCAATAT
GAAAACTTARRATATTCAGTGATAGTCACCGTACACACTGGAGACCAGCACCAAGTTGGRAAATGAGACCL
CAGALCATGGRACAACTGCAACCATAACACCTCARGCTCCCACGTCGGALATAC AGC TGACAGAC TACGG
AGCTCTAACATTGGATTGTTCACCTAGAACAGGGCTAGAC TTTAATGAGATGGTGTTGTTGACAATGALL
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MORE EFFICIENT TARGETED SEQUENCING WORKFLOWS ON PACBIO

Example: Detecting PKD1 variants in
polycystic kidney disease patients
Previous Sanger Workflow:

- Four long-range PCR reactions

- >50 nested PCR reactions

- >100 Sanger sequencing reactions

Received: 16 November 2016 Revised: 28 March 2017 | Accepted: 29 March 2017

DOI: 10.1002/humu.23223

Human Mutation

[HGVSE

METHODS U y \
—_— Variation, Informatics, and Disease ;

Detecting PKD1 variants in polycystic kidney disease patients
by single-molecule long-read sequencing

Daniel M. Borras®2? | RolfH.A.M.Vossen* | Michael Liem* |

HenkP.J. Buermans®* | Hans Dauwerse® | DavevanHeusden® | RonT.Gansevoorté* |
JohanT.den Dunnen®>7 | BartJanssen' | DorienJ.M.Peters>* |
Monique Losekoot’* | Seyed Yahya Anvar®>

- Multiplex Ligation-dependent Probe Amplification (MLPA)

HHH  H !
HHH HHH HH  HH

H H HHHHHH H HH
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1 —

bl 1< < 1< <

New PacBio-based Workflow:
- Five long-range PCR reactions
- Direct full-length amplicon sequencing

“Our approach provided high sensitivity in identifying PKD1
pathogenic variants, diagnosing 94.7% of the patients.”

“We show that reliable screening of ADPKD patients in a
single test without interference of PKD1 homologous
sequences, commonly introduced by residual amplification of

PKD1 pseudogenes, by direct long-read sequencing is now
possible.”

S << <0< AT - W I :

Borras et al. (2017) Human Mutation doi:10.1002/humu.23223
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PACBIO BARCODES FOR MULTIPLEXED AMPLICON SEQUENCING
A set of 384 barcodes (16 bp length) is optimized for SMRT Sequencing

Barcode #] m—t

Barcode #2 = e

BARCODED GENE-SPECIFIC PRIMER DESIGN
e B orcode #1

Target of Interest , Sample #1

- Barcode #2

Target of Interest, Sample #2

hundreds of targets
& samples

POOL BARCODED
AMPLICONS

= (e -

1 SMRTBELL SEQUENCING ON ANALYSIS FOR
LIBRARY PREP 1 SMRT CELL EACH BARCODE

https://www.pacb.com/products-and-services/analytical-software/multiplexing/



https://www.pacb.com/products-and-services/analytical-software/multiplexing/

EXAMPLE: POOLING 10,000 BARCODED  |rwwniiimseen BMC Genomics
AMPLICONS ON A SINGLE SMRT CELL
ENABLES SIGNIFICANT COST SAVINGS A Sequel to Sanger: amplicon sequencing  ®~

that scales
Barcode 2 .
Paul D. N. Hebert'", Thomas W. A. Braukmann', Sean W. J. Prosser’, Sujeevan Ratnasingham', Jeremy R. deWaard',

Natalia V. Ivanova', Daniel H. Janzen? Winnie Hallwachs? Suresh Naik', Jayme E. Sones' and Evgeny V. Zakharov'

Asymmetric Barcoding Design:

More accurate:

~ 100 forward primer barcodes ?gﬁg;ﬂgfﬂs _ * “SMRT and Sanger sequences were very
- 100 reverse primer barcodes 10.000 B similar, but SMRT sequencing provided more
’ complete coverage, especially for amplicons
= 800 bp PCR amplicon with homopolymer tracts.”
_ More cost-effective:
Sequencing stats: « 40-fold less compared to Sanger sequencing
- Total yield: 6.04 Gb (Chemistry 1.2) v el less SonmpenEe| i Neks
- Total number of reads: 384,274
- Average read length: 15.7 kb $16 ifrates
Y i | ===Sanger
Results: .qé $12 | ==SEQUEL
[&]
. . . . o S0
= All 10,000 bins present with high-quality &
(>Q40) sequence g s
- >95% concordance with Sanger data g
(lower estimate, have found errors in Sanger © z

96 (1) 960 (10) 9600 (100)

data)

# of Specimens (# of 96-Well Plates)
Hebert et al. BMC Genomics (2018) 19:219



FULL-LENGTH SEQUENCING OF 6.6 KB CYP2D6 AMPLICONS
ENABLES PSEUDOGENE DISCRIMINATION

40 kb CYP2D cyp2o7p1| | cypops

Scale 10 kbt 1 hgi8
chr22:1 40,845,000 | 40,850,000 | 40,855,000 | 40,860,000 | 40,868,000 | 40,870,000 | 40,875,880 |

- CYP2DG6 is very difficult to sequence using conventional short-read technology:
- CYP2D6 and Pseudogenes CYP2D7/2D8 are 96% homologous
- CYP2D6 locus contains a high frequency of structural deletions and duplications

- Long-read sequencing advantages:

- Can move away from sequencing only the exonic regions to the entire 6.6-kb CYP2D6
locus, including the promoter region, all introns, and the downstream regions

- Enables accurate discrimination of the locus of interest from potential off-target
sequences such as pseudogenes

“For the CYP2D6 experiments, no high-identity off-target sequence

alignments were observed, indicating pseudogene contamination
was not present in our data.”

Buermans et al. (2017) Human Mutation doi: 10.1002/humu.23166
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VALIDATION OF A SMRT SEQUENCING PIPELINE FOR HIGH-
RESOLUTION ANALYSIS OF CYP2D6

= 10 previously characterized DNA samples

- Perfect concordance with previous genotype calls

- One sample showed duplication event; this had been missed by other platforms
- Genotype refined and novel alleles confirmed

CYP2D6 Dipl TagMan Copy CYP2D6 SMRT S i
iplotype / equencin,
plotyp Number 1 g
Upstream /
Samples Reported® Luminex v3 Intron2  Exon9 Diplotype
Downstream Copy
% | NA12244 *35/%41 *35/%41 2 2 Downstream *35/%4]1°
INA16688 *2/*10 *2/%]10) 3 2 Upstream + Downstream _*2M/*36+*10B G eno ty p er ef Inemen t
NA17222 *1/*2 *1/*2 2 2 Downstream FIM/*108 © |
INA17246 *4/%35 /%35 2 2 Downstream *4/%35°% Y . .
: Duplication allele
% | NA17247 *1/*%2 *1/%2 2 2 Downstream *TA/2M /‘ . .
, characterization
* | INA17280 *2/%3 *2/%3 2 2 Downstream 34,7599
NA17296 *1/%9 *1/*%9 2 2 Downstream *]A/*9
ASTANO048 - #1/%29 2 2 Downsitream ] 4/%]107 8 Fpr—
HISP291 - *1/*%17 2 2 Downstream *1A/*17
CAUCO053 - *1/%6 2 2 Downstream *1A4/%64

* validation samples run in triplicate to test intra-run and inter-run reproducibility
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CYP2D6 SMRT SEQUENCING AND DIPLOTYPE CLARIFICATION

- 14 samples with discrepant results from multiple genotyping

a
platforms
. . . . Alleles: A, B,C,a,bandc
- Provided suballele resolution, genotype refinement, duplicated Genotypés-'A/'a-'B/b and C/c
. . . . r
allele characterization, and discovery of a novel tandem Haplotypes: ABC and abc
arrangement Diplotype: ABC/abc
B b
c
B TaqMan Copy B
CYP2D6 Diplotype Number CYP2D6 SMRT Sequencing
Upstream /
Samples Reported® Luminex v3 Intron2  Exon9 Diplotype
Downstream Copy
NA17289 2,4 Bz 2 2 Downstream *20M/*4
oY o : Y e Dewn T Suballele resolution
| NA17252 g/ gpxs 1 1 Downstream g/t b
I NA17244 *QA/ *4, DUP *2/%4, DUP 4 4 Upstream + Downstream #2020/ %4y 2 °
LNai72s7 E/A1(*36/2) 1% 2 1 Downstream *14/%33° Geno ty per efinement
I NA09301 DUP *]/ *_:, DUP 3 3 Upstream + Downstream *]4/%2x2 ¢
NA17218 #2/%2(*35) #2/%35 2 2 Downstream “OM/*35
NA17213 *]/%2(*35) *[/*35 2 2 Downstream *IA/*35 D u p | | Cc ati on a| | e| e
NA17256 *2(%35)/%2(*33) #35/%35 2 2 Downstream *35/%35 characterization
| NA17243 ¥2(435)/%4 *4/35 2 2 Upsream + Downsiream /435 01
| Na17261 #2(¥35)/%4 4/%35 2 2 Downstream 4/135 "0
NA17119 ) *1/%2 2 2 Downsfream *LA/*2IM Novel tandem arrangement
| _caucors > 2 2 Downstream *]0B/*109
| mispais 2 DEL 2 1 Upstream + Downstream __*5/436+%47" |

Qiao et al. (2015) Human Mutation 37: 315-323
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11 KB LONG AMPLICON EXAMPLE: PHASING AND DETECTION
OF A 25 BP INSERTION MISSED BY SHORT-READ SEQUENCING

PGX: PGx gene SMRT SEQUENCING - Sequel v3.0

2. New v3.0 chemistry: ~11 kb PGXx gene amplicon

« Triplicate variant / haplotype concordance: 100%

11 kb
T

PacBio
Sequel 3.0

w0115

0

WGS
GeT-RM
.

Botton MR, et al. /In preparation.

fs



https://www.pacb.com/blog/ashg-2018-workshop/

@ PACBIO®

LONG-RANGE PCR AMPLICON EXAMPLE: PHASING ACROSS A
~20 KB MENDELIAN DISEASE GENE

CLINICAL: SMRT SEQUENCING - Sequel v3.0

3. New v3.0 chemistry: ~20 kb Mendelian disease gene

PacBio
Sequel 3.0

amplicon:

20 kb

<
* %k k ¥k *k kkkk

N

*xkkk %
|

Cody N, et al. In preparation.



https://www.pacb.com/blog/ashg-2018-workshop/

Analysis of Complex Populations




SMRT Sequencing for Metagenomics Pairs
Long Reads with High Accuracy

100

90

80

70

60
50
40
30
20
10

0

Phylum Class Order Family Genus
B short Read (V1/v3) B PacBio (v1/vs)

Proportion of 16S rRNA PacBio and short-read generated sequences
successfully classified and assigned at five taxonomic levels. Error bars
represent standard errors of the mean. *P < 0.05. (P.R. Myer et al. / Journal of
Microbiological Methods 127 (2016) 132—-140)

g
_— TS, o5
3
Epigenetics

e - Long
SM RT i
High
[ ] Accuracy
Sequencing

Molecule

Advantages &

= Identify microbial community members
with strain-level resolution using full-
length 16S rDNA sequencing

- Understand key community functions
by sequencing complete operons at
99.9% accuracy with long-insert
metagenomic profiling — no assembly
required

- Discover novel genes and gene
clusters by reconstructing multi-
kilobase long contigs with whole
genome shotgun metagenomic
assembly
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PACBIO LONG READ LENGTHS CAN BE USED TO GENERATE
HIGH-FIDELITY CCS SEQUENCES OF SINGLE MOLECULES
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Highly Accurate CCS Read

Number of Reads

600,000

500,000

400,000

300,000

200,000

100,000

0

Q20 = Q30

1000 (10 hr) 2000 (10 hr) 5000 (20 hr) 10000 (20 hr)

Insert Size (Movie Time)

Up to 500,000 Q30 full-length 16S
sequences can be obtained from a single
SMRT Cell 1M in a 10-hour run

For shotgun metagenomics, generate up to
250,000 Q20 reads from a 10 kb insert library
in a 20-hour run
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SMRT SEQUENCING REVEALS MULTIPLE DISTINCT 16S SEQUENCES

PER BACTERIAL GENOME

- Every bacteria has multiple copies of the 16S
housekeeping gene, but in many cases they
are not perfect duplicates

- PacBio full-length 16S sequencing revealed
multiple distinct 16S variants per bacterial

genome

- 16S variants appear in integer ratios that
reflected their copy number in each genome

Frequencies of Full-Length 16S Variants Recovered

from a Zymo Mock Community

F7oR, cold ° °
g } Spring
i bioRyiv
Do Laboratory
THE PREPRINT SERVER FOR BIOLOGY
Comment on this paper

High-throughput amplicon sequencing of the full-length 16S rRNA gene with
single-nucleotide resolution

Benjamin ] Callahan, Joan Wong, Cheryl Heiner, Steve Oh, Casey M Theriot, Ajay $ Gulati, Sarah K McGill,
Michael K Dougherty

doi: hteps://doi.org/10.1101/392332
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Re-analysis of a Staphylococcus aureus isolate
revealed that previously reported “systematic
errors” were actually ground truth

i

[ ]
NG S. aureus

“The differences between these intragenomic
variants may have been misinterpreted as
systematic errors, perhaps because the short-read

genome assembly that was used as the ground
truth contained only one of the five rRNA
operons in the S. aureus genome”
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ACCURATELY MAPPING MYCOBIOTA ITS1 SEQUENCES TO
UNDERSTAND HUMAN HEALTH

? . @ = Basidiomycora; Other
froni_:lers . jieriy w Fungi:Other unasvigned
in Microbiology Asconycota: Other
Fungal ITS1 Deep-Sequencing ey
w Hucor

Strategies to Reconstruct the

o Cryptococeus

Composition of a 26-Species  Filubasidiella
Community and Evaluation of the Gut SRNsAs.

. w Rhodosporidium
Mycobiota of Healthy Japanese « Fusarinm

Individuals

Daisuke Motooka', Kosuke Fujimoto23t, Reiko Tanaka?*, Takashi Yaguchi?,

Kazuyoshi Gotoh'®, Yuichi Maeda??, Yoki Furuta?, Takashi Kurakawa?, Naohisa Goto’,
Teruo Yasunaga', Masashi Narazaki®, Atsushi Kumanogoh?®, Toshihiro Horii',

Tetsuya lida’, Kiyoshi Takeda? and Shota Nakamura'*

-
£
1]
12
i
i

w Irichoderma

w Nakaseomyces

« Candida

wSaccharomyces
Peniclifinm

wAspergillus

» Cladosporinm

wAcremonium

PacBio CCS Sequencing of PCR el s

amplicons targeting the fungal internal 2

transcribed spacer (ITS) region, )

ITS1,most accurately represented , ,
the metagenomic population profile 3 % 2 g c:a
compared to other technologies z g = E

Front. Microbiol., 15 February 2017 https://doi.org/10.3389/fmicb.2017.00238

Figure shows the relative abundance of major fungal genera in

the mock community.


https://doi.org/10.3389/fmicb.2017.00238
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LONG-READ SHOTGUN METAGENOMIC PROFILING OF MICROBIOME
DIVERSITY OF FECAL MICROBIOTA TRANSPLANTATION (FMT) PATIENTS

Long, single-molecule CCS reads generated high-resolution metagenomic profiles to the species and
strain level for pre- and post-FMT samples from patients suffering from chronic C. difficile infection

100

90

80

70

60

50

40

Percent Relative Abundance

30

20

10

0

preFMT 2-week 8-week

A-FMT
Sample

¥ i
Ie——

2-week 8-week
H-FMT

Less abundant species
Bacteroides xylanisolvens

» Oscillibacter sp. CAG:241

u Eggerthella sp. CAG:298

m Firmicutes bacterium CAG:110

u Eubacterium rectale CAG:36

® Firmicutes bacterium CAG:129

m Bacteroides uniformis

B Bacteroides ovatus

m Bacteroides sp. 1_1_30

» Bacteroides fragilis

® Firmicutes bacterium CAG:176
Subdoligranulum sp.

« K306 . CAG:29

» Escherichia coli

Species composition of samples characterized using the PacBio Sequel
platform. A-FMT: autologous FMT; H-FMT: heterologous FMT. Resolution of
communities at the species level revealed a greater shift in community
composition among A-FMT samples than H-FMT samples. A-FMT samples
are characterized by fluctuations in abundance of species predominantly
within the genus Bacteroides. In contrast, H-FMT communities appeared more
taxonomically stable and are comprised of a highly abundant species of
Alistipes and more consistent distribution of Bacteroides spp.

Hall, R. et al. (2017). Poster presented at AGBT 2017, Hollywood Beach, Florida.

Comparison of information yield per unit cost for different
sequencing and gene-calling methods of identifying full-
length proteins from selected spike-in control genomes.

S Prodigal g:;f‘e""’ Prodigal ;’c‘:ns"""
AG 1,321 1,182 2,180 2,038
BL 1,191 986 2,028 1,744
PL 1,197 990 2,097 1,814

‘By normalizing data to calculate # of unique
proteins predicted per $1,000, researchers at
Second Genome found that PacBio sequencing
was actually twice as cost-effective as short-
read technology at discovering complete genes

from the same metagenomic DNA sample.”

“Whereas short-read technology predicted ~17,000
full-length proteins per $1,000 of data, PacBio data
yielded ~36,000 predicted proteins.”

PacBio BLOG Post Mar 27, 2019. https://www.pacb.com/blog/



https://www.pacb.com/blog/
https://www.secondgenome.com/
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METAGENOMIC BINNING AND ASSOCIATION OF PLASMIDS WITH
BACTERIAL HOST GENOMES USING DNA METHYLATION

Read-level binning \

-8 Sequence composition Methylation

———————————————

- — 0= -

———————————————

+

-

assembly
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Methylation profiles Low-abundance Strain-specific
species reads for assembly/

a

Acinetobacter baumannii: 1,252 reads
Actinomyces odontolyticus: 1,097 reads
Bacillus cereus: 603 reads
Bacteroides vulgatus: 2,290 reads
Clostridium beijerinckii: 1,069 reads
Deinococcus radiodurans: 1,445 reads
Enterococcus faecalis: 1,140 reads
Escherichia coli: 1,909 reads
Helicobacter pylori: 1,746 reads
Lactobacillus gasseri: 1,996 reads
Listeria monocytogenes: 4,203 reads
Neisseria meningitidis: 1,572 reads
Propionibacterium acnes: 1,946 reads

o> <ooOr<1ooOrd0

Pseudomonas aeruginosa: 3,772 reads
Rhodobacter sphaeroides: 98 reads
Staphylococcus aureus: 2,524 reads
Staphylococcus epidermidis: 1,945 reads
Streptococcus agalactiae: 773 reads
Streptococcus mutans: 3,022 reads
Streptococcus pneumoniae: 28 reads
Unlabeled: 334 reads

o0

-40 -30 -20 -10 0 10 20 30

Top figure: Overview of metagenomic binning using DNA methylation
detected in SMRT long reads. Read-level binning by methylation profiles
can segregate reads from multiple strains for the purpose of separate, strain-
specific de novo genome assemblies.

Bottom figure: t-SNE scatterplot shows binning of assembled contigs
and raw reads from a Human Microbiome Project mock community
sample using sequence composition and DNA methylation profiles.

nature

biotechnology

Article =~ Published: 11 December 2017

Metagenomic binning and association of
plasmids with bacterial host genomes
using DNA methylation

John Beaulaurier, Shijia Zhu, Gintaras Deikus, Ilaria Mogno, Xue-Song Zhang, Austin Davis-
Richardson, Ronald Canepa, Eric W Triplett, Jeremiah J Faith, Robert Sebra, Eric E Schadt & Gang
Fang B&

- DNA methylation patterns can be exploited as highly
informative natural “barcodes” to help discriminate
microbial species from each other, help associate
mobile genetic elements to their host-genomes and
achieve a more precise shotgun MG analyses.

The ability to link mobile genetic elements to
their bacterial hosts potentially allows
scientists to more accurately predict the

virulence, antibiotic resistance, and other
biologically and clinically critical traits of
individual bacterial species and strains.

Nature Biotechnology Vol. 36, pp. 61-69 (2018)



SOMATIC VARIANT DETECTION IN COMPLEX CANCER CELL

POPULATIONS

Resolve the full spectrum of genetic
variation

- Tumor samples often contain many unique and
evolving genomes, and understanding how complex
cancer cell populations adapt in response to
treatment is a major focus of cancer research

- SMRT Sequencing delivers a complete, accurate
view of the clonal distribution of mutations in genes
or genomic regions of interest

- PacBio produces reads long enough to span full-
length transcripts and to allow for the immediate
detection of compound mutations and splice
isoforms. Yu have the ability to:

Detect SNVs occurring at a frequency as low as 1%

Differentiate polyclonal from compound mutations

View splice variants in gene fusion transcripts

Accurately characterize breakpoints in regions of
genomic instability

Cavelier et al. BMC Cancer (2015) 15:45

DOI 10.1186/512885-015-1046-y BMC

Cancer

RESEARCH ARTICLE Open Access

Clonal distribution of BCR-ABL1 mutations and
splice isoforms by single-molecule long-read RNA
sequencing

Lucia Cavelier'", Adam Ameur'", Susana Higgqyist', Ida Hijer', Nicola Cahill’, Ulla Olsson-Strémberg?
and Monica Hermanson'

BCR BH3sHZ [ o o |
Protein kinase
244 255 350 363 381 405
P-ldop Catdlytic Activation
K - é domain loop
Y253H E255V D276G T3151 F359/F359C H396R
Diag
P1 6m - 3.9%"
9m ¥ 53.5%
Diag
em
P2 43m
64m 0 98.0%
Diag
P3 49m - 188.9% .4.2%" .
55m -1.8%" 194.8% .2.2% -1.0%

Identified several mutations and novel transcript
isoforms that standard clinical assays had missed.

PacBio sequencing provided clonal distribution
frequencies for compound mutations and isoforms.
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IMPORTANCE OF VARIANT PHASING

Example: Accurate Characterization of Compound Drug Resistance

Mutations

Tumor cell 1

Tumor cell 2

Tumor cell 1

Tumor cell 2

X
T 4 —
Combination drug

? ? therapy works

%

VS.

x x

= Combination drug
? ¢, therapy fails




RNA Sequencing (Iso-Seg Method)
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ALTERNATIVE SPLICING OF mRNA

Alternative splicing gives rise to a highly diverse set of proteins from a
relatively small number of genes

- More than 90% of all genes with multiple E |
:_=_: xon skipping

exons are alternatively spliced
b

- Alternative splicing can be divided into

different categories: E eeng
W Alternative 5’ SS selection
- Exon skipping (40%) d

- Alternative 3’ splice site selection (18.4%) Il Intron retention

- Alternative 5’ splice site selection (7.9%) .

= Intron retention (<5%) E;m Mutually exclusive exons

- Mutually exclusive exons (rare)
f

- Alternative promoters (rare)
. . =—=—': Alternative promoters

- Alternative polyadenylation (rare)

g

Keren H. et al . (2010). Alternative splicing and evolution: diversification, exon definition and function Nat Rev Genet. 11, 345-355


http://www.nature.com/nrg/journal/v11/n5/box/nrg2776_BX1.html
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RESOLVING TRANSCRIPTS WITH SHORT READS VS. LONG
READS

Isoforms < /\
= 220909 = =

Short-read — - - - = = N Short reads
technologies: — E spanning
i — plice

Insufficient Connectivity junctions

Splice Isoform Uncertainty

H.
PacBio’s Long reads
Iso-SeqT'“‘ spanning
solution: multiple splice
junctions

Full-length cDNA Sequence Reads
Splice Isoform Certainty — No Assembly Required
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DISCOVER FULL-LENGTH TRANSCRIPTS WITH THE
1ISO-SEQ METHOD

ew of transcript isoform _al) ¢ i PE——
.. & ..l ~ > R "‘A
*.

Get a comple
di '

IV (>~300 ng) Iso-Seq Advantages Sequencing
| Optional Poly-A Selection - De novo (reference Advantages
poly-A+ RNA genome not required)
| Reverse Transcription ~ No assembly required Surveying transcript
Full Length - Full-length (5’ to 3) diversity can be done

either broadly (whole
transcriptome) or in

1st Strand cDNA

l Large-scale Amplification

- High accuracy (>99%)

) Optionl a targeted fashion
= Size Selection Iso-Seq Applications
| ! - Discover new genes, transcripts and alternative

Combined SMRTbell Library splicing events

"ot.‘

- Improve genome annotation to identify gene

l SMRT Sequencing on Sequel System . .
structure, regulatory elements, and coding regions

Up to ~400 k-500 k full- - Increase the accuracy of RNA-seq quantification with

length non-chimeric reads : -
! isoform-level resolution
per SMRT Cell 1M (20 h) sotorm-level resolutio

- Observe allele-specific gene expression



SEQUENCING THE HUMAN CANCER GENOME & TRANSCRIPTOME

Comprehensive SV discovery in the
breast cancer cell line SK-BR3 - (pbb QR

Complex rearrangements and oncogene
amplifications revealed by long-read DNA

- SK-BR-3 cell line is one of the most important

models for HER2+ breast cancers and RNA sequencing of a breast cancer cell line
- SMRT SequenCing of genomic DNA revea|ed Maria Nattestad,' Sara Goodwin,' Karen Ng,” Timour Baslan,’ Fritz |. Sedlazeck,**
. . Philipp Rescheneder,® Tyler Garvin,' Han Fang,' James Gurtowski,' Elizabeth Hutton,’
neal’|y 20,000 structural Va”ants, most of which Elizabeth Tseng,” Chen-Shan Chin,” Timothy Beck,? Yogi Sundaravadanam,?
. . Melissa Kramer,' Eric Antoniou,' John D. McPherson,® James Hicks,’
were mlssed by Short read SequenCIng W. Richard McCombie,' and Michael C. Schatz'*

- Full-length transcriptome sequencing using PacBio

further revealed several novel gene fusions within « SplitThreader data visualization tool identified 15

nested genomic variants high-confidence novel gene fusions with RNA
evidence from the Iso-Seq method and genomic
SV evidence from SMRT DNA sequencing

- Comparison of short and long read technologies for
cancer genome analysis revealed a significant gap

in our knowledge Discovered a novel 3-hop gene fusion between
KLHDC2 and SNTBL1 involving three
Genome Research (2018) 28:1126-1135 chromosomes (Chr 8, 14, and 17)

Reference
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19202122 X Y

SNTB1

w

15k 10k Sk 0
Read / Query



MAIZE B73 ANNOTATION USING
MULTIPLEXED ISO-SEQ METHOD
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PacBio IsoSeq
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Unveiling the complexity of the maize
transcriptome by single-molecule long-read

sequencing

Bo Wang', Elizabeth Tseng?, Michael Regulski', Tyson A. Clark?, Ting Hon?, Yinping Jiac', Zhenyuan Lu',

Andrew Qlson', Joshua C. Stein' & Doreen Ware'~
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PACBIO ISO-SEQ DATA CORRECTS GENE MODELS FROM THE
PREVIOUS MAIZE B73 REFERENCE GENOME V3 ANNOTATION
e

RefGen_v3 - RGH3 gene incorrect annotated in RefGen_v3 H-+HH
GRMZM2G128228_T01 GRMZM5G849788_T01
. . — —
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[ < < +—HEH
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RefGen_v3 CSR1 gene missing in RefGen_v3
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ISO-SEQ ANALYSIS OF ALLELE-SPECIFIC ISOFORM EXPRESSION IN
MAIZE F1 HYBRID OFFSPRING (WANG ET AL., IN PREPARATION)

chr3

11k
s3.884 kb 53888 kb S8k 53,870 kb

B73
Kill
male B73 Parent B73 and Ki11 express different isoforms (3’ exon difference)
X - Two dominant isoforms PB.8517.4 and PB.8517.1
female Kill - PB.8517.4 is the canonical isoform and has 11 exons
- PB.8517.1 is a novel isoform with the last exon spliced
- B73 only expresses PB.8517.4 (unspliced 3’ exon)
male Kill - Kill only expresses PB.8517.1 (spliced 3’ exon)

X
female B73




ISO-SEQ ANALYSIS OF ALLELE-SPECIFIC ISOFORM EXPRESSION IN
MAIZE F1 HYBRID OFFSPRING (WANG ET AL., IN PREPARATION)

chr3

11k
s3884 kb 53888 ks S8k

B73
Kill
Both F1s inherit the allele-specific isoform exrpr'és'siOn
male B73 I = |
X Kit1 . ‘ 1‘

female Kill L | |
male Kill

X G

\ — . [
female B73 = | ‘
| .



& rceo

CHICKEN NON-CODING RNA DISCOVERY

26kb 28kb 30kb 32kb 34kb Kuo et al. BMC Genomics (2017) 18:323

DOI 10.1186/512864-017-3691-9 BMC Genomics
Bursa TGEA Read Coverage h
e A A we | T @
- e Y I'l $ Y. ,}&m T3 o Normalized long read RNA sequencing in
Sor TN o B T LTy i chicken reveals transcriptome complexity

DPAGT1 H2AFEX similar to human
En Sembl B Richard |. Kuo'®, Elizabeth Tseng?, Lel Eory', lan R. Paton’, Alan L. Archibald" and David W. Burt'*"
Pacbio - Tissue gene expression atlas (TGEA) annotation derived
TGEA from short-read data mis-assembled two genes into one

- PacBio Iso-Seq data unambiguously showed individual
genes

d Chicken PacBio Human IncRNA Types Mouse IncRNA Types

IncRNA Types - Normalization increased discovery
= ~ [ of low-abundance IncRNAs

B
2 * Iso-Seq data showed chicken
\ “ IncRNAs are just as diverse and
\ abundant as in human & mouse
| | }
L 62% / :
"\\ /
® lincRNA M Sense Intronic I Antisense Sense Exonic ey



Karlsson et al. (2017) BMC Genomics 18: 126

SINGLE CELL ISO-SEQ ANALYSES

I Karsson and Linnarsson BMC Genomics (2017) 18:126

DOI 10.1186/512864-017-3528-6 BMC Genomics

nature methods

Single-cell mRNA isoform diversity in the @
mouse brain

Kasper Karlsson' and Sten Linnag

G&T_Seq:- paralle'l olsConsortium(ERCC)si "We used Sc|SOr_Seq to
sequencing of single- biotechnology improve genome annotation

cell genomes and in mouse Gencode v10 by
transcnptomes Published: 15 October 2018 determining the Ce||_type_
lain C Macaulay!, Wilfried Haerty>!0, Sln 1 _ 11 . f RNA SpeC|f|C expression of

P Kumar>!9, Yang I Li2®, Tim Xiaomi gle-cell 1sororm SEg

Mabel ] Tengh, Mubeen Goolam, Nathalie Saur] . 18,173 known and 16,872
novel isoforms”

Letter

Paul Coupland’, Lesley M Shirley”, Miriam Smi CharaCterlze S ISOfO rm

Niels Van der Aa’, Ruby Banerjee®, Peter D Ellis
Michael A Quail”, Harold P Swerdlow”?,

Magdalena Zernicka-Goetz?, Frederick J Livese
Chris P Ponting!2!! & Thierry Voet!h311

cerebellar cells

Ishaan Gupta, Paul G Collier, Betti Ahmed Mahfouz, Anoushka Joglekar, Taylor Floyd, Frank

Koopmans, Ben Barres, Augu Smit, Steven A Sloan, Wenjie Luo, Olivier Fedrigo, M Elizabeth

Macaulay et al. (2015) Nature Methods 12: 519 Ross & Hagen U Tilgner B8

Gupta et al. (2018) Nature Biotechnology 36: 1197

Postnatal day 1 __Vggrebellum

- Iﬁtan_dard; 0x pipelipe R Single-cell _) Clustering Barcode classification

- urmina 5 sequencing gene expresssion cell-type identification B BC1. . Cell type 1

- 1T BC2....... Cell type 1

?; .% BC3....... Cell type 2

- mﬁon (A)UMI-CellBarcode ~ —3  CellBarcode = CellType BC4....... Cell type 2

Full-length cDNA l BCn....... Cell type K

single-cell library prep = 3 exon
oo — T - X — (A) UMI-CelIType
IR - EENe— ) JMI-CellBarcode A ,L

. . .| Find 10x barcode in Assign Isoforms
PacBio ISO-Seq —>| Isoform expression = ", readisoform él to each cell type

Gupta et al. (2018) Nature Biotechnology 36: 1197




Epigenetics




CHARACTERIZE THE EPIGENETIC LANDSCAPE OF
YOUR GENOME

eeeeee

Sequencing W /m
olecule
Advantages

SMRT Sequencing directly detects epigenetic modifications by
measuring kinetic variation during base incorporation and eliminates
the need for special sample preparation and additional sequencing.
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EXPLORE MICROBIAL WHOLE EPIGENOMES - A NEW FRONTIER

IN PROKARYOTIC BIOLOGY

adaption, and antibiotic resistance

Number of
MTases of
Type

wellun, -
L

M ‘t““‘_hl.. Ll

",
03 n, "y ) ‘,\\\

1 ""'li b

Phylogenetic tree of 230 sequenced prokaryotic organisms.
Outer bars indicate the number and types of active MTases
detected per genome.

Obtain complete genomes with annotations for epigenetic modification
Detect genome-wide m6A and m4C R-M system motifs at coverage levels recommended for assembly
Reveal phase variation of R-M genes that regulate batteries of genes involved in pathogenesis, host

Detect strand-specific modification such as hemi-methylation
Cluster contigs and associated plasmids in metagenomic communities
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Circos plots displaying the distribution of methylated bases in the genomes of
H. pylori 26695. The colored tracks in between represent the location of methylation

of the different motifs. Novel motifs are highlighted in red in the legend.



PHASE VARIABLE REGULONS OF BACTERIAL PATHOGENS

Phasevarions mediate a coordinated change in the

expression of multiple bacterial genes or proteins via

phase variation of a single DNA methyltransferase

Phase variation of methyltransferase expression results
in differential methylation throughout the bacterial

genome, leading to variable expression of multiple genes

through epigenetic mechanisms

modA
(DNA Methyltransferase)

Q

.
1]
“QFF” i

(out of frame)

/ in frame
/ (i )

/

Methylation
No ModAZ

Methylation ?

Change in Multiple Proteins

f

SCIENTIFIC REPg}RTS

OFEN Methylomic and phenotypic
analysis of the ModH5 phasevarion
of Helicobacter pylori

Yogitha N. Srikhanta?3, Rebecca J. Gorrell**5, Peter M. Power®, Kirill Tsyganov’, Matthew
Boitano®, Tyson A. Clark®, Jonas Korlach®, Elizabeth L. Hartland*?, Michael P. Jennings® &
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Number of flagella
found in H. pylori P12
wild-type modH5 ON
bacteria were
significantly higher

than that of isogenic
modH5 OFF or
AmodHb5 deletion
mutants

(30) (39) (43)
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https://en.wikipedia.org/w/index.php?curid=54660478

SEE BEYOND A, T, GAND C AND DISCOVER HOW EPIGENETIC
MODIFICATIONS PLAY AN IMPORTANT ROLE IN THE BIOLOGY OF

EUKARYOTES
- DNA methylation can have an impact on Cell
gene expression, imprinting, and X DNA Methylation on N®-Adenine in C. elegans

chromosome inactivation.

Graphical Abstract

Authors

- Additionally, the deregulation of epigenetic

Eric Lieberman Greer,

Yang Shi

Mario Andres Blanco, ..., Chuan He,

machinery has been implicated in
Mendelian disease, human cancer, and Cell
drug resistance

N®-Methyldeoxyadenosine Marks Active

- By pairing high throughput with long reads, Transcription Start Sites in Chlamydomonas
PacBio offers scalable solutions for Graphical Abstract Authors
assessing CpG methylation in eukaryotic | oy i et U B
genomes. —
- For targeted applications, SMRT bisulfite Cell
seqguencing marries bisulfite samples with +/V'"| N®-Methyladenine DNA Modification in Drosophila
highly multiplexed, quantitative long-read Graphical Abstract Authors
sequencing, accurately measuring CpG ; s gl et
methylatlon across k||0base-5|zed reg|0ns Dynamic of 6mA DNA modification in Drosophila genome P
u pondence

- N6-methyl-2'-deoxyadenosine (m6dA) has
recently been identified in several
phylogenetically distinct eukaryotes.

] ]
SAM AMethylase(s) SAM AMelhyIase(s)

6mA 4 4 R ke S T

/ARNATE UMDY

Transposon

£ /\‘ /\ /

Transposon

L ] —
Py o

hlwang@rcees.ac.cn (H.W.),
chendh@ioz.ac.cn (D.C.)

In Brief

DNA NE-methyladenine (6mA)
modification is present in the Drosophila
genome. The Drosophila Tet-homolog-
mediated 6mA demethylation correlates
with transposon expression, suggesting a
potential role of 6mA in regulating gene
expression.




N6-METHYL-2'-DEOXYADENOSINE (M6DA) HAS RECENTLY BEEN

IDENTIFIED IN SEVERAL PHYLOGENETICALLY DISTINCT
EUKARYOTES

- m6dA has been reported to act as a dynamic

epigenetic mark involved in eukaryotic gene
regulation

% Drosophila melanogaster  ~ —————>  Embryonic Development
é:é.,;«i/ Chlamydomonas reinhardtiic ——————  Nucleosome Positioning

m Caenorhabditis elegans — > Trans-generation Inheritance

Lower eukaryotes

*m6dA
Fear Extinction Memory
4 *N6amtl
*m6dA
—_— P> H
i Diabetes

* Fto

N G *m6dA
=-» . @. —T——> CellDifferentiation
; *Alkbhl

Mammals

N6-methyl-2'deoxyadenosine

SAM
\‘ mé6dA
— m S

* m6dA plays a role in diverse biological

. . N6AMT1
prOCGSSGS that InCIUdeS embryogeneSIS’ Unmethylated Promoter Methylated Promoter  Positive transcription
development and cognition
Plants
» Studies suggest altered m6dA levels in m6dA égi I
diabetes and cancer patients > ----> —» |-
Methylated Promoter Transcription factor Gene regulation

binding
Biochimie, Volume 144, January 2018, Pages 56-62
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SEQUEL SYSTEM: A FOUNDATION FOR DISCOVERY USING
SINGLE-MOLECULE, REAL-TIME (SMRT) DNA SEQUENCING

Accelerate your research with the most comprehensive view of genomes,
transcriptomes, and epigenomes. Reduce project costs and timelines as you
create highest-quality whole genome assemblies and explore the full size-
spectrum of genetic variation.

** Create high-quality whole genome de novo assemblies of
organisms

+* Cost-effectively survey large population cohort studies for
structural variants at low-fold coverage

** Target hard-to-sequence regions not easily accessible by
other technologies

+* Detect genomic variation in complex population mixtures
with highly accurate long reads

** Sequence full-length transcriptomes or targeted transcripts
with no assembly required

¢ Detect epigenetic modifications without using complicated
sample preparation techniques




Win Free PacBio sequencing!
Local SMRT Grant Now Open

PacBio long-read sequencing services are now offered

by the McMaster Genomics Facility
fmf@mcmaster.ca

THE LEADER IN LONG-READ SEQUENCING

Single Molecule, Real-Time (SMRT®) Sequencing delivers long read lengths with the highest consensus
accuracy and uniform coverage, allowing you to go beyond fragmented draft genomes and transcriptome
reconstruction using isoform-inference algorithms. How could your research benefit from long-reads? Let us
know and you could win SMRT Sequencing at the McMaster Genomics Facility.

This Local SMRT Grant is

brought to you by

@ onoglor McMaster

University
)

Sonny Mark, Ph.D. Christine Mader

Staff Scientist Manager

Pacific Biosciences McMaster Genomics Facility
smark@pach.com kingc@mcmaster.ca

Submit your 250-word proposal at
www.pacb.com/localsmrtgrant by May 15, 2019

Winning project receives up to C$5000 in sequencing
services (bioinformatics support not included)

PacBio Office Hours: 1:00 PM -5:00 PM
HSC 3N50
McMaster University Health Sciences Centre

Online Scheduler: https://PacBio.as.me/
Select any open 30-min timeslot on Apr. 11" or email
Sonny Mark, Ph.D., PacBio Scientist at smark@pach.com

Light refreshments will be available during the sessions



mailto:fmf@mcmaster.ca
http://www.pacb.com/localsmrtgrant
mailto:smark@pacb.com
mailto:kingc@mcmaster.ca
mailto:fmf@mcmaster.ca
https://pacbio.as.me/
mailto:smark@pacb.com

@ SACBIO"

www.pacb.com

For Research Use Only. Not for use in diagnostic procedures. © Copyright 2019 by Pacific Biosciences of California, Inc. All rights reserved. Pacific Biosciences, the Pacific Biosciences logo, PacBio,
SMRT, SMRTbell, Iso-Seq, and Sequel are trademarks of Pacific Biosciences. BluePippin and SageELF are trademarks of Sage Science. NGS-go and NGSengine are trademarks of GenDx. FEMTO
Pulse and Fragment Analyzer are trademarks of Advanced Analytical Technologies.

All other trademarks are the sole property of their respective owners.
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Where to Find More Information




SMRT SEQUENCING RESOURCES

Explore our collection of technical resources and
learn how scientists use SMRT Sequencing to
advance their research

https://www.pacbh.com/smrt-science/smrt-resources/

Scientific Publications

BLOG Documentation Video Gallery


https://www.pacb.com/smrt-science/smrt-resources/
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DNA SAMPLE QC AND LIBRARY PREPARATION PROTOCOL

DOCUMENTATION

DNA Sample and SMRTbell
Library QC Technical Notes

SMRTbell Library Prep
Procedures & Checklists

@ PACBIO"

Technical Note
DNA Prep

@ PACBIO”

Procedure & Checklist - Preparing >30 kb
Libraries Using SMRTbell® Express Template
Preparation Kit

This document provides recommendations for preparing >30 kb size-selected SMRTbell libraries from
3-5 ug of starting sheared genomic DNA.

Only high-quality, high molecular weight gDNA of predominantly =50 kb may be used for producing
large insert libraries size selected using this Express Procedure. If a significant portion of the gDNA
migrates below ~50 kb, do not proceed with this protocol (see Figure 2). If the sample is not
predominantly >50 kb, but predominantly >40 kb, please refer to Procedure & Checkiist - Preparing
>15 kb Libraries Using SMRTbell Express Template Preparation Kt

To ensure success, gDNA size and integrity must be verified by pulsed field gel electrophoresis
(PFGE) before beginning library preparation. In addition, conditions for shearing gDNA to a size that
can support producing >30 kb libraries must be determined and verified empirically for each sample

Overallyields of >30 kb libraries before size selection are typically >50%.

Required Materials

Item Vendor Part Number

Pulsed Field Gel Electrophoresis

Puised Field Gel Electrophoresis System: GHEF Mapper XA | Bio-Rad 170-3670

Puised Field Certified Agarose Bio-Rad 1620137

CHEF DNA Size Standard 5 kb Bio-Rad 170-3624

Invitrogen 1 kb DNA extension ladder Life Technologies 10511-012
Shearing

Megaruptor Diagenode 80010001

Long Hydropores Diagenode 07010002

Hydrotubes Diagenode C30010018

26G Blunt End Needes for needle shearing SAl Infusion B26-150

1 mL Luer-Lok Tip Syringe for needle shearing Becton Dickinson 309628

SMRTbell Library
SMRTbell® Express Template Prep Kit PacBio 101-357-000
Size Selection

BluePippin Size-Selection System Sage Science BLUOOO1
Marker U1 Reagent kit Sage Science RUK7510
BluePippin Gel Cassettes Sage Science PAC30KB

Tips
Wide Orifice Tips Rainin 17014294
(Tips LTS W-O 200UL Fitr RT-L200WFLR)

Page 1 PN 101-376-800 Version 2 (January 2018)

Best Practices
Application Briefs

SN NPCATCY

@ Prosio
PLANT AND ANIMAL WHOLE GENOME SEQUENCING
BEST PRACTICES

With Single Molecule, Real-Time (SMRT®) nd the Sequel® System, ly and affordably generate
high-quality assemblies for even the most complex genomes. Users are regularly achieving plant and animal genome
b ontigNS0s uracies >39%, resulting in the most complete genomes

available today.

- Start with high-qual

2
QUL AN
2 d or heterczygous
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https://www.pacb.com/smrt-

https://www.pacb.com/support/document

https://www.pacb.com/smrt-

AP

science/smrt-resources/pacbio-literature/ ation/

science/smrt-resources/pachio-literature/

https://www.pacb.com/support/documentation/ and https://www.pacb.com/smrt-science/smrt-resources/pacbhio-literature/



https://www.pacb.com/support/documentation/
https://www.pacb.com/smrt-science/smrt-resources/pacbio-literature/
https://www.pacb.com/smrt-science/smrt-resources/pacbio-literature/
https://www.pacb.com/support/documentation/
https://www.pacb.com/smrt-science/smrt-resources/pacbio-literature/

Genome Assembly Online Project Builder

https://www.pacb.com/genome-project-builder/

Project builder tool for planning de novo assembly projects

Receive tailored recommendations for each step in the
workflow from sample prep to sequencing / assembly and
annotation.

2b pacsio

What type of organism are you trying to sequence?

Organism Type:

BUILD YOUR PROJECT ()

Genome Project Workflow Results

ts. To

SAMPLE PREP LIBRARY PREP SEQUENCING

-
- .
- e

&5

ASSEMBLY

ANNOTATION

Sample, DNA & Library Prep

Sample Prep Library Prep
Requirements Requirements
Minmum 6y of sheared ONA Uitr-long borary prep

Workflow Steps.

Workflow Steps

1a Express Tempiate Pr

Sequencing

Sequencing

Recommendations
Genome coverage 120-fold
Libraries. 2

SMRT Cells 1M: 18

Total Runtime: 8 days

Genome Assembly & Polishing

Assembly

Recommendations

FALCON, FALCON-Unzip, and Arrow

Resources

Assembling SMRT Sequencing Data

a

Genome Annotation

FALCON config e

Annotation *

Recommendations

Iso-Seq method for genome annotation

Resources

Iso-Seq Method Best Practices



https://www.pacb.com/genome-project-builder/

THE MOST COMPREHENSIVE VIEW OF
GENOMES, TRANSCRIPTOMES, AND EPIGENOMES

XX

WHOLE GENOME

O.O A SEQUENCING NN
LI\
-9 (1 T 1 J
A O[] -\/.\/
COMPLEX
® RNA SEQ
POPULATIONS @ DACB'O
X000CK
oo |
XM

TARGETED SEQ EPIGENETICS



DNA SMRTBELL LIBRARY TEMPLATE PREPARATION OVERVIEW

¢

~ DNA Sample

Fragment DNA

Damage Repair

/ End Repair

| Ligate Adapters

~ Ppurify DNA
SMRTbell

Insert Size (bp) Typical Input DNA per Prep (ng)
250 - 500 250
1,000 — 2000 500
5,000 — 10,000 1,000
>15,000 (Size-selected) 2,000 - 5,000
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INTERACTIVE MAP OF HUMAN GENOME ASSEMBLIES
>40 publicly available assemblies using PacBio sequencing data

N> Y ~ 0. B L

KQ'_ Address Search... = Legend »
- il

4 9 NCBI Accessioned Gen...
4 9 Additional Genome Ass...

N\

¢

-
e

rocrio i TR © 8

Population-Specific Human Genome Assemblies

High quality, highly contiguous genomes assembled with PacBio sequencing data
Hover over icons to see assembly statistics

To see all NCBI accessioned human genome assemblies using PacBio sequencing data, click here.

-l
-

_—d?' AL A‘
Map data ®2018 , 500 KM b | Terms of Use

https://www.pacb.com/human-ref-map



https://maps.esp.tl/maps/_Population-Specific-Human-Genome-Assemblies/pages/map.jsp?geoMapId=519114&TENANT_ID=191575
https://www.pacb.com/human-ref-map
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DIPLOID ASSEMBLY WITH FALCON-UNZIP

(a) FALCON

Initial assembly graph

S\ sV
SNPs SNPs SNPs

e { )—H—i—< g

SNPs , SNPs i SNPs -~

/\ Associate conti? 2
(Alternative allele)

Primary contig -~ -

Associate contig 1
(Alternative alle?e) ) g

Phase heterozygous SNPs and
identify the haplotype of each read

il

(c) FALCON-Unzip

Haplotype-resolved assembly graph

SNPs gys SNPs SVs SNPs
r A 1 A — l{_;‘
Primary Contig
haplotigl haplotig?2 haplotig3
“haplotype switch”
Primary Contig ey
haplotigl haplotig?2 haplotig3

Chin et al. (2016). Phased diploid genome assembly with single-molecule real-time sequencing. Nature Methods. 13(12), 1050.



https://www.nature.com/articles/nmeth.4035

@ PACBIO"

HOW MUCH TO SEQUENCE FOR GENOME ANNOTATION?
EXAMPLE SEQUEL-SCALE EQUIVALENT YIELDS OF FL READS,
GENES AND TRANSCRIPTS

SPECIES FL READS GENES froansiedizrel Using 3.0 Chemistry*:

Maize 1,553,692 26,946 111,151 ~4 SMRT Cell
(no?r:]‘;fi';g{i‘on) 653,441 29,013 64,277 | ~1.5 SMRT Cell

Rabbit 466,034 14,474 36,186 ~1 SMRT Cell

R. necatrix 330,373 > 5000 10,616 ~1 SMRT Cell

Zebra Finch 405,736 7,228 17,437 ~1 SMRT Cell

* based on 3.0 chemistry yield of ~400k FL reads per Sequel SMRT Cell

Wang et al., Unveiling the complexity of the maize transcriptome by single-molecule long-read sequencing, Nat Comm (2016)
Kuo et al.,, Normalized long read RNA sequencing in chicken reveals transcriptome complexity similar to human, BMC Genomics (2017)
Chen et al., A transcriptome atlas of rabbit revealed by PacBio single-molecule long-read sequencing, Sci Rep (2017)

Kim et al.,Characterization of the Rosellinia necatrix Transcriptome and Genes Related to Pathogenesis by Single-Molecule mRNA Sequencing,
Plant Patho J (2017)



@ PACBIO®

DETECTING HYPER- AND HYPO-METHYLATED CPG ISLANDS IN
EUKARYOTIC DNA

IPD ratio profile of each CpG site is noisy
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is less noisy

- Signal strength for 5mC is weaker than for other methylated bases; requires high per-base
coverage to detect

- Eukaryotic methylation is a regional phenomenon

= Prof. Shinichi Morishita (Univ. of Tokyo) developed a method to differentiate hypo- and
hyper-methylated regions by integrating signals across CpG islands

- 16-fold per-strand coverage maximizes the accuracy of the results
- Algorithm is freely available at https://github.com/hacone/Agin

Landscape of CpG methylation of individual repetitive elements



https://github.com/hacone/AgIn
http://dx.doi.org/10.1101/018531

@ PACBIO®

EPIGENOME CHARACTERIZATION OF CANCER CELL LINES

METHYLATION STATUS OF CpG ISLANDS ACROSS
CHR4: ANKRD17 (BREAST CANCER)
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- Third-party custom analysis software available @ https://github.com/hacone/Agln

Epigenome characterization of human genomes using the PacBio platform



http://www.pacb.com/wp-content/uploads/Epigenome-Characterization-of-Human-Genomes-using-the-PacBio-Platform.pdf
https://github.com/hacone/AgIn

@ PACBIO®

EPIGENOME CHARACTERIZATION OF CANCER CELL LINE

Global methylation status:

% Hypermethylated CpG Islands
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Epigenome characterization of human genomes using the PacBio platform

More hypermethylated
CpG islands in drug-
resistant sample


http://www.pacb.com/wp-content/uploads/Epigenome-Characterization-of-Human-Genomes-using-the-PacBio-Platform.pdf

