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PacBio sequencing since 2012

THROUGHPUT EVOLUTION OF PACBIO

>10,000-fold

Increased Throughput g:fwl’e;lg
>100-fold i

Increased Read Length
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Throughput evolution at NSC
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PacBio sequencing at NSC

2012 - Atlantic cod, fungi, bacteria
2013 — Atlantic cod, Atlantic salmon, fungi, bacteria

2014 — Northern pike, nine-spine stickleback, whale shark, Azara's night monkey, black tamarin,

fungi, bacteria, amplicons

2015 — Atlantic cod, Arctic charr, banana, wrasse, coral, Leishmania, 1soSeq, amplicons, ba

sequence capture (gDNA, cod-fishes)

2016 — Lake whitefish, grayling, wrasse, rasberry, plaice, banana, bacteria, amplicon

2017 — Atlantic cod, coastal cod, polar cod, Arctic cod, capelin, bigeye tuna, sparrow, flatw

pelagic tunicates (low DNA input), bacteria, yeast, amplicons

2018 — Wahoo tuna, burbot, nematodes, golden root, Drosophila, sequence capture (gDN

human), flatworm, bacteria, amplicons, mtDNA (no amplification)
2019 - Puffin, green algea, Arabidopsis, fungi, bacteria, amplicons

2020 - Spiders, haddock, carp, snowy owl, green lacewing, green-head ant,

Atlantic cod, fungi, cDNA capture (cDNA, human), amplicons, bacteria
2021 - Lamprey, seahorses, green lacewing,
human, cDNA capture (RNA, human), amplicons, bacteria
2022 - spiders, mammals, plants, mosses, fish, amplicons,
bacteria, small insects (ultra low DNA input)
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Short read vs long read sequencing

Short read sequencing Long read sequencing
Amplification during sequencing No amplification involved
High read accuracy High consensus read accuracy

DNA requirements

Works with almost any DNA sample gDNA: pure HMW DNA needed
Fragmented DNA DNA fragments at least 40-50 kb long
Low amount of DNA High amount of DNA

Low/Ultra-Low DNA input protocols avgilable

Per base price

Low Medium/high




Why long reads?

Long reads can span repeats

Repeat copy 1 Repeat copy 2
e R o e e " el e 1 locus
== x N e Nl f I 4oonts
e Complete genomes (small genomes)

Collapsed repeat consensus
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. Maximum - Sum of
# Polished N50 Contig L50 Contig

. Contig
Contigs Length Length Lengths

Contig Type

Complete genomes (large genomes)
698 29,198,342 | 12,301,043 20 684,461,580




Draft vs reference quality genome

Type to search GoaT taxon index (e.g. Canidae)

Rangifer tarandus Q e T
include descendants include estimates result columns query builder clear all
» off & on = @ )

taxon record 9870

Rangifer tarandus (species)

I
assembly_span [§ assembly_level bioproject biosample contig_n50 assembly_date scaffold_n50 nohit
d432 | W 286G || scaffold | W PRIEB35834 ...| |l samMEA6417239 ... ||l 129k |l 2022-03-03

kK o6k
primary, n=2

median, n=2
mitochondrion_assembly_span @ mitochondrion_gc_percent i haploid_number genome_size
Jog2 ||l 16.4k I362 I35 170 02 13336 ||1341 K canerp..
median, n=2 median, n=1 median, n=1| | median_high, n=1 median_high, n=1| |median_high, n=1] | primary, n=1{ [primary, n=1 list, n=2
I | ASM2245718v1
Organism name: Rangifer tarandus (reindeer)
Isolate: DF-B-001

Eukaryota Opisthokonta Metazoa Eumetazoa Bilateria Deuterostomia Chordata Craniata Vertebrata Gnathostomata BioProject: PRJNA438286

Sarcopterygii Dipnotetrapodomorpha Tetrapoda Amniota Mammalia Theria Eutheria Boreoeutheria Laurasiatheria Al gupmitter:  Northwestern Polytechnical University
Cervidae Odocoilei Rangif

ervidae Qdocoileinae Rangifer Date: 2022/03/03

e o e

- ; ; ; " Genome representation: full
caribou - common name | Rangifer spitzbergensis - synonym | Rangifer tarar .
GenBank assembly accession: GCA 022457185.1 (latest)

RefSeq assembly accession: n/a

RefSeq assembly and GenBank assembly identical: n/a
WGS Project: JAJJMQO1

Assembly method: SOAPdenovo v. 2

Expected final version: yes

Genome coverage: 200.0x

Sequencing technology: lllumina

median, n=2 primary, n=2 primary, n=2 list, n=3 list, n=3 §| primary, n=2 primary, n=2

other_priority sequencing_status fl sequencing_status_zoonomia sample_collected sample_acquired
K cangp...| I published ||l published I zoonowmia ||l zoonowmia | |l zoonomiA

list, n=2 enum, n=3 enum, n=1 list, n=1 list, n=1 list, n=1




Draft vs reference quality genome Il

EBP-Nor sequencing of reindeer from Svalbard:

 30x PacBio HiFi reads
* 50x Arima Hi-C reads

Reinsdyr hapl

Assembly (incl X and Y chromosomes) Reinsdyr hap2
# scaffolds 1395 1291
Total scaffold length: 2.97 Gb 2.82Gb
Contig N50: 22.48 Mb 25.53 Mb
Scaffold N50: 69.83 Mb 64.92 Mb
Largest scaffold: 157.94 Mb 119.78 Mb
Scaffolds placed in chromosomes (%) 89.22% 82.25%
BUSCOs percentage complete 96.3% 94.1%
BUSCOs complete 8883 8686
BUSCOs single 8548 8381
BUSCOs duplicated 335 305
BUSCOs fragmented 89 81
BUSCOs missing 254 459
BUSCOs total 9226 9226




Relationship between assembly contiguity and the
percentage of complete BUSCOs
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https://www.nature.com/articles/s41477-021-01031-8



Why long reads?

Phased haplotypes

—— —— short reads

* Genome assembly ——

I I piECES

long reads

L 2 haplotypes

Maternal ATGCTACGATCGCTCG ----ACTCAC----- GTATGGTGC- - - - - ACAGTCTT------ CTGAAGAT- - -AGCATTA- - - - -
- -~ -ACGCAC - - - - -GTATCGTGC - - - - -ACACTCTT- - - - - - CTGATGAT - - -AGCGTTA- - - - -
Paternal ATGGTACGATCGATCG
Sequencing
* Shorter regions (for c c 2 ACGOAC. - -GTATCoTeC
Unphased: ATG TACGATCG, TCG S TATCGTGC - - - - -ACACTCT

exam ple HLA typi ng) MR ssaanansmpresasis ACAGTCT

o AGCGTTA
e SE. iltas GAAGAT - - -AGCATT
A few phasing possibilities

Assembl
Maternal ATGCTACGATCGCTCG Maternal ATGGTACGATCGATCG g
Paternal ATGGTACGATCGATCG Paternal  ATGCTACGATCGCTCG ﬁﬁiﬁjfZIﬁﬁffﬁﬁﬁﬁ?ﬁﬁgﬁiﬁﬁfﬁiﬁﬁﬁﬁﬁgﬁIﬁﬁﬁﬁﬁﬁiﬁﬁfii?ffiﬁﬁffﬁﬁafﬁﬁiﬁ
Maternal ATGCTACGATCGATCG Maternal ATGGTACGATCGCTCG

Paternal ATGGTACGATCGCTCG Paternal ATGCTACGATCGATCG



Why long reads?

Structural variation — the missing heritability, not just SNVs

Singta Nucieatide Deletion Insertion landerm
Variant Duplication
— E— —_— _ —= ——'_—i'
aiar=porsad Inversion Translocation Copy Number
Duplication Variant
— N — ————— e N — [ 1]
— ——— —_— —EE =5 Em ER EE -
1bp 1-49 bp =50 bp
SNVs indels structural variants
i Vs % 5 Mb 3 Mb 10 Mb
1 . ] . ] 1bp 1-49 bp =50 bp
SNVs indels structural variants
“Small variants™: Structural Variants (SVs): % VS % 5 Mb 3 Mb 10 Mb
* Single Nucleotide || ® Indels 250 bp
Variants (SNVs)

* Duplications
* Indels <50 bp

* Translocations

* Inversions

* Copy Number Variants (CNVs)

s EE



The PacBio sequencing technology

@ PACIFIC
BIOSCIENCES™

How SMRT Sequencing Works

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

SMRTbell® templates enable repeated
sequencing of circular template with
real-time detection of base incorporation

Image: Courtesy of Pacific Biosciences of California, Inc., Menlo Park, CA, USA
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are measured in real time
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Directly detect
DNA modifications
during sequencing



Measuring DNA methylation

SMRTbell® library Sequel® lle system 5-base HiFi sequencing with A, C, G, T, +5mC
C -
[A|C|T|G|AIC|G|GIA[C|TIG[A[TIC|G|A[C|T|G]

5mC encoded with standard BAM tags®
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! ! | The Sequel lle system directly outputs long, highly accurate HiFi
Time reads with annotation of 5mC methylation at all CpG sites.

No special library preparation like bisulfite treatment is required.
Nucleotide incorporation kinetics are measured in real time

Coverage Applicability

o 100 . . e -

@ 090 S P— Methylation Species 5-base HiFi sequencing

= 080

£ oo 5mC at CpG Human and other @

& 060 sites vertebrates

B 050

B 5mC at

£ 040 . Other eukaryotes, s

E 0.30 various including plants @ Useful though partial view

S 020 motifs

2

T 0.10 .

8 o 4mC and Microbes Enelnblecllthrough SMRT Lllnk
- s . 6mA microbial genome analysis

HiFi coverage

Correlation of methylation calling in HiFi reads to whole-genome bisulfite sequencing

[ ]
(WGBS) of the human sample HG002.45 Pq c B I .




Sequence performance: uniformity

UNIFORM COVERAGE

No amplification required
40 -
Even coverage across GC content
30
i)
£
@
BN T
| -
S
[=]
U .
@
Q
g
5 10
o
Q
0
ﬂ T T T T T T T T 1
0 10 20 30 40 50 &0 70 80 a0

Percent GC Content

Mean coverage per GC window across a human sample. Data generated with a 15 kb human HiFi library on a Sequel 11 System using 2.0 Chemistry and Sequel Il System
Software v3.0



[ ] [ ] [ ]
HiFi sequencing:
°
100%
>
Q
g
=3
3
<
80%
0 Read length (kb) 50
How are HiFi reads generated?
Start with high-quality S Circularized DNA i
double stranded DNA is sequenced in % #
repeated passes % £
p p % Y,
M‘n::g#m_g =
_:: " iiiii._.a."
Prepare SMRTbell libraries ¢ ™ Yy ¢ #
s The polymerase reads 4 -,
are trimmed of adapters ¢ ’
to yield subreads ’ =,
;=: w
)
. Consensus and
Anneal prlmers and :‘” sx‘iﬁ;iiiiiiiEEiééiiiiiiiiiiiEEééEEEiiiiiiiiiEEiiéEEii::‘.0‘. i": methyl ation Status are
bind DNA polymerase k, R called from subreads
HiFi read

(99.9% accuracy)

Courtesy of Pacific Biosciences of California, Inc., Menlo Park, CA, USA




HiFi read — long and accurate!

>m64089_191020_002935/346/ccs
00T

TATAATACTCOTAT TTAC ™ TTTAATTOCOTOTCTTOGATT TOOGTATTCCATOATTAGATTT T TCT TATTATGAGAT TOTT
GOCTTTCCAATTCAA! TTTAGTTTTTCACAGTCTAT A T TAT TCOTT ATCOCTTTOTTTCTTTTTAGAAAN

ACTOGAC y TOATATTTTGTTATGACTT TGCAGTT TOCGOCATT
GTOCATTCTTCTTCOATTTTCCAATTTTCATT TTTTATTT TTCTTAATTAATTGAAAT TTGAACGATTTOGTTTTGATOT TTATTTTTACATATTTTTT TATCTAT T OTOTTTAGACT
TTOCTGAAATATTT TAATGTTTTTAT AGCTACKS TOTCTTTTACCT GGAT T

TTAAAAOTTOTOTTAT

TOACTAOT

CTGT

TTTANGGTTTAGT TOGAGATTATOTUTTTCTAGCCAGT Tor

19,820 bp HiFiread, predicted QV: 33 ~  SEre—e e
19,812 bp correct, 8 errors A A AT oA EA A oo
99.96% accurate (QV34) AT AT coacomons TR

TATTTOTT TATTTTTCOOGT

TACCTTTTTOTTOC TOCCTAATTAATTACTTCCCOTT TACARAATTGTA

TG AT AT T T T T OO TAT T CTATACAA T TTTCAGTTGT

TATTTGTTTTATAATTTTTCAC TGTTTAATAT TTACTAATAGTTG

TTTCAGACGAM
TOCATTCCAGAT TCTTG TCTCOOCAGTT TTGTAGTTTCATTUTTTCCTAGTTTAT TOUTT TATTAT TTTOTGATTTCO
ACTCOCTGAAR!  ACTTCCACTGTGCTT TGATC GCTTTT TCGT ToT ™ TATTTT T T TTCTAT TACCCCT TTTTATATGTTATGTTTATATTT
ATCCTTTCTATTCTACA! TTC TTGAATATTGAATTTTCTGATCAT TTAAGGOTT! TAT TGOCTTTTC TCCTTAGCTCCGTTTGATTTTCCTAT
T TTCTCTCOCT TAACTTTCTCTT TCACATTTT T TTTACTTTAAATTT TAGTT TeoT T
ANGCTTACTY TOTATTTCOTT TTCOTAGTTANC TCTATTCTAT TTOCTTOT TCTTOTO00T ™ TITTTCTT
ATTAACATCTG T TTTTOGATTACOGATT TAC TTTTTCTCTCTTAOTATTT TAAGAT TTT TCTTTTTAAOTOCCT
CATCATTTTATTTGAATTCACT T TACTAGAGCT TATTATCTTTOGATTTOTCGT T TTIAC T
TACTCOCTTTT TATTCAGTOT TCCTTOCTTATAACTCOTTTAT T TTTT TTOCCTCGACTTOOCTT TTCCATTCTT TGAGATTACCA
TTAGACCTATOY TTT TEAAGGTTTTCATTCATTTTT TTATTT ™ TTCAGTACTACGAAT T T
TeCTT TCATGTTAGATTAC TTTOTTTOTTGT T TATT TAACOT T TATGTTGTTGATTOTGACT
TTTAARATCTO! TTTTGTTATGGTTTTTCAAAATTTCT TATGOC TCATA TATTATAATTATA! TTTTACGTTGTCAAT T TTTTAATAAT
‘COCTTAACAGC TACC CGCT TCTAAC ™
D NCGAT TOCAACTT ™ FCCTTAGTCCACCTC T
COTTTGAATATI TOT ™ TCTTC oCT TGACGOTT ™
TCTTTITITATA! poaac SGACTCTACCACT TGO T TTCCTTG TCGATTTATAAGCTAGGC ™
TATTTTAACAGH “TTAC T TOOCTCC TrCTOT
ATTTACTTOON ™rT ™ T TATCAACTTUAGACT TGOCTTTCo0C T ANCGCTT T T
il T o i deomciion . : : T TAGTTATT T coarsaat
crrrTeTTIoT
- AaTeoc T T T TrT TTTACCCTTGAC T TCTTIOT TACAGTTANATT
b TOTAT TC TACOT TCAY ACATTAGCOOCTT TCCTTATOC
TCAGGTTCA! T AGGOC TIC
whis TTAMCTTACTCCTTGAGCCTT TTTTICT T TCT TGTCTATCATGOCTTGAATAT TGAGTT !lll\ll
T T TTC CATCCT CTCTCCTA TGACTCTAGTTTAAAATTTY TeTC TAT TCTAC TCTACT
TAACTT TGATOOT T T
TAAOCTOCTTA! TG TOUCTTTT TAGAT TCTTTTT TUGAACCCTCATC TATGCTOC TGACGOT T TOGAATCTTOCTOCTTACAT GOGT GARCT
rerrmarcere T T CGACAT T GTT TOCAGTTTCTATAGE NCCTTTCCTCAAGCAT TGTCTCT TCTOGATTT
T TOT TCTTTATOTCTCT J T TTACG
T T TATTTTCATOCTCTT T T TCAOOGT T
cocT T TACCOCT TTOCT c AGCCTOCTOCTT TT TTC
ACAAATTTACH OCTTC TTTTAATAAT TAATTTTTTTOT TTT TarT
carr T T T GOCAT TANCOC T YT coT TATTT T T
TF TCTTTTTTATATTOCAAGATCATTTCTTAGTTATTOT TGTTCCTT TCAATOT TOT T T TCTAT TTTTTTOT
TTTTCCACTAN TATT TAMAT TAGTATTTTTATTACT T ™ TCAATTAMTTOCTTCATAGTTT T
T ATTTACT TCACTCAGOT CATCGATT ™ TOCTTOTOT T TTATTTCOATAAC TACAATTACAAAT r
ATTTTACTAAA  CATCOOC T TC T TOCTTAGAGAAT T
CTTGTATTGTAT TGTCACE TGOCGAGTT TACCTTGGTTT CTAAGOT TTAAT TCOTCTC TTCCAT T TTTARTGATC TTCCTTCATCTTTGACTOCTTCC TGCAGTTTTCOC
CTTTTCTTTOTTOCTTTT Toc T T T TATGTAATT TTATATTTOCACCT TACCTACCTTTTCTTTCATTCTATCTC ToTC TOCTAT TOTOTTOTATTUTATTTTTTTACTA
TATTTCTGTTTTAATTAGT TTTATCTATCTATCTAT! T TTTCCTAT TCACCCTTCTCAC TAACT TATGAT TAATATTTCTATT TTAMGCOTTTTGTTT TGGCT
TOUTTACT ™ TTTTOGAC TUTAGTTOCTTT TCTT TG T OGAAT T T OCGAGTTOCOTTOGAGTTTTTCACTTOTTT TAT
rT TATTO T T TATAATTTTATTTATTTATTTTATT TTCTTTTTCTTTTTTATTATTT TTTATTATCT TTTTTCOT
TTAT TGAATAT TACATAT T T TrrTTTT P ToT T TAAATTT TAGT
TTTTTTATTCATTTTTTCCTTATTCGATTCTCOOTT TAGCTATTT TTAGAACTTAGTTATOTTTCTTAT TATATTTTTTTTTAATATTAGCTAATAGC TATCTATTACOCTCATTAAACT TATCCOTCATT
T TACAT TCACOOCTCTT TOCACTT roc TCATTACTAACTT TTCOOTTAAT TAAGCTTTATTATOAT TCGTTAOCT T
™ TCTTATOTTT TTTTOTCTT TAGATOT TTAATTTGATGTTATAGTTATCT TCTTTTAT
TTTTATTTTTTTAT TCTAATC TTTATATATTTACTTTTATATTTACCTOTTAGAT T T TTATOOTTTATTTTGATO! TACACTAMATCTC
TTTAATTCAAAC TCT ™" TTATTOTCT TTGAATCATOCAT T
TTTTGTAAT TTGYATTTTAAT TTAT TCTGTCTGTCTGTCTOGCTT TAC T T TAGAACT TACCATTTAT T
GAACTTTOCTTC TTTCAAT T TCTTATTT TTTCAGTOTT TATTTTT PATAGOC TAATCACACTATCTCA TATTC T TAGTTGATARATTCAT TGATAAT CAT
TTTTTATGCTGOTOC T TTTGTACTCATTATATTAGGTCCTTTCCTATGAATTGGTGTTT T TGCATTTTAMATACTAACATTTTATCAGTTTTCT T
T TATTCATCOTTTTT T GTTTGTCCACTOE TAT TAATTOCTOTT TAGTT TAACTGTTTATCC b
T TeTTC TTTT TOTTTCOCAATTTT T TOTCACGTTAAATTTAT TOCTTTTTOT T TUAACTT
TTAATATTOTGTTTTAAGACTATTAT T T TAT TATAATTGTTTGTTTTGACAATCAC T TTT TCoTCT TACT
ATTTTAC TCTTCAT TTCTTT T T T T TGAT TATT T TATACT TTTTATTATCATTT




Read accuracy comparison between different
sequencing platforms:

PacBio HiFi Reads are Transforming Genomics

Q33 =99.95%
4 '\«'4
- PacBio HiFi ‘
- ONT Bonito
E Q18 =98.3%._
p-—— . i m
- Nl 'U
' (4]
7 . oot @
Serkaiin ——" — Mot o
S100kD| i Lo 3t
reads S oL o o

L) L]

HiFi READ 90 92 94 96 98 100

99.9% accuracy

Read accuracy (%)
em Chemistry 2.0, precisionFDA Tauth Chalienge V2
orary, precisionFDA Truth Challenge V2
2020 and Bonito Basecalling with R9.4.1

4

PacBio HiFi; HGOO03 18 kb library, Sequel Il Syst
umina: HGO02 2x150 bp No 2q
ONT: Bonito NCM Nancpore Tech Update Dec

@ PACBIO"

Courtesy of Pacific Biosciences of California, Inc., Menlo Park, CA, USA



Sequel ll/lle applications

SEQUEL Il SYSTEM KEY APPLICATIONS

- Single Molecule, Real-Time (SMRT) Sequencing on the Sequel || System enables
easy and affordable generation of high-quality de novo assemblies. With megabase
size contig N50s, accuracies >99.99%, and phased haplotypes, you can do more
biology — capturing undetected SNVs, fully intact genes, and regulatory elements
embedded in complex regions.

With one 8M SMRT cell you can:
LOW DNA INPUT
SAMPLE & PROJECT STANDARD HIFI
o e

Produce reference quality assemblies

“ Whole Genome Sequencing for De novo Assembly

Minimum DNA Input 25 pg for a 3-Gb genome 300 ng for each genome

for genomes around 1 Gb — HiFi reads  Ampificston Basea? No No

I Ganome Size Limit NA 600 Mb for each genome:
(10- to 15-fold HiFi read coverage per g oesapicsions Do Assensy RS
haplotype)

Ultra-Low DNA Input: Ultra-Low DNA Input:
° Produce reference quallty assemblies SUPPORTED APPLICATIONS UNSUPPORTED APPLICATIONS

for genomes up to 500 Mb — Ultra- — j

Low DNA input (5-20 ng DNA)

De novo assembly for Metagenomics
microbes, plants, sequencing
vertebrates, or other non-
DMNA limited sample types

* Sequence up to 96 microbes De novo assembly of e

(Up to 500 Mb) genomes (3 Gb)




Library prep for reference quality assemblies

DNA
1 e o X &
‘\'\' g"\\v °
v . .
Fragmentation
Shear DNA —_— e — (88% > 10kb) '|i'1
DNA Repair g ‘
R |
- 6943
Adapter Ligation b Lt Library
v | 22590 |
.‘“ Final,isize selected library
Size Selection N\ —
v
Prepare SMRTbe” ﬁvi- TSRS A S
Library for Sequencing '-»;,_.;g}' :
v
Sequence on -
Sequel System

1-
75—

|
o
o
@

200-
400-
600-

| | | | | | | |
Courtesy of Pacific Biosciences of California, Inc., Menlo Park, CA, USA S 28 288 8 g

Size (bp)



Whole genome sequencing

BUILDING BETTER GENOMES.
ENABLING BREAKTHROUGH DISCOVERY

IE Al I | JOLITT 100 | | 2k 1111 HET
W P 3y d b LA - — _._- - — _.-' WA A L. —

LU aly L) L U c Uy s E1IElale WUTTL e LIV S,

||I || EVEI = -

| -.|_'.. LW _--\_'--\_.'.._'_I

ontiguity mpleteness orrectness ute
Contigui J Co J c J Comp J
§ x x AGTCCGTCAATGT
GCAATAGACAGTC
* x TACAGTTGGACAT
.".. x x G AGATACAGATA

High contig NS0 MO missing bases or High base accuracy & Small file sizes &
fragmented genes phased alleles fast analysis time

XHiFi reads + short reads: no benefit for contig building or polishing

XHiFi reads + long reads: may have marginal benefit to contiguity, but

What abOUt hybrld approaCheS? no readily available tools

~HiFi + scaffolding: technologies like optical maps and HiC help
assign your high-quality HiFi genome assemblies into chromosomes



HiFi assembly of large genomes - redwood

THE CALIFORNIA (COASTAL) REDWOOD GENOME

- One of the world’s fastest-
growing conifers

- Live for thousands of years

- Only 5% of the original old-
growth coast redwood forest
remains

- 27 Gb hexaploid genome

2019 and PacBio in 2020

Sequoia sempervirens

THE PROJECT WORKFLOW

4 days 7 days 6 days

= Collected ~80 g of - Ran 31 SMRT Cells - Used hifiasm for

needles and froze 8M across 9 quick, haplotype
- Extracted 56 ug of instruments in 7 aware assembly
DNA with days

- Streamed data for
immediate CCS
analysis conversion
to HiFi reads

!
17 DAYS

Circulomics kit

= Prepped 2 HiFi
libraries at ~25 kb

L

Courtesy of Pacific Biosciences of California, Inc.

- Genome assemblies by ONT in

THE REDWOOD GENOME IS LARGE AND COMPLEX

RESULTING GENOME ASSEMBLY

- Standard running parameters — no iteration

54 Gb of DNA
content!

27 Gb hexaploid

9x the size of the
human genome!

R
R «— 3 Gb diploid

~

6 Gb of DNA
content!

= Run on 64 cores with 512 Gb of RAM — no specialized or particularly large compute cluster

California Redwood Genome Assembly Results

PacBio HiFi reads ONT + short reads’

22-fold 23-fold + 122-fold

411 265

192 0.1 | DUSCO doesnot
59% ses | work wellin
frameshift errors? very long introns

ONT + short reads?

PacBio HiFi reads’

- 64 cores with 512 Gb of RAM
-~46,000 CPU hours for HiFi
generation (“error correction”)

- 6 days wall time, ~7,200 CPU hours
for assembly

6 days vs 5-6 months of wall time
for just genome assembly

Assembly took a while...

Massrm memory Usage: 2 To

rvor comection: 330,000 CPU

o
=\ g Aasanlypos-emo cometion
8 \}. AN oWt chock bme: 58 mona




HiFi sequencing data available

NEW HIFI DATASETS - “TRY BEFORE YOU BUY” C@gf

New Results @ *

*
Highly accurate long-read HiFi sequencing data for five complex genomes oy 1}*%37’

Ting Hon, Kristin Mars, Greg Young, & Yu-Chih Tsai, Joseph W. Karalius, Jane M. Landolin, @ Nicholas Maurer,
© David Kudrna, Michael A. Hardigan, © Cynthia C. Steiner, © Steven J. Knapp, ® Doreen Ware,
© Beth Shapiro, @ Paul Peluso, @ David R Rank

doi: https://doi.org/10.1101/2020.05.04.077180

D

2¢




@ PACBIO"

Procedure & Checklist - Preparing HiFi SMRTbell®
Libraries from Ultra-Low DNA Input

Required | Required gDNA Target Sheared Amplification  [Total Mass of Pooled | Required SMRTbell
gDNA | Quality of Shearing Fragment Size Target Size PCR Product Library Input for
Input  |Input gDNA | Method  |Distribution Mode | pistribution Mode |Reauired for Library | BluePippin Size-

Amount on Construction Selection

§-20ng | Majority of Megaruptor | 10 kb sheared 8-10 kb 2500 ng =400ng
gDOMA =20 kb ar DMA is optimal
g-TUBE

Shear 5-20 ng gDNA

Remove Single-Strand Overhangs

DMNA Damage Repair, End Repair/A-tailing

Ligate PCR Adapters

Additional Cycles 2-5
(If necessary)

Two PCR Reactions

Pool Amplified DNA

DNA Damage Repair, End Repair/A-tailing
of Amplified DNA

SMRTbell Adapter Ligation and Cleanup

BluePippin Size-Selection

Sequencing




Sequel ll/lle applications

SEQUEL Il SYSTEM KEY APPLICATIONS

Variant Detection Using Whole Genome Sequencing
X with HiFi Reads

x = With highly accurate long reads (HiFi reads) from the Sequel || System, powered by
SMRT Sequencing technology, you can comprehensively detect variants in a human
genome. HiFireads provide high precision and recall for single nucleotide variants
(SNVs), indels, structural variants (SVs), and copy number variants (CNVs),
including in difficult-to-map repetitive regions.

EXAMPLE: VARIANT CALLING
WITH HIFI READS

SNVs Small Indels SVs

1000
99.0 e With two 8M SMRT Cells you can

98.0 call SNVs, InDels, and SVs ina 3 Gb

991 .
a7.7

97.0 %5 genome
96.0 - e >15-fold HiFi read coverage of a
95.0 - human genome
94.0
93.0
92.0 I I
91.0
90.0

Recall Precision Recall Precision Recall Precision

Percentage (%)

Wariant calls from ~15-fold HiFi read © ovel%g n genome (HG002) were mea.sured g he Genome in a Gotfle small variant benchmark (v3.3.2) for SNV's and
nels using Deep Variant and SMRT Link 2.0 for SV’ Lbanesweleg nerated u: als and sequenced u: ngCh mlst 20



Sequel ll/lle applications

SEQUEL Il SYSTEM KEY APPLICATIONS

sm-s—m Long-Read RNA Sequencing (Iso-Seq Analysis)
R — N - N

R With SMRT Sequencing and the Sequel || System, you can easily and affordably

sequence complete transcript isoforms in genes of interest or across the entire
transcriptome. The Iso-Seq method allows users to generate full-length cDNA
sequences up to 10 kb in length — with no assembly required — to confidently
characterize full-length transcript isoforms.

- — - . . Output: 2-4 M full length reads
- - o * One human transcriptome per 8M SMRT Cell
T [R— [— ] . .
- ¢ Multiplex up to 12 samples
b e e e Single-Cell Iso-Seq:
ey SI—omo To e B * 1000 unique reads/ single cell for 3000
Insufficient Connectivity S;enanﬁig cells
Splice Isoform Uncertain splice . .
N ° e juncions * 10000 unique reads/ single cell for 300
S = cells

Full-length cDNA Sequence Reads
Splice Isoform Certainty — No Assembly Required

@ S6Sences

cDNA capture - project for identification of novel isoforms/ splice sites of 35 genes (input: total RNA)



@ PACBIO"

Procedure & Checklist — Preparing Single-Cell Iso-
Seq™ Libraries Using SMRTbell® Express Template
Prep Kit 2.0

Intact (un-sheared) RT-PCR products initially generated using a third-party single-cell
preparation system used as input.

- Although PacBio does not have a specific single-cell partner or system recommendation, in
principle, practically any single-cell platform should be compatible with single-cell Iso-Seq
|ihl‘i‘-.l|'y preparation so Inng as that platfurm generates cDNA.

- For the Iso-Seq method to achieve full-length cDNAs, it is recommended to use a template-switching oligo

(TSO). This is a common technique and is currently used in single-cell platforms and PacBio's current
bulk Iso-Seq methods.

- For optimal analytical results, PacBio recommends combining matching short-read and
Iso-Seq datasets (generated for the same exact single-cell library sample).

- We recommend that the post-reamplification cDNA yield allow for parallel processing of both short-read
sequencing and SMRT Sequencing.

- The Sequel System requires >80 ng of cDNA, while the Sequel Il System requires >160 ng cDNA.
These are target DNA amounts for the PCR re-amplification steps for the Iso-Seq library construction
workflow (see Page 4 of the procedure).



Sequel ll/lle applications

SEQUEL Il SYSTEM KEY APPLICATIONS

5.0, Metagenomic Sequencing of Complex Populations
4.3
N /.\ " A - The ability to identify and understand the functions of the complex microbial
] o O populations living in, on, and around us requires comprehensive characterization of

each community member. Highly accurate long reads — HiFi reads — with single-
molecule resolution make SMRT Sequencing and the Sequel || System ideal for full-
length 16S rRNA sequencing, long-read metagenomic profiling, and shotgun
metagenomic assembly

With one 8M SMRT cell you can:

e Characterize up to 96 samples using full-length 16S rRNA with strain level resolution
(8000 reads per sample)

* Generate near-complete assemblies of high-complexity sample(s) (e.g. gut
microbiome) - up to 4 communities per 8M SMRT cell



Metagenomics: 16S rRNA

© 2016 Society for Microbial g:;;;ﬁmﬁk?&%&%%%ﬁg OPEN ° Stu dy Of mOCk commun ity ma d eu p Of
T T 23 bacterial and 3 archaeal species and
High-resolution phylogenetic microbial community microbial commun Ity In Sakinaw Lake.
profiling « Conclusion: Comparison with V4 iTag,
Esther Singer', Brian Bushnell?, Devin Coleman-Derr'?, Brett Bowman?®, Robert M Bowers?, . . .

Asaf Levy', Esther A Gies*, Jan-Fang Cheng', Alex Copeland’, Hans-Peter Klenk?®, usi ng Pa C B 10 seq uenci ng ena b I es more

Steven ] Hallam®, Philip Hugenholtz®, Susannah G Tringe' and Tanja Woyke'

'US Department of Energy, Joint Genome Institute, Walnut Creek, CA, USA; *USDA-ARS, Albany, CA, USA; . .

*Pacific Biosciences, Menlo Park, CA, USA; *University of British Columbia, Vancouver, BC, Canada; a CC u ra te p hy I Oge n et I C reso I ut I O n Of
*Newcastle University, School of Biology, Newcastle upon Tyne, UK and ®Australian Centre for Ecogenomics,

School of Chemistry and Molecular Biosciences and Institute for Molecular Bioscience, The University of

Queensland, t Lucia, QD Ausirli microbial communities and predictions

on their metabolic potential.
a
100% « Echinicola viemamensis B Bacteroidetes
» Terriglobus roseus Acidobacteria
90% » Coraliomargarita akajimensis Verrucomicrobia
Fervidobacterium pennivorans Thermotogae
80% Spirochaeta smaragdinae Spirochaetes
» Meiothermus silvanus Deinococcus Thermus
Nocardiopsis dassonvillei
70% » Corynebacterium ghitamicum Actinobacteria
w Olsenella uli
60% = Segniliparus rotundus
Salmonella
50% szlmnnf’lk.z hongori
Escherichia coli ? e
» Salmonella enterica subsp. arizonae Proteobacteria
40% = Pseudomonas stutzert
= Frateuwria aurantia
30% | s Hirschia baitica
Clostridium perfringens
Clostridium thermocellum
20% S
Streptococcus pyogenes {
* Desulfosporosinus meridiet Firmicutes
10% = Desulfotomaculum gibsoniae
= Desulfosporosinus acidiphilus
0% s Thermobacillus composti

% PacBio full-length % PacBio shotgun % Vd ilags
168 rRNA gene sequence - expected base hine




Sequel ll/lle applications — targeted sequencing

Targeted Sequencing

No-amplification targeted sequencing using
Ampilicon Sequencing i CRISPR/Cas9 system:

Sequencing
. Challenging regions for PCR
amplification (repeat expansions,
; low complexity regions)

Sequence 5 largeted .
With 1 SMAT Cell 8M you can: S‘“q““"f:;p?‘m“"’ regions in a multiplex of . No PCR bias
cons 10 sampl . . e as
° . Preserves epigenetic modification
30-Told 2020 CCS read coverage signals
L 2100-fold 2020 CCS
Minimum Recommended Coverage ¢ o, 114 2090 CCS read oo Cove mgs por twget EXPANSION SEQUENCE. AT
covarage for minor variant o
detection (1% sensitivity) =
Library Insert Size 500 bp - 15 kb 4-B kb or larger GeromicDNA —  — T2
- A Targeted Gene
510 10 pg ( nted '
L jli | Hg (raprasa -—;J
:i?g:;um for 250-1000 bp by either a single 5 and 3 End Blockage e
ng for 1-3 kb bp — ¢
Minimum Input Amount 1000-2000 na for 3-10kb 1500 sample or the total of = =
2000 na | r:gﬁkh multipla samples that L
ng for will be multiolexed) 3
Up to 1,000+ samples/ Up 1o 10 samples/SMRAT CRISPRICasd Digestion |
Mitplexing/SMRT Coll SMAT Cell 81 or SMRT Cell 1M Cell .
!
Barooded (. comcreee )
Sequencing Mode CCS CCS Adapter Ligation
!
. . SMRTbell Library Cleans
ﬁ"‘\f;} ~— When targeting >50 kb genomic wh s Dlgsion
‘i = o regions — use probe-based capture !
(o <D . . Lo . Sequencing and Data Analysis
using DNA oligo hybridization. | — |
= Protocols available for: m - . L& 8
50 KB _— i
T or P * IDT xGen Lockdown probes nmeen Aencm Ve

T e o Nimbelgen SeqCap EZ




PacBio applications at NSC

* de novo sequencing of prokaryotic Short Reads i1 Reads
and eukaryotic organisms —
« Multiplexing up to 96 bacterial — = == —
samples | /1 |
* Mostly HiFi library prep and - oratt Genome | Complete Genome.
sequencing for large genomes Mgg“tdLm‘i'tbdle.d A°EL"d”L‘iZZ;E?z';;fﬁr}i‘Eiﬁi';J afthe

“The way we do RNA-seq now is...
you take the transcriptome, you
blow it up into pieces and then
you try to figure out how they all
go back together again... If you
think about it, it's kind of a crazy
way to do things”

* Sequencing of full-length
transcriptomes — IsoSeq

* Multiplexing up to 12 samples for
genome annotation

Michael Synder
Professor and Chair of Genetics
Stanford University

T End 1o end RNA Sequencing, Nalure

ol Nawy,
Methods, v10, n10, Dec . 2013, p1144-1145

* Targeted sequencing — amplicons

and sequence capture post@sequencing.uio.no

https://www.sequencing.uio.no/
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Examples of species
sequenced at NSC




Largest ongoing project: EBP-Nor




The Arctic University
of Norway

The Norwegian EBP initiative T oo oo
(EBP-Nor)

Nord University
Sampling, DNA isolation,

bioinformatics ArcticZymes
Technologies

P I a nn ed | N 3 p h a Ses Gene mining, bioinformatics,

enzyme technology

- SINTEF Industry
@m Sampling, DNA isolation, 5T University of Oslo

bioinformatics Coordination, sampling,
2R DNA isolation, PacBio

Phase 1 2021-2024 (30 million NOK)

» Funded by the Research Council of Norwa QUBY  seauencig, biinfomatecs,
> P| d 150 . Norwegian University comparative genomics
anne species of Science and
i i i Technol Norwegian
> Norweglan and arctic SpeCIeS s:(gplirr]lg, SEXisolat_ion._ Environment Agency
> Marine species (sampling competence e Cn g1 Sampling.refarence aroup
>

Coordination with the Nordic countries and

ERGA (and EBP, VGP, DTol etc..) REV Ocean
- . 2 - - M . I d
> Several genomes underway (HiFI, HiC)'¢ & =) [t b Coosysiems
e DNA isolation, bioinformatics
The > o . The Life Science
Life =~ Cluster
1 H Industi tact,
Preparation for 2 phase has begun Science o oordinaion
The Research NomearenlUniversiy
A CounCl] DNA isolation, Nanopore
Of Norway sequencing, bioinformatics




The first EBP-Nor genomes are finished

f'/‘;-—nmu..-—, e

Brook lamprey

4-moss species

25 fungal species

In progress: insects (bumble
bee, lacewing), Atlantic puffin,
cod and salmon (improved),
. bird cherry (Prunus padus),
Svalbard rein 398 SaoviPew} cloudberry ++

Conference in 2023:

Norwegian Biodiversity &

Genomics

Feb. 8, 2023 12:00 PM—Feb. 10, 2023 1:00 PM, https://www.ebpnor.org/

Gamle festsal


https://www.ebpnor.org/

The Life Science

LSIA

2019

TheScientist

2019

INNOVATIONS ndustry Award

Meet the Award-Winning
Sequel Il System

cees-drift@sequencing.uio.no

NSC team at CEES: Ave Tooming-Klunderud
Morten Skage
Spyros Kollias
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