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PacBio Virtual Library Prep Workshop

Welcome and Introduction
HiFi SMRT sequencing current technology summary
Library preparation essentials for key applications

Having your samples submitted for sequencing at
our certified service provider

ACBIOT

James Miller, Millennium Science
James Miller, Millennium Science 15 mins
Paul Gooding , Millennium Science 60 mins

David Hawkes, AGRF 5 mins
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@ SACBIO!

HiFi SMRT sequencing current
technology summary

James Miller, Millennium Science
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Our Core Technology : SMRT Sequencing
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Introducing highly accurate long reads

®* Longer reads allow for multiple passes of the same single native DNA molecule; unbiased coverage
results in highly accurate (HiFi) long-read sequencing data.

* Significant increase in polymerase read length in the Sequel System 6.0 release increases the number
of high fidelity, long reads (>Q20 single-molecule read accuracy) for inserts up to 10-20 kb

@ Continuous Long Reads (CLR)
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THROUGHPUT EVOLUTION OF PACBIO

>10,000-fold

Increased Throughput

>100-fold

Increased Read Length
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PERFORMANCE & RELIABILITY

Average Customer Yield per SMRT Cell

Sequel |l System averaging 225 Gb / SMRT Cell
>15-times yield of Seﬁuel System

5 150 Cell failurerates Q12019 Q22019 Q32019 Q42019

2 125 Sequel System 1.8 % 1.9 % 16 % 1.4 %
:-_". L
] 100 Sequel || System NA 2.7 % 12% 14 %
75
B SBOUE oySl
25

g = B = A = = m =B = B ] 2 B B ] 2 B B B E R B I I I I I I I I I I I I I l
LA
= . . E i . P E P s P O a3y @ 2o 5 &) O & & O o & o O » O o o O 5 O o O 3
il - . -~ . . — - ; i - . - - . -

N ) - 3 O B 7 > O & & 5 2 - R B T O x B O & B = i 1 B L 1 - N &
1 ; y Ak N § L n : x - i . . & ¥

2 ro, = - - 3 . ¥ = - = w = = - L}
& L ¥ Ll = - , | al 3 = & 3 Ll i = - = o =




. mi”ennium science” @' igzile)

SMRT Sequencing Key Applications

A 0O
WHOLE GENOME RNA TARGETED COMPLEX

SEQUENCING SEQUENCING SEQUENCING POPULATIONS
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WHOLE GENOME
SEQUENCING

Number of
SMRT Cells 8M*

SMRT Sequencing Applications

De Novo Assembly

Produce reference-quality assemblies 1
'EI:”' Eenomes up to £ Gb

Microbial De Novo Assembly

Generate reference-quality assemblies 1

for up to 48 microbial isolates

Variant Detection

Call single nucleotide, indel, and
structural variants in a =3 Gb genomi

AL BIO
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EXAMPLE: DE NOVO ASSEMBLY WITH HIFI READS

THE 4 Cs of Genome assembly

- Contiguity
- Completeness

Correctness

e e

- Compute

Ubarysize | 7kb | 24kb

Raw Yield

1 EMRT Cell Yield
Median Read Length
Coverage (400Mb)
FALCON Asm Length
M Contigs

Contig NS0

M Chrom in 1 Contig

366 Gb
25 Gh
21 kb
B3-1odd

405 Mb

211

20 Mhb

3

rIM

24 kb Library

Chr6, Chr7, Chr12
in single contig

Data shown above from a 17 kb & 24 kb size-salocied ncg brary using the SMREThell Tomptate Prop K8 on a Sequal || System (2.0 Chemisiry, Sequal Il Sysiem Soltware
vl O, 30-hour movia). Falcon assembly was performed post CCS anabysis. Head lengths, reads/data par SMRT Cadl BM and other sequancing performance results vary
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nature biotechnology

Explore our content v Journal information

Accurate circular consensus long-read sequencing SNV
improves variant detection and assembly of a
human genome
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Accurate circularconsensus long-read sequencing
improves variant detectionand assembly of a
numan genome
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Human Genome in a bottle
v4 benchmarks (2020)

Barchimnrking challenging small varancs with linked and kbag resds
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In precisionFDA Challenge, PacBio HiFi Reads
Outperform Both Short Reads and Noisy

&
Long Reads
Tussday, August 11, 2020
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Top 12 entries and 25 of top 26 use PacBio HiFi reads

CBIO



Cul Y

T mi”ennium science” @' VCBIOT

WHAT CAN YOU DO WITH ONE SMRT CELL 8M? - TRANSCRIPTOME

Number of
SMRT Cells 8M*

SMRT Sequencing Applications

]
( ,é \/- Whole Transcriptome

Characterize alternative splicing with 1

RNA |
SEQUENCING full-length transcripts

Genome Annotation

Sequence full-length transcripts and 1
multiplex up to 8 tissues

N
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ISO-SEQ PERFORMANCE

— Comprehensive . 162,290 transcripts

- Full-Length 80 — 14,288 bp
(mean: 3.3 kb)

- Highly accurate

> 99% of Iso-Seq output transcript is >99% accurate

Category

CAGE peak

polyA Motif

AL BIO

FSM
ISM
NIC

NNC
Antisense

Intergenic

32,649
19,011
84,610
25,323
321
376

within 50 bp
70%
37%
36%
57%
24%
24%

Detected
2%
62%
55%
2%
43%
38%

I & L =
ataset: Alzheimer |
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WHAT CAN YOU DO WITH ONE SMRT CELL 8M? - MICROBIOME

& Ml SMRT Sequencing Applications Number of
e 3 it SMRT Cells 8M*

i W Full-length 165

COMPLEX Gain strain-level resolution by 1

POPULATIONS multiplexing up to 96 samples

Metagenomic Functional Profiling
Examine up to 3 low-complexity 5
samples with multiplexing

Shotgun Metagenomic Assembly
Generate near-complete assemblies
of high-complexity samples (e.g. gut
microbiome)
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16S profiling

Full-length 165 sequencing for
strain-level resolution

125 DA? recovers complete
set of 165 variants

nttps://benpneb.github.io/dadal/

Metagenomics approaches using PacBio HiFi data

Shotgun profiling

Highly accurate HiFi reads of
~10 kb increase taxonomic
resolution

Perform functional profiling
without assembly

Metagenome assembly

Genome resolution for
“unculturable” microbes
Genome-scale functional
profiling and annotation
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TARGETED
SEQUENCING

WHAT CAN YOU DO WITH ONE SMRT CELL 8M? - TARGETED SEQUENCING

SMRT Sequencing Applications

Amplicon Sequencing

Detect variation in specific regions
by multiplexing

No-Amp Sequencing

Enrich hard-to-amplify targets and
multiplex up to 10 samples

Number of
SMRT Cells 8M*
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ONE KIT FOR ALL APPLICATIONS

SMRTbell Express Template Prep Kit 2.0

- Compatibility with ALL libraries

Single-tube - Improved formulation to accommodate all
Additive workflow library insert sizes from 500 bp insert to >30 kb
~4 hrs library construction time size-selected libraries.

r\‘% \ L=l = - Streamlined, consolidated protocols for

e Ve improved ease of use for library construction in
e : . el =T ~ 4 hours.
@il

o~ - Lower input requirements while minimizing
handling induced DNA damage

- Updated multiplexing solutions with Express
workflow for microbial genomes.

- Amplicon and Iso-Seq compatible

One kit supports 18 large-insert libraries, 48 microbial genomes, and 96
amplicon template preparations.
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SMRTbell Express library construction workflow Summary
and Sample input Types

v (QC)
Remove Single-Strand
Overhangs
Y
Y

DNA End Repair / A-Tailing

Adapter Ligation

|
| Ii I

Purify SMRTbell Templates
y (QcC)
Size Selection (Optional)
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Supporting Reagent Kits

cDNA: Iso-Seq Express for Faster RNA Sequencing
- RT-PCR kit + new Iso-Seq sample prep protocol
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WGS: SMRTbell gDNA Sample Amplification Kit for low input DNA
- DNA sample amplification in the Ultra-Low DNA input procedure (5-20ng)
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Paul Gooding PhD

Field Applications Scientist
Australia and New Zealand
pgooding@mscience.com.au

Virtual Library Preparation Workshop

24/09/2020



PACBIO SEQENCING APPLICATIONS € ~ceio

There are many similarities between Library Preparations for various applications, but differences
In starting material and subtle variations in workflow

1. Library Preparation Workflow
« Input DNA, QC, sizing, shearing
« SMRTbell Express TPK 2.0
2. Whole Genome Sequencing (WGS)
« de novo
« variant calling
3. Iso-Seq (Long-read RNA Sequencing)
4. Amplicons

. Metagenomics



SMRTBELL EXPRESS LIBRARY CONSTRUCTION WORKFLOW SUMMARY
AND SAMPLE INPUT TYPES

LIBRARY
CONSTRUCTION

DNA Shearing v ol DNAQC B o

} (ac)
Remaove Single-Strand Overhangs

- EXZE — BT - ~ I -
DNA End Repair / A-Tailing

Adapter Ligation

Nuclease Treatment®

Purify SMRTbell Templates

} c)
Size Selection (Optional)
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SMRTbell Express Library Construction
Workflow
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PROCEDURE & CHECKLIST

PREPARING HIFI SMRTBELL LIBRARIES USING SMRTBELL EXPRESS TEMPLATE PREP KIT 2.0

= Document (PN 101-853-100) describes a method for constructing SMRTbell libraries
~-11 — 20 kb (or larger) that are suitable for generating high-accuracy long reads on the F,E- BIO
Sequel Il System using SMRTbell Express TPK 2.0 for de novo assembly and variant rocedure & Checkiist - Preparing HIFi SMRTbel

detection applications Libraries using SMRTbell Express Template Prep
Kit 2.0

- Protocol document contains:

1. Recommendations for gDNA QC and quantification

2 Vst i 1 dolimi il

. Recommendations for shearning gDNA to the desired target mode size using either lpptovien | Bumihstenlioteed | Pustem | Mem
the Megaruptor System (Diagenode) or g-Tubes (Sage Science) 2 o 2ol e

3. Enzymatic steps for preparation of a HiFi SMRTbell library using SMRTbell R T i o T Lyt sl ST i
Express TPK 2.0 e

4. Instructions for size-selection of the HiFi SMRTbell library using either the
SageELF System (Sage Science) or BluePippin System (Sage Science), and also

includes protocol reference for performing AMPure BP Size Selection method for BusSuiocton | ot gONA | SONA Doy | _Frogment B
Mgy ! Aprcyard | |Mode How| | Desbrilestion Weds | Thaarimg Mislsed

de novo assembly applications using HiFi reads

. Sample setup guidance for preparing HiFi libraries for sequencing on the Sequel |l
System




METHODS FOR EVALUATION OF GENOMIC DNA QUALITY

Starting with high-quality genomic DNA will result in longer libraries and better
de novo assembly performance

Input genomic DNA must be carefully QC ed to assess integrity

PFGE/FIGE or Femto Pulse sizing tool 1s highly recommended

High-quality, high-molecular weight DNA — longer read lengths

Low-quality, degraded/damaged DNA — shorter read lengths, lower library synthesis yields
(dependent on BluePippin size selection parameters)

- DNA purity can be determined by using a NanoDrop instrument or other spectrophotometer
device

- PacBio highly recommends using the Qubit High Sensitivity fluorometric assay for accurate
dsDNA quantitation



A. Genomic DNA Sizing Characterization

Recommended methods for determining gDNA size distribution:

Starting with high-quality, high molecular weight

L

(HMW) genomic DNA will result in longer libraries

and better de novo assembly performance
PippinPulse System (Sage science)

Femto Pulse System (Agilent Technologies)

Highly
Recommended

ol
il nl §

CHEF Mapper XA System (Bio-Rad)

S

=

Technical Note TH101-040518
CiMA fear

@ oo
Technicsl Mals

Preparing

PacBio ‘\Whole Genome

Cruality

sSequencing Tor de aova Assemibly
Control and Sheanng L

{1} A2

gDMA 2
{1yAL2
160 Fb

LL)A
gk 1

Lane 1: 8-4B kb Ladder (Bio-Rad)
Lane 2: 5 kb Ladder (Bio-Rad)
Lane 3: HMW gDNA

Lane 4: Degraded gDNA

Lane 1: High MW gDNA
Lane 2. Degraded gDNA
Lane 3: 165 kb Ladder

Evaluation of gDNA quality using A) Bio-Rad CHEF
Mapper System and B) Femto Pulse System. Lanes A3 and
B1 are examples of high quality high-molecular weight
genomic DNA. Lanes A4 and BZ are examples of degraded
gLMNA,



- DNA purity can be determined by using a NanoDrop® instrument or other spectrophotometers.
= For ultrapure gDNA, A260/280 ratio is typically between ~1.8 - 2.0 and A260/230 ratio is 22.0.

- |f A260/280 and A260/230 readings are out of the range specified above, PacBio recommends
performing an AMPure® purification step followed by re-assessment of quantity and purity of
the gDNA sample.

B. bNA Purity Determination

260/280 Ratio

= Alow A260/A280 ratio may indicate the presence of protein, phenol, or other contaminants that absorb
strongly at or near 280 nm. Sometimes it may be caused by a very low concentration of nucleic acid.

= High 260/280 ratios are not indicative of an issue.

0/230 i
= Alow A260/A230 ratio may be the result of:

- Carbohydrate carmyover (often a problem with plants)

: i r
- Rasidual phenol from nucleic acid extraction .ﬁ_‘

- Residual guanidine {often used in column-based Kils)

- Glycogen used for precipitation

= A high A260/A230 ratio may be the result of:

- Making a blank measurement on a dirty pedestal of a Nanodrop instrument

h':’.' Tty

‘\""!@/

- Using an inappropriate solution for the blank measurement



C. DNA Quantification

= Accurate quantitation of DNA concentration is critical for PacBio template preparation
procedures.

= Specifically, it is critical to determine the concentration of the double-stranded DNA, since only double-
stranded DNA will be converted into sequencing templates.

- PacBio highly recommends using a Qubit fluorometer tool and Qubit dsDNA High
Sensitivity (HS) Assay Kit for routine DNA quantitation during SMRTbell library construction.

- When assessing gDNA QC, PacBio recommends using both fluorometric and
spectrophotometric methods — for example, using both the Qubit and NanoDrop instruments

= |f the sample is pure gDNA, free of any RNA contaminants and other small molecules, the two methods
should converge to similar DNA concentration measurement values

= If the measured NanoDrop concentration is significantly different —
(>50%) from the Qubit measurement, PacBio recommends doing an
AMPure PB Bead purification step (as specified by your chosen library
preparation protocol), followed by a re-measurement with both
methods. Typically, a single AMPure PB Bead purification step
resolves the discrepancy.

= |f the concentration measurement discrepancy after one AMPure PB Bead
purification step is not reduced, we recommend trying another cleanup
approach before a re-measurement with both methods.



NEW SAMPLE PREPARATION ONLINE RESOURCE

- Literature resource for sample collection and DNA extraction protocol references

Eirlimls

www.ExtractDNAforPacBio.com

Pacidio does not assume responsibiliies/quarantess for these external pubdicaions/pratocols, bul we are happy 1o help as bast as we can lo guide/connad
Please contact ExdracilIp AL m for more discussions around your particular species & sequencing project!




METHODS FOR DNA SHEARING

DML Shaaring
l e o)

Highly

Recommended

Input gDNA must be sheared carefully so that the average size of fragmented DNA
remains well above the desired size selection cut-off

Recommended methods for shearing genomic DNA to the desired target fragment size:

Covaris g- 1UBE Devices (b kb — 20 kb)

- Single-use device that uses centrifugal force to pass solutions through an engineered ruby
orfice to shear genomic DNA into selected fragment sizes ranging from ~6 kb to 20 kb in
<5 minutes

- The only equipment needed is a compatible bench-top centrifuge; the rate of
centrifugation determines the degree of DNA fragmentation

Needle Shearing with 26 G Needles (>30 kb)

- This low-tech method relies on shearing forces created by passing genomic DNA through
a small-gauge needle.

- Can be a useful low-cost option for generation of fragments tens of kb in length; however,
variable shearing performance may be observed for different DNA sample types

Diagenode Megaruptor® System (2 — 79 kb)

- A syringe pump generates hydrodynamic shear forces within a disposable tube; the size
of the constriction and the flow rate of the liquid determine the DNA fragment size.

- This method is useful for generation of fragments ~2 to 75 kb in a highly reproducible
manner across different DNA samples types




DNA Fragmentation Using the Diagenode Megaruptor System

- Large gDNA must be sheared carefully

- Test Shears help determine the best shearing parameters
- Evaluation with PFGE or Agilent Femto Pulse is recommended
- The average library size depends on the fragment distribution post shearing
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Figure A. PFGE gel image of gDNA sheared Figure B. Femlo Pulse digital gel image of gDNA sheared
lo wvarious target fragment sizes using a to wvarnous target fragment sizes using a Diagenode

Diagenode Megaruptor 1 System Megaruptor 1 System




SMRTBELL LIBRARY CONSTRUCTION @ oo

REMOVE SINGLE-STRANDED DNA OVERHANGS

| T

Remove Sngle-Sirand Oswerhangs

- Removes 3 overhangs

CetyA Damiage Fppar
Ir % ' P T
- If not removed, uverhs_mg can loop and anneal to itself to form a "hairpin-like’ structure
| (which can lead to palindromic read structure artifacts)
oy S
‘ - Highly recommended when constructing sheared genomic DNA libraries for

BRESIEE whole genome sequencing de novo assembly applications



Why Remove Single-Stranded DNA Overhangs? @ ACBIO'

- This pre-treatment step can help reduce the occurrence of missing adapters in sheared gDNA
Ll
- - Missing adapters can result in chimeric reads and may cause problems in de novo assembly
""' applications
- Enzymatic treatment results in digestion of both 5°— 3" and 3"— 5" overhangs, but is not
. active on dsDNA
e
How are molecular missing adapters created?
-
e 1. Shearing may create long overhangs... <300 bp
tire Seinction (Optonal]

¢ 4 ...which can self-anneal:

3. And get filled in during damage repair:

—

4. Ligation adds only one adapter and closes any open gaps




SMRTBELL LIBRARY CONSTRUCTION @ rcsio

DNA DAMAGE REPAIR

- Recommended for all library insert sizes

Dk Damagd Hogas

i
N———

- DNA Damage Repair enzymes and buffer are included in the SMRTbell Express
DA Ena Ropa  A-Tateg Template Prep Kit 2.0

- Repairs abasic sites, nicks, thymine dimers, blocked 3'-ends, oxidized guanines /
pyrimidines, deaminated cytosine



SMRTBELL LIBRARY CONSTRUCTION DNA End Repair /A-Tailing oD NENe:Te;

DNA END REPAIR / A-TAILING

} oo
1. DNA End Repair reaction polishes ends of fragments prior to the A-Tailing reaction:
““"‘"' - 9" overhangs are filled-in by T4 DNA Polymerase
- 3' overhangs are removed by T4 DNA Polymerase

- T4 PNK phosphorylates the 5" hydroxyl group

5’ 3’

T4 DNA Polymerase + T4 PNK

s 3

3" E’Q

Z . After DNA End Repair, an A-Tailing reaction is performed to generate single-
nucleotide overhangs (A-tail):

s ;
3 A 5‘@




SMRTBELL LIBRARY CONSTRUCTION @ rceo

ADAPTER LIGATION
o 1 “=d - SMRTbell hairpin overhang adapters are ligated to repaired and A-tailed dsDNA
DA Darmage e ends

!
= Pre-annealed hairpin overhang adapters are included in the SMRTbell Express

Template Prep Kit 2.0

= Overhang adapter ligation reaction incubation time is typically 1 hour

- After Adapter Ligation, AMPure PB bead purification is performed



Why Use T-tailed Adapters? € rceio

SMRTBELL EXPRESS TEMPLATE PREP KIT 2.0 USES A/T LIGATION

INSTEAD OF BLUNT END LIGATION FOR (BARCODED AND NON-
BARCODED) ADAPTER LIGATION REACTIONS

|

B

| |
va
|

:
!
{

DNA £nd Rapak | A-Taing A-talled DNA

— —a

H A4
"

Why?

B

E_
i

3. Reduces chimera formation

=
_..|' |.|_

2. Reduces adapter dimerization (requires fewer AMPure cleanup steps)

C=X—=




SMRTbell Overhang Adapter Sequence €) ~ceio

[—
} g

- Overhang adapter hairpin is 44 bases in length

-
-
-
-
-
-

-
L T
-
b
el
-

-
==
-
-

\B% 7T GAGAGAGAT-3”

e N\
B )\GTT(;\ Primer (Core) Sequence
5'-AAC GGA GGA GGA GGA-3’

Overhang Adapter Sequence

5°-TCT CTC TCT TTT CCT CCT CCT CCG TTG TTG TTG TTG AGA GAG AT-3’
3”-AGA GAG AGA AAA GGA GGA GGA GGC AAC AAC AAC AAC TCT CTC TA-5’

Reverse Complement



SMRTBELL LIBRARY CONSTRUCTION @ oo

NUCLEASE TREATMENT *
— 1 “=3 - For selected protocols*, a nuclease treatment step is performed with the SMRThbell
| tADerege Rogwr | Enzyme Cleanup Kit to reduce levels of templates molecules that are not intact,
L circular SMRTbell templates
m‘:__ﬁ- - SMRTbell Enzyme Clean Up Kit contains 4 different enzyme tubes plus a buffer
} solution
|

:
:
i

E
is-

-

Used for: HiFi TPK 2.0 (CCS), Multiplexed SV detection TPK 2.0 (CLR), No-Amp (CCS), Metagenomics Shotgun (10 kb; CCS), Low DNA input
(With Multiplexing; CCS)

Not currently used for: gDNA CLR Library (CCS), Iso-Seq (CCS), Single-Cell Iso-Seq (CCS), Full-length 165 (CCS), Multiplexed BOA amplicon
(CCS), Multiplexed BUP amplicon (CCS), Microbial Multiplexing (CLR), Low DNA input (Without Multiplexing; CCS)



SMRTBELL LIBRARY CONSTRUCTION @ rceo

e AMPURE PB BEADS FOR DNA CONCENTRATION AND PURIFICATION
f - THROUGHOUT SMRTBELL LIBRARY CONSTRUCTION*

AMPure PB Bead Concentration
1.8x 1.0x 0.9x 0.8Bx 0.7x 0.6x 0.5x D.4x

| DMA Ena Fepn [ A-Tairg

. ;
S H-H-1l-
IIHI%E

o ‘ pp————
Sie Sniection {Opboral —
2000
1650
1000
- AMPure PB Beads selectively purify it
SMRTDbell templates 200

- AMPure PB Beads are specifically 100
formulated for SMRT Sequencing

- After the final AMPure PB Bead purification, the SMRTbell library is ready for primer annealing
and polymerase binding

- Purified SMRTbell library can be stored at -20°C for several months

* Zome library construction profocols (e g., Iso-Seq Express TPK 2.0 libranes) require the use of ProNex Beads instead of AMFPure beads for SMRTbell
library purification - refer o the appropriate Procedure & Checkiist document for specific insfructions



SMRTBELL EXPRESS TPK 2.0 WORKFLOW TIME SUMMARY

Protocol Step o @ _

Remove Single-Strand Overhangs 5m 15m

o Hands-on lime

DNA Damage Repair : 5m 30 m 0 Walk-away Time

DNA. End Repair / A-Tailing | 5m 40 m

Example times shown are for
constructing a >15 kb (BluePippin) size-

— ~ 5 h Library Construction Time

Adapter Ligation | 5m | | 70m |

selected large insert HiFi library starting
with sheared and purified gDNA !

60 m |

Muclease Treatment
Purify SMRTbell Templates

>5h :I— Overnight Size-Selection

Sire Selection (Optional)

am |
m B0 m
5h

5
0
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SMRTBELL LIBRARY QUALITY CONTROL (QC) €D r-ceio

It is important to determine the size distribution A DNA Sizing Characterization

and DNA concentration of the final purified

SMRTbell library for accurate input into SMRT I_%emmrpendgd _mel_h:::ds for determining SMRTbell

Link Sample Setup when preparing samples WLy alas cCesitibaoyion: . —
for sequencing . CHEF Mapper XA System (Bio-Rad): m ___

»100 bp up to 10 Mb -

@ = 2. Femto Pulse System (Agilent)
> Up to 165 kb ~I

3. Pippin Pulse System (Sage Science): ﬁ;}‘ q@

= Up to 100 kb

e

=

4. Fragment Analyzer (Agilent): "
o=
~Up to 50 kb '
Technk =l Hate
- 5. Bioanalyzer (Agilent):
=Upto 17 kb
B. DNA Quantification
Technical Note TN102-040518:  Preparing After library preparation, measure the concentration of the SMRTbell library
Libraries for PacBio Whole Genome : ' THRT :
St Seerde viove b Cril present using fluorometric quantitation (e.g., Qubit dsDNA HS Assay).
Control and Size Selection - Typical SMRTbell library construction yield recovenes (before size selection) are

>H0% for SMRThell Express libranes



SMRTBELL LIBRARY SIZE-SELECTION
——— BLUEPIPPIN SYSTEM EXAMPLE

= See Saocton Opsors) T

. = Selecting the highest-attainable size cutoif will result in optimal read

|
S e
|

DINA Eng Fispar | A-Taling
10 kb 210 kb
20 kb 15 kb >20 - 30 kb
30 kb or 40 kb 20 kb =30 - 50 kb
50 kb 30 kb =50 — 60 kb

({174
&0 kb 40 kb 260 = TH kb

The size selection protocol to be used will depend on the size
distribution of the SMRE Tbell library

= Typical posi-Blue Pippin size selection SMRETbell library
recovery yields are —15-25% (per lang)

lenaths and vield for WGS de novo assembly
- Y

Hnl'rﬂnll
l:l.ll-l:ll'l'

applications

B 20-50 kb size-
selected library

20 kb

}

— 80 kb
l i
- 30 kb R
- 20 kb :
C 30-80 kb size-

...... e 1§ il
i 10 kb selected library
" e JU KD

}

Fr— i i

TR T

Example SMRTbell library size selection and sequencing results. A.
Pippin Pulse gel showing non size-selected genomic DNA (gDMNA) in Lane 1

non-size selected library in Lane 2, 20-50 kb size-selected library in Lane 3

30-280 kb size-selected library in Lane 4, and ladders in Lanes § and 6. B.
Results of sequencing ong SMRET Cell with the 20-50 Kb size-selecied hbrary
from Lane 3 of A. C. Resulls of sequencing one Sequel SMRT Cell 104 with
the 30-80 kb size-selected library from Lane 4 of A




SMRTBELL LIBRARY SIZE-SELECTION €) ~ceio

SAGEELF SYSTEM EXAMPLE

1 oo

e Performing library size selection will result in optimal read lengths and data yield for
| de novo assembly and variant detection applications using whole genome sequencing

R G E g R
= Depending on project requirements, SMRTbell libraries may be automatically
. size-selected using a Sage Science SageELF system W

SageELF System: Separates DNA samples by size,
and then simultaneously fractionates the whole sample
into 12 fractions. One sample i1s fractionated on a single
precast agarose cassetle, and one or two cassetles
may be processed at one bime

el
performance metrics for a HiFi SMRTbell library HIF1 (2Q20 CC5) INSERT READ LENGTH (MEAN)
size-selected using a SageELF system. 20 KB HUMAN HIFI LIBRARY 25 KB HUMAN HIFI LIBRARY

19,683 bp 26,149 bp




ADDITIONAL CONSIDERATIONS FOR SMRTBELL LIBRARY PREPARATION @ FRCRIO

Storage

- If planning to sequence within ~1 week of library generation, storing the SMRTbell library at 4°C in Elution Buffer
(EB) is recommended

- For storage longer than 1 week, aliquot the SMRTbell library and store at -20°C
- Reduce or eliminate freeze/thaw cycles of your SMRTbell library to prevent damage

Shipping

- Heat exposure to DNA should be minimized or eliminated during transport (incubation at 37° C for 1 hour has been
shown to cause DNA damage that may result in impaired sequencing performance)

- Lyophilized DNA may be used as long as heat is not applied during the process

- PacBio recommends shipping genomic DNA and SMRTbell libraries in a frozen state on dry ice with overnight
shipping priority

" Place the primary sample tube(s) inside a secondary form of containment like a 30 mL conical tube and
surround it with bubble wrap to help ensure that the primary sample tube does not become damaged during
transport

- For transporting liquid DNA samples overseas or in situations where the environment is uncontrolled, adding
DNAstable™ Plus (Biomatrica) preservative to samples is recommended prior to shipment on dry ice to help
minimize breakdown during transport (DNAstable Plus preservative will not affect SMRTbell library preparation)




SEQUEL Il SYSTEM REAGENT KITS AND CONSUMABLES OVERVIEW

DNA Template
Preparation

SMRTbell Express
Template Prep Kit 2.0

SMRTbell Enzyme Clean
Up Kit

Barcoding Reagents
and Kits

Other Application-
Specific Accessory Kits

SMRTbell library can be
stored up to 6 months
at -20° C




SEQUEL Il SYSTEM REAGENT KITS AND CONSUMABLES OVERVIEW

DNA Template
Preparation

SMRTbell Express
Template Prep Kit 2.0

SMRTbell Enzyme Clean
Up Kit

Barcoding Reagents
and Kits

Other Application-
Specific Accessory Kits

SMRTbell library can be
stored up to 6 months
at -20° C

Polymerase
Binding

>

Sequel Il Binding and
Internal Control Kit

Polymerase-bound
complex can be stored
up to 7 days at4" C

>

AMPure PB Beads

AMPure PB Bead cleaned
polymerase-Dound
complex can be stored
upto /f days at 4" C

Sequel Il Sequencing
Kit

SMRT Cell 8BM

SMRT Cell Oil

Partially used DNA
sequencing Kit can be
stored at 4° Cup to 100 h

Unused SMRT Cells can be
stored at room temperature
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WHOLE GENOME SEQUENCING ON THE SEQUEL Il SYSTEM

“ De novo assembly of ethnicity-specific 1 Human Genome
-" reference genomes with high contiguity, ?E'iﬁ to 3 ISMFT C?|S|5 BMI ”
correctness, and completeness (~70-100 samples / year / Sequel Il)

ASSEMBLY

? High precision and recall for single- 1 Human Genome
~ nucleotide variants, indels, and structural per 2 SMRT Celis 8M

vamiant  and copy number variants with HiFi reads (~100 samples / year / Sequel ll)
DETECTION

? High-throughput solution for high precision 1 to 2 Human Genomes

o and recall of structural and copy number per SMRT Cell 8M
STRUCTURAL variants (~1000 samples / year | Sequel Il)
VARIANT DETECTION
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PROCEDURE & CHECKLIST

PREPARING HIFI SMRTBELL LIBRARIES USING SMRTBELL EXPRESS TEMPLATE PREP KIT 2.0

= Document (PN 101-853-100) describes a method for constructing SMRTbell libraries

-11 — 20 kb (or larger) that are suitable for generating high-accuracy long reads on the F@ BIO
Sequel Il System using SMRTbell Express TPK 2.0 for de novo assembly and variant _ _
Frocedure & Checklist - Preparing HiFi SMR Thell

detection appl:catlﬂns Libranes using SMR Tbell Express Template Frep
Kit 2.0

- Protocol document contains:

1. Recommendations for gDNA QC and quantification R+ i, Gt ot s, Wit e
2. Recommendations for shearing gDNA to the desired target mode size using either tppicason | S Soton ot | Prasam | Mem
the Megaruptor System (Diagenode) or g-Tubes (Sage Science) - o v et

3. Enzymatic steps for preparation of a HiFi SMRTbell library using SMRThell
Express TPK 2.0

4 . Instructions for size-selection of the HiFi SMRTbell library using either the
SagekELF System (Sage Science) or BluePippin System (Sage Science), and also
includes protocol reference for performing AMPure BP Size Selection method for bovtacnn | et st '."E‘L';:"T i&“‘::; S
de novo assembly applications using HiFi reads ' . T

9. Sample setup guidance for preparing HiFi libraries for sequencing on the Sequel |l
System




SIMPLE WORKFLOW FOR DE NOVO GENOME ASSEMBLY USING HIFI READS

N

" I

Y

olLIBl‘I.ﬂ-Fl"'IIr PREP

- Start with >15 pg DNA ~40 kb

- Use SMRTbell Express
Template Prep Kit 2.0

- Size select at either >15 kb or
>20 kb using SageELF or
BluePippin System

SMRT
SEQUENCING

- Sequence using Circular
Consensus Sequencing
(CCS) mode

- Recommend 10-fold HiFi read
coverage per haplotype for
phased assembly

]

9 DATA ANALYSIS

- Use SMRT Link CCS analysis
application to generate HiFi
reads from sequencing data

- Assemble and phase HiFi
reads using FALCON &

FALCON-Unzip or a wide
array of community tools

€) ~ceio



GENERATE CONTIGUOUS DE NOVO ASSEMBLIES USING HIFI READS @ oo

HiFi Library Insert Size 17 kb 19 kb 15 kb
HiFi Coverage 20-fold 20-fold 22-fold
Contig N50 (Mb) 10.7 6.5 30.5

Obtain high contiguity assemblies with HiFi data; high
accuracy allows assembly through very similar repeats



GENERATE COMPLETE & ACCURATE DE NOVO ASSEMBLIES USING HIFI READS @ mceo

Assembly size (Gb)

Base pair accuracy
(Phred/Percentage)

BUSCO complete

Species-specific
genes in frame

0.400 0.150
Q50 / 99.999% Q50 / 99.999%
N=1,440 N=2,799
98.7% 98.9%
N=19,313 N=19,947
98.7% 98.9%

Accuracies >Q40 (99.99%)
>98% of genes in frame

Q49 /99.9987%

N=4,104
94.9%

N=35,666
99.5%




GENERATE DE NOVO ASSEMBLIES QUICKLY WITH HIFI READS

Compute times for de novo assembly of a human genome

DATA TYPE HIFI READS LONG READS

File Type CCS.FASTQ.GZ | SUBREADS.BAM “Maize Reference Genome
File Size (GB) 48 323 Assembly in a Day”
Read Correction Method CCS Analysis Pre-assembly

Read

. 17.5 43.5

Time to Results | Correction
(Hours) Contig

Assembly L= Lo

Kevin Fengler, Corteva
Agriscience

PAG 2020

Assembly with HiFi Reads takes half the time of

assembly with Long Reads.




REDWOOD GENOME ASSEMBLY

- HiFi exceeds results of ONT + short reads for all three C's of genome quality — Contiguity,
Completeness, and Correctness

California Redwood Genome Assembly Results

Methodology PacBio HiFi ONT + short reads!
Genome Coverage 22-fold 23-fold + 122-fold
Assembly Size (Gb) 47.7 26.5
Contig N50 (Mb) 1.92 0.11
BUSCO Complete 99% 56%

Mapped transcripts with . .
frameshift errors? 0.11% 1.97% (\

Significantly more transcripts with
frameshift errors, impeding
downstream analysis

~2N assembly resolving
polyploidization event



>150kb gDNA

WGS for de novo assembly of large genomes:

* Longest length starting DNA needed
* Recommend minimal shearing

» Size selection with BluePippin to achieve a range of
fragments (20-25 kb for HiFi data but some larger
fragments out to >40 kb to help improve genome

contiguity)

CONSTRUCTING REDWOOD HIFI LIBRARY

€) ~ceio

Sheared gDNA 25kb mode

i.l EME. Rodnd B3
;7% 17kb-50kb BPSS

|

b




REDWOOD HIFI READS - READ LENGTH AND QUALITY DISTRIBUTION

= Mean read length of CCS reads = 24kb
-=>30 kb HiFi reads help assembly contiguity
= Filter = 3 passes, >Q20

- Read Quality distribution (Mean) = 27
- Filter = 3 passes, >Q20



REDWOOD HIFI DATA: READ ACCURACY

33-fold Dataset

Predicted Accuracy
oy
=

20~

0 20000

~36 million reads

5.0M longer than 30 kb
372K longer than 40 kb
1060 longer than 30 kb

40000 0000

Insert size

Bin counts

[0, 10)

[10, 100}
[100, 1K)
[1K, 10K)
[10K, 100K)
[100K, 1M)

hitps://github.com/armintoepfer/ggeyecandy.qil

Similar accuracies as 22-
fold dataset: >Q20 even

out to 50 kb with a bulk
of data >Q30 (99.9%)




REDWOOD GENOME ASSEMBLY TIME — THE 4™ C (COMPUTE)

PacBio HiFi (22-fold)? ONT + short 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

Assembly took a while...

& Maximum memory usage: 2 Th

Y Ermor cormection: 330,000 CPU
hiours

* Assembly post-emor-Comacilion:
700,000 CPU hours

o \Wall clock timé: 5-6 months

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




@..

COMPREHENSIVE VARIANT DETECTION WITH HIFI READS

PacBio Single Molecule, Real-Time (SMRT) Sequencing provides comprehensive detection of
all variant types in a genome. Increased variant detection improves power to link genetics to
phenotypes of interests for novel discovery of genes and causative variants.

&
Compared To The N ilr W 1': H Li 1..:‘1'; H D
JOURNAL of MEDICINE
Structural variants | Table 1. Classes of Human Genetic Varation. ™
=50 bp '
Size al Size af Parcent of
& Mb aMb 10 Mb Class Varimnd Mao. per Ganome) Region Affected LaEnome
1 Ji [ hp e
| T
_ ! Single-nucleatide variants 1 4, (o600, Cen0h— 5, Q00 000 4-5 0.078
@ @ Insertions—detetions I-49 100, (0N B0, e 1-5 0.069
3 | Structural variants 50 23,000-28,000 10-12 0.19
Accuracy is Needed Long Reads are Needed e s a
for Small Variants for Large Variants . : o e = :




PROCEDURE & CHECKLIST

MULTIPLEXING SMRTBELL LIBRARIES USING SMRTBELL EXPRESS TEMPLATE PREP KIT

2.0 FOR STRUCTURAL VARIATION DETECTION

- Document (PN 101-88-600) describes how to prepare multiplexed SMRTbell libraries for

structural variation (SV) detection using the Sequel Il System

- Up to two genomic DNA samples can be pooled for sequencing on one SMRT Cell 8M

-  Protocol document contains:

3.

. Recommendations for gDNA QC and quantification

= WM

o

General laboratory best practices recommendations

. Guidelines for evaluation of gDNA samples for multiplexed SV library construction
. Enzymatic steps for preparation of multiplexed SV SMRTbell libraries

. Instructions for size-selection of multiplexed SV libraries using the BluePippin

system, and also includes a protocol reference for performing the AMPure BP Size
Selection method

. Sample setup guidance for preparing multiplexed SV libraries for sequencing on the

sequel Il System

€) ~ceio

'ﬁj BICY

Procedure & Checklist - Multiplexing SMRTbell
Libranes using SMRETbell Express Template Prep
Kit 2.0 for Structural Variation Detection




MORE VARIANTS DETECTED IN MEDICALLY-RELEVANT GENES

Accurate circular consensus long-read sequencing
improves vartant detection and assembly of a
human ganomea

B B Bewae L Pl Pl ¢ Pl L S ® P s L F, B Bl | il

gy T Cormnpnim 7 s P " s b Pyl g5 g0 ®, ks moy Barks sndliamr®
e (b Sarem | Mavein Plpter Mchpr Shmngr Sk bt il b s

L s gt o sy % g, il ey, Berieted [ fesharier’. s iiyaen S, Rigeh 8. e
b s 8 Piolaw i bal 8, Byl Salamai 2 dueii b Fawb o 7 sy U ¢ F
iy B td Al C vl Dkl B Bl " el B R T Sk it

- High precision and recall for
SNVs, indels, and SVs

- Detect 5% more variants in
“medical exome”

- Detect structural variants

- Phase variants into
haplotypes

@

% problem o
exons resolved | Genes anes
10056 ABCCSE ABCDY ACAN ACSM2E AKRIC2 ALGT ANKRDI1 BCR CATSPER2 COMTT CEL CES1, CEH. CEHRT,
CFHR3 CFHR4, CGB, CHEK2. CISD2, CLCNKA, CLCNKB, COROTA COX10. CRYBE2 CSHY, CYP1181, CYP11B2.
CYP21AZ CYP2AE CYP2D6 CYP2EL CYP4AZ2 DDX11, DHRSALT, DISIL2 DNDI. DPYISL2 DUCK2 ESRRA, F8.
FAMI204 FAM205A FANCD2 FCGR1A, FCGR2A FCGR3A, FCGRIB. FLG, FLNG, FOXD4, FOXO3, FUT3, GBA,
GFRAZ2 GON4L GRMS, GSTMI, GYPA. GYPB, GYPE. HBAT HBAZ HBG 1. HBG2 HP, HS85T1. IDS, IFT122. IKBKG,
ILOR. KIRZDL1, KIRZDL3. KMT2C, KRT17. KRTSA. KRTSE. KRTSC, KRTE1. KRTES. LEFTYZ LPA. MST1, MUCSB.
MYHS, MYHT, NEB. NLGN4X, NLGNEY. NOS2, NOTCH2, NXFS, OPNILW. OR2TS, ORS1AZ PCOH11X PCDHBA,
PGAMIT. PHC 1. PIKICA, PKD 1, PLA2GIO PLEKHMI, PLG, PM32 PRB1, PRDMS PROST RAB4OAL, RALGARPAT
RANBP2 RHCE, RHD, RHPN2, ROCK 1, SAAT, SDHA, SDHC, SETPAT, SFTPA2 SIGLEC 14, SLCBAB, SMGT,
SPATAIICT, SPTLCI, SRGAP2 SSX7. STATSB STK19 STRC. SULTIA1 SUZ12 TBX20, TCEB3C. TLR1, TLRS, 152
TMEMZ231 TNXEB TRIOBP. TRPAT TTN. TUBATA TUBBZE LIGTIAS UNGT2BI15 LIGT2BIT UNCR3IBT VCY VWFE,
WDRT2 ZNFA18 INFSR2 INFET4
[?5"!{:-_ 10086) | ANARPCT, C448 C48, CHRNAT, CRIT, DUXY FOGR2B, HYDIN, OT0A4, PDPK T, TMLHE
[50%, 75%) | ADAMTSLZ CDY2A DAZ1, GTF2I, NAIF, OCLN, RPS1T
[25%, 509%) | DAZ2 DAZ3, KIRIDL1, OPN1IMW,. PPIPSK1
7
(0% 25%) | MCF!.RBMYI1AT 11 '1/_
- 5
o9 | BPY2 CCL3L1,CCL4L1.CDY1, CFC1, CFC1B, GTF2IRD2 HSFY1, MRC1, OR4FS, PRY. PRY2, SMN1, SMN2, TSPY1, i \
XKRY
2
Table shows improvement in mappability with 13.5 kb HiFi (CCS) reads for 193 human genes

previously reported as medically relevant and problematic to map with NGS reads




VARIANT DETECTION APPLICATIONS
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15-FOLD HIFI READ COVERAGE RECOMMENDATION FOR COMPREHENSIVE

15-fold HiFi (2Q20) Coverage
[2 SMRT Cells 8M for a 3 Gb genome]

provides a good trade-off between cost
and results

WGS for human variant calling:

Longest length starting material required
Recommend shearing to 20 kb

Size selection with SageELF for tight size
distribution around 20 kb

Will result in the most amount of HiFi
data possible

Important for comprehensive variant
calling of SNVs, indels and SVs using
DeepVariant or other tools




PROCEDURE & CHECKLIST

€ ~ceio

PREPARING HIFI LIBRARIES FROM LOW DNA INPUT USING SMRTBELL EXPRESS TPK 2.0

= Document (PN 101-730-400) describes preparing HiFi SMRTbell libraries for a single sample
using Express Template Prep Kit 2.0 with low DNA input for sequencing on the Sequel and

Sequel || Systems,

Also describes preparing multiplexed HiFi SMETbell libraries with a maximum of 2 pooled low

DNA input samples (up to 600 Mb per genome) for sequencing on the Sequel Il System.

DNA QUALITY AND QUANTITY REQUIREMENTS FOR LOW DNA INPUT SMRTBELL LIBRARY

TYPES SUPPORTED IN THIS PROCEDURE
Recommended

SMRTbell Library Type Starting Ingut :1 || 90NA
gDMNA Amount

Low DNA input for the Saquel +150 n Majority of gDRA
System (1 sample)” 9 »30 kb

Low DNA input for the Sequel +400 n Majority of gDNA

Il System {1 sample) 9 +30 kb
Multiplexed Low DNA input

for the Sequel Il System (2 =300 ng per Majority of gDNA
samples up to 600 Mb per sample >30 kb

genomae)

qDNA

Shearing
Method

Megaruptor
System

Megamipton
ayshem

Megaruplor
Syslem

Required gDNA Size

12-20 kb sheared gDMA
miaan fragment size is
optimnal

12-20 kb sheared gDhNA
mean fragment size is
optimal

12-20 kb sheared gDNA
mean fragment size is

optimal

*For the Sequel System: For genomes larger than 300 Mb, it may be necessary to increase the amount of gDMNA input in

..........

proporiion o the genome size to oblaln the required dala amount for ganome assembly

@ B

Procedure & Checklist - Preparing HiFi Libraries
from Low DNA Input Using SMRTbell® Exprass
Templale Prep Kit 2.0

Pt a AL e e i Win .y darpdand o By S eped el T o '

LR Theed |, e mmp © el Ly e | Risjuadied Chapery ol gllld Sheeesy Mijiamed Sops
e gl v gl L SR | [ RPN




ULTRA-LOW DNA INPUT LIBRARY PREP

~or some samples (small organisms), even ~100 ng HMW gDNA is not possible

- Requires only 5 ng of input genomic DNA
- Simple, all-in-one kit for whole genome amplification

- Early access program with Sequel || System users
in progress

@ BIO

Customer Collaboration - Preparing SMRTbell®
Libraries from Ultra-Low DNA Input

This document descrioes prepanng SV Toel ibraries from & ng of inpul genomic DA [gOMNA ) for tha Secgus
Il Sysbem uting SMETE Express Tempiate Prep Kit 20 Genamit DhA B sheaned 4 approcimately 10 kb
using g=TABE of Megarupior, amplified by PCR, subsequantly constructed 1o a SMRTO iDrary and o8
Baldried using e Bhos Fippin fyater

PacBio recommands using Me Femio Pults for assassing the miegry of your slaring gOMNA maberial. The
Famic Puise mystem requires significantfy iower samph amounts (200-500 picageams| compared B0 otfer
Sy sisms s requirg =50 ng of DA Tor sizng

TN workng 'with vy Emounis of gDNA. sccursbs QUantSCNTON o nequired. The Cubs High STy
M5 assdy syt can b used o oblsen scourate deDiA concantrghioh mbasuriments for o DRA inpul
B

Required Materials

Item Wendor Par Humbaer

DHA BC b '

Fimin Pulse® Agilent | P-O003-DE1T
DA Quantitation 5 |

(e ™ Fluoromaehir TharmoF has SCoantific | 23XE06

Gubs™ 1K dsliA HS Assay KR | ThermaF isher Joenifc | [SEEFE
OHA Shearing

Mmgarupios Dlagenods | BOEOT D00

Liong Hydropones Diagenode | EOTO10002

Hydrabubes Chaganicde C3x010018

g-TUEE L-Oart S0 104
SMATOoll Library Praparation I |

CHLIRTDad Exprts Temalase Preg ki 2.0 PacBa 1 0053 8- 5]

SHRTo gDMNA Samgle Ampificatien Ki o el 101 -B58-40x]

Epparcan MrEpm Pius or 3ter agqueslen Banchico Eppender | 22620100

cantrifuge model
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PACBIO ISO-SEQ METHOD: FULL-LENGTH RNA SEQUENCING

Iso-Seq Is...
= Full-Length cDNA sequencing — no assembly required

- Targeted or whole transcriptome

Iso-Seq can...
= Discover novel genes and isoforms i

Short-read —_
- Improve genome annotation, with or without a reference technologies: - === il
gem}me Insufficient Connectivity
: : ' splice Isoform Uncertainty
- Increase the accuracy of RNA-seq quantification at isoform-
level resolution PacBio's —_— P
Iso-Seq™ — =
= solution; —_— — =
You can do Iso-5Seq with...
Full-length cDNA Sequence Reads
- 1-Day sample library prep Splice Isoform Certainty — No Assembly Required
-1 Sequel Il System SMRT Cell 1M to perform genome
annotation for up to 8 multiplexed samples .
- — 08—
- Full bioinformatics analysis solution available 5 5 AT - -
LEBEARY SMRT GATA - — - .- -

FREP HOUWINTING AMALYEIE

1 DAY 1 DAY ANNOTATION




SMRTBELL EXPRESS LIBRARY CONSTRUCTION WORKFLOW SUMMARY
AND SAMPLE INPUT TYPES

LIBRARY
CONSTRUCTION

DNA Sheanng vl DNAQC B o

} ac)

Remaove Single-Strand Overhangs

- ~ I ~ I -

DNA End Repair / A-Tailing

Adapter Ligation

Purify SMRTbell Templales

{ «ac)
Size Selection (Optional)



1ISO-SEQ EXPRESS PROTOCOL FOR FASTER RNA SEQUENCING & o

Streamlined and accelerated workflow for constructing Iso-Seq transcriptome SMRTbell libraries in one day

Total RNA (=300 na) - Use PacBio RT-PCR accessory kit (PN
" 101-737-500) with Iso-Seq Express

I rReverse Transcription

Length

i & o sample prep protocol (PN 101-763-
|__———— M )
s T . _
1* Strand cDNA i £ - Go from total RNA to SMRTbell library
| Large-scale Amplification — ' in 1 day
(Barcoding Option Available - Total RNA input requirement is 300 ng
for Multiplexed |so-Seq)
| SMRT Sequencing on Sequel If System « Generate up to 4 million full-length, non-concatemer (FLNC) reads

per SMRT Cell 8M*
= Surveying transcript diversity can be done either broadly (whole
transcriptome) or in a targeted fashion



PROCEDURE & CHECKLIST

€) ~ceio

ISO-SEQ EXPRESS TEMPLATE PREPARATION FOR SEQUEL AND SEQUEL Il SYSTEMS

- Document (PN 101-763-800) describes a method to construct |so-Seq SMRTbell
libraries for sequencing on Sequel and Sequel |l Systems allowing detection of
full-length transcripts up to 10 kb

- Streamlined and accelerated workflow for constructing 1so-Seq libraries in 1 Day

- For multiplexed Iso-Seq analysis, barcoded cDNA samples may be pooled and
constructed into a SMRTbell library as a “single” sample. The pooled library
sample can then be sequenced on a single SMRT Cell.

- Protocol document contains:
1. General laboratory best practices and input RNA QC recommendations

Z . Instructions for performing first-strand cDNA synthesis and amplification of cDNA
products prior to SMRTbell library construction

3. Instructions for constructing SMRTbell libraries using amplified cDNA products
and SMRThell Express Template Prep Kit 2.0

@ HbL)

Procedure & Checklist = lso-Seq™ Express Template
Preparabion for Sequel™ and Sequel || Systems

Beioee You Beagin

Mareiiats and Kis Medded
Fig— sw




ISO-SEQ EXPRESS WORKFLOW KEY FEATURES & BENEFITS

New streamlined and accelerated workflow for Iso-Seq transcriptome SMRTbell libraries in one day

Iso-Seq Express Workflow Using SMRTbell Express
Template Prep Kit 2.0

\ - Improved formulation for reduced Total RNA input requirement
- — at 300 ng

- Significantly faster workflow from RNA to SMRTbell library in
one day

- No size-selection required

- Minimal handling-induced DNA damage

- Capture full-length transcriptomes in a single SMRT Cell

- Supports multiplexing up to 12 Iso-Seq library samples per
SMRT Cell

One SMRTbell Express Template Prep Kit 2.0 supports preparation of up to 18
large-insert gDNA and Iso-Seq transcriptome libraries, 48 microbial gDNA libraries
or 96 amplicon template preparations



ISO-SEQ EXPRESS WORKFLOW SUMMARY OVERVIEW

1. Input RNA QC
2300 ng of Total RNA input recommended
RMA integrity number 27.0 (ideally 28.0)

<\ 2. First Stand cDNA Synthesis, cDNA Amplification & Pooling — ~3.5h

[ NEBNext® Single Cell/lLow Input cDNA Synthesis & Amplification Module
Multiplex up to 12 samples for sequencing on a single SMRT Cell
Purify amplified samples with ProNex Beads followed by equimolar pooling

———

Y 3. SMRTbell Express 2.0 Library Construction
single-tube, addition-only reactions
Mo size selection required = ~4 h
Use ProNex Beads for purification steps
Typical library yield 250%

4. Sample A/B/IC & Sequence
Anneal v4 Primer, Bind Polymerase, and perform ProNex Bead Complex Cleanup
# of SMRT Cells per library prep: >3 Sequel SMRT Cell 1M: >1 Sequel Il SMRT Cell 8M
Pre-extension time: 4 h (Sequel System); 2 h ( (Sequel |l System)
Movie collection ime: 20 h (Sequel Systemn); 24 h (Sequel |l System)

9. Analyze
Use the Iso-Seq analysis application in SMRT Link v7.0 GUI to output high-quality, full-
EE length transcript FASTA sequences, with no assembly required, to characterize transcripts

and splice variants



ISO-SEQ EXPRESS SAMPLE QC REQUIREMENTS

Evaluation of input Total RNA Sample Integrity

- Sample QC of input Total RNA samples should be assessed by measuring the RNA Integrity
Number (RIN) using a Bioanalyzer 2100 instrument (Agilent Technology)

- RIN score (1 to 10) is related to the ratio of the area under the 28s and 18s fragment peaks
and also takes into account the signal intensity above the baseline in the Inter-Region and
Fast Region since this 1s where degradation products appear

- Higher RIN numbers are correlated with better overall sample quality and lower degradation
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ISO-SEQ EXPRESS SAMPLE QC REQUIREMENTS (CONT)

Evaluation of Input Total RNA Sample Purity

- RNA purity can be assessed through UV-spectrophotometry using a Nanodrop
spectrophotometer (Thermo Scientific)

- For pure RNA, A260/280 ratio is typically ~2.0 and A260/230 ratio is 22.0.

- For samples with ratios that fall outside the expected optimal values, refer to the manufacturer
of the RNA isolation kit for additional information regarding protocol optimization and
troubleshooting.

260/280 Ratio

- Alow A260/A280 ratio may indicate the presence of protein, phenol, or other contaminants that absorb
strongly at or near 280 nm. Sometimes it may be caused by a very low concentration of nucleic acid.

- High 260/280 ratios are not indicative of an issue.

260/230 Ratio & |
- A low A260/A230 ratio may be the result of: l
= Carbohydrate camyover (ofien a problem with plants) -fi-li |

= Residual phenol from nucleic acid extraction
= Hesidual guamidine (often used in column-based kits)
- Glycogen used for precipitation

PacBio recommends only proceeding with RNA samples that have an
absorbance A260/A280 ratio between 1.8 and 2.0 (or higher) and a
A260/A230 between 2.0 and 2.5.




ISO-SEQ EXPRESS SAMPLE QC REQUIREMENTS (CONT)

Minimize Genomic DNA Contamination

- It is best to use extraction methods that selectively precipitate RNA and minimize
contaminating genomic DNA.

- DNase | treatments can be used to remove contaminating DNA, but before performing a
treatment we recommend assessing the risk it poses to RNA integrity.

- For example, only use RNase-free DNase and avoid the heat inactivation methods which can
degrade RMA in the presence of metal ions.

- |If you do use a DNase treatment, PacBio recommends using one of the commercially available kits
that includes a purification method that does not involve heat inactivating the DNase | enzyme.
- In most circumstances, low-level residual genomic DNA contamination is not problematic for
the Iso-Seq application.
- This is because of the use of the oligo-dT primer in combination with the 5' template-switching oligo
(TSO) during cDNA synthesis.

- Moreover, the subsequent PCR using primers annealing to the sequences on the 5 TSO and 3' dT
primer further selects against any contaminating DNA fragments.



BARCODING SAMPLES FOR MULTIPLEXED ISO-SEQ ANALYSES

cDNA samples may be barcoded and pooled together prior to construction into
a SMRTbell library as a “single” sample

- To multiplex, use barcoded forward and reverse
primers (i.e., barcoded NEBNext Single Cell
cDNA PCR Primer and barcoded Iso-Seq
Express cDNA PCR Primer) to amplify cDNA
samples

= Once the amplified cDNA samples are barcoded,

they are purified using ProNex Beads, pooled
together and then constructed into a SMRTbell
library as a “single” sample.

- There are 12 pairs of barcoded primers
supported by PacBio and they are listed in
Appendix 2 of the protocol

- Barcoded forward and reverse primers may be
ordered from any oligo synthesis company

- The oligos must be diluted to 12 uM

concentration for use in the “cDNA Amplification”

section of the procedure. (Use 10 mM Tris, 0.1
mM EDTA for diluting oligos)

Appendix 2: Recommended Barcoded NEEMNext Single Cell cDNA PCR
Primer and Iso-5eq Express cDNA PCR Primer Seguences

L Sequince Sl Puarifhca i
B A00L-F | CACATATCAGAGTGOGHCANT GAAGT IGLAGGETTG 35N | sTD
e L-R -\.i;::'!;'.:::;.Jr::l-:-.'-‘\-;:\:.';l::llr'.::.".:'.'\-';-..'..I-.-\.i'.\-'-:-;..l. 15nm
b B002-F | ACKRCACAGACTGT GALGEAAT GAMGT COLAGHETTG | 1Enm | 1o
Eer 3002 R | ARCACACAGACTOTOAGANGOAGTOLTA TCAL CGOA GAGT 15 | 51D
sei003-F | ACACATCTCOTHA GAGGTANT GAA QT CRCAGGGTTG 15 5TD
B iB03-R | ACACATITCGTGRA GREAAGLA GTOGETATCAALGLAGAGT Sam
b SU04-F Ly
ez M- R Ly 3]
e 1005-F S .
 beBOSR Lo 1T
_ e 100E-F 5 5TD
e W00 R | CATATATATCAGCTOTAAGCAGTROTATC AR GLAGAST 15 | STD
Toc1008F | ACAGTCOAGCOCTOCOGCARTOAAGTOOCAGOTTG | svm | 510
o S00E-R | ACAGTOGAGL GIT G CARGEAGTGATATC AR GUAGAGT nm
pcidld-F | ACALTAGATCGIGTOTGLAAT GAM TCGUAGLLTTG
s M1 3-R | ACACTAGATCGOGT GTALGCAGTGOTATCAACGLAGAST 3 5mm
i | TCAL T GOT AT T GaCA AT GAASTC GLAGGGTTS 155
o "y Thnre
e 5
18 T
15 S0
Thev 5D




PURIFICATION OF AMPLIFIED CDNA PRODUCTS

The specific method chosen to purify the amplified cDNA depends on the goal
of the experiment and the expected size distribution of transcripts.

- Use Pronex Beads for purification of amplified cDNA products according to the table below:

Pronex Bead
Volume

Goal of Experiment

Standard Sample is composed primarily of transcripts centered at =2 kb 86 pL

Sample is composed primarily of transcripts <2 kb; or
Short Transcripts Transcripts of research interest are primarily <2 kb; or 95 uL
Sample is degraded and shows a low RIN number

Long Transcripts To obtain maternal enriched for longer transcripts >3 kb 82 puL

- After purification, perform a sizing QC by running 1 pL of the purified cDNA products on a
Bioanalyzer using a High Sensitivity DNA Kit.

- Examining the amplified cDNA on a Bioanalyzer prior to PacBio library construction is an
excellent quality control step to ensure that the amplified cDNA material has the expected size
distribution.



QUANTIFICATION OF AMPLIFIED CDNA PRODUCTS

You must have the required mass of purified cDNA to proceed with SMRTbell
library construction

Ihstriment Min. cDNA Amount Min. cDNA Amount Recommendation for Samples
for 1 sample for Multiplexed Sample with Low Yield

Go to Appendix 1 if total mass is
<80 ng (<1.75 ng/uL)

Sequel 80-500 ng 80-500" ng

Go to Appendix 1 if total mass is

Sequel I 160-500 ng 160-500" ng <160 ng (<3.5 ng/uL)

* This refers to the required total mass of the pooled cONA samples (not individual samples of the pool). See Sample Pooling”
section for additional information

- Appendix 1: Recommendations for Additional cDNA Amplification by PCR for Samples with a Lower Yield
or to Ennch for Longer Transcnipts
- The Sequel and Sequel Il Systems require different amounts (ng) of cDNA for SMR Tbell hbrary construction. The
Saquel Syslem requires >80 ng of DNA, while the Saequel Il System requires >160 ng DNA

= If there is not enough DNA to proceed with library construction, this Appendix section descrnibes a workflow for
enriching cODNA by PCR

- Note: Over-amplification can result in sub-optimal data. If you want to enrich fm'_IF'“gH
= For igh-yield samples with concentrations >40 ng/uL, optimal tl'ﬂﬂﬂﬂrlptﬁ t:"a kh], Edd!tlﬂnﬂl EﬂNA
ibranes may be obtained by repeating cDNA generation with amp"ﬂﬁaﬁnn {EE described in

less RNA input or by decraasing the number of PCR cycles % -
! ’ ! Appendix 1) is required



SAMPLE POOLING FOR MULTIPLEXED ISO-SEQ ANALYSES

Equal molar pooling of barcoded cDNA samples is necessary to generate
good representation of samples that are being multiplexed.

1. Use the concentration and average library size* from the Bioanalyzer trace to determine the
molarity of each sample. Use the following equation to determine Molarity:

(DNA Concentration in ng pul ') x 10°

Concentration in nM = : —
(660 g mol™' x Average Library Size in bp)

*To determine the average library size using a Bioanalyzer System, select the region of interest by
defining the start of the smear at 200 bp and the end point at 9500 bp (when using a High Sensitivity
DNA assay kit).

2. Pool equal molar quantities of the barcoded cDNA.
- Use the maximum total combined mass possible without exceeding 500 ng in 47.4 ulL.
- The total combined mass must be >80 ng for Sequel and =160 ng for Sequel Il to proceed to DNA
Damage Repair.

- |f the volume required to achieve the minimum mass of the pooled cDNA exceeds 47 .4 pL,
concentrate the pooled cDNA by performing a 1X volume of ProNex beads and elute it in 48 L. To
account for potential losses during concentration at this step, start with 2100 ng for Sequel and 2200
ng for Sequel Il.

3. The pooled cDNA can now be constructed into a SMRTbell library as a single sample.
Proceed to the DNA Damage Repair step.



ONE SEQUEL Il SMRT CELL 8M

Number of Detected Isoforms

G0y

Number of Subsampled Reads

COMPREHENSIVE HUMAN TRANSCRIPTOME CHARACTERIZATION WITH

NNC

NIC

FSM

ISM

AS
IG
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Reference

F5M

Ism

MNIC

s B I E

Genic Intron

Genic Geanomic

FSM = Full Splice Match, matches reference perfectly
= Incomplete Splice Matchas, matches reference partially
= Novel In Catalog, novel isoform using known junclions

MMNC = Novel Mot in Catalog, novel isoforms using novel junction
= Within intron

= Overlap with intron and exons




ISO-SEQ METHOD FOR PLANT & ANIMAL SCIENCES

Brahman x Angus F1 Cattle
- Allele-specific isoform expression
- Tissue-specific isoform expression

Cannabis
- Tissue-specific transcripts associated w/ THC & CBD synthesis
- Chr Y gene annotation

Grizzly Bear
- Tissue-specific alternative splicing
- Hibernation vs active state




ISO-SEQ ANALYSIS OF ALLELE-SPECIFIC ISOFORM EXPRESSION IN MAIZE

=B) CBIO"
F1 HYBRID OFFSPRING @

Parent B73 and Ki11 express different isoforms (3’

exon difference)
% B73 - Two dominant isoforms PB.851/.4 and PB.851/7.1

- PB.8517 .4 is the canonical isoform and has 11
exons

- PB.8517.1 is a novel isoform with the last exon

_ spliced
Ay - B73 only expresses PB.8B517.4 (unspliced 3
exon)
- Ki11 only expresses PB.8517.1 (spliced 3’ exon)

male B73
X
female Ki11

g X
female B73

- ,fu male Kil1
L



ISO-SEQ ANALYSIS OF ALLELE-SPECIFIC ISOFORM EXPRESSION IN MAIZE

F1 HYBRID OFFSPRING @

mate B73

%
v

fE“"'E"E K1 Both F1s inherit the allele-specific isoform

expression

"t_gl
1 |
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‘{‘ female B73

f male H|11



PROCEDURE & CHECKLIST €) rceio

PREPARING SINGLE-CELL ISO-SEQ LIBRARIES USING SMRTBELL EXPRESS TEMPLATE
PREP KIT 2.0

- Document (PN 101-892-000) describes a method to construct Single-Cell Iso- @ o0
Seq SMRTbell libraries for sequencing. for sequencing on Sequel and Sequel |l
1 i 4 ' F jure & Ch ist = Preparing Single-C -
systems allowing detection of full-length transcripts up to 10 kb e e L DRI e e T e
Frep Kit 2.0
- Generating Single-Cell Iso-Seq SMRTbell libraries is a two-step process. Betors You Begin

Initially, the intact RT-PCR product from a typical Single-Cell preparation is
reamplified to increase the mass. Then the SMRTbell Express Template Prep Kit
2.0 is used for SMRTbell library preparation.

- Protocol document contains:

1. General laboratory best practices

Mateniats snd Wis Nesded

Z . Instructions for performing re-amplification of cDNA products from a Single-Cell |
preparation prior to SMRTbell library construction

3. Instructions for constructing SMRTbell libranes using re-amplified cDNA
products and SMRTbell Express Template Prep Kit 2.0




characterizes isoforms in thousands of
cerebellar cells

SINGLE-CELL ISO-SEQ ANALYSIS EXAMPLE

namre

Single-cell isoform RNA sequencing

Postnatal day 1

" L
. . 1
- I
- J -
| 1
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3%

Cerabellum

Standard 10= pipaling
lllumma 3 sequencing

Full-length cDNA
single-cell ibrary prep
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L' exon

=L [, UMI-CellBarcode

3 exon

-

"We used SclSOr-Seq to improve genome annotation in

mouse Gencode v10 by determining the cell-type-

specific expression of 18,173 known and
16,872 novel isoforms”
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TARGETED SEQUENCING APPLICATIONS

Accurately discover and detect all variant types even in the hardest to reach regions of the genome

VARIANTS DETECTED IN PHASE ACROSS LONG AMPLICON

- - — W — E— T E— W SS—— WS— W w— w—
. — T Ao TS . . 4 - . . %

m '____ 49 bp delation
é
TARGETED =
SEQUENCIHG i «— & bp delebion | a— B bp msertion
<
Focus in on variationin i — o

even the most difficult
regions of the genome - R

SAMPLE PREPARATION RECOMMENDATIONS:

Start with high-quality, nucleic acids, as low as 250 ng for a 250 bp Multiplex up to 10,000 samples per SMRT Cell

amplicon Maximize output and turn-around-time with adjustable run parameters:
Create SMRTbell templates from amplicons between 250 bpto 20 kb For inserts <5 kb, recommend 10-hour movies, for inserts >5 kb,
Optimize throughput with flexible barcoding options: recommend 20-hour movies

Amplify PCR products using target-specific primers with incorporated Generate HiFi reads; Q20 single-molecule accuracy reads, up to
barcodes 200,000 reads per SMRT Cell 1M, 4,000,000 reads per SMRT Cell 8M
Add Barcoded Universal Pnmers into amplicons via a simple 2-step Sequence to desired coverage based on project needs:

PCR process Target 30-fold coverage for vanant detection

Attach Barcoded Overhang Adapters during ligation without modifying  Increase coverage for minor variant detection (~6,000-fold coverage
existing primers for 1% sensitivity)




PREPARING SMRTBELL LIBRARIES USING PACBIO BARCODED OVERHANG ADAPTERS

PROCEDURE & CHECKLIST

FOR MULTIPLEX SMRT SEQUENCING

.....

Document (PN 101-791-700) describes a workflow for constructing SMRTbell libraries
from PCR products using PacBio Barcoded Overhang Adapters.

In this workflow, a barcode is introduced to each amplicon through ligation with a hairpin
adapter containing a 16-bp barcode.

Once barcoded, amplicons can be pooled and purified for sequencing on a single SMRT
Cell

Protocol document contains:

1. Best practices recommendations for generating high-quality PCR products for PacBio
sequencing and input PCR amplicon QC

Z . General recommendations for planning multiplexing experiments using Barcoded
QOverhang Adapters

3. Instructions for constructing barcoded SMRTbell libraries with input PCR amplicons
using PacBio's SMRTbell Express Template Prep Kit 2.0 and Barcoded Overhang
Adapter Kit 8A/8B

€ ceo

Procadure & Checkhst - Prepanng SMRThall™ Libranas

using PacBio™ Barcoded Overhang Adapters for

Multiplexing Amplicons

Bafore Yoq Begin
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PROCEDURE & CHECKLIST
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PREPARING SMRTBELL LIBRARIES USING PACBIO BARCODED UNIVERSAL PRIMERS FOR

MULTIPLEX SMRT SEQUENCING

- Document (PN 101-791-800) describes a 2-step PCR method for generating up to 96
barcoded amplicons, with the first PCR step requiring internal primers containing a
combination of universal and target-specific sequences

- |n the second PCR step, barcodes are incorporated by using universal sequences
tailed with 16-bp PacBio barcode sequences

- Once the PCR products are barcoded, they can be pooled into a single tube for
SMRTbell library construction with the SMRTbell Express Template Prep Kit 2.0

- Protocol document contains:

1. Best practices recommendations for generating high-quality PCR products for
PacBio sequencing

Z . Instructions for generating barcoded amplicons using a 2-Step PCR method with

PacBio's Barcoded Universal Primer Kit and performing equimolar pooling of
barcoded amplicon products

3. Instructions for constructing SMRTbell libraries with pooled barcoded PCR
amplicons using PacBio's SMRTbell Express Template Prep Kit 2.0

€ e

Procedure & Checklist - Preparing SMRTbhell™ Libraries
using PacBio™ Barcoded Universal Primers for Multiplexing
Amplicons

Belore You Bagin
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Microbial and Metagenomics Applications
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Long-read sequencing enables species-level resolution and drives functional insights with
full-length 16S sequencing and 10 kb HiFi reads for metagenome profiling and assembly

MICROBIAL & METAGENOMICS APPLICATIONS

o
F
COMPLEX
POPULATIONS

SMRT Sequencing generates the long, accurate, single-molecule reads you need to
comprehensively characterize samples with complex variation

flactin £ e Eaernras Lacsstacth Frequencies of Full-Length 165 Variants Recovered

from a Zymo Mock Community. Using DADAZ
software, all copies of the 165 housekeeping gene can

% ' I I E be recovered from microbial communities. 165
1 SRR sequence variants from the same strain appear in the
COMPLEX 3 :_: L *I:mw = ujjﬂ I::r_::n data 1n integer ratios that reflect their copy number

POPULATIONS 8 : in each genome. In some cases, this high-resolution

: 2] information can be used to unambiguously 1dentify
Resolve closely related 2 not only the species but the strain present. Nucleic
sequences within a | Acids Res. 2019 47(18):e103.

heterogenous mixture ] I

Ful-kpngih 185 Saquancn Varamts




PROCEDURE & CHECKLIST

AMPLIFICATION OF FULL-LENGTH 16S GENE WITH BARCODED PRIMERS FOR
MULTIPLEXED SMRTBELL LIBRARY PREPARATION AND SEQUENCING

= This document (PN 101-599-700) presents a workflow for amplifying full-length 165
genes from bactenal gDNA isolated from metagenomic samples and constructing

multiplexed libraries using SMRTbell Express TPK 2.0 for sequencing on the Sequel and

Sequel Il Systems.

Document also provides the sequences of and ordering information for 8 barcoded
forward, and 12 barcoded reverse, 165-specific primers that can be combined for

multiplexed analysis of up to 96 samples using the asymmetric barcoding strategy
described in this procedure.

Protocol document contains:

1

L M

N A~

. Recommendations for metagenomic DNA extraction QC and quantification
. Barcoded 165 Pnmer Sequences, ordering and storage Information

. Instructions for ampilification of full-length 165 gene from bacterial gDNA extracted

from metagenomic samples using barcoded primers in a single round of PCR

. Enzymatic steps for preparation of barcoded 16S SMRTbell libraries
. Sample setup guidance for preparing 16S SMRTbell libraries for sequencing on the

Sequel and Sequel Il Systems

€ om0

Procedure & Checklist = Amplification of Full-Length
165 Gene with Barcoded Primers for Multiplexed
SMRThell™ Library Preparation and Segquencing

Materials and Mis Meeded

M L] Pa fuaab?




MICROBIAL WGS DE NOVO ASSEMBLY ANALYSIS APPLICATION IN SMRT LINK

A Dedicated Microbial Assembly Pipeline

New :
New :
New :
New
New :

Chimera detection and filtering
Plasmid sequence recovery and assembly
Circular-aware polishing of contigs

: Circular rotation around the origin of replication

Output annotated according to the NCBI guidelines

- Analysis document (PN 101-855-300) includes:

How to import the FASTA file containing the barcode sequences for Barcoded
Overhang Adapter Kit BA/8B into SMRT Link

How to set up a Run Design on the Sequel and Sequel || Systems to enable auto-
demultiplexing of barcoded microbial sequencing data

How to review the resulting demultiplexed microbial data sets using the SMRT Link
Data Management module

How to launch the SMRT Link Micrabial Assembly analysis application on the
microbial data sets

Updated microbial assembly troubleshooting guidance

€) ~ceio

F'@ BIO

Analysis Procedure = Multiplexed Microbial
Assembly with SMRT™ Link v8.0 and SMRTbell”
Express Template Prep Kit 2.0
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LONG-READ SEQUENCING PROVIDES HIGHER-RESOLUTION VIEWS OF BOTH

€D rcaior
METAGENOME MEMBERS AND FUNCTIONS <

Full-Length 16S Sequencing Provides Species- and Strain-level Information
- FL 165 sequencing can provide strain-level identification of community members

- PacBio full-lenagth 16S amplification & sequencing protocol available with recommended barcoded 16S primer sequences; OR
use third-party all-in-one Shoreline Biome Kits for DNA extraction, PCR amplification & data analysis

Long-Read Metagenomics Shotgun Profiling Reveals Intact Genes and Operons Without

Assembly

- Circular consensus sequencing of 10 kb insert libraries delivers highly accurate HiFi (2Q20 CCS) reads containing entire
bacterial genes, operons, or gene clusters

- Community functions are revealed even without assembly
- Obtain high-confidence information even for low-abundance species

Vietagenomics Shotgun Assembly From Long Reads Generates New References

- Resolve genomes of microbes that cannot be easily cultured
- Leverage epigenomic data to cluster contigs and plasmids from the same strain




16S SUB-REGION SEQUENCING SHOWS BIAS IN PROFILING TAXA

A4V Parcent unclassified .
- V4: Consistently poor performance
- - V1-VV2: poor for Proteobacteria
) a0 100
= V3-V3: poor for Actinobacteria
Evaluation of 165 rRNA gene sequencing for
species and strain-level microbiome analysis
- V1-V3: good results for Escherichia /
Shigella
A ih tire 16S . _— -~ - V3-V3: good results for Klebsiella,
i e 1=VZ 1- 1= ST
Sl g AL - V6-V9: good results for Clostridium
gene pr ovides real and $ b and Staphylococcus

significant advantages over
sequencing commonly targeted
variable regions.”

£« = Full V1-V9 region: the only way to
resolve ALL the clades that may be
present in the human gut




TAXONOMIC CLASSIFICATION RESULTS FOR 96-PLEX 16S LIBRARY SAMPLE

(SEQUEL Il SYSTEM) © oo

PacBio 16S Sequencing Faithfully Represents a Known Mock Community Sample

MSA-1002 Strain Abundance  ~ | el Full-length (V1-V9) 16S amplicon samples were pooled at
96-plex and sequenced on a single Sequel || SMRT Cell 8M

Download and explore this
Sequel Il System 16S data set
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PROCEDURE & CHECKLIST
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PREPARING 10 KB LIBRARY USING SMRTBELL EXPRESS TEMPLATE PREP KIT 2.0 FOR

METAGENOMICS SHOTGUN SEQUENCING

- Workflow for preparing 10 kb libraries using SMRTbell Express Template Prep Kit 2.0
for metagenomics shotgun sequencing on the Sequel and Sequel |l Systems

- Depending on project goals and coverage requirement needs, either a single
metagenomic sample can be sequenced on the Sequel System or up to for 4
(barcoded) samples can multiplexed and sequenced on the Sequel Il System.

- Protocol document contains:
1. Recommendations for metagenomic DNA QC, shearing and quantification

Z. Enzymatic steps for preparation of non-barcoded and barcoded metagenomics
shotgun SMRTbell libraries

3. Instructions for size-selection of multiplexed metagenomics shotgun libraries using
the AMPure PB Size Selection method

4. Sample setup guidance for preparing metagenomics shotgun SMRTbell libranes for
sequencing on the Sequel and Sequel || Systems

@ B

Procadure & Checklist — Preparing 10 kb Library
Using SMRTbell® Express Template Prep Kit 2.0
for Metagenomics Shotgun Sequencing

Belfore You Begin
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HOW MANY METAGENOMICS SHOTGUN SAMPLES CAN BE MULTIPLEXED ON
A SINGLE SEQUEL Il SMRT CELL 8M?

€ ~ceio
The overall goals of the project will determine the needed coverage depth

Question 1: What is the estimated abundance of the rarest species you want to observe?
Example: "| want to see species present at 1% abundance."

With 1 SMRT Cell 8M, you can expect ~2,400,000 x 0.01 = 24,000 HiFi (=2Q20) reads from a 1% abundant species with an
‘average’ genome size

Question 2: What is your goal?

IN ORDER TO ACHIEVE... ...YOU NEED

~100 reads
Comprehensive gene profiling / discovery” 9-Fold coverage; ~3,000 HiFi reads
Complete genome assembly* 20-Fold coverage; ~12,000 HiFi reads

*# Reads Needed = Coverage x 9 Mb Genome / 8.5 kb Median HiFi Read Length



PACBIO SEQENCING APPLICATIONS
- X3 -

¥ (ac)
Remove Single-Strand Overhangs

ol 0o B onapanegoroper B onaac I cona B A
DNA End Repair / A-Tailing
Adapter Ligation
Nuclease Treatment®
Purify SMRThell Templates

¥ (ac)
Size Selection (Optional)

|

H L} . .'_
XO0OCOK A
WHOLE GENOME RNA TARGETED COMPLEX

SEQUENCING SEQUENCING SEQUENCING POPULATIONS
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SACBIO Sequencing services g
at the Australian Genome
Research Facility
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{iaqrf Sequencing client prepared libraries

@

We perform primer &
PACBIO CERTIFIED -
SERVICE PROVIDER polymerase binding

Library QC
Accurately QC HMW
DNA using FEMTO Pulse

Sequence on the Sequel
8x more data
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“agrf Other PacBio Services
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O— HMW DNA Extraction
- ED Library Prep é Coming Soon
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(:agrf Submitting to our service

%agrf

https://www.agrf.org.au/pacbio-uq

Click the

REQUEST A QUOTATION

Button




<agrf Submitting to our service

%agrf

https://www.agrf.org.au/pacbio-uq

Click the

REQUEST A QUOTATION

Button




Local Account Managers

Ii — PacBio-UQ@agrf.org.au




Your Operations Team

PacBio-UQ@agrf.org.au

Angelika Christ Tim Bruxner Stacey Anderson
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Australian Genomics

PacBio-UQ@agrf.org.au

https://www.agrf.org.au/pacbio-uq
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Thankyou for attending our workshop!!

Follow up

- Survey feedback

- Resources

- Recording of session
- Monthly update email

Events

- Telomere to Telomere conference: https://www.t2t-hprc-2020conference.com/

Virtual Event

ACBIO"



