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No-Amp Workflow Overview and Input
gDNA Sample QC Requirements




genomic regions that are difficul
amplicon- or hybridization-based

- Utilizes the CRISPR-Cas9 system with an optimized SMRTbell library preparation
procedure

- No-Amp library preparation requires use of the PacBio No-Amp Accessory Kit (PN
101-788-900) and other third-party reagents [rSAP, Klenow Fr a g me nt exd-)3 6
with ddNTPs, CRISPR-Cas9 RNA oligos (including target-specific crRNA oligos),
Cas9 nuclease, and Trypsin]*

- 2-Day workflow time to go from library preparation to start of sequencing (4 hours
hands-on time; 10.5 hours walk-away time)

- Generates hundreds of highly accurate, on-target circular consensus sequencing
(CCS) reads per 1-2 £g of input gDNA sample with the Sequel System**

- Enables multiplexed sequencing analysis of multiple gDNA samples and multiple
targets per sample using SMRT Link and visualization tools

* Pacific Biosciences does not sell a kit for carrying out the overall No-Amp Targeted Sequencing method. Use of these methods may require
rights to third-party owned intellectual property.

** Please contact PacBio Customer Support at support@pach.com or your Local Field Applications Scientist for specific guidance on running
No-Amp library samples on the Sequel Il System.
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NO-AMP WORKFLOW SUMMARY OVERVIEW

Input gDNA QC

-
a5 - Startwithhigh-qual i ty genomic DNA
' - ol - Recommend5-10 e€g of tot al I npu
L Targeted Gene Ce”
* o - A maximum of 10 samples can be multiplexed per SMRT
i 4 ~N Cell with a minimum of 1 &€
5" and 3' End Blockage o
’ l No-Amp SMRTbell Library Construction
. [ o - Prepare SMRThbell libraries using amplification-free
. L CRISPR-Cas9-based target enrichment method
CRISPR/Cas9 Digestion e - Target insert size: 41 6 kb or larger
i - - Multiplex up to 10 samples using barcoded adapters
B - Use custom-designed guide RNAs to enrich for your
J specific target region(s) of interest
Barcoded = it
Adapter Ligation
! Sequencing & Data Analysis
SMRTbell Library Cleanup - Anneal v4 Primer, bind Sequel Polymerase, and perform
Rl g P AMPure PB Complex Cleanup
J - Sequence on the Sequel System* to generate hundreds

Sequencing and Data Analysis

~ of on-target CCSreadsper1l-2 e€g of i nput

I - Visualize results with Integrative Genomics Viewer (IGV)
and command-line scripts for easy review of repeat

[ ——
I - L - . -
I I . - e l 1| — counts of both alleles, mosaic characterization, and

Sequence on Analysis in SMRT Visualization

identification of interruption sequences

Sequel® Systems Link using CCS of Results ** Please contact PacBio Customer Support at support@pach.com or

your Local Field Applications Scientist for specific guidance on running

No-Amp library samples on the Sequel Il System.
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DNA INPUT REQUIREMENTS FOR NO-AMP TARGETED SEQUENCING
WORKFLOW

- The starting gDNA input amount must be between 5 to 10 pg represented by
either a single sample or the total of multiple samples that will be multiplexed

- This range of input amount will typically result in ~25 to 200 ng of final
purified SMRTbell library

- Multiplexing up to 10 samples is possible with a minimum starting input of
1 pg of gDNA per sample

- The entire SMRTbell library preparation (comprised of either one or several
pooled samples) is loaded onto a single SMRT Cell for sequencing
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RECOMMENDED TOOLS FOR GENOMIC DNA QUANTIFICATION AND
QUALIFICATION

DNA Quantification

- For quantification of double-stranded gDNA samples to be used with the No-Amp library
preparation workflow, PacBio recommends using a fluorometric quantitation method such as
the QubitE fluorometer sys tSemitviyhabsayQeabents. ds D
Measure the gDNA sample concentration as recommended by the manufacturer.

Qubit 1X dsDNA HS Assay Kit Qubit 4 Fluorometer

\abeling&
detection

molecular
probes =
vy Life meress=s

https://www.thermofisher.com/order/catalog/product/Q33230
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RECOMMENDED TOOLS FOR GENOMIC DNA QUANTIFICATION AND
QUALIFICATION (CONT.)

DNA Purity

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

-For pure DNA, A260/280 ratio is typically ~

- Superior performance may be achieved by re-purifying gDNA samples with AMPure PB Beads
if A260/280 and A260/230 ratios fall substantially outside the ideal value ranges

260/280 Ratio

A 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.

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

260/230 Ratio
A Alow A260/A230 ratio may be the result of:

- Carbohydrate carryover (often a problem with plants).
- Residual phenol from nucleic acid extraction.

- Residual guanidine (often used in column-based kits).
- Glycogen used for precipitation.

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

A260/A230 between 2.0 and 2.2 (or higher).
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RECOMMENDED TOOLS FOR GENOMIC DNA QUANTIFICATION AND
QUALIFICATION (CONT.)

1ZI FEMTO Pulse S
DNA Sizing ulse .ystem

- Optimal results are achieved with high-purity, high-molecular-weight

gDNAwithaO50 kb fragment size (mode) — 1
- Before starting this procedure, PacBio recommends evaluating gDNA %:

size and integrity using a pulsed-field electrophoresis system. - 4y
- Any of the three commercially available systems and methods listed in -

the Table below may be used to evaluate gDNA quality bz e

(

Product Note - Fast, High-Resolution
DNA Sizing with the Agilent FEMTO
Pulse System

Highly recommended

Agilent FEMTO Pulse (Requires 200-500 pg of DNA sample)

Procedure & Checklist - Using the
Requires >50 ng of DNA sample BIO-RAD® CHEF Mapper XA Pulsed
Field Electrophoresis System

Bio-Rad CHEF Mapper®
XA PFGE System

Sage Science Pippin Procedure & Checklist - Using the
Pulse electrophoresis Requires >50 ng of DNA sample Sage Science Pippin Pulse
Power Supply Electrophoresis Power Supply System



https://www.pacb.com/wp-content/uploads/Product-Note-Fast-High-Resolution-DNA-Sizing-with-the-FEMTO-Pulse-System.pdf
https://www.pacb.com/wp-content/uploads/Procedure-Checklist-Using-the-BIO-RAD-CHEF-Mapper-XA-Pulsed-Field-Electrophoresis-System.pdf
https://www.pacb.com/wp-content/uploads/Procedure-Checklist-Using-the-Sage-Science-Pippin-Pulse-Electrophoresis-Power-Supply-System.pdf
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EVALUATION OF GENOMIC DNA FOR NO-AMP LIBRARY

CONSTRUCTION

-For best resul t s, ensure the fragment Si ze
(see Figure below)

- For gDNA samples with fragment size mode < 50 kb, increasing gDNA input above 10 ug can
help increase the yield of on-target reads but may require reaction condition adjustments

Example FEMTO Pulse Analysis of Human Genomic DNA Samples of Varying Quality
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Evaluation of gDNA quality using FEMTO Pulse. Samples 1 through 5 depict a wide degree of DNA integrity with various amounts of degradation. The
majority of fragments for Samples 1, 2 and 3 are above 50 kb while those for Sample 4 and 5 are below 50 kb. While increased gDNA input may generate
on-target reads for Sample 4 comparable to Samples 1, 2 and 3, the level of degradation for Sample 5 is such that very few intact target molecules may
be obtained with the maximum amount of gDNA input of 10 pg.
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No-Amp Sample Preparation Workflow
Details
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PROCEDURE & CHECKLIST T NO-AMP TARGETED SEQUENCING
UTILIZING THE CRISPR-CAS9 SYSTEM

This document presents an example No-Amp targeted

sequencing workflow that has been tested and validated @ PACBIO"
at PacBio for analyzing the following genomic regions:
S CAG : | N ¢ h 5 4 d Procedure & Checklist — No-Amp Targeted
repea ocus a € o €n Sequencing Utilizing the CRISPR-Cas9 System
-CGG repeat |l ocus in the 506 UTH ,
Before You Begin
- ATTCT repeat locus in intron 9 of the ATXN10 gene (22913.31) e T o o e o v o et e
. any t:rrmni ari‘swng ;I_uring‘jdfragmentazagérlténp’léaagmigzt_ing ir_1 SMRTbell® library preparation. The treated gDNA
- |ntr0n|c GGGGCC repeat |OCUS Of the Cgorf72 gene (9p21'2) 2::9rsli?:;:;;?nuafm:ial:)nau:?;im individ;alag;sll\d;g::.;oFéRNA) oligonuclectides, identifies and then

cleaves a specific recognition site on each side of the target region. Different gDNA regions can be targeted in a
single CRISPR-Cas9 digest reaction using multiple gRNA pairs. After RNA-directed cleavage, adapters are
ligated to the blunt template ends, forming SMRTbell templates. In the final step, unligated DNA is eliminated by

For technical guidance on design of CRISPR-Cas9 RNA exonuclease digestion.
oligonucleotides for other targets please see the Reference generaing ant selciing CRISPR.Cas RNA oigonuciecies it wil excee s jrgetregion of merest.

CRISPR-Cas9 RNA oligos are erdered through a third-party vendor.

G u I d e I Des I n I n CR I S P R-Cas 9 RNA Ol I o n u C I eOtI d es fo r This document presents an example No-Amp targeted sequencing workflow that has been tested and validated

at PacBio for analyzing the following genomic regions: the CAG repeat locus at the 5’ end of the HTT gene

the No-Am p Tar eted Se uencin 0] Procedure or contact (4p16.3), the CGG repeat locus in the 5' UTR of the FMR gene (Xq273), the ATTCT repeat locus in intron 9 of
Pac B | o Cu Sto m er Su p p O r'[ at S u 0 rt @ ac b CO m the ATXN10 gene (22q13.31), and the intronic GGGGCC repeat locus of the Corf72 gene (9p21.2). Ordering

information for RNA aligos specific to these four targets is listed in the Additional Required Materials section.
For technical guidance on design of CRISPR-Cas9 RNA oligonuclectides for other targets please contact
customer support at support@pacbh.com or your local field application scientist.

Sequel Il System compatibility is not fully supported with this procedure. Please contact customer support at

P t I d t t 1 . support@pacb.com or your local field application scientist for inquiries on running this procedure on the Sequel
rotocol aocument contains: 1l System.
1 . . . DNA Input Requirements
- DNA In DUt requ I rements and recom mendatlons for g DNA QC The starting gONA input amount must be between 5 to 10 pg represented by either a single sample or the total
' H of multiple samples that will be multiplexed. This range of input amount will typically result in 25 to 200 ng of
and quantification final SMRTbelllibrary.
. . . Multiplexing up to 10 samples is possible with a minimum starting input of 1 pg gDNA per sample.
N BeSt pl’aCtICGS fOI‘ genel’atl ng N O'Am p targeted Seq u e n Cln g The entire SMRThbell library (either one or several samples) is loaded onto a single SMRT Cell.
We recommend measuring the amount of double-stranded DNA using a fluorometric quantitation method such
resu |tS as the Qubit® Quantitation Platform

using CRISPR-Cas9 digestion

. Sample Setup and Run Design guidance for sequencing No- page 1
Amp samples on the Sequel System

2
3. Instructions for constructing target-specific SMRTbell libraries
4

PN 101-801-500 Version 01 (August 2019)

https://www.pach.com/support/documentation/



https://www.pacb.com/wp-content/uploads/Reference-Guide-%E2%80%93-Designing-CRISPR-Cas9-RNA-Oligonucleotides-for-the-No-Amp-Targeted-Sequencing-Procedure.pdf
mailto:support@pacb.com
https://www.pacb.com/support/documentation/

NO-AMP WORKFLOW DETAILED OVERVIEW

N

y

1. Input gDNA QC
- Startwithhigh-gual i ty genomic

- Recommend5-10 €g of tot al [
SMRThbell library construction reaction

- A maximum of 10 samples can be multiplexed with a
mini mum of 1 g of

2. No-Amp SMRTbell Library Construction

- Prepare SMRTbell libraries using amplification-free
CRISPR-Cas9-based target enrichment method

- Targetinsert size: 41 6 kb or larger

- Optionally multiplex up to 10 samples using barcoded
blunt adapters

- Use custom-designed guide RNAs to enrich for your
specific target region(s) of interest

3. Sample A/B/C & Sequence

- Anneal v4 Primer, bind Sequel Polymerase, and
perform AMPure PB Complex Cleanup

- Sequence on the Sequel System to generate

hundreds of on-target CCS reads per 1-2 € g
gDNA sample

of

DNA
np

gDNA pe
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gDNA QC

650 kib

gDNA Treatment:
Dephosphorylation + Klenow Fill-In

|

CRISPR-Cas9 Digestion

1 AMPure PB Purification

Adapter Ligation
+ Sample Pooling (Optional)

1 AMPure PB Purification

. l Optional Stop Point

Exonuclease Digestion
+ Trypsin Treatment

2 AMPure PB Purifications

II

. lOptionaI Stop Pointj
Sequencing Complex
Preparation

|

J

Sequencing

'




NO-AMP WORKFLOW DETAILED OVERVIEW (CONT.)

D 4. Analyze l
- Output data in standard file formats (FASTQ) for reporting —
E and seamless integration with downstream analysis tools BE

- Visualize results with Integrative Genomics Viewer (IGV)
and command-line scripts for easy review of repeat
counts of both alleles, mosaic characterization, and
identification of interruption sequences

PacBio highly recommends upgrading to SMRT Link v7.0 or higher to perform de-

multiplexing of your No-Amp data sets
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NO-AMP WORKFLOW TIMING OVERVIEW

Step Incubation Time  Hands-On Time Day
gDNA Treatment: . .
Dephosphorylation + Klenow Fill-In 85 min 20 min
CRISPR-Cas9 Digestion 80 min 20 min
1 AMPure PB Purification | 30 min
Adapter Ligation 75 min 10 min
Day 1
e . . . ~10 hours
1 AMPure PB Purification | 30 min (QDNA Treatment to
© | Optional Stop Point starting overnight
Exonuclease Digestion o i - Polymerase Binding)
+ Trypsin Treatment : !
2 AMPure PB Purifications | 60 min
. l Optional Stop Point
Sequencing Complex 302 min 50 min

Preparation

Day 2

Total 10 hr 22 min 3 hr 50 min
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OVERVIEW OF NO-AMP SMRTBELL LIBRARY CONSTRUCTION

USING THE CRISPR-CAS9 SYSTEM

1. gDNA Treatment
Bl ocked 560

2. CRIPSR-Cas9 Digestion

Target fragment is excised at two flanking crRNA
recognition sites by gRNA-Cas9 complexes.

3. Adapter Ligation

Standard PB barcoded blunt adapters are used
to create a SMRTbell Library.

4. Exonuclease Digestion with
Trypsin Treatment

Failed ligation products and off-target treated gDNA
are removed.

Trypsin facilitates removal of proteins during final
AMPure purification.

é% >
& 30 -targedligatipnr e v e¥n’t FSAP

~

7R

Treated

Klenow + ddNTPs

Purified

gDNA gDNA

v
cut cut
site site

Poor ligation efficiency for
fragmentends56 t o cu't

_ Target Region ﬁ

%:836
50
SMRT Sequencing

o4
||
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REQUIRED EQUIPMENT AND CONSUMABLES

- Disc magnets from K&J Magnetics are added to the Promega 0.5 mL magnetic stand for
better separation when working in 0.5 mL tubes.



